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Abstract

Geographic information systems (GIS) have numerous applications in human health.
This chapter opens with a brief discussion of the three dimensions of decision-making
in organizations — operational control, management control, and strategic planning.
These dimensions are then discussed in terms of three case studies: a practice-
improvement case study under operational control, a service-planning case study
under management control, and a research case study under strategic planning. The
discussion proceeds with an analysis of GIS contributions to three health care
applications: medical/disability services (operational control/practice), emergency
response (management control/planning), and infectious disease/SARS (strategic
planning/research). The chapter concludeswith a cross-case synthesis and discussion
of how GIScould be integrated into health care management though Spatial Decision
Support Systems and presents three keysissuesto consider regarding the management
of organizations: Data Integration for Operational Control, Planning
Inter or ganizational Systemsfor Management Control, and Design Researchfor Strategic
Planning.
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I ntroduction

Geographicinformation systems(GI S) have numerousapplicationsinhuman health. At
themost basiclevel, entireresearch and practicedomainswithin health careare strongly
grounded in the spatial dimension (Meade & Earickson, 2000). Indeed, the pioneering
work of Dr. John Snow in diagnosing the London Cholera Epidemic of 1854 not only
launched thefield of epidemiology, but did soinamanner closely linked with thevisual
display of spatial information (Tufte, 1997). Thehealth careenterprisehashecomemuch
more complex sincethetimeof Dr. Snow and so havethetechnol ogiesthat are employed
to conduct spatial analysisregarding heath care conditions and services (Dangermond,
2000).

This chapter opens with a brief discussion of the three dimensions of decision-making
in organizations — operational control, management control, and strategic planning.
These dimensions are then discussed in terms of the case study focus of the chapter,
which includesapractice-improvement case study under operational control, aservice-
planning case study under management control, and a research case study under
strategic planning. The chapter proceedswiththeanalysisof GI S contributionsto three
health care applications: medical/disability services(operational control/practice), emer-
gency response (management control/planning), and infectious disease/SARS (strate-
gic planning/research). The chapter concludes with a cross-case synthesis and discus-

Figure 1. John Snow's Map of the Broad Street Pump Outbreak, 1854*
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sion of how Gl Scould beintegrated into heath care management though spatial decision
support systems.

Backgr ound

Onedefinition of aGlSisas“agroup of proceduresthat provide datainput, storage and
retrieval, mapping and spatial analysisfor both spatial and attribute datato support the
decision-making activitiesof theorganization” (Grimshaw, 2000, p. 33). Oneof themost
well known modelsfor thinking about the nature of these decision-making activitiesin
the organization is Anthony’s Model.

Anthony’s Model implies a hierarchy of organizational decision-making. Here, a
qualitative distinction is made between three types of decision-making: Operational
Control, Management Control, and Strategic Planning (Ahituv, Neumann, & Riley, 1994).
As GIS has developed, the range of applications for spatial data on human heath has
grown dramatically (Cromley & McLafferty, 2002). In an effort to provide an in-depth
understanding of these applications, this chapter considers three distinct application
areas of GI Sand Human Health: Practice, Planning, and Research. The combination of
GIS and Human Health applications with the decision-making processes as defined in
Anthony’s Model is outlined below:

i Operational Control is the management of people, assets, and services using
spatial information to ensurethedelivery of the health care servicewhile assuring
that specific tasks are carried out effectively and efficiently. Our focus in this
dimension is how spatial information can improve the practice of health care.

i Management Control encompasses the management surrounding the health
delivery systemasawhole, andisspecifically related to the needsand provisioning
of health services, health promotion, disease prevention, and health inequalities
while assuring that resources are obtained and used effectively and efficiently in
the accomplishment of the organization’ sobjectives. Our focusinthisdimension
isthe use of spatial information to assist in the planning of health care services.

i Strategic Planning dealswiththe spatial distribution of diseases, their epidemio-
logical patterns, and relation to environmental health risks and demographic
characteristics while deciding on objectives of the organization, on changes in
these objectives, on the resources used to attain these objectives, and on the
policiesthat areto govern the acquisition, use, and disposition of these resources.
Our focusin thisdimension ishow spatial-based resear ch can affect the strategic
design of health care delivery applications.

These combinations of GIS and Human Health applications and decision-making pro-
cessesare used to present this particular series of case study summaries(Figure?2). The
first caseisan example of the practice of Gl Sregarding Disability Evaluation delivery
at the Operational Control level. The second case isan example of planning regarding
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Figure 2. GIS and Human Health Decision-Making and Applications

Research - Infectious Disease /! SARS

rategic
Planning

Management
Control

Operational T - - - _
/ Control \ Practice - Medical / Disability Services

Planning - Emergency Response

theuseof aGl Sfor thedelivery of Emergency Management Servicesat the M anagement
Control level. Thethird caseisan example of resear ch regarding the conceptual design
and development of a GIS asit relatesto the National Electronic Disease Surveillance
System at the Strategic Planning level.

