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(Muehlenhaus 2013)
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“All maps are a form of geo-
communication. They are designed 
to communicate something 
about our spatial environment to 
a map reader or user… Geo-
communication is at the core of 
defining what a map is because it 
exemplifies what a map does.”

(Muehlenhaus 2013)
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“All maps are a form of geo-
communication. They are designed 
to communicate something 
about our spatial environment to 
a map reader or user… Geo-
communication is at the core of 
defining what a map is because it 
exemplifies what a map does.”

“Excellent maps are designed with a 
communicative purpose [in mind]. A 
map that merely represents data is no 
more useful than an encyclopedia.” 
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http://www.telegraph.co.uk/news/worldnews/europe/spain/5978900/Worlds-oldest-map-Spanish-cave-has-landscape-from-14000-years-ago.html
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(Jackson 2005)
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NACIS 2011

CARTOGRAPHY & INFORMATION DESIGN

October 12-14, 2011
madison, wisconsin

photo courtesy of ann althouse

TECHNIQUE  PUBLIC SERVICE  GEOHACKING  MAP COLLECTION  ART  RESEARCH  GEODESIGN

The Madison Concourse Hotel 

Google Maps: There are very few cartographers involvedSlid
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(Muehlenhaus 2013)
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“Today, a majority of online and 
mobile maps are created by 
computer scientists, Web 
designers, or self-taught coders…In 
essence, it seems the craft of online 
mapmaking has developed without 
too much input from the discipline 
of cartography itself.” 

(Muehlenhaus 2013)
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The dominance of computer science 
in cartography will persist unless 
“academic programs can synthesize 
the massive amount of new 
knowledge dealing with online and 
interactive maps and contribute 
back to those actually designing 
maps”.

(Muehlenhaus 2013)
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http://www.statista.com/chart/2082/top-smartphone-apps-2013/
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http://cartastrophe.wordpress.com/2010/03/22/a-war-without-humans/Slid
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(Muehlenhaus 2013)

“The forthcoming pages demonstrate 
just how different Web 
cartography is from paper 
mapping, but they will also impress 
on you the fact that, for all of the 
differences, many of the core tenets 
of cartography remain intact”. 
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Two groups of people are essential to the 
future of online/mobile maps:
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Attributions
Some maps © OpenStreetMap contributors (www.openstreetmap.org/copyright)

Cartography
Spatial Computing – University of Minnesota
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Learning Objectives
1. Understand the drastically changed (and changing) 

professional context of modern cartography. 
2. Be able to distinguish between and understand the purpose of 

the two major types of maps: reference and thematic. 
3. Know the limitations of popular online and mobile reference 

maps. (Technical track: Know how to get around them) 
4. Be able to distinguish between types of thematic maps and 

choose the correct type for a given geocommunication 
need. 

5. Have an understanding of some of the computing-oriented 
innovation going on in cartography (i.e. spatialization)

Cartography
Spatial Computing – University of Minnesota
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The two types of most commonly-
encountered maps for many people:

Online maps Mobile Maps
(a.k.a. map  

smartphone apps)

(a.k.a. map websites)
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Well-known “online maps” / map websites:

Google Maps

MapQuest

Bing Maps

OpenStreetMapSlid
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Apple Maps app

Well-known mobile map apps:

Google Maps app

Waze

Nokia HERE Maps
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http://www.statista.com/chart/2082/top-smartphone-apps-2013/
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http://www.nytimes.com/2013/07/22/business/in-climbing-income-ladder-location-matters.html?
adxnnl=1&pagewanted=all&adxnnlx=1413893307-tzZKSTiXijPUEQpFrSYWyA

