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    Abstract     Geographic information systems provide powerful tools that can 
enable public health practitioners to analyze and visualize data and to make 
informed decisions in a timely and relevant manner. Since the publication of the 
fi rst edition of  Public Health Informatics and Information Systems , GIS has 
become increasingly more accessible and widely used. It has also become more 
powerful as new applications are developed and more spatial statistics are incor-
porated into GIS software programs. Many public health professionals—in 
 epidemiology and disease surveillance, environmental health, and community 
assessment—are using GIS as a tool for analysis and decision-making. While the 
educational background of such professionals often does not include GIS, it is 
important for these GIS users to understand basic geographic and GIS concepts 
and to be able to interpret and critically analyze GIS maps created by others. 
Eventually, as such part-time GIS users become more familiar with the technol-
ogy and its wide range of applications, they will go beyond mapping and begin to 
use GIS for more sophisticated forms of spatial analysis. However, GIS users 
must recognize that GIS is not a panacea; they must be aware of its limitations. 
Some of these limitations are tied to issues of map scale and the accuracy and 
completeness of available data; others concern the proper use of visualization and 
spatial analysis tools.  
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analysis   •   Point-in-polygon overlay   •   Polygon overlay   •   Spatial join   •   Areal 
 interpolation   •   Spatial statistics   •   Color ramps   •   Desktop GIS   •   Shapefi le   •   Metadata   
•   Equal interval   •   Quantile   •   Natural breaks   •   Mean   •   Standard deviation       

    Overview 

 Geographic information systems provide powerful tools that can enable public health 
practitioners to analyze and visualize data and to make informed decisions in a timely 
and relevant manner. Since the publication of the fi rst edition of  Public Health 
Informatics and Information Systems , GIS has become increasingly more accessible 
and widely used. It has also become more powerful as new applications are developed 
and more spatial statistics are incorporated into GIS software programs. Many public 
health professionals—in epidemiology and disease surveillance, environmental 
health, and community assessment—are using GIS as a tool for analysis and decision-
making. While the educational background of such professionals often does not 
include GIS, it is important for these GIS users to understand basic geographic and 
GIS concepts and to be able to interpret and critically analyze GIS maps created by 
others. Eventually, as such part-time GIS users become more familiar with the tech-
nology and its wide range of applications, they will go beyond mapping and begin to 
use GIS for more sophisticated forms of spatial analysis. However, GIS users must 
recognize that GIS is not a panacea; they must be aware of its limitations. Some of 
these limitations are tied to issues of map scale and the accuracy and completeness of 
available data; others concern the proper use of visualization and spatial analysis tools. 

 This chapter describes what a geographic information system (GIS) is, how it 
works, and the contributions it can make to analysis and decision making in public 
health. Commonly-used functions and limitations are also discussed.  

    Introduction 

 During the past few years, the contribution of information technology to the practice 
of public health has become increasingly apparent and has led to the emergence of 
the discipline of  public health informatics , defi ned as “…the systematic application 

 Learning Objectives 
     1.    Describe how geographic information systems (GIS) can be used to analyze 

public health information.   
   2.    Identify specifi c GIS functions that can be applied to health data analysis.   
   3.    Explain the limitations of GIS software and spatial data.   
   4.    Discuss the emerging technologies that have implications for GIS use in 

public health.     
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of information and computer science and technology to public health practice, 
research and learning [ 1 ]”. Savel and Foldy [ 2 ] highlighted three functions of public 
health informatics: (1) the study and description of complex systems, such as dis-
ease transmission models; (2) innovative use of data collection and information to 
improve the effi ciency and effi cacy of public health systems; and (3) the implemen-
tation and maintenance of systems that achieve the fi rst two functions. Geographic 
information systems hold the potential to make signifi cant contributions to all three. 

 A  geographic information system  (GIS) is a computer mapping and analysis tech-
nology, consisting of hardware, software, and data, all of which allow large quantities of 
information to be viewed and analyzed in a geographic context. It has nearly all of the 
features of a database management system, with a major enhancement: Every item of 
information in a GIS is tied to a geographic location. Lasker et al. [ 3 ] identifi ed three 
basic types of information needs essential to public health services: (1) data collection 
and analysis, (2) communication, and (3) support in decision-making. Geographic 
information systems have enormous potential to contribute to the analysis of popula-
tion-based public health with their ability to support all three types of information 
needs. With geographic information systems, public health professionals can manage 
large quantities of information; map and model the distribution of diseases and health 
care resources; analyze the relationships among environmental factors, socioeconomic 
environments, and disease outcomes; determine where to locate a new hospital or clinic; 
and even make decisions about the development or implementation of health policy.  

    The Importance of GIS and Its Contribution to Public Health 

 Many introductory texts on medical geography and epidemiology begin with a ref-
erence to John Snow, the London physician who mapped cholera cases in the Soho 
District of London during the cholera epidemic of 1854 [ 4 ]. Snow was able to show 
that these cases clustered around the Broad Street pump. The closure of the pump, 
through the removal of the pump handle, and subsequent reduction in cases sup-
ported Snow’s contention that cholera was a water-borne disease. 

 Perhaps more interesting than Snow’s map, however, was his “medical detective” 
work preceding the 1854 epidemic and following the epidemic of 1849, which helped 
him to recognize the association between contaminated water and cholera. The chol-
era epidemic of 1849 killed over 52,000 people in Great Britain and over 13,000 in 
London alone [ 5 ]. While Snow published a brief account of this epidemic in 1849, he 
continued to carry out research over the next few years, leading to an 1854 edition of 
 On the Mode of Communication of Cholera  that was a more substantial work [ 6 ]. 

 In that later account, Snow noted the association between cholera, poverty, 
 elevation, and the water supply of the various London districts. A fascinating recon-
struction, mapping, and geographic analysis of these associations was provided by 
Cliff and Haggett [ 5 ]. As the authors noted, “these associations result in some strik-
ing geographical distributions…” such as the higher mortality rates in areas adja-
cent to the River Thames and the relationship between cholera and water supplies 
of London Districts [ 5 ]. At that time, a number of metropolitan water companies 
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were supplying water to the city from a myriad of sources—some directly from the 
Thames, others from reservoirs. Cholera mortality was linked to contaminated water 
supplies provided by companies drawing their water directly from the Thames. 