Resear ch M ethodology

The research presented in this chapter draws on three case studies to illustrate various
organizational scenarios in which a GIS was utilized, or could be utilized, to solve a
particular Health Care Serviceproblem.

Case Study

Case study methods can be used to expl orethe occurrence of aphenomenon with special
attentiontothe context in which the case study isoccurring. The most commonworking
definition of this approach is offered by Robert Yin, who views case studies as “an
empirical inquiry that investigates a contemporary phenomenon within its real-life
context, especially when the boundaries between phenomenon and context are not
clearly evident” (1994, p. 13). Yin' sdefiningwork and rel ated treatmentsfurther notethat
there are several uses of case studies:

i Exploratory Value—To uncover the nature of the phenomenon of interest. This
can often serve as a precursor to more quantitative analysis.

i Explanatory Value—To help explain aphenomenon, such aswhen aquantitative
study has reveal ed statistical association between variables but a deeper under-
standing of why they are related is missing.

i Causal Value—To providearich explanation of phenomenon of interest, including
“patterns” that are not easily discernible through more abstract and/or numerical
analysis.
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Case studies have been used throughout the social sciences, as well as in business
studies. Single-case design often uses the extreme or unique case to illustrate those
phenomenon that are acutely visible such that inferences can be easily drawn that can
be generalized to less extreme cases (Yin, 1994). Pare (2001) recently summarized the
widespread use of case studiesto examine theinfluence of information technology and
systemsin avariety of fields. Moreover, in hiswork with Elam, they note the promise
of building atheory of I T through multiple casestudies(1997). Inasimilar manner, this
chapter uses three case studiesin an exploratory fashion to enhance the understanding
of IT usage, specifically GIS usage, within the context of health care.

For each caserelevant literaturewasreviewed. For thefirst and second cases, theauthors
obtained original empirical information as part of separate studies. Inthethird case, a
new and timely application at the strategic level is proposed.

Case Studies

Operational Control Case Study

Background

One core practice areain medical servicesisthe matching of patient/client servicesto
providers(Cromley & McL afferty, 2002). Thecompany inthiscaseprovidesan array of
disability evaluations, management, and information services nationwide. Of relevance
to the subject of this chapter, this company (headquartered in Southern California)
examined the use of a GIS to assist them in planning and marketing their disability
evaluation services. With respect to Operational Control, this case study deals with
appointment processing and the practice of ensuring the effectiveand efficient delivery
of this service using spatial information.

Problem

The problem for this company was to provide an appointment for a claimant with a
physicianinatimely manner while meeting specific requirements and constraints. The
existing workflow process was inadequate in meeting these requirements. Figure 3
illustrates the workflow for this process, which begins when a case manager receivesa
request for an appointment. Theserequestsareprioritized or “triaged” and therequired
exam sheets are generated using an expert knowledge base. Based on constraints such
asphysician specialty, availability, contract type, and location, an appointment is made
for theclaimant withthephysicianwhoisthe*closest fit” (distanceandtravel-time) with
minimal travel-timebeing thehigher priority.

Inthisworkflow process, the company was pleased with the efficiency and effectiveness
of thefirst stepsin theworkflow process, which are computer-based. However, the last
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Figure 3. Claim Process
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few steps were conducted using paper-based data sets and a number of Internet-based
mapping websites (Yahoo Maps and MapQuest). As a result, these last few steps
negatively impacted the amount of time a case manager interacted with a claimant,
thereby increasing the company’s costs in providing this service.

Solution

Using an Internet-based GI S application, a successful prototype wasimplemented for
use within the company’s Extranet. To develop this solution, a GIS planning process,
alsoknownasthe Gl Sdevel opment cyclewasemployed (NY SARA & NCGIA, 1997). This
process, illustrated in Figure 4, consists of a set of eleven steps starting with a needs
assessment and ending with the on-going use and maintenance of the GIS system.