Slid
es

 fo
r S

pa
tia

l C
om

pu
tin

g M
OOC 

(B
y B

ren
t H

ec
ht)

http://www.nytimes.com/2013/07/22/business/in-climbing-income-ladder-location-matters.html?adxnnl=1&pagewanted=all&adxnnlx=1413893307-tzZKSTiXijPUEQpFrSYWyA


http://www.washingtonpost.com/world/foreign-fighters-flow-to-syria/
2014/10/11/3d2549fa-5195-11e4-8c24-487e92bc997b_graphic.html
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http://www.statista.com/chart/2082/top-smartphone-apps-2013/
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Election maps:

http://election2012.npr.org/results-map.htmlSlid
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http://berlinwahlkarte2013.morgenpost.de/
Slid

es
 fo

r S
pa

tia
l C

om
pu

tin
g M

OOC 

(B
y B

ren
t H

ec
ht)

http://berlinwahlkarte2013.morgenpost.de/


http://www.ndtv.com/elections/general-election-results-2014
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http://506sports.com/nfl.php?yr=2014&wk=4
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Publicly-displayed local maps:
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Road Atlases World Atlases
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Intended to 
(geo)communicate the 
location of specific 

entities (and how to get 
to them) 

Used primarily for 
navigation and 

orientation
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(Slocum et al. 2009)

Thematic maps are “used to 
emphasize the spatial 
distribution of one or more 
geographic attributes”. 
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Thematic Maps
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emphasize the spatial 
distribution of one or more 
geographic attributes”. 
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Thematic Maps

Thematic maps are “used to 
emphasize the spatial 
distribution of one or more 
geographic attributes”. 

Where an army 
comes from

The size of an army
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Thematic Maps

Thematic maps are “used to 
emphasize the spatial 
distribution of one or more 
geographic attributes”. 

Which football game is on TV

Where an army 
comes from

The size of an army
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Thematic Maps

Thematic maps are “used to 
emphasize the spatial 
distribution of one or more 
geographic attributes”. 

Election results

Which football game is on TV

Where an army 
comes from

The size of an army
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Reference Maps Thematic Maps

Intended to 
(geo)communicate the 
location of specific 

entities (and how to get 
to them) 

Used primarily for 
navigation and 

orientation

Thematic maps are 
“used to emphasize the 
spatial distribution 

of one or more 
geographic attributes”. 
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(Muehlenhaus 2013)
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(Muehlenhaus 2013)

“The last time cartography went 
through such a sea change was with 
the advent of thematic mapping.” 
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(Muehlenhaus 2013)
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Potential point of confusion: thematic or reference?Slid
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Learning Objectives
1. Understand the drastically changed (and changing) 

professional context of modern cartography. 
2. Be able to distinguish between and understand the purpose of 

the two major types of maps: reference and thematic. 
3. Know the limitations of popular online and mobile reference 

maps. (Technical track: Know how to get around them) 
4. Be able to distinguish between types of thematic maps and 

choose the correct type for a given geocommunication need. 
5. Have an understanding of some of the computing-oriented 

innovation going on in cartography (i.e. spatialization)

Cartography
Spatial Computing – University of Minnesota
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Attributions
Some maps © OpenStreetMap contributors (www.openstreetmap.org/copyright)

Cartography
Spatial Computing – University of Minnesota
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http://www.openstreetmap.org/copyright


Cartography
Spatial Computing – University of Minnesota
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Phonebook Geographic Information 
System 

(e.g. ArcMap 3.3)
http://map.sdsu.edu/geog581/week_02.htm
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WEDDING EVENTS:
Ceremony
The Wit Hotel 
201 N. State St. 
Chicago, IL 60610

Reception
Signature Room 
John Hancock Center 
875 N. Michigan Ave. 
Chicago, IL 60611

Main Hotel
The Drake Hotel 
140 E. Walton Pl. 
Chicago, IL 60611 

Brunch
Wiener Circle 
2622 N. Clark St. 
Chicago, IL 60614  Wedding by Ivan Colic from The 

Noun ProjectSlid
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es

 fo
r S

pa
tia

l C
om

pu
tin

g M
OOC 

(B
y B

ren
t H

ec
ht)

http://mymaps.google.com


Slid
es

 fo
r S

pa
tia

l C
om

pu
tin

g M
OOC 

(B
y B

ren
t H

ec
ht)



WEDDING EVENTS:
Ceremony
The Wit Hotel 
201 N. State St. 
Chicago, IL 60610

Reception
Signature Room 
John Hancock Center 
875 N. Michigan Ave. 
Chicago, IL 60611

