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• First, identified WHERE

people infected with this 

water-borne disease 

• By making marks on a 

map for each sick person

• The pattern suggested that 

water from a particular pump

was infected and the cause of 

the disease. 

Dr. John Snow's hand drawn 

map of cholera cases in 

London  in the 1850s

History: Mapping and Health



Spatial is Special

“Everything is related to everything else, but 

near things are more related than distant 

things”
Tobler, W. 1970. A computer movie simulating urban growth in the 

Detroit region. Economic Geography 46, 234–40.

Sometimes called the First Law of Geography 

(because it is generally true!). 

Kenya HIV Prevention 

Revolution Road Map (Kenya 

MOH)

https://arcg.is/1fHaCy

https://arcg.is/1fHaCy


GIS and Social Science

GIS and spatial analysis methods are becoming a part of the 

social scientist’s methodological arsenal; 

Websites

GISpopsci.org

http://gispopsci.org/

spatial@ucsb

http://spatial.ucsb.edu/

Journals

Spatial Demography

http://www.springer.com/social+sciences/population+studies/journal/40980

On-line resources and Geospatial data warehouses

OnTheMap at the US Census Bureau: http://onthemap.ces.census.gov/

GIS and Public Health at NCHS: http://www.cdc.gov/nchs/gis.htm



What is GIS?

One word at a time…



G Information S

Data is a fact or collection of facts

• A single interview: What generic word do 

you use to describe carbonated soft 

drinks? http://www.popvssoda.com/statistics/ALL.html

• The entire US Census

Data that is processed, organized, structured 

or presented in a given context to make 

them useful, are called Information

http://www.popvssoda.com/statistics/ALL.html


One example of an Information System: 

Microsoft Access database

G Information System

Data 

Storage

Information 

SystemQuery Information

A set of 

components for:

Storing

Displaying 

Analyzing

DATA



A means of:

Storing 

Mapping

Analyzing 

Spatial Data

+

Information System

Geographic Position

Geographic Information System

http://www.popvssoda.com/

http://www.popvssoda.com/


GIS Defined 

A computer-based system for the manipulation and 

analysis of geospatial information in which there is 

an automated link between a data object and their 

spatial location.

http://www.spatialanalysisonline.com/

Free on-line textbook



What is GIS?

Examples…



Public Health Systems and Services Research 

Local Health 

Departments: 

Exploring changes 

in funding, level of 

service, need, and 

health outcomes 

from 2000-2010.

Local health departments and specific maternal and child health 

expenditures: relationships between spending and need.

Betty B Bekemeier, Matthew M Dunbar, Matthew M Bryan, Michael E 

ME Morris. J Public Health Manag Pract 18(6):615-22 (2012), PMID 

23023288

Local Health Department Provision of WIC Services Relative to 

Local “Need”— Examining 3 States and 5 Years

Bekemeier, B, Bryan M, Dunbar MD, Fowler, C. Frontiers in Public 

Health Services and Systems Research 1(1) (2012).



Impact of Tolls

• Impact on Equity

– Tolls are regressive: cost 

low-income households a 

higher % of their income 

than middle- or upper-

income households

– How regressive? Use GIS-

based approach to provide 

empirical analysis

NOTE: compared to 

alternatives, tolls are least 

regressive option  



Mapping Commuting Routes

All 4,747 Respondents to Household 
Activity Survey (GIS + Tele Atlas Streets)

Home to Work Route 

Single Individual (Google)
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Mapping the 2010 U.S. Census

http://www.nytimes.com/projects/census/2010/map.html

Tabular data from the US Census Bureau and pre-packaged 

web services from OpenStreetMap.org

http://www.nytimes.com/projects/census/2010/map.html


What is GIS?

Basics of Storing, Mapping, and 

Analyzing Spatial Data…



Storing Geographic Data

One GIS data layer (US States) combines both 

Geographic Features and their Attributes

Attribute Table indicates “what”

Geographic Features indicate “where”



Storing “Everyday” Geographical Objects

Points

home, day-care, health clinics, schools, retail and 

tobacco outlets, crimes & graffiti, bus stops, 

neighborhood anchor institutions, community assets, 

resources and risks

Lines

roads, railway, pathways, walking or bus routes, rivers

Areas (Polygons) 

census unit, ZIP code, school district, police precinct, 

health service areas, counties, states, provinces, 

watersheds



Mapping Geographic Data

– USCities (red points, restricted to major 

cities)

– USStates (yellow polygons)



Mapping Geographic Data

Select GIS data layers, how to 

symbolize, labels, map extent, etc. 

One GIS 

data 

layer



Analyzing Geographic Data

Query GIS data layers based on 

attributes, geography, or both

1) Which states’ population was more than 5 million in 2000?