Outcome

Figures5through 8 providean overview of the Gl Sbased address-matching processthat
was developed. Now, when acase manager receives arequest for an appointment they
pinpoint thelocation of the claimant by “geocoding” the claimant’ saddress (Figure5).
With thelocation of theclaimant identified, the case manager then performsaphysician
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Figure 4. GISDevelopment Cycle
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attribute search, such as physician specialty, to identify only those physiciansthat meet
theclaimants' requirements (Figure6). A physician spatial searchisthen performedto
narrow down thislist even further by locating only those physicians that are within a
specified proximity to the claimant (Figure 7). Finally, aphysicianischosenfromthis
group that most closely matchesthe claimants’ requirementsand an appointment ismade
(Figure8). Themost important outcome of thiscasewasareductionintimerequired to

Figure 5. Sep 1: Geocoding of Claimant
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Figure 7. Step 3: Physician Spatial Search
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set an appointment location and date. An additional beneficial outcome of thiscasewas
the development of a“live” connection between this system and the company’ s Oracle
database. This database, which is updated on a daily basis, enables the company to
exchange information between geographically distributed officesinreal time. Conse-
guently, usersusingthenew Gl Sarenow ableto view thelatest data, geocoded on amap,
from any company location. Another important outcome of thiscaseisthefact that this
shared informationisin avisual format.

Management Control Case Study

Background

The United States Emergency 911 system, established more than 30 years ago, has
becomeacornerstoneinfrastructure for emergency management. However, the system
is becoming increasingly stressed due to new wireless and digital communications
technologies (Jackson, 2002; National Emergency Number Association, 2001). The
original design could not anticipate the widespread use of mobile communications for
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emergency purposes seen today. Consequently, this growth in wireless telecommuni-
cationsisforcingthe Emergency 911 infrastructureto change (Folts, 2002; Jackson, 2002;
National Emergency Number Association, 2001). This case considersthe broad devel-
opment of Emergency Medical Service(EMS) systems, withinthe specific context of rural
Minnesota. With respect to Management Control, this case encompasses the spatial
properties surrounding the health delivery system asawhole, and isspecifically related
to the planning of E-911 serviceswith the goal of assuring that wirel ess telecommuni-
cations services resources are obtained and used to accomplish the objectives of the
State of Minnesota.

Problem

Theadvent of competitive sector telecommunications servicesinthewirelessarenahas
played a pivotal role in the fast growth and use of the safety information network.
Wireless phones have rapidly become one of our most effective tools in improving
emergency responsetimeand savinglives. A wireless911 phonecall can shavevaluable
minutes from the time otherwise required for a caller to find a conventional phone to
accessemergency medical services(Tavana, Mahmassani, & Haas, 1999). Inthepast 10
years, wireless phone use has grown exponentially. There are more than 120 million
wireless users making approximately 155,000 emergency calls a day across the United
States. The steady increase in private sector wireless subscribership and resulting
mobile EM S use has created aneed to better understand the implications of thisrapidly
growing system.

One illustration of the spatial challenges confronting EMS providers is the lack of
locationinformation regarding E-911 accessibility. TheU.S. Federal Communications
Commissions (FCC) hasenacted mandatory requirementsfor wirelesscommunications
carriersto provideautomaticlocationidentification of awireless911 (E-911) phonecall
to an appropriate Public Service Answering Point (PSAP) (Federal Communications
Commission, 2001). Both private carriers and public agencies are working closely
together to overcomethisdifficult requirement. Althoughthetechnical requirementsfor
building these systems have been thoroughly outlined, the execution of the service has
materialized slowly (Christieet al., 2002; Zhoa, 2002).

One possible reason for thisis the difficulty involved in committing to one of several
viable technology alternatives to provide E-911. For example, one E-911 technology
choice is a satellite-based system, which places a GPS-enabled chip in mobile phones
alongwithlocation readersat thereceiving point. Withthecurrent rate of technol ogical
change, sel ecting the one best sol ution, or combination of solutions, for long term system
planning and investment is adifficult and daunting task for system administrators and
designers (Proietti, 2002). The consequence of this situation isthat deploying end-to-
end E-911 systemswill requirenew spatial technol ogiesand nontraditional partnerships,
particularly among wireless carriers, emergency dispatch center administrators (e.g.,
PSAPs), law enforcement, fire and EM S official's, automotive companies, consumers,
technology vendors, and stateand local political |eaders (Jackson, 2002; L ambert, 2000;
Potts, 2000). Fromaspatial perspective, theresultisthat location-based (E-911) services
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will be differentially deployed across regions, leading to a need to understand which
areas are well serviced and which may require additional policy attention.