Main Hotel
The Drake Hotel 
140 E. Walton Pl. 
Chicago, IL 60611 

Brunch
Wiener Circle 
2622 N. Clark St. 
Chicago, IL 60614 Slid
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WEDDING EVENTS:
Ceremony
The Wit Hotel 
201 N. State St. 
Chicago, IL 60610

Reception
Signature Room 
John Hancock Center 
875 N. Michigan Ave. 
Chicago, IL 60611

Main Hotel
The Drake Hotel 
140 E. Walton Pl. 
Chicago, IL 60611 

Brunch
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Learning Objectives
1. Understand the drastically changed (and changing) 

professional context of modern cartography. 
2. Be able to distinguish between and understand the purpose of 

the two major types of maps: reference and thematic. 
3. Know the limitations of popular online and mobile reference 

maps. (Technical track: Know how to get around them) 
4. Be able to distinguish between types of thematic maps and 

choose the correct type for a given geocommunication 
need. 

5. Have an understanding of some of the computing-oriented 
innovation going on in cartography (i.e. spatialization)

Cartography
Spatial Computing – University of Minnesota
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Limitations of popular online 
and mobile reference maps:

Cartography
Spatial Computing – University of Minnesota

1. Inaccurate representations (e.g. 
Mercator projection) 

2. Paper maps are still better in a few ways 
3. Terms of use limitations 
4. Cartographic hegemony 
5. Base map is not editableSlid
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Arthur H. Robinson
http://www.geography.wisc.edu/

history/faculty.php

“Take an orange and draw something 
on it -- say, a human face. Now 
carefully remove the peel, trying to 
keep it in one piece, and flatten it 
against your kitchen table. You'll see 
that in making a two-dimensional 
object out of a round one, something 
has to give. Either the face gets 
distorted and looks all 'mushed out,' or 
in flattening the peel, it breaks into 
segments, dividing the face as well into 
several parts.”

“Arthur H. Robinson, 89; Cartographer Hailed for 
Map's Elliptical Design”. Myrna Oliver, Los 

Angeles Times. Nov. 17, 2004.
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http://en.wikipedia.org/wiki/List_of_map_projectionsSlid
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http://en.wikipedia.org/wiki/List_of_map_projections

(Web) Mercator
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Mexico

Greenland

(1.94 million sq. km)

(2.17 million sq. km)
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“Unprojected” Projection
(Don’t use this except for exploratory data analysis!)Slid
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5.26 deg2 3.2 deg
linear distancearea
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Limitations of popular online 
and mobile reference maps:

Cartography
Spatial Computing – University of Minnesota

1. Inaccurate representations (e.g. 
Mercator projection) 

2. Paper maps are still better in a few ways 
3. Terms of use limitations 
4. Cartographic hegemony 
5. Base map is not editableSlid
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Smartphone Map

Paper Map
(1) larger display sizes 

(2) zero power requirement
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Limitations of popular online 
and mobile reference maps:

Cartography
Spatial Computing – University of Minnesota

1. Inaccurate representations (e.g. 
Mercator projection) 

2. Paper maps are still better in a few ways 
3. Terms of use limitations 
4. Cartographic hegemony 
5. Base map is not editableSlid
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http://www.google.com/permissions/
geoguidelines.html#maps-printSlid
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Google Map
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Google Map
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25,000  
map loads 

90  
consecutive 

days
$€¥
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http://creativecommons.org/licenses/by-sa/2.0/
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http://www.openstreetmap.org/copyrightSlid
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Limitations of popular online 
and mobile reference maps:

Cartography
Spatial Computing – University of Minnesota

1. Inaccurate representations (e.g. 
Mercator projection) 

2. Paper maps are still better in a few ways 
3. Terms of use limitations 
4. Cartographic hegemony 
5. Base map is not editableSlid
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Space Usage 
Rules
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http://www.cs.umn.edu/research/technical_reports/
view/14-022Slid
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http://informaticup.gi.de/startseite/
informaticup-2015.htmlSlid
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Limitations of popular online 
and mobile reference maps:

