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GIS Fundamentals 
 



A geographic information 

system (GIS) is used to 

describe and characterize 

spatial data for the purpose of 

visualizing and analyzing 

geographically referenced 

information. 

Definition of GIS 
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Software 
– Esri, ERDAS, MapInfo, GRASS GIS, Cartographica 

 

Hardware 

– Servers, Desktops, Smartphones, GPS devices 

 

Data 

– Publically available, Purchased, Created 

 

People 

– Data providers, GIS technicians, Audiences 

 

Methods 

– Different methods provide different results 

Components of GIS 
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Visualization 

– Getting information by looking at a map 

 

Geodata Management 

– Organizing and updating geographic data 

 

Geospatial Analysis 

– Performing detailed analysis regarding the spatial 

relationships between datasets 

Functions of GIS 
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GIS Data 
 



GIS Data Components  
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FEATURES 
Graphic spatial representation of real-world 
physical features 

ATTRIBUTES 
Non-spatial data describing the features 



Selecting Data by Attributes 

GIS for Digital Humanities GIS Data 

GIS/Data Center | Email gisdata@rice.edu | Lab (713) 348-2599 | library.rice.edu/gdc 

(Sub-Region = South Atlantic) 



Symbolizing Data by Attributes 
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Display categories (Sub-region) Display quantities (Population) 



Vector Data 

• Points 

Vector Data - Points 
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Vector Data 

• Points 

• Lines 

Vector Data - Lines 
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Vector Data 

• Points 

• Lines 

• Polygons 

Vector Data - Polygons 
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Vector Data 
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1:1,500,000 1:100,000 1:20,000 

1:2,000 1:500 1:1 



Raster Data 
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Vector Data 

• Points 

• Lines 

• Polygons 

Raster Data 



Raster Data 
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Vector 

Uses points, lines, and polygons to 
represent real features on the earth’s 
surface, such as light poles, roads, 
and buildings. Ideal for discrete 
themes with definite boundaries. 

 

Raster 

Is composed of a continuous grid of 
cells that represent a value for a 
portion of the earth’s surface, such 
as elevation, and rainfall. Ideal for 
continuous themes of change. 

Vector Data vs. Raster Data 
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Coordinate Systems and Projections 
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PROJECTION 

A method of representing 

the earth's three-

dimensional surface as a 

flat two-dimensional 

surface. 

Latitude Longitude 

Elevation 

29o 43’ 7.10 ” N 

95o 23’ 55.74” W 

GCS_WGS_1984 Aerial Photo 

Streets 

Buildings 

Sidewalks 

COORDINATE 

SYSTEM 

A method of representing 

points in a space of given 

dimensions by 

coordinates. 
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ArcGIS Software 
 



Desktop GIS 
• ArcGIS for Desktop 

 

Server GIS 

• ArcGIS for Server 

 

Online GIS 

• ArcGIS Explorer Online 

• ArcGIS Online 

 

Mobile GIS 

• ArcGIS App for Smartphones and Tablets 

• ArcPad 

ArcGIS Products 
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http://www.esri.com/software/arcgis/arcgis-for-desktop/index.html
http://www.esri.com/software/arcgis/arcgisserver/index.html
http://www.esri.com/software/arcgis/arcgisserver/index.html
http://www.esri.com/software/arcgis/arcgisserver/index.html
http://www.esri.com/software/arcgis/explorer-online/index.html
http://www.arcgis.com/home/
http://www.esri.com/software/arcgis/smartphones/index.html
http://www.esri.com/software/arcgis/arcpad/index.html


On Campus Access 

• GIS/Data Center 

• Fondren Library First-Floor Rice Computers 

• Mudd Lab 

• Residential College Labs 

• Various Department Labs (ARCH, CEVE, ESCI) 

ArcGIS Software at Rice 
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Rice Computer Access 