From aplanning perspective, the need for special attentiontorural areasisevident from
thefollowing statistics. AccordingtotheU.S. Department of Transportation, morethan
56% of fatal automobile crashesin 2001 occurred on rural roads (National Center for
Statisticsand Analysis, National Highway Transportation Safety Administration, & U.S.
Department of Transportation, 2002). The Minnesota Department of Transportation
(MnDOT) reports that only 30% of miles driven within the state are on rural roads, yet
70% of fatal crashes occur onthem (Short Elliot Hendrickson Inc. & C.J. Olson Market
Research, 2000). Inaddition, 50% of rural traffic deathsoccur beforearrival at ahospital.
Appropriate medical careduringthe“golden hour” immediately after injuriesiscritical
to reducing the odds of lethal or disability consequences. Crash victims are often
disoriented or unconsciousand cannot call for help or assist intheir rescue and therefore
rely heavily upon coordinated actions from medical, fire, state patrol, telecommunica-
tionsand other entities (Lambert, 2000).

Solution

The solution to the rural EMS program entails a combination of responses. These
responses were analyzed within the context of a specific case study; an analysis of
Minnesota’ sE-911 system (Horan & Schooley, 2003). Thefirst activity inthiscasewas
to analyzethe entire system and to construct an overall architecture of the system. This
architecture, presented in Figure 9, illustrates Minnesota’ s EM S system along several
key strata, technology, organizations, and policy, and identifies possible critical links
(shaded gray) inthe overall system. A summary of each layer follows.

i Technology — The top layer of the architecture illustrates some of the essential
networks and communications technologies used by Minnesota EMS organiza-
tionsto carry out their individual and interorganizational functions. FromaGIS
perspective, the GPS-equipped wireless devices and infrastructure to determine
spatial location arecritical elements.

i Organizations — The middle layer illustrates some of the public and private
organizationsinvolvedinthe MinnesotaEM S and the general interorganizational
relationships between these organizations. There is a significant geographic
dimension to the organizational layer: each of the major stakeholders has distinct
serviceboundaries(for example, thereare 109 PSAPs, yet ninerural transportation
operation centers).

i Policy — For EM Sinterorganizational relationships (i.e., partnerships, joint ven-
tures, etc.) to succeed, policies need to be developed that facilitate the
interorganizational use of new and existing communications technologies. The
overarching EMS technology-related policies, illustrated in the bottom layer,
currently under development in the state are E-911 and 800 MHz radio. This
includes the state-federal effort to develop standards and procedures for using
location information received from mobile phones.
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Figure 9. Interorganizational Architecture for Emergency Management Systems in
Minnesota
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This case study raises several technological, organizational, and policy issues for
planning EMSin rural Minnesotaspecifically, aswell asfor rural areasin general. The
architecture highlights several critical areas that arose from this review and therefore
have implications for future advancements. Areas, such as those denoted in gray in
Figure 9, provide a focal point for discussing implications of this architecture for
planning both EM Sin general and GIS specifically.

GIS can assist greatly in understanding the extent of EMS coverage. Currently, this
understandingisat ageneral level of detail, i.e., thelevel of compliancewith new E-911
regulations. For example, Figure 10 providesan example of the spatial dimension of E-
911 deployment by amajor provider. Asdisplayedinthisfigure, themetropolitanregion
of Minneapolis has deployed |ocation-identifying systems(e.g., E-911 Phase 2), while
such systems have only been partially deployed in rural areas®

Figure 10 also provides an overview of the level of compliance with these new
regulations, with lower complianceinrural areas. Asshowninthefigure, many regions
in Minnesota are compliant with Phase 1 — the regulation requiring the provision of
location-based i nformation about mobile phones. From aservice planning perspective,
itwill beimportant to monitor the spatial distribution of E-911 availability. |nadequate
coverageinrural areascould giverisetotheneedfor additional public policy regulations.

The deployment of advanced 911 capabilitiesis however, only one aspect of integrated
EM S services. Especially with recent concerns regarding homeland security, attention
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Figure 10. Spatial Distribution of E-911 Compliance Status (Qwest)
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is now turning to how EMS is planned as part of an overall readiness strategy. In this
context, Gl Scan play animportant roleinproviding aspatial platformfor EM Sandrel ated
emergency services. One example of thisisthe GIS development work underway in
Dakota County, Minnesota. This county, which includes significant rural as well as
urban areas, has undertaken a comprehensive GlS-based approach to emergency
preparedness with an Internet-based GIS platform that integrates both EMS related
factors(e.g., Ambulance Service Areasand Cellular Towers) with other civicinstitutions
involvedinemergency preparedness(e.g., Fire Stations, Police Stations, and Armories)®.
Asillustrated in Figure 11, the Municipal Boundaries (outlined in bold) within Dakota
County and the locations of Fire Stations, Police Stations, and Armories (dots) are
identified. The locations of Ambulance Service Centers (dots) and Cellular Towers
(tower symbol) areidentified aswell.
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Figure 11. Internet-Based GIS Emergency Preparedness Application
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Platforms such as this represent a critical new dimension of interactivity whereby
emergency management systems can be accessed dynamically and across institutions
aswell asinfrastructure systems. Returningto theoriginal architecture outlined above,
this platform can be used by institutions such as the departments of transportation,
public safety, and emergency servicesto facilitate cross-agency partnershipsin service
and technology deployments.