 Today’s technology makes it possible to carry out an analysis such as Snow’s in a 
very small amount of time, at the desktop. Imagine Dr. John Snow at his desk with a 
powerful computer mapping and information system. On his computer screen, he 
has maps of London districts, their water supplies, and the locations of cholera cases. 
In addition, his water supply map database contains information about characteris-
tics of the water, such as pH factor and water source. He also has a map of soils, with 
information about their characteristics, and a digital elevation model. With the tools 
available in a geographic information system, Dr. Snow could do point mapping of 
cholera cases, calculate distances to water sources, and examine the relationship of 
cholera incidence to water source, water type, soils, and elevation. 

 Snow’s work provides an indication of how a GIS can benefi t public health prac-
tice. Medical geographers, epidemiologists, statisticians and health practitioners 
have been carrying out mapping and spatial analysis for centuries, but have been 
doing it “longhand,” so to speak. Some of the classic geographic research on prob-
ability mapping [ 7 ], disease diffusion and modeling [ 8 ], the spatial organization of 
cancer mortality [ 9 ], cardiovascular disease [ 10 ], and the allocation of health ser-
vices [ 11 ] would have benefi ted from the use of GIS, or, more specifi cally, from the 
combination of GIS and statistical analysis software—all used some combination of 
mapping, spatial analysis, and statistical analysis. 

 Obviously, GIS is needed for more effi cient processing and analysis of geo-
graphic data. It is also needed to integrate public health data from a wide range of 
sources, to perform population-based public health analyses, and to provide sound 
information on which to base decisions. Geography is a great integrator: Nearly 
every entity of public health information is located somewhere in space, whether it 
be a county, a ZIP code, a dot on a map, a hospital room, or even a point within the 
human body. GIS provides a means of integrating all this information through a 
spatial referencing system. 

 GIS technology, then, has much to offer public health practitioners. Perhaps 
most importantly, the analysis and display of geographic data is an effi cient and 
effective means of providing data for decision-making; for example, how to imple-
ment lead screening guidelines [ 12 ]. GIS also permits the development of new types 
of data, the establishment of data partnerships and data sharing, and the develop-
ment of new methods and tools for use by public health professionals [ 13 ,  14 ]. An 
additional benefi t of GIS is that it can be used for quality control of health datasets. 
Geographically-based logical consistency checks can be carried out to verify the 
accuracy of geographic identifi ers in health datasets. 

 The use of GIS among public health professionals has been on the increase, but 
it is still not a mainstream activity. In 1999, two editions of the  Journal for Public 
Health Management and Practice  were devoted entirely to GIS applications 
[ 15 ,  16 ]. In 2002, the fi rst volume of  International Journal of Health Geographics  
was published. Cromley and McLafferty have now published two editions of their 
 GIS and Public Health  textbook [ 17 ,  18 ]. For nearly a decade, Environmental 
Systems Research Institute (ESRI), the developer of ArcGIS software, has sponsored 
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a “Health GIS” conference; in 2013, the Urban and Regional Information Systems 
Association (URISA) will host its fourth “GIS and Public Health” conference. 

 The activities outlined above illustrate both the current importance of GIS and its 
potential to contribute to the ongoing assessment of health status in a community 
within the context of the second essential service of public health, namely the capac-
ity to detect, “…diagnose and investigate health problems and health hazards in the 
community” [ 19 ]. It is therefore essential that public health managers and front-line 
practitioners develop a deeper understanding of GIS. This includes an understanding 
of some of the limitations of GIS, as well as an appreciation for the tool’s extraordi-
nary capacity to support both the analysis of data and the presentation of that data in 
a way that is often more intuitively comprehensible to policy- makers, practitioners 
and community groups than the presentation of bare statistics and facts.  

    What Is GIS? 

 What is a geographic information system? Many defi nitions exist. Essentially, it is a 
system of computer hardware and software that allows users to input, analyze, and 
display geographic data. Clarke refers to GIS as (1) a toolbox, (2) an information 
system, and (3) an approach to science [ 20 ]. As a toolbox, GIS is a software package 
that contains a variety of tools for processing, analyzing, and visualizing spatial data. 
Public health professionals might use these tools to map infant mortality rates across 
a state, identify areas with underserved populations, maintain an infectious disease 
surveillance system, or model environmental exposures to toxic substances. 

 As an information system, a GIS consists of a series of databases that contain 
observations about features or events that can be located in space and, hence, 
mapped and analyzed. This component of GIS includes a focus on data structures. 
GIS also functions as a means of spatial data storage [ 21 ]. Information that previ-
ously was on physical maps now can be stored in digital format in a GIS. 

 In some circles, the meaning of GIS has shifted from “geographic information sys-
tem” to “geographic information science,” sometimes referred to as  GIScience  [ 22 ]. 
 GIScience  refers to the science behind the technology – the disciplines and technolo-
gies that have contributed to the development of today’s GIS software. These disci-
plines include geography, cartography, geodesy, photogrammetry, computer science, 
spatial statistics, and a wide range of physical and social sciences.  

    Theoretical Foundations and the Development of GIS 

 As a science, the theoretical roots of GIS lie in geography, cartography, and  spatial 
analysis. Certain paradigms in the discipline of geography have had a strong impact 
on the development of GIS technology. In the mid-1950s, geography experienced 
a shift from integrated, regional science approaches to a paradigm that embraced 
logical positivism and the quantitative revolution. Logical positivism incorporated a 
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theory of knowledge that was based on empiricism (sensory experience) and required 
deductive instead of inductive reasoning and laws of probability. In geography, this 
involved a heavy use of mathematics and statistics. Emerging computer technology 
contributed to this shift by providing faster computations and a means of storing and 
retrieving vast quantities of information [ 23 ]. During this time, methods of spatial 
analysis that had been developed earlier in the century were automated, and many 
new spatial/statistical methods were developed. For example, Glick used the concept 
of spatial autocorrelation to examine cancer mortality in Pennsylvania [ 24 ]. Other 
schools of thought in geography, such as the landscape and human ecology schools, 
which focused on the relationships between humans and their environment, had an 
impact on the development of automated mapping techniques to store and map envi-
ronmental information. 

 Many US federal government agencies were important to the evolution of GIS 
technology and the development of digital cartographic data, perhaps most notably 
the US Bureau of the Census. In 1967, the agency piloted the use of digital geo-
graphic fi les (streets and census blocks) for a pilot project in New Haven, 
Connecticut. These fi les, the Geographic Base File Dual Independent Map Encoding 
fi les (otherwise known as GBF/DIME fi les), were used in urban areas for the 1970 
and 1980 censes. Today, the most commonly used spatial data in the country are 
probably the US Bureau of the Census TIGER/Line fi les, usually referred to as 
simply TIGER (Topologically Integrated Geographic Encoding and Referencing 
system) fi les. These were fi rst used in 1990. 