Cartography
Spatial Computing – University of Minnesota

1. Inaccurate representations (e.g. 
Mercator projection) 

2. Paper maps are still better in a few ways 
3. Terms of use limitations 
4. Cartographic hegemony 
5. Base map is not editableSlid
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Limitations of popular online 
and mobile reference maps:

Cartography
Spatial Computing – University of Minnesota

1. Inaccurate representations (e.g. 
Mercator projection) 

2. Paper maps are still better in a few ways 
3. Terms of use limitations 
4. Cartographic hegemony 
5. Base map is not editableSlid
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asphalt
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asphalt

dirt 
(and grass)
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Google My Maps: “Terrain” Base MapSlid
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Google My Maps: “Simple Atlas” Base MapSlid
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Google My Maps: “Whitewater” Base MapSlid
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Attributions
Some maps © OpenStreetMap contributors (www.openstreetmap.org/copyright)

Cartography
Spatial Computing – University of Minnesota

“Obsolete Book - 5/365” by Jaime / CC BY 2.0 (https://flic.kr/p/7tq9i3)
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http://www.openstreetmap.org/copyright
https://flic.kr/p/7tq9i3


Cartography
Spatial Computing – University of Minnesota
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Learning Objectives
1. Understand the drastically changed (and changing) 

professional context of modern cartography. 
2. Be able to distinguish between and understand the purpose of 

the two major types of maps: reference and thematic. 
3. Know the limitations of popular online and mobile reference 

maps. (Technical track: Know how to get around them) 
4. Be able to distinguish between types of thematic maps and 

choose the correct type for a given geocommunication 
need. 

5. Have an understanding of some of the computing-oriented 
innovation going on in cartography (i.e. spatialization)

Cartography
Spatial Computing – University of Minnesota
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(Slocum et al. 2009)

Thematic maps are 
“used to emphasize the 
spatial distribution 
of one or more 
geographic attributes”. 
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Election maps:

http://election2012.npr.org/results-map.htmlSlid
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Types of thematic maps we’re going to 
cover:

Choropleth
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Poverty in the United States

Data sources: U.S. Census American Community Survey 2006-2010, ESRI
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COLOR-related challenges when 
making choropleth maps:

1. Deciding on the set of colors 
you will use

2. Deciding how to assign colors 
to specific data values (data 
classification)
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1. Deciding on the set of colors 
you will use

QUANTITATIVE 
attributes

QUALITATIVE 
attributes

COLOR-related challenges when 
making choropleth maps:

Slid
es
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With quantitative attributes, you want color 
schemes like: 

colorbrewer.org

H
igher Values
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Data sources: U.S. Census American Community Survey 2006-2010, ESRI
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Population Density in the U.S.

Data sources: U.S. Census, ESRI
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85+ Population in the United States

0.0 - 1.4%

Pct of the Population that is 85 Years Old or Older

1.4 - 2.0%

2.8 - 3.9%
2.0 - 2.8%

3.9 - 8.3%

Pct. Pop 85+ 
Years Old

Data sources: U.S. Census, ESRI
Classification: Natural Breaks
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Poverty in the United States

Data sources: U.S. Census American Community Survey 2006-2010, ESRI
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Poverty in the United States

Data sources: U.S. Census American Community Survey 2006-2010, ESRI
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Poverty in the United States

Data sources: U.S. Census American Community Survey 2006-2010, ESRI
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colorbrewer.org

H
igher Values

Divergent color schemes:
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Diverging 
Color Scheme
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1. Deciding on the set of colors 
you will use

QUANTITATIVE 
attributes

QUALITATIVE 
attributes

COLOR-related challenges when 
making choropleth maps:
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Examples of qualitative spatial 
attributes:

1. Land cover type (e.g urban, forest, 
water) 

2. The primary religion in an area 
3. The primary language spoken in 

area 
4. The region of an area like East 

Coast, West Coast, Midwest, etc.
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http://506sports.com/nfl.php?yr=2014&wk=1
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Implies 
increasing 

valuesSlid
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http://506sports.com/nfl.php?yr=2014&wk=1
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COLOR-related challenges when 
making choropleth maps:

1. Deciding on the set of colors 
you will use

2. Deciding how to assign colors 
to specific data values (data 
classification)
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Poverty in the United States