In summary, this case demonstrates that the planning of emergency medical servicesis
well suited to benefit from a dynamic GIS platform. Particularly in rural areas where
resourcesareoften scarce, such aplatform can provideacommon databaseto (1) monitor
the spatial deployment of services, (2) facilitate resources sharing among institutions,
and (3) provide acommon understanding of “conditions” against which to plan for new
technologies, systems, and policies.

Overtime,itwill beimportant to monitor therate by which rural communitiesimprovetheir
“readiness.” GIS can assist in this monitoring, including tracking of funding expendi-
tures, regulatory compliance, etc. Finally, it isessential that methods of planning and
analysisusedto determinetheform, level, and location of serviceand resource provision
reflect the geographical components underpinning the health care system, i.e., the
planning process should have an explicit geographical focus (Birkin, Clarke, Clarke, &
Wilson, 1996).
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Strategic Planning Case Study

Background

Asnoted in theintroduction, spatial analysisand mapping in epidemiology have along
history (Frerichs, 2000), but until recently, their use in public health has been limited.
However, recent advances in geographical information and mapping technol ogies and
increased awareness have created new opportunitiesfor public health administratorsto
enhance their planning, analysis and monitoring capabilities (World Health Organiza-
tion, 1999b). Moreover, effective communicable disease control relies on effective
disease surveillance where a functional national communicable diseases surveillance
systemisessential for action on priority communicabl e diseases (World Health Organi-
zation, 1999a). With respect to Strategic Planning, this case considers a research
program regarding the spatial distribution of severeacuterespiratory syndrome(SARS),
its epidemiological patterns, and atheory to direct health organizations objectives and
policies regarding the acquisition, use, and disposition of GIS.

TheNational Electronic Disease Surveillance System (NEDSS) programwasinitiatedin
the United States to provide an integrated, standards-based approach to public health
surveillance and to connect surveillance systemsto the burgeoning clinical information
systems infrastructure (U.S. Department of Health and Human Services, 2002a). Itis
expected that the NEDSSwill improvethenation’ sability toidentify andtrack emerging
infectious diseases, monitor disease trends, respond to the threat of bio-terrorism, and
other scenarios where the rapid identification of unusual clusters of acuteillnessinthe
general populationisafundamental challengefor public health surveillance (L azaruset
al.,2002).

To be effective with the rapid deployment of new health information systems, it is
important to maintain effective mechanismsfor rapidtechnol ogy transfer to occur across
government, academia, and industry (Laxminarayan & Stamm, 2003). The NEDSS
program articulatesan architecturethat will enable public healthinformation systemsto
communicateelectronically, thereby decreasing the burden on respondentsand promot-
ing timeliness and accuracy (U. S. Department of Health and Human Services, 2002a).
Stakeholdersinthe NEDSSinclude not only the Center for Disease Control (CDC) and
other agencieswithin Department of Health and Human Services (DHHS), but state and
local public health departments, healthcare providers, laboratories, health care stan-
dards organizations, health care product vendors, and healthcare professional services
organizations.

The NEDSS Base System (NBS) is an instance of the NEDSS standards for use by all
stakeholders that enable systems from different CDC program areas to be integrated.
Disease-specific data and processes are incorporated and integrated within the NBS
using Program Area Modules (PAM). Though this modular approach allows for the
sharing of these data and processes, the NEDSS standards do not provide specific
guidelines to support the devel opment of these modules. Given that “GIS provides an
excellent meansof collecting and managing epidemiol ogical surveillanceand program-
maticinformation, Gl Srepresentsan entry point for integrating di sease-specific surveil -
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lance approaches” (World Health Organization, 2001, p. 7). An Information System
Design Theory (1SDT) approach for thedevel opment of Gl S-based PAM swould provide
auseful guide for the various stakeholdersinthe NEDSS. Thisapproachisdetailedin
the following section.

Problem

Severe acute respiratory syndrome (SARS) has emerged as a serious international
occupational health disease. Since the disease was first reported it has infected
numeroushealth careworkers, somefatally (Centersfor Disease Control and Prevention,
2003). Consequently, early identification of SARS cases is critical, as no specific
treatment protocol exists. Asaresult, aGlS-based PAM for SARSisneeded that could
be used to manage the health care services required to combat this disease.