 In the late 1980s, the move away from mainframe computers toward workstation 
and PC technologies resulted in dramatic changes to GIS software and functionality. 
Most notably, software became increasingly easy to use with the development of 
graphical user interfaces and menu-driven systems, and large collections of digital 
datasets were developed for use with the software. Today, computer users with a day’s 
training or less can easily begin using GIS. This facility of use has obvious advan-
tages, but there are drawbacks as well. After all, geographic data are complex. Without 
a sound knowledge of basic geographic principles, data issues, and map design, it is 
easy for an uninformed user to make errors, to mislead, and to be misled.  

    How Do Geographic Information Systems Work? 

 Geographic Information Systems have several important concepts in common: the 
relationship between spatial and attribute data, map projections and spatial refer-
encing systems, map scale, and spatial data representation. 

    Spatial and Attribute Data 

 Although recent developments in hardware and database management software 
have led to the development of many new data structures, we can think of GIS 
data as having two components. The fi rst is  spatial data , consisting of geographic 
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coordinates that provide information about the location and dimensions of features 
on earth and the relationships among these features. These spatial data are stored in a 
 topologic  data structure—a data structure that maintains information about the spa-
tial relationships among features, such as adjacency, connectivity, and containment. 

 The second component is  attribute data . Most people who use standard spread-
sheet or database software think of these data as ‘columns’ or ‘fi elds. ’In other-
words, these are variables that describe the non-spatial aspects of the database, such 
as the total population of a given county, or its lung cancer mortality rate. Attribute 
and geographic data are linked through a  geocode , a geographic identifi er that is 
contained in both data components. This geocode can be a county name or a state 
name, a ZIP code, a street address, or some other numeric code. Standard numeric 
codes or geocodes for states and counties were developed by the National Institute 
of Standards and Technology (NIST) as part of the Federal Information Processing 
Standard (FIPS). Figure  21.1  displays a map of Kentucky showing cervical cancer 
mortality rates. The spatial data on the map are the Kentucky county boundaries. 
Attribute data are contained in the table below the map and are represented on the 
map by a series of shading patterns. Each record contains information for a single 
county; in this case, the information includes a county name, its FIPS code, and the 
cervical cancer mortality rate.

Cervical Cancer Mortality Rates for Kentucky Counties
All Women, 1970-2004

MortRate
1.1306
5.4667
3.9652
5.5858
5.4436
8.9742
6.3704
5.1382

Deaths
0 0

3.8579
0.6307
5.1704
3.2043
6.0577
5.3535
2.1445 8.1318

7.3872
11.8906
7.6829
6.0012
7.2997
7.0756
4.9253 5.14 1 21105

21107
HICKMAN

CountyStateFIPSSparseExpDeathsRateUBRateLB

HOPKINS
JACKSON
JEFFERSON
JESSAMINE
JOHNSON
KENTON
KNOTT

KY
KY
KY
KY
KY
KY
KY
KY

0.00 – 4.08

4.09 – 5.21

5.22 – 6.14

6.15 – 10.22

Rate per 100,000

21119

21115
21117

21113
21111

21111

211091
0

0
0
0
0
0

34.31
6.97

538.43
15.61
13.97
88.78

9.43

0
47

709
24
37

154
14

  Fig. 21.1    Spatial and attribute data for Kentucky counties. The record for Jefferson County is 
highlighted in the table, along with its corresponding map location. The FIPS code for Kentucky 
is 21, and the FIPS code for Jefferson County is 111, providing a combined FIPS code and unique 
identifi er of 21111. This value is contained in the table’s FIPS fi eld. The Kentucky county bound-
ary fi le has a FIPS code associated with each county, and the attribute data are linked to the appro-
priate boundary through this geocode (Data Source: National Cancer Institute)       
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   Most federal geographic data, such as census data, use a set of FIPS codes. 
However, the federal codes are not always used by state agencies or other organiza-
tions. Geographic fi les, such as the county boundary fi le in Fig.  21.1 , often contain 
more than one set of geocodes. If health agencies in the state of Kentucky coded 
health data by county name, for example, these data could be mapped using county 
name as a geocode, so long as that information was also contained in a fi eld in the 
spatial database and no county names were misspelled. 

 Attribute data come in a wide range of formats from a variety of sources. One of 
the challenges of using health and demographic data in a GIS is working with differ-
ent data formats and structures. Attribute data are typically stored in tables, where 
columns represent fi elds or variables and rows represent cases or observations. 
These tables or fi les are often stored in a database. The original data may be stored 
in proprietary software such as Oracle (Redwood City, CA), SAS (Cary, NC), IBM 
SPSS (Armonk, NY), Microsoft (Redmond, WA) Access databases or Excel spread-
sheets, or other formats such as delimited text fi les. Linking these data to spatial data 
usually requires importing them into the GIS software, so users must be knowledge-
able about the native format of the GIS software they’re using and which database 
formats can be imported. Spreadsheets and databases are not the same, and import-
ing spreadsheets into GIS software can be problematic. For instance, spreadsheets 
can contain random text cells or column names that don’t conform to database stan-
dards. Many GIS users view dBase (.dbf) as a preferred fi le transfer format because 
it is readable by many GIS software applications and requires little or no formatting. 
Recent developments in both GIS and database management software allow direct 
linkage between some GIS applications and database management systems. 

 For years, the main database management system utilized by GIS applications 
has been the relational model, where two or more tables can be linked easily via a 
common identifi er, or key. This is the method by which attribute data are linked to 
spatial data using a common geocode. Recent trends in the larger GIS software 
applications are toward the use of object-oriented databases, which are capable of 
modeling complex spatial objects. These spatial objects contain not only attributes, 
but also the methods and procedures that operate on them.  

    Map Projections and Coordinate Systems 

 In a GIS, all geographic features, such as hospital location, county boundaries, and 
street networks, must be defi ned in terms of a common frame of reference, or coor-
dinate system. Coordinates are defi ned by their distance from a fi xed set of axes. 
In general, an  x - coordinate  refers to an east/west location; a  y - coordinate  defi nes 
a north/south location. Features on the earth can be located with the  geographic 
coordinate system , which uses latitude for a north/south position and longitude for 
an east/west position. However, this system pinpoints location on a spherical earth. 
Maps and computer monitors, on the other hand, are fl at. Therefore, the transfor-
mation of features from a three-dimensional sphere to a two-dimensional surface, 
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known as a  map projection , must take place in order for the system to produce 
accurate mapping and analysis. Because degrees of longitude vary in actual distance 
across the globe (i.e., they converge at the poles), projections are used to establish 
a grid system with uniform units of measurement and to reduce the distortion in 
unprojected map coordinates. 