• Log a ticket at http://helpdesk.rice.edu/ 

    or send an e-mail request to helpdesk@rice.edu 

• Copy gisdata@rice.edu on the ticket 

 

• Request ArcGIS for Desktop 10.1 software 

• Request an Advanced Single Use license 

• Optionally, request Esri Data & Maps for ArcGIS 10 

• Optionally, request ArcGIS Desktop Tutorial Data 10 

 

ArcGIS Software at Rice 
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Student Edition with Site License 

• ArcGIS for Desktop Advanced & Extensions, Free, 1-year 

 

Student Personal License 

• ArcGIS for Desktop Advanced & Extensions, $100, 1-year 

• ArcGIS for Desktop Advanced, $250, perpetual 

• ArcGIS for Desktop Extensions, $150 each, perpetual 

 

ArcGIS for Home Use Program 

• ArcGIS for Desktop Basic & Extensions, $100, 1-year 

ArcGIS Software for Individuals 
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http://www.esri.com/industries/apps/education/offers/promo/index.cfm
http://www.esri.com/industries/university/academic_programs/sitelic.html
http://www.esri.com/arcgis-for-home/index.html
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ArcGIS Training 
 



Instructor-Led Training 

• GIS/Data Center Short Courses 

• Commercial Instructor-Led Courses (Esri, TeachMeGIS) 

 

Self-Directed Training 

• Esri Press Tutorial Books 

• Esri Web Courses 

• Esri Training Seminars 

• ArcGIS Resource Center Tutorials 

ArcGIS Training 
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GIS/Data Center Short Courses 
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GIS Training at Rice 

Bringing Census Data Into ArcGIS 

Intro to Projections 

Intro to Census Geographies 

Social Explorer 

OR 

Community Analyst 

OR 

SimplyMap 

OR 

American FactFinder 

Intro to GIS 

Intro to Demographic and Business 

Data Products and Sources 

Mapping Tabular Data 

Creating Vector Data 

Mapping Locations Using Addresses 

Mapping Locations Using XY Coordinates 

Mapping Imagery 

Introduction to Geoprocessing 

Data Interpolation and Extraction 

Manipulating Data in ArcGIS Series 

Getting Started with ArcGIS Series 

Bringing Data Into ArcGIS Series 

Information Sessions 

Census Data Series 
Exploring Census Data Sub-Series 



Bringing Data into ArcGIS Series 
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GIS/Data Center 

Short Course Name 

Non-Spatial    

Data Format 

Required Supporting GIS 

Files 

Procedure 

Name 

Mapping Tabular Data Tabular numerical 

or categorical data 

GIS data corresponding to 

tabular geographies 

Joining 

Mapping Locations 

Using XY Coordinates 

Tabular XY  

coordinates 

None Adding XY data 

Mapping Locations 

Using Addresses 

Tabular addresses Internet or GIS street 

network with address data 

Geocoding 

Mapping Imagery Digital map images Reference layers Georeferencing 

Creating Vector Data None Reference layers Editing 
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GIS Projects 
 



Project Planning 
– Define research question 

– Identify data needs 

Data Management 
– Locate existing data 

– Discover new data 

– Organize data 

– Determine if missing data can be created 

– Convert non-geographic data into a geographic format 

Data Analysis 
– Redefine project based on data availability and technical feasibility 

– Process, analyze, and present data 

– Integrate results of spatial analysis into larger research 

Typical GIS Project Process 
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Reference Maps 
– Orient readers to the area or the situation 

– Contain a display of basic data layers, but do not present analysis 

– Are not generally based on assumptions or subjective criteria 

 

Basic Analysis Maps 

– Require selecting subsets of data or categorizing data based on 
certain criteria 

 

Advanced Analysis Maps 

– Combine multiple facets of the data and often require the use of 
specialized ArcGIS extensions 

– Focus on the spatial implications of the data 

Types of Map Documents 
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Geographical Orientation 
Familiarize readers with the particular geographic area being studied by relating it to 
more familiar general geographic areas. 