Unfortunately, current Gl S-based attempts to mitigate the spread of this disease are
lacking in respect to the NEDSS; that is, they lack an integrated, standards-based
approachto public health surveillance and information dissemination®. Theobjectiveof
this case study isto propose an ISDT such that organi zations meeting the requirements
of this theory will, by design, develop a GIS-based PAM compliant with NEDSS
standards. Geographic information science hasthe potential to createrich information
databases, linked to methods of spatial analysis, to determine relationships between
geographical patterns of disease distribution and social and physical environmental
conditions. Asthe core of adecision support system, geographic information science
also has the potential to change the way that allocations of resources are made to
facilitate preventive health services and to control the burden of disease (Rushton,
Elmes, & McMaster, 2000).

Information System Design Theory Approach

While the overriding methodology in this chapter isthe use of case studies, the casein
this section is specifically concerned with the design of GIS as systems. Assuch, this
analysis is informed by concepts deriving from a “design” approach to information
systems. As noted in the ISDT approach introduced by Walls et al. (1992), the design
process is analogous to the scientific method where hypotheses are to be tested by
designing and building the artifact or product. They outlined several characteristics of
design theories:

i Designtheoriesarecompositetheoriesthat encompasskernel theoriesfrom natural
science, social science, and mathematics.

i Whileexplanatory theoriestell “whatis,” predictivetheoriestell “what will be,” and
normative theories tell “what should be,” design theories tell “how to/because.”

i Designtheoriesshow how explanatory, predictive, or normativetheoriescan be put
to practical use.
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i Designtheoriesaretheoriesof procedural rationality. “ Theobjective of thedesign
theory isto prescribe both the properties an artifact should haveif it isto achieve
certain goalsand the method(s) of artifact construction” (p. 41). Thus, the artifact
must have all the characteristics identified in the design theory.

This case study explicitly draws upon their structure for creating a design product and
process. Briefly, their first component of the design product involves a set of meta-
requirementsthat describesthe class of goalsto which thetheory applies. Their second
component is a meta-design, which describes a class of artifacts hypothesized to meet
the meta-requirements. Their third component isaset of kernel theories, theoriesfrom
natural or social sciencesgoverning designrequirements. Their final component of the
design product is a set of testable design product hypotheses that are used to test
whether the meta-design satisfies the meta-requirements.

Beyond the design product, designers of GIS would necessarily need to be concerned
with principlesof thedesign process. Accordingtothel SDT, thefirst component of the
design process involves a design method which describes the procedures to be used in
artifact construction (Walls, Widmeyer, & El Sawy, 1992). The second component is
kernel theories, theoriesfrom natural or social sciencesgoverning design process. The
last component of the design process is the testable design process hypotheses, which
are used to verify whether the design method resultsin an artifact that is consistent with
the meta-design. While ISDT isexplicitly applied in thisthird case study, the theme of
effectivedesign holdsfor all: thatis, thereisadesign need to create GI S system designs
in amanner that effectively contributes to the design goal of improving human heath.

Solution

The NEDSS has identified a number of enabling technologies for each element of the
NEDSStechnical architecture. One of these architectural elementsisAnalysis, Visual-
ization, and Reporting (AVR). AV R capabilitiessupport the epidemiol ogical analysisof
public health dataand the communication of the analytical results of that analysis (U.S.
Department of Health and Human Services, 2001). The specific requirements for this
architectural element include tabular and graphical reporting, statistical analysis, and
geographical information analysis and display. Alsoincluded are features such asthe
creation of pre-defined and ad-hoc reports, the ability to share results with colleagues
and the public, and the extraction of datafor usewith standard analysistools. TheAVR
Requirements are the foundation of the GIS Meta-Requirements as well as each of the
specific GIS Meta-Design elements outlined in Table 1. The Meta-Requirements and
Meta-Design arederived fromthe OpenGI S Service Architecture (Open GI SConsortium
Inc., 2002). Taken as awhole, these design elements would constitute the foundation
of an ISDT for Gl S-based PAMs.
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Tablel. ISDT for GlS-based PAMs

AVR
Requirements

GISMeta-
Requirements

GlSMeta-Design

Geographical
information
anadysisand
display

Tabular reporting

Graphical reporting

Geographic human
interaction services

Geographic spreadsheet viewer: Client service that
allows a user to interact with multiple data objects
and to request calculations similar to an arithmetic
spreadsheet but extended to geographic data.

Geographic viewer: Client service that allows a
user to view one or more feature collections or
coverages. Thisviewer allows a user to interact
with map data, e.g., displaying, overlaying and
guerying.