 Map projection is a science in and of itself. Projections are mathematical trans-
formations of endless variety and, while they reduce the distortion inherent in geo-
graphic coordinates, they all involve some sort of distortion of shape, area, direction, 
or distance. Imagine drawing a map on the entire outside of an orange, then trying 
to remove and fl atten the peel while maintaining the integrity of the map features. 
While it takes time and experience to learn which projections are best suited for a 
particular application, it is important for the new GIS user to understand that all map 
layers used in an application must use the same projection and coordinate system. 
Indeed, this is one of the strengths of GIS: Multiple map layers can be overlaid and 
relationships among them can be analyzed and displayed when they are tied to a 
common coordinate system. 

 Many geographic databases are stored as unprojected data—i.e., as latitude/
longitude coordinates. These coordinates are a sort of  lingua franca , a standard 
data exchange format, and must be projected using GIS software for more accurate 
analysis and visualization. Projections and/or coordinate systems commonly used 
in the US include (1) state plane coordinate systems, (2) Albers Equal Area projec-
tion, (3) Lambert Conformal Conic projection, and (4) Universal Transverse 
Mercator (UTM) projection. Figure  21.2  displays a map of the continental United 

Unprojected Coordinates
Latitude/Longitude

Projected Coordinates
Albers Equal Area Projection

  Fig. 21.2    Unprojected and projected coordinates (Map Source: ESRI, Redlands, CA)       
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States in latitude/longitude coordinates (unprojected) and in Albers Equal Area 
coordinates (projected). More information about map projections can be found in 
Harvey [ 25 ].

       Scale 

 Scale refers to the ratio of a distance on a map to the corresponding distance on the 
ground. A scale of 1/100,000 (usually represented as 1:100,000) means that 1 inch 
on the map is equal to 100,000 inch on the real earth. The ratio is true for any unit 
of measurement (1 cm on the map is equal to 100,000 cm on the ground). Large-
scale maps show more detail than small-scale maps. The concept of scale can be 
confusing because the larger the denominator in the fraction is, the smaller the scale 
is. In other words, a map at a scale of 1:12,000 is a larger-scale map than one at 
1:2,000,000. Smaller-scale maps are generally used to show a larger area (such as 
the world or the US), whereas larger-scale maps can be used to “zoom in” to a 
smaller area (such as a city or a neighborhood). Because many map details are lost 
in smaller-scale maps, scale has an important effect on the precision of location. 
Figure  21.3  shows an area of Louisville, Kentucky, represented at two different 
scales. It is important to remember that although GIS software allows users to zoom 
in and out to different scales, the amount of detail in a map depends entirely on the 
scale of the source map!

       Representations of Spatial Data 

 Most spatial data in a GIS are either feature-based or image-based, often referred to as 
 vector  or  raster , respectively. Vector data are represented by feature types that resem-
ble the way we visualize and draw maps by hand—by use of (1)  point , a single  x ,  y  
location (example: a residence); (2)  line , a string of coordinates (example: a road); and 
(3)  polygon , a chain of coordinates that defi ne an area (example: a county boundary). 

 Satellite images, digital aerial photography, and other forms of remotely-sensed 
data are the most commonly used raster data. These data are stored, not as features, 
but as a series of pixels or grid cells. Both types of data can (and should) be regis-
tered to a real-world coordinate system for display and analysis. Figure  21.4  dis-
plays examples of feature (vector) and image (raster) data and the ability of the GIS 
software to overlay these by use of a common coordinate system. Most computer 
and smart phone users are now familiar with the satellite imagery used in mapping 
applications such as Google Maps (Mountain View, CA). Satellite images and other 
remote sensing data have become increasingly important for monitoring and model-
ing human health [ 26 ].
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1:24,000

1:100,000

  Fig. 21.3    A portion of Louisville, Kentucky, shown at two map scales (Source: US Geological 
Survey)       
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       Functionality: Mapping and Spatial Analysis 
for Health Applications 

 A discussion of GIS functions used for public health applications can be found in 
Vine et al. [ 27 ] and Cromley and McLafferty [ 18 ]. Some of the more generic func-
tions are described in the next few paragraphs. For the beginning GIS user, the most 

Vector data
roads and streams

Vector data on raster data
common coordinate system

Raster data
land cover

from satellite imagery

  Fig. 21.4    Vector and raster data (Map Source: ESRI, Redlands, CA; USGS National Land Cover Data)       
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heavily utilized application of GIS probably will be the display of map layers and 
the production of thematic maps, most likely shaded (choropleth) maps. Thematic 
maps show the distribution of a variable, or theme, such as disease mortality, across 
space and are very important for understanding patterns of health outcomes. 

  Choropleth mapping  assigns different shades or colors to geographic areas, 
according to their values; it was the technique used to produce the map in Fig.  21.1 . 
In health applications, it may be used with counties, ZIP codes, health service areas, 
census tracts, or other geographic units to show the distribution of health outcomes, 
socio-demographic characteristics, health services, or other relevant variables. 
Because correct interpretation of the message or pattern displayed on a choropleth 
map is so critical to analysis and decision-making, a more detailed discussion of 
choropleth map production is provided in a later section in this chapter concerning 
visual display of spatial data. 

  Automated address matching  can be used to map clinics, patient residences, and 
other locations that contain street addresses.  Address matching  is a term often used 
synonymously with  geocoding , but it is actually only one of many methods of geoc-
oding. Essentially, an address, such as 525 Fuller Street, is a geocode—it refers to a 
specifi c location along Fuller Street. Address matching works by comparing a spe-
cifi c street address in a database to a map layer of streets. If the map layer contains 
relevant information about the street name and the range of addresses along that 
street, the software can interpolate the location of the address and place it along the 
street. Most computer and smart phone users are familiar with address-matching 
functions: they use software such as Google Maps (Mountain View, CA), Yahoo! 
Maps (Sunnyvale, CA), MapQuest (Denver, CO), or other global positioning sys-
tem (GPS) software to provide travel directions. Most GIS software allows the user 
either to enter addresses interactively (one at a time), or to process an entire data-
base of addresses in batch mode. 