Analyzing Geographic Data

Query GIS data layers based on 

attributes or geography, or both

2) Which states touch the border of Kansas?



Analyzing Geographic Data

Query GIS data layers based on 

attributes or geography, or both

2) Which states touch the border of Kansas?



Analyzing Geographic Data

Query GIS data layers based on 

attributes or geography, or both

3) Which states touch the border of Kansas border states?



Analyzing Geographic Data

Query GIS data layers based on 

attributes or geography, or both

4) What is the distance from Kansas to 2nd order neighbors?



…           … …        …        …      …        …

Storing, Mapping, Analyzing Example:

County Obesity and Diabetes Rates

Tabular Information

Traditional Visualization: 

Scatterplot w/ Trend Line



http://storymaps.esri.com/stories/diabetes/

http://storymaps.esri.com/stories/diabetes/


Age-Adjusted Percentage of Adults Aged ≥20 Years with Diagnosed Diabetes, 2007

MMWR 2009;58:1259-1263

CDC’s Division of Diabetes Translation.  National Diabetes Surveillance System 

available at http://www.cdc.gov/diabetes/statistics

Instruments for Reasoning 
about Quantitative Information



Age-Adjusted Percentage of Adults Aged ≥20 Years Who are Obese, 2007

MMWR 2009;58:1259-1263

CDC’s Division of Diabetes Translation.  National Diabetes Surveillance System 

available at http://www.cdc.gov/diabetes/statistics

Instruments for Reasoning 
about Quantitative Information



Counties in the Top and Bottom Two Quintiles of Both Diabetes and Obesity, 2007

MMWR 2009;58:1259-1263

CDC’s Division of Diabetes Translation.  National Diabetes Surveillance System 

available at http://www.cdc.gov/diabetes/statistics

Instruments for Reasoning 
about Quantitative Information



What is GIS?

In more detail…



Representing Spatial Elements



Scale of GIS data

Global to local



Vector data consists of discrete coordinates 
which can store the geographic position of points, 
lines and polygons

Vector (Data Type 1/3)

Points: People 

or Cities (center)

Lines: Roads or 

Other Linkages

Polygons: 

Census Tract



Geographic features are stored as X,Y coordinate 
pairs. Each vector layers has an attribute table, and 
each feature corresponds to a row in the table.

Vector Data Model



No inherent geographic information.

May be linked to a geographic data layer that 
shares a common attribute field.

Data Tables (Data Type 2/3)

Data Table (.dbf, .xls, or .mdb)Vector Data Layer



Raster data represents a continuous surface 
divided into a regular grid of cells.

Often used as background map layer.

Raster (Data Type 3/3)

Air Photo Topographic Map Elevation Model



Stores images as rows and columns of numbers, 
forming a regular grid structure.

Great for computational analysis or modeling, bad 
for mapping precise locations.

Raster Data Model

Vector vs. Raster

(& raster resolution)
Raster Attribute Tables



Coordinate Systems

Describing the correct location and shape of 

features requires a framework for defining real-

world locations.

A geographic coordinate system is used to assign 

geographic locations to objects.

GIS data layers must have a 

coordinate system defined to 

integrate with other layers 



Map Projection

Transforming 3-dimensional space (Earth) 

onto a 2-dimensional map (GIS)

Albers Equal Area Conic

Mercator

Robinson

Azimuthal Equidistant

Lambert Conformal Conic



• Small-scale (large area) maps
– Interested in Comparing shapes, areas, distances, or directions of 

map features? 

– Measurement errors can be quite substantial:

New York New York

Los Angeles

Map Projection is Important

Projection: Mercator

Distance: 3,124.67 miles

Projection: Albers Equal Area

Distance: 2,455.03 miles

Actual distance: 2,451 miles

Los Angeles



Map Making: It’s Complex

Many elements 

& design theory

Sub-discipline 

in Geography: 

Cartography

Tip: Look at 

Other Maps



Choosing Map Classification

Natural breaks Equal Interval

Quantiles Exponential



Map Making: With Great Power…

Factors influencing a Map’s Message:

•Colors, tones and shading

•Font sizes and styles

•Map projection and distortion

•Classification schemes

•Symbology

•Geographic units

From: 

Basic mapping principles for visualizing 

cancer data using Geographic Information 

Systems (GIS).

Brewer CA.

Am J Prev Med. 2006 Feb;30(2 Suppl):S25-36.



Comparing the spatial arrangement of 
features within a single GIS data layer

Analysis Within A Layer

LISA (Local Indicators of 

Spatial Autocorrelation / 

Local Moran’s I) Clusters



Analysis Between Layers

• Comparing the spatial location of features in 

multiple data layers