Product access service: Service that provides
access to and management of a geographic

Crestion of pre- Geographic product store. A product can be a predefined
defined and ad-hoc model/information | feature collection and metadata with known
reports management boundaries and content, corresponding to a paper
services map or report. A product can aternately bea
previously defined set of coverages with
associated metadata.
Subsetting service: Service that extracts data from
Extraction of data ) an input ipaoonltinuousspat_ial regiqn either by
for use with Geographlc ) geographic location or by grid coordinates.
; processing services
:;fard analysis — gpatia Sampling service: Servicethat extracts data from

an input using a consistent sampling scheme either
by geographic location or by grid coordinates.

Extraction of data

Subsetting service. Service that extracts data from
an input based on parameter values.

Geographic information extraction services:
Services supporting the extraction of feature and
terrain information from remotely sensed and

) Geographic )

for use with ; : scanned images.

standard analysis processing services %

tools ~ thematic Image processing service: Service to change the
values of thematic attributes of an image using a
mathematical function. Example functions
include: convolution, data compression, feature
extraction, frequency filters, geometric operations,
non-linear filters, and spatid filters.
Subsetting service. Service that extracts data from

Extraction of data ) aninputin a_ot_)ntinuousintervd based on

for use with Geographl c temporal position values.

; processing services
ts(t;\gard analysis — temporal Sampling service. Service that extracts data from

an input using a consistent sampling scheme based
on temporal position values.

Statistical analyss

Geographic
processing services
— metadata

Statistical calculation service: Serviceto calculate
the statistics of a data set, e.g., mean, median,
mode, and standard deviation; histogram statistics
and histogram calculation; minimum and
maximum of an image; multi-band cross
correlation matrix; spectral statitics; spatial
statistics; other statistical calculations.

Sharing of results
with colleagues and
the public

Geographic
communication
services

Transfer service: Service that provides
implementation of one or more transfer protocols,
which allows data transfer between distributed
information systems over off-line or online
communication media.
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Figure12. Conceptual Picture of the NEDSSBase System and Program Area Modules
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Adapted from U. S. Department of Health and Human Services (2002a)

Outcome

Asseeninthiscase, “ GIS offers new and expanding opportunities for epidemiology as
they allow the informed user to choose among options when geographic distributions
are part of the problem, and when used for analysis and decision-making, they become
atool with arich potential for public health and epidemiology” (Clarke, McL afferty, &
Tempalski, 1996, p. 1). Gl S-based PAMsdevel oped using theproposed ISDT would allow
the sharing of common dataand processeswhileincorporating disease-specific dataand
processes. AsseeninFigurel2, aSARS-specific PAM devel opedinthismanner would
become one of many PAMs and part of the larger NBS.

Case Study Summary Analysis and
M anagement I mplications

A summary of the three case studies is presented in Table 2. Each of the three cases
presented is based on the heal th care service provided, specific problem type, solution
generated, and final outcome.
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Table 2. Summary of Case Studies

Health Care
Case Study Service Problem Solution Outcome
Provided
Improved
Accuracy and Internet-based decision making
Operational Disability timeto schedule | GISapplication | and reductionin
Control Evaluation appointment for use within time required
(Practice) location and company for scheduling
date Extranet physician
appointments
rol\J/ngeGelfﬁ ;(:?ent Reduced EMS
Management Emergency Need for Ready pplanning and delay timeand
Planning Medica Service ) more rapid onset
X EMS Delivery management of
(Control) Delivery E.911 heal of trauma
= th ice deli
emergencies service delivery
. Devise Inter-
Strategic Disease IID_:t‘i(I 2{ S?:Iti'gn organizationa Program Area
Planning Surveillance anedg Spatial Database | Module Design
(Research) System DI A for early disease | Theory for GIS
issemination -
detection

Asdiscussed intheintroduction, thevisual display of spatial information in healthcare,
starting with epidemiology, hasalong history. Theliterature reveals, as do these case
studies, that the role of the private sector becomes increasingly more important asyou
movefrom the strategic planning level down to the management and operational levels.
For those charged with the management of organizations, the following issues should
be considered:

i Data I ntegration for Operational Control: Geospatial locationis considered a
valuable organizing principle for architecting and constructing enterprise data
stores where interoperable geospatial technologies play a foundational role in
exploiting these data stores for enterprise missions (Open GIS Consortium Inc.,
2003). Asseeninthefirst case, thiscan occur at even the most basic level where
demand fromusersat theoperational level prompted thelinkage of spatial and non-
spatial data. As aconsequence, the linkage of spatial and non-spatial databases
will beamong the challengesthat organizations face asthe spread of GISapplica-
tions and their extended functionalities drive organizations to integrate their
existing structures with the increasingly important spatial dimension.