  Distances  among geographic features can be determined with nearly all GIS or 
mapping software. In health applications, distances often are needed to analyze 
access to health care or to model exposure to an environmental contaminant, among 
other things. Most GIS software allows users to determine distances either interac-
tively or in batch mode through the use of a distance function. In the case of batch 
mode determination, the distance calculation is stored in a variable that may be used 
for later analysis, such as regression or some sort of exposure modeling [ 28 ]. 

  Spatial query  allows a GIS user to query the attribute database and display the 
results geographically. For instance, a user could make a query to display the loca-
tion of all rabies cases that have occurred in a county during the past year, or to show 
all census tracts in which more than 50 % of households have a household income 
below the poverty rate. Queries also can be based on distance: A GIS can be used to 
display all ZIP codes within a 25-mile radius of a particular health clinic or to show 
all patients within 15 miles of a fi eld phlebotomist. 

  Buffer functions  can defi ne and display a region or “ring” of specifi ed radius 
around a point, a line, or an area. GIS software allows the user to defi ne the width 
of the buffer—i.e., the distance of the outside edge of the buffer from the feature 
boundary. A 150-m buffer might be created to determine the number of residences 
close to a toxic release event. A 25-m buffer zone around major roads could identify 
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areas with potential lead hazards in soil from past use of leaded gasoline. Figure  21.5  
shows buffers of 25, 50, and 75 miles from Saint Charles Medical Center in Bend, 
Oregon. Another hospital is located within 25 miles of Saint Charles Medical Center 
and there are three hospitals within 50 miles of the center.

    Overlay analysis  allows GIS users to integrate feature types and data from differ-
ent sources. It is not to be confused with visual overlay, which occurs when several 
map layers are registered to a common coordinate system and displayed together, as 
in Fig.  21.4 . Overlay analysis involves some spatial data processing and results in 
the creation of new data or modifi cation of existing data. Two commonly used types 
of overlay analysis are  point - in - polygon overlay  and  polygon overlay . 

  Point - in - polygon  overlay is used to determine which area, or polygon, a point or 
set of points lies in, or whether a point lies inside or outside a particular geographic 
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area. For example, a point map of patient residences might be overlaid on a map 
layer of census tracts to determine which census tract each patient resides in. This 
application is important when a user is examining the association of census vari-
ables, particularly socioeconomic ones, with health outcomes. Some GIS software 
refers to this process as a  spatial join . 

  Polygon overlay  can be used to create a new map layer from two existing poly-
gon map layers, when their boundaries are not coincident. For example, a ZIP code 
map layer can be overlaid on a layer of primary sampling units to obtain a map layer 
showing all complete and partial ZIP codes within a sampling area. Polygon overlay 
is sometimes used to estimate populations within a geographic area where boundar-
ies differ from census boundaries, using an  areal interpolation  method. This method 
operates in a “cookie cutter” fashion to create new polygons; population is then 
prorated by comparison of the area of the new polygon to that of the original. An 
example of  areal interpolation  is shown in Fig.  21.6 .

   While these are only a few examples of GIS functions, they are all commonly 
used in health applications and are easy to learn. Many other functions exist, rang-
ing from relatively simple techniques to complex methods of spatial modeling. Lai 
et al. [ 29 ] have written an excellent text on spatial approaches to disease analysis 
which discusses more advanced methods. 

    Spatial Statistics 

 There are many time-honored spatial analysis techniques that recently have been 
incorporated into some of the more widely used GIS software products. Still, using 
statistical or more advanced spatial analysis techniques often requires additional 
programming, or reformatting GIS data for use with statistical software such as 
SAS or SPSS. Currently, two free software programs are extremely useful for the 
geostatistical analysis of health data:(1)SaTScan, developed for the analysis of dis-
ease clusters [ 30 ] and (2) GeoDa, which performs spatial data analysis, visualiza-
tion, spatial autocorrelation and modeling procedures [ 31 ]. Figure  21.7  shows how 
GeoDa’s Local Index of Spatial Autocorrelation (LISA) method can be used to 
identify regions with statistically high cervical cancer mortality rates.

        Visual Display of Spatial Data 

 The proper display of spatial data requires an understanding of cartographic design, 
levels of measurement, and the wide range of symbols and color schemes that can 
be used to represent feature and image data. A thorough treatment of this subject is 
beyond the scope of this chapter, but it can be found in any number of cartography 
references and primers [ 32 – 36 ]. Unfortunately, the proliferation of GIS and the 
development of user-friendly interfaces to GIS software has made it easy for the 
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“cartographically illiterate” to produce bad maps. Bad maps can result from the 
improper use of map projections, unfamiliarity with basic principles of map design, 
lack of understanding of data type and distribution, and poor symbol choice. 

 Because choropleth maps are so frequently produced and because they convey 
such a powerful image of the distribution and quantity of phenomena, two critical 
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aspects of their production are discussed briefl y in this chapter: (1) grouping data 
into classes for mapping and (2) appropriate use of symbols for choropleth mapping.   

    Grouping Data into Classes for Mapping 

 The way in which data are grouped or classifi ed has a strong effect on the appear-
ance of the map and can result in maps that look very dissimilar but use the same set 
of data. The mapmaker must determine how many categories or classes to use and 
the intervals, or cut-off points, for each class. Most shaded maps use from three to 
six classes, which are represented in the legend. Most GIS or mapping software 
provides users with a number of options for classifying numeric data. Four com-
monly used methods are (1) equal interval, (2) quantile, (3) natural breaks, and (4) 
mean and standard deviation. Figure  21.8  provides examples of these methods. The 
viewer can discern immediately how different each of these maps looks, but they all 
use the exact same data!

   Generally, there is no consistent “right” or “wrong” classifi cation method to use 
for classifying data, but some methods are more appropriate for certain data distri-
butions. The mean and standard deviation method is probably used least, because 
the general public may not understand the concept of standard deviation. A disad-
vantage of using the equal interval method is that, because classes are determined 
by dividing the range of data, and not by data distribution, it is possible to have data 
classes with no observations. In this case, a class (and associated shade) would be 
represented in the legend, but not on the map. Probably the best rule of thumb for 
those who are uncertain is to use either the natural breaks or the quantile method. In 
fact, the quantile method has been supported for epidemiological rate mapping [ 37 ].  