 
– Where is Bolivia located within South America? 

– Where is Harris County located within Texas within the United States? 

– Where are the zip codes in this study located within Harris County? 

 

Data Orientation 
Display the locations of existing features in a particular data layer. 
 

– Where are the existing rail lines in the New York subway system? 

– Where are the public libraries located within Montgomery County? 

– What are the census tract boundaries within the City of Houston? 

Reference Maps 
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Boolean Queries of Layer Attributes 
Select a subset of features from a layer based on a specific criterion for an attribute of that layer. 
 

– Which land parcels within the city limits are vacant? 

– Which census tracts have a median income below the poverty level? 

– Which counties have a population density over 3,000 people/mi2? 
 

Spatial Queries of Layer Features 
Select a subset of features from a layer based on the geographical relationship between features in 
that layer and features in another layer. 
 

– Which health clinics are within 1000 feet of a bus stop? 

– Which households are not within a ½-mile radius of a public park? 

– Which land parcels are within Harris County, but outside the City of Houston? 
 

Thematic Maps 
Symbolize layer attributes based on a numerical or categorical system to focus on the distribution of 
populations or resources. 
 

– What is the distribution of adults 65 and older in Almeda County? 

– What is the distribution of land uses in the City of Pearland? 

Basic Analysis Maps 
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Suitability Analysis – Spatial Analyst Extension 
Suitability analysis involves combining the results of several queries. A simple suitability analysis 
based exclusively on Boolean or spatial queries will result in a map of possible locations meeting all 
selected criteria. A more complex suitability analysis requires the use of the Spatial Analyst 
extension and will rank the suitability of each location based on the degree to which it meets the 
selected criteria. 

 
3D Analysis – 3D Analyst Extension 

3D analysis involves visualizing and analyzing data in three dimensions. All 3D analysis requires 
the use of the 3D Analyst extension and work is often performed in ArcScene or ArcGlobe. Simple 
3D analysis allows for the visualization of buildings or terrain. Advanced 3D analysis facilitates the 
calculation of line-of-sight visibility or cut/fill volumes and hydrologic downhill path problems. 

 
Statistical Analysis – Geostatistical Analyst Extension 

Tabular data can be imported and exported with ArcGIS, so statistical analysis can be performed 
using programs such as SAS, SPSS, or STATA. However, advanced spatial statistical analysis can be 
performed within ArcGIS using the Geostatistical Analyst extension to calculate weighted means, 
medians, and central features; standard distances and directional distributions; linear directional 
means; spatial clustering and dispersion, high/low value clustering, autocorrelation, and hot-spots. 

 

Network Analysis – Network Analyst Extension 

Network analysis involves analyzing spatial networks to calculate shortest paths, closest facilities, 
travel directions, and service areas. 

Advanced Analysis Maps 
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GIS Projects 
 



Map of Edgar Odell Lovett’s World Tour 

1908-1909 
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The Return of Hans Staden 
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Black Population in Compton, 1940-2000 
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West Nile Virus Cases in Wild Birds in 2000 
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The Yellow Fever Epidemic in Memphis, TN 
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The Yellow Fever Epidemic in Memphis, TN 
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Source 
Records4 

Sanborn 
Images5 

Join 
Data 

Locate 
Address 

Spread- 
sheet 

Georeference 
 

Digitize 
Point 



The Yellow Fever Epidemic in Memphis, TN 
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The Yellow Fever Epidemic in Memphis, TN 
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The Yellow Fever Epidemic in Memphis, TN 
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East Austin Environmental Justice Project 

GIS for Digital Humanities Scott Ford, Jasmine Moore, Jean Niswonger, Elizabeth Walsh 

GIS/Data Center | Email gisdata@rice.edu | Lab (713) 348-2599 | library.rice.edu/gdc 



Impact of Support Housing on Property Values 
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