i Planning I nter organizational Systemsfor Management Control: Managing ad
hocinter-organizational networksarethe natureof Gl Sdatain health careenviron-
ment. Emergency management applicationsarebeing devel opedin numerousareas
aroundthe country, ranging frominstanceswhere Gl S-based emergency planning
has been carried out by local governments, to caseswherethe Federal Emergency
Management Agency has supported the creation and implementation of a Gl Sfor
this purpose (O’Looney, 2000). However, these diverse organizations collect
spatial datafor different purposesand goals. For successful planning, spatial data
must be organized in such amanner asto appear asresiding in onecentral database.
Thus, the issue becomes how to successfully manage the relationship between
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these loosely coupled organizations that have dependence on tightly coupled
systems without compromising their organizational purposes and goals.

i Design Resear ch for Strategic Planning: The global implication of geographic
data, asseenrecently with SARS, indicatesthat itisnolonger confinedtothelocal
or national level. Unfortunately, global geographicinformationiscurrently little
more than the sum of the highly varied national parts and isnot readily available
(Longley, Goodchild, Maguire, & Rhind, 2001). TheGlobal Spatial Datal nfrastruc-
ture Association wasformed to addressthisissue and isdedicated tointernational
cooperation and collaboration in support of local, national, and international
spatial datainfrastructure developmentsto allow nationsto better address social,
economic, and environmental issues of pressing importance (The Global Spatial
Data Infrastructure Association, 2003). Their vision for a Global Spatial Data
Infrastructurewould support ready accessto global geographicinformation. This
vision would be achieved through the coordinated actions of nations and organi-
zationsthrough theimplementation of complimentary policiesand common stan-
dardsfor thedevel opment and availability of interoperabl e digital geographicdata
and technologies to support decision-making at all scales for multiple purposes.
Theresearch challengethenislearning how to create arobust information system
design process that considers spatial dimensions from global level international
standard bodiesto local level implementing organizations.

Discussion

IS, and spatial analysismorebroadly, caninformanumber of pressing health careservice
issues, both domestically and internationally. From adomestic perspectivethisincludes
issues such as treating highly distributed populations and efficiently targeting critical
services. From an international perspective, thisincludes developing arapid meansto
detect and treat human health outbreaks in developed and developing regions as well
as the creation of spatial datasets to drive international health enterprises.

Toward a Spatial Decision Support System (SDSS) for
Human Health

While the geographic dimension of human health has long been recognized, the
integration of GISinto the health careindustry has not received thelevel of attention as
that of more cutting-edge medical technologies. Nonetheless, asreveal edinthese cases
aswell asothersthat areincreasingly appearing in the literature (Lang, 2000), GIScan
provide auseful tool at the operational, management, and strategic levels of health care
resources. For thisreason, researcherssuchasCromley & McL afferty (2002) have begun
advocating for Spatial Decision Support Systems (SDDS) in support of health care
services. Furthermore, afairly long history of decision support systemsin health care
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hasbeenrecognized (Shortliffe& Perrault, 2001). Thenew view istointegratethe spatial
element into these systems. It ishoped that this chapter provides yet another indicator
of the valuein using spatial analysis for health care delivery.
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Endnotes

! “Instead of plotting atime-series, whichwould simply report each day’ sbad news,
Snow constructed agraphical display that provided direct and powerful testimony
about a possible cause-effect relationship. Recasting the original datafrom their
one-dimensional temporal ordering into a two-dimensional spatial comparison,
Snow marked deaths from cholera (EY%EY%EY%EY) on this map, along with
locations of the area’ s 13 community water pump-wells (1%). The notoriouswell
islocated amid anintense cluster of deaths, near theD inBROAD STREET. This
map reveal sastrong association between chol eraand proximity tothe Broad Street
pump, inacontext of simultaneous comparison with other local water sourcesand
the surrounding neighborhoods without cholera” (Tufte, 1997. p. 30).

2 Seehttp://www.911.state.mn.us/911 enhanced.html
3 See http://www.co.dakota.mn.us/gis/

4 SARS related GIS websites: http://www.esrichina-hk.com/SARS/Eng/
sars_eng_main.htm, http://www.sunday.com/Sunday/en/index.html, http://
www.corda.com/examples/go/map/sars.cfm, http://www.cdc.gov/mmwr/preview/
mmwrhtml/figures/'m217a4f2.gif, http://www.mapasia.com/sars/defaul t2.htm, http:/
/www.info.gov.hk/dh/diseases/ap/eng/bldglist.htm, http://www.who.int/csr/sars/
map2003_04 13.gif, http://spatialnews.geocomm.com/features/sars/, http://
www.hku.hk/geog/hkgisa/sars.htm
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