Clusters of Cervical Cancer Mortality Rates for Kentucky Counties
All Women, 1970–2004

Local Index of Spatial Autocorrelation (LISA)

Clusters of high rates

Clusters of low rates

  Fig. 21.7    LISA cervical cancer (Data Source: National Cancer Institute)       
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    Appropriate Use of Symbols for Choropleth Mapping 

 With the availability of color in computer hardware and software, it is tempting to 
use a wide range of colors in map production. However, a user working with numeric 
data should choose colors and shading patterns that communicate the map’s 
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  Fig. 21.8    Data grouping methods for choropleth mapping (Map Source: ESRI, Redlands, CA)       
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message as clearly as possible and refl ect the value of the data so that the patterns 
on the map are intuitive to the viewer. 

 In color terminology,  hue  refers to the name of the color (e.g., red, blue, green) 
and  value  is the lightness or darkness of a hue [ 38 ]. In general, it is best to use light 
colors for low data values and intense or dark colors for high data values. A grada-
tion of values for one hue works well with numeric data, as does a range of hues 
from light to dark. These confi gurations of colors are often available in GIS or map-
ping software as  color ramps , a range of hues or colors set up in the software that 
the user can quickly apply to numeric data. When producing a map series, color and 
shading patterns should be standardized for consistent interpretation across the 
series, such as the patterns used in the  Atlas of Cancer Mortality in the United 
States ,  1950 – 94  [ 39 ]. Figure  21.9  provides examples of both appropriate and inap-
propriate use of symbols.

   Maps are often produced for publications or reports. When color maps are too 
expensive to produce, the map’s message can be conveyed effectively in black and 
white. Gray shades can be used in place of a range of colors. However, gray shades 
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do not always print or copy well, and solid black can obscure boundaries, text, and 
other features. Dot and hatch patterns can be a more effective way to present the 
information. 

    GIS Implementation: Software and Hardware 

 In previous decades, GIS implementation strategies have focused on the acquisition 
of hardware and software, the collection of data, and aspects of managing the sys-
tem, including organization and staffi ng. While all of the considerations addressed 
by these formal implementation strategies remain important today, the rapid evolu-
tion of computing technologies and increasing availability of geospatial data have 
resulted in a wide range of products and ‘apps’ that offer varying levels of GIS 
functionality. This fl exibility provides the technological basis for a continuum of 
organizational models and implementation strategies. At one end of the continuum, 
an individual uses GIS on a computer, tablet, or smart phone; at the other extreme is 
enterprise GIS, where an entire organization uses GIS. 

 Much of the GIS software today falls under the general category of  desktop GIS , 
which runs on a personal computer instead of being executed from a more powerful 
server. The GIS software and data reside on the personal computer. Over the past 
two decades, GIS software has become increasingly user-friendly with easy-to-use 
graphical user interfaces consisting of menus and tool bars. Many inexpensive, 
user-friendly GIS or mapping software products are now available.  Desktop GIS  
does not include the broad category of web-based GIS, a technology that provides 
access to mapping capabilities through the use of a Web browser such as Internet 
Explorer, Firefox, or Safari. 

 GIS software falls into two primary categories: commercial (proprietary) and 
open source. The former costs money; the latter refers to free software whose 
source code can be modifi ed by various programming languages. Some open 
source software is referred to as FOSS (free and open-source software).  Up-to-date 
information about GIS platforms and their functionality can be found in 
Dempsey [ 40 ] and Steiniger and Hunter [ 41 ]. The suite of GIS software products 
developed by ESRI (Redlands, CA), such as ArcGIS, currently has the highest 
market share of the proprietary GIS software products. Estimates of ESRI mar-
ket share range from 70 % [ 40 ] to 30 or 40 % [ 42 ]. Other products with high 
market share include Pitney Bowes MapInfo (Troy, NY) and GE Smallworld 
(Atlanta, GA). One of the better- known open source products is GRASS 
(Geographic Resources Analysis Support System) initially developed in 1982 by 
the US Army Corps of Engineers [ 43 ]. 

 In order to evaluate hardware and software needs, GIS users in public health 
must determine which GIS organizational model meets their needs, the availability 
and format of digital geographic data, and how their GIS activities will be integrated 
with other research or operational units. In many cases, a powerful PC with desktop 
software will be suffi cient. With more sophisticated systems, such as those used in 
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a departmental or an enterprise GIS, larger investments in data servers and software 
will be necessary. Potential GIS users should check with other units in their organi-
zation to determine whether any existing GIS software license agreements are in 
place. For example, some states have a statewide agreement that allows employees 
of government agencies or universities to access the licensed software. No matter 
which GIS system is utilized, spatial data are always disk-space-intensive. 
Geographic data fi les are large; a user should have plenty of hard drive space 
available.  

    Spatial Data Access and Development 

 In the 1980s and early 1990s, the primary bottleneck in GIS implementation was the 
need to develop and/or acquire high quality geographic data, a factor that was (and 
still is) often underestimated. Fortunately, during the past several years, there has 
been a proliferation of digital spatial data as a result of improvements in technology, 
the ever-increasing use of GIS, and coordination efforts by federal, state, and local 
government agencies, such as the Federal Geographic Data Committee (FGDC). 
Many of these spatial data layers are part of the FGDC’s National Spatial Data 
Infrastructure (NSDI). They are free or can be purchased at a minimal cost from 
federal or state agencies. Others are sold by private vendors who have either created 
spatial data themselves or else added value to spatial data obtained from govern-
ment and other sources. 

 Probably the most commonly-used spatial data in the country are the US 
Bureau of the Census TIGER/Line fi les. These fi les, usually referred to as simply 
TIGER fi les, were fi rst produced for the 1990 census and contain map layers for 
census geography, physical landmarks, rivers and streams, transportation net-
works, and other features. These spatial data fi les can be linked with the census 
attribute data fi les for mapping and analysis of census socio-demographic vari-
ables. The street network data can be used for address matching. TIGER fi les can 
be obtained at no cost from the US Census Bureau web site [ 44 ]. Commonly-used 
census units are blocks, block groups and tracts. A relatively new statistical unit, 
the ZIP Code Tabulation Area (ZCTA), consists of an aggregation of census blocks 
that closely approximates a post offi ce ZIP code area. ZCTA is benefi cial for many 
health professionals because it allows them to link the ZIP code information in 
many health datasets with census socio-demographic data with greater accuracy 
than has been possible in the past. Of course, ZIP codes are relatively small geo-
graphic units, so users need to be cautious about HIPAA regulations and statistical 
small numbers issues. 

 As a result of the FGDC’s work on the National Spatial Data Infrastructure, 
many states now have spatial data clearinghouses, which are often web-based ‘go 
to’ locations for free and trusted geospatial data downloads. Many of the available 
vector databases are in  shapefi le  format, a vector spatial data format developed by 
ESRI, but recognized by a number of other GIS software products. 
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 A web search on ‘GIS data’ yields many pages of results, but the links may not 
lead users to trusted data sources; therefore, information about the creation and 
lineage of spatial data is critical. The FGDC spent several years developing a stan-
dard for  metadata  that describes the content and quality of a spatial database, or, in 
FGDC’s words, “data about data.” Metadata provides important information about 
who developed the database, the scale of the original data, the time period of the 
content, and attribute and positional accuracy. While metadata does not guarantee 
the quality of the data, it does provide important information with which a user can 
determine appropriateness of the data’s use. Metadata is usually in XML format. 
Developing metadata is time consuming; therefore it might not accompany all spa-
tial data. The metadata standard has been adopted by federal agencies as well as 
many state and local agencies. 

 GIS data for public health applications are often created by linking health attri-
bute data from state and local government agencies to geographic boundary fi les by 
geocode. For instance, county-level mortality data can be linked to a state’s county 
boundary fi le by county code. Health datasets that contain ZIP code fi elds can be 
linked to a ZIP code boundary fi le. Many public health datasets are created through 
the address matching process, described previously.  

    Web-Based GIS 

 Internet map server technology allows nearly anyone with access to a web browser 
to produce maps and perform rudimentary spatial analysis. Most people are proba-
bly familiar with Google Maps or Bing Bing (Microsoft, Redmond, WA), and the 
ability to view map data and aerial imagery, turn layers on and off, and obtain driv-
ing directions. Google Earth, a free software download, provides more layers and 
functions. The FGDC manages the Geospatial Platform [ 45 ], a portfolio of geospa-
tial data from trusted sources that includes a mapping application. The United States 
Geological Survey (USGS) has developed The National Map Viewer with a wide 
variety of map layers available for viewing and download [ 46 ]. With web-based 
GIS, geographic information is provided via a client–server model where an appli-
cation server accesses data from a data server or data warehouse and provides the 
data to a client using a map server application. 

 In the past few years, the number of health-related map servers has proliferated. 
A few examples include the National Cancer Institute’s  Cancer Mortality Maps , 
where the user can defi ne anatomical site, time period, spatial unit, number of 
class intervals, and color scheme [ 47 ]. The Centers for Disease Control and 
Prevention (CDC) hosts a number of interactive atlases, such as the one for heart 
disease and stroke, which provides county-level mapping [ 48 ]. Not all map servers 
work well with all browsers. One of the emerging technologies in GIS is cloud 
computing, where powerful servers store data and provide applications over the 
internet. In this environment, spatial data, GIS software, and applications are part 
of the cloud infrastructure and accessible via a number of hardware options, 
including mobile devices.  
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    GIS Training 

 All organizational models of GIS require personnel with high levels of technical 
competence to develop the databases and applications that provide effective, high 
quality analysis and results for decision support. Somers [ 49 ] made a distinction 
between (1) full-time GIS users, (2) part-time GIS users, and (3) support staff. 
Full- time GIS users are often technicians, analysts, or managers, who have educa-
tional backgrounds in geography or GIS; part-time users might have backgrounds 
in a fi eld of expertise, such as environmental health, with training in the use of 
GIS. 

 For the most part, learning how to use GIS or desktop mapping software is not 
diffi cult or time-consuming, a fact that can be deceptive because it obscures the 
complexity of GIS. GIS software vendors often offer their own training courses and 
many universities now offer online postbaccalaureate certifi cates in GIS, such as the 
one offered through Pennsylvania State University’s World Campus [ 50 ]. 

 GIS users in the public health fi elds have additional concepts that they must 
master, many of which can be gleaned from a course in epidemiology or biostatis-
tics. These concepts include the use of rates, statistical variation involving the use 
of small numbers in either the numerator or denominator, the concept of rate adjust-
ment, and the impact of different standard populations on rates. In addition, state 
and local public health GIS users need to have a sound understanding of the ecologi-
cal fallacy in the analysis of cause-and-effect relationships, i.e. that one cannot 
make assumptions about individuals based on group-level data, and of issues 
involved in modeling exposure to environmental factors.  

    Social and Institutional Issues 

 Individual and organizational users of GIS typically need to address a number of 
social and institutional issues. These issues include confi dentiality, security and data 
access, coordination with other agencies, and organizational politics.  

    Protected Health Information and HIPAA 

 Many health datasets contain sensitive information. Patient addresses and other 
geocodes can serve as individual identifi ers. Consequently, public law mandates 
that agencies and researchers maintain the confi dentiality of patient records and 
health statistics. The Health Insurance Portability and Accountability Act (HIPAA) 
sets out detailed regulations on the dissemination of personal health information 
(PHI), including geography [ 51 ]. HIPAA regulations mandate that all geographic 
subdivisions smaller than a state must be removed before the data is considered 
de- identifi ed enough for publication. The exception to this is the 3-digit ZIP code, 
an area generic enough to protect privacy and produce meaningless results. GIS 
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users must be very cautious about which maps are produced for internal use vs. 
those that are distributed to the public or shown in presentations. Some researchers 
have suggested that HIPAA restrictions have had a negative impact on public health 
research in a GIS context [ 52 ]. One of the best approaches is to discuss the project 
with an Institutional Review Board (IRB) member; it may be possible to obtain a 
HIPAA waiver.  

    Security and Data Access 

 Many of the security and data access concerns are closely related to data privacy and 
confi dentiality issues discussed earlier in Chap.   9    . All of the major computer operat-
ing systems have security features that can restrict access to fi les and data through 
the use of logins, passwords, and encryption software. In addition, fi rewalls are 
often set up to limit access from outside an organization. It is critical to have com-
petent system administration and information technology staff to handle data secu-
rity issues. GIS users need to think carefully about the data on their personal 
computers and USB devices to prevent security breaches.  

    Coordination with Other Agencies 

 In addition to federal coordination agencies, such as the FGDC, many states and 
regions are involved in data sharing and coordination activities. For instance, the 
Louisville Metro (KY) health department has access to a wealth of spatial 
data developed by the Louisville/Jefferson County Information Consortium 
(LOJIC) [ 53 ]. Coordination activities provide GIS users with opportunities for: 
sharing data and applications; keeping abreast of developments in the technology; 
training; and access to important information for decision-making, such as 
 software purchases.  

    Organizational Politics 

 The impact of organizational politics on GIS operations should not be overlooked. 
For example, upper level managers might veto GIS applications that address politi-
cally sensitive or controversial issues. In addition, reorganization in government 
agencies, common and usually political, can have either positive or adverse impacts 
on GIS operations. Moreover, GIS is a technology that nearly everyone wants. 
Consequently, the location of a GIS unit in the organizational structure in an agency 
can affect which projects receive priority and/or funding.   
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    GIS Limitations 

 While GIS is a powerful tool that is increasingly easy to use, GIS users must 
 recognize the limitations of the software and the spatial data and make attempts to 
work around those limitations. Some common limitations are discussed below. 

    Accuracy and Completeness of Spatial Data 

 Mapping and spatial analysis can be severely impacted by the quality of the 
 geographic data. In addition, errors can be propagated during data processing or 
modeling activities. Coordinate precision, i.e., the number of signifi cant digits that 
are stored for each coordinate, plays a role in some of these errors, as does the use 
of different map projections. Three good rules to follow are to (1) never assume that 
a geographic database is free of error, (2) acquire the metadata and read it to obtain 
information about the creation of the data, and (3) whenever possible, develop 
methods of assessing data quality.  

    Accuracy and Completeness of Attribute Data 

 Inaccuracies also exist in non-spatial databases. Character fi elds may have misspell-
ings, and numeric fi elds may have data entry errors. As with spatial databases, quality 
control procedures should be developed to the extent possible, as illustrated by the 
following example. In 1998, the author conducted extensive mapping and geographic 
analysis using one of the public health screening databases maintained by the State 
of North Carolina [ 54 ]. During this study, it became apparent that many of the county 
geocodes in the database were incorrect. The author compared data from 1994–96, 
consisting of 265,492 records, to a master lookup table containing City, County and 
ZIP Code fi elds to check for correspondence in the screening database, and discov-
ered that only 158,552 records (59.72 %) contained accurate and/or complete infor-
mation. Some incorrect geocodes resulted from laboratory manual data entry errors 
(i.e., typos, which are easy to make since most geocodes are numeric), while others 
resulted from confusion over city and county names: many North Carolina towns and 
counties have the same names but very different locations. These types of errors are 
common, and in this case went unnoticed until these data were used in a GIS.  

    Currency and Time Period of Data Content 

 One data characteristic that is often neglected is that of time. When were the data 
collected? When were they last updated? It is easier to obtain funds to create GIS 
databases than to maintain and update them. Currency has been a serious issue 
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with census data, which are commonly used in health analyses. Prior to the 
 implementation of the American Community Survey, census data were only col-
lected every 10 years. Thus, a study of 1998 mortality had to utilize 1990 census 
data, or intercensal estimates. Now, census data are collected continually via the 
American Community Survey, but such timely data are not always available for 
smaller  geographic areas such as block groups.  

    Address Matching Issues 

 Address matching is commonly used with health datasets to create a map layer of 
points showing facility locations or patient residences. The proliferation of street 
network data by private companies over the past few years has resulted in much 
greater accuracy in both urban and rural areas. However, not all addresses will 
match a street database – for example, there may be typographic errors, or multiple 
units in a large apartment complex– and the user will need to make decisions about 
how to process the ‘rejects.’ Many health surveys obtain information about mailing 
address, which sometimes differs from address of residence. For epidemiologic 
studies, it is important to remember that address of residence does not always infer 
location of exposure. Also, an address provides no indication of residential mobil-
ity: information about previous addresses or length of residence at current address 
is rarely contained in health datasets.  

    Use of ZIP Codes 

 Many health datasets do not contain an address fi eld, and attempts to conduct sub- 
county analyses may therefore be limited to the use of ZIP codes. However, ZIP 
codes were developed by the US Postal Service for the delivery of mail, not for 
geographic analysis and mapping. Unlike census units (e.g., tracts, block groups) 
ZIP codes were not intended to be homogeneous with respect to socio-demographic 
variables. Although census data are now tabulated by ZCTA, the heterogeneity of 
populations within a specifi c ZCTA can still lead to averaging of values. ZIP codes 
can also cross county lines. One additional problem with ZIP code boundaries is 
that they change over time. Therefore, health data from 2006, for example, should 
not be mapped using a 2010 ZIP code fi le. Sometimes there is no choice but to use 
available data. In such a case, a user should always document the source of the data 
and its time period.  

    Scale and Precision of Location 

 Metadata should include information about the processes used to create the data-
base. For example, the scale of the source map has a great impact on the 
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coordinate precision of a feature’s location. The location of features digitized from 
a large- scale map will be more precise than those obtained from a small-scale 
map. The precision of point data is dependent on the method used to locate the 
points. Points that have been address-matched to a street network will generally be 
more precise than points matched to a ZIP code centroid, but less precise than 
those matched to the centroid of a tax parcel (i.e., property).  

    Proximity vs. Exposure 

 In epidemiologic studies, it is important to remember that proximity to a feature, 
such as a hazardous waste site, does not always imply exposure. Beware of associa-
tions gleaned from map overlay or geographic analysis. GIS is a wonderful tool for 
understanding relationships among features and for generating hypotheses about 
etiology, but GIS must be supplemented with standard epidemiological methods 
when analyzing spatial correlates of health outcomes.   

    Summary 

 In summary, GIS is an information system, an approach to science, and a powerful 
set of analysis and visualization tools that can be used by public health professionals 
to enhance their analysis and understanding of public health issues and to provide a 
basis for sound decision-making. GIS is deceptively easy to use; however, geo-
graphic data, spatial or epidemiologic analysis, and GIS information systems are 
more complex than they appear to the casual user. The effective use of GIS requires 
a combination of good training and experience. In the years ahead, that training and 
experience will grow in importance as GIS becomes an increasingly powerful and 
common tool in the practice of public health.      

 Review Questions 
     1.    Explain three ways in which GIS can be useful to public health 

practitioners.   
   2.    Describe the difference between  spatial  and  attribute  data in a GIS.   
   3.    Defi ne  raster  and  vector  data.   
   4.    Why is it important to understand cartographic principles such as map 

projections and data classifi cation?   
   5.    What steps must be taken to protect sensitive information in health datasets?   
   6.    GIS is a powerful tool, but what are some of its limitations?   
   7.    What is  metadata  and why is it important?   
   8.    Explain the principles underlying (1) the use of colors in maps that display 

data and (2) the principles for appropriate use of black and white.     
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