Data sources: U.S. Census American Community Survey 2006-2010, ESRI

0.00 - 11.3%

Percent of the Population Below the Poverty Line

11.4 - 16.2%

21.8 - 29.6%
16.3 - 21.7%

29.7 - 49.5%

Pct. Below 
Poverty Line

Classification: Natural Breaks
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Choropleth MapsChoropleth Maps

Unclassed Maps Classed Maps
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http://indiemapper.com/app/learnmore.php?l=choroplethSlid
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Natural 
Breaks

Natural 
Breaks

Natural 
Breaks

Natural 
Breaks

Choropleth MapsChoropleth Maps

Unclassed Maps Classed Maps

Quantile Equal 
Interval

Std. 
Deviation

Pretty 
Breaks

Defined 
Interval Manual Geom. 

IntervalSlid
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Natural Breaks Classification

Screenshot from ArcMap 10.2

Pct. Below Poverty Line Attribute Value Distribution
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Natural Breaks Classification

Screenshot from ArcMap 10.2

0.00 - 11.3%
11.4 - 16.2%

21.8 - 29.6%
16.3 - 21.7%

29.7 - 49.5%

Pct. Below 
Poverty Line

Pct. Below Poverty Line Attribute Value Distribution
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Natural Breaks Classification

Population Density  (People per Square Mile)

New York County 
(Manhattan)

Kings County 
(Brooklyn)Bronx 

CountyQueens 
CountySan 

Francisco 
County

Screenshot from ArcMap 10.2
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Population Density in the U.S.

Data sources: U.S. Census, ESRI

0 - 822

People per Square Mile by County

833 - 3270

9676 - 20418
3721 - 9675

20419 - 69568

People per
Square Mile

Classification: Natural Breaks
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Natural 
Breaks

Natural 
Breaks

Natural 
Breaks

Natural 
Breaks

Choropleth MapsChoropleth Maps

Unclassed Maps Classed Maps

Quantile Equal 
Interval

Std. 
Deviation

Pretty 
Breaks

Defined 
Interval Manual Geom. 

IntervalSlid
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Screenshot from JMP 11
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Screenshot from JMP 11
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Population Density in the U.S.

Data sources: U.S. Census, ESRI

0 - 822

People per Square Mile by County

833 - 3270

9676 - 20418
3721 - 9675

20419 - 69568

People per
Square Mile

Classification: Natural Breaks
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Population Density in the U.S.

Data sources: U.S. Census, ESRI

0 - 12.1

People per Square Mile by County

12.2 - 31.7

61.3 - 154.2
31.8 - 61.2

154.3 - 69586.4

People per
Square Mile

Classification: Natural Breaks
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Natural 
Breaks

Natural 
Breaks

Natural 
Breaks

Natural 
Breaks

Choropleth MapsChoropleth Maps

Unclassed Maps Classed Maps

Quantile Equal 
Interval

Std. 
Deviation

Pretty 
Breaks

Defined 
Interval Manual Geom. 

IntervalSlid
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Highest 
Attribute 

Value 
(e.g. 

Manhattan’s 
population 

density)

Lowest 
Attribute 

Value 
(e.g. Loving 
County, TX 
population 

density)

–

Number of classes
(we’ve been using ‘5’)

= Class 
Width
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Lying with maps!

No, really! This is 
what the data says!
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85+ Population in the United States

0.0 - 1.4%

Pct of the Population that is 85 Years Old or Older

1.4 - 2.0%

2.8 - 3.9%
2.0 - 2.8%

3.9 - 8.3%

Pct. Pop 85+ 
Years Old

Data sources: U.S. Census, ESRI
Classification: Natural Breaks
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85+ Population in the United States

0.0 - 1.7%

Pct of the Population that is 85 Years Old or Older

1.7 - 3.3%

5.0 - 6.6%
3.3 - 5.0%

6.6 - 8.3%

Pct. Pop 85+ 
Years Old

Data sources: U.S. Census, ESRI
Classification: EQUAL INTERVAL
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COLOR-related challenges when 
making choropleth maps:

1. Deciding on the set of colors 
you will use

2. Deciding how to assign colors 
to specific data values (data 
classification)
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http://www.colorbrewer.orgSlid
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http://www.wired.com/2014/10/cindy-brewer-map-design/
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Types of thematic maps we’re going to 
cover:

Choropleth
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Data sources: U.S. Census, ESRI
Classification: Natural Breaks
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Pros and cons of graduated/proportional 
maps relative to choropleth maps:

Pro: Differences in size may be 
better than differences in color for 
some purposes

Con: Symbols overlap
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Population in the United States
Number of People per County

Data sources: U.S. Census, ESRI
Classification: Natural Breaks

People per
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Pros and cons of graduated/proportional 
maps relative to choropleth maps:

Pro: Differences in size may be 
better than differences in color for 
some purposes

Con: Symbols overlap

Con: Confusing to use size for 
percentages, densities, etc.
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Types of thematic maps we’re going to 
cover:

Choropleth
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Types of thematic maps we’re going to 
cover:
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Dot Maps

http://demographics.coopercenter.org/DotMap/Slid
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Heat Maps
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http://www.washingtonpost.com/world/foreign-fighters-flow-to-syria/
2014/10/11/3d2549fa-5195-11e4-8c24-487e92bc997b_graphic.html

Flow Maps

Slid
es

 fo
r S

pa
tia

l C
om

pu
tin

g M
OOC 

(B
y B

ren
t H

ec
ht)

http://www.washingtonpost.com/world/foreign-fighters-flow-to-syria/2014/10/11/3d2549fa-5195-11e4-8c24-487e92bc997b_graphic.html


Attributions

Cartography
Spatial Computing – University of Minnesota

By Vladimir Menkov (Own work) [GFDL (http://www.gnu.org/copyleft/fdl.html), CC-BY-SA-3.0 (http://
creativecommons.org/licenses/by-sa/3.0/) or CC-BY-SA-2.5-2.0-1.0 (http://creativecommons.org/licenses/by-

sa/2.5-2.0-1.0)], via Wikimedia Commons
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Cartography
Spatial Computing – University of Minnesota
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Learning Objectives
1. Understand the drastically changed (and changing) 

professional context of modern cartography. 
2. Be able to distinguish between and understand the purpose of 

the two major types of maps: reference and thematic. 
3. Know the limitations of popular online and mobile reference 

maps. (Technical track: Know how to get around them) 
4. Be able to distinguish between types of thematic maps and 

choose the correct type for a given geocommunication 
need. 

5. Have an understanding of some of the computing-oriented 
innovation going on in cartography (i.e. spatialization)

Cartography
Spatial Computing – University of Minnesota
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Spatialization
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Limited in one 
very important 
way...
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There are two types of 
spatialization…

Explicit SpatializationImplicit Spatialization
(e.g. Skupin and Fabrikant 2003) (Hecht et al. 2012) 
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High-
dimensional 

feature 
space

Multi-
dimensional 

Scaling 
(MDS)

Kohonen 
Self-

organizing 
Maps
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(Skupin and Fabrikant 2003) Slid
es
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Map courtesy 
Dataclysm: Who 
We Are When No 

One’s Looking 
by Christian 

Rudder
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There are two types of 
spatialization…

Explicit SpatializationImplicit Spatialization
(e.g. Skupin and Fabrikant 2003) (e.g. Hecht et al. 2012) 
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Explicit SpatializationImplicit Spatialization
(e.g. Skupin and Fabrikant 2003) (e.g. Hecht et al. 2012) 

Data-driven, implicit  
reference systems

Real-life reference 
systems
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Dr. Kirk Goldsberry

Geography 
Professor  
@ Michigan State

Visiting 
Professor 
@ Harvard

Contributor Slid
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http://grantland.com/the-triangle/pass-atlas-peyton-
manning-vs-the-seahawks-pass-defense/

Reference System = Football Field
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http://grantland.com/the-triangle/nba-overnight-dirk-is-out-here-playing-h-o-r-s-e-with-peoples-lives/

Reference System = Basketball Court
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http://grantland.com/the-triangle/nba-overnight-dirk-is-out-here-playing-h-o-r-s-e-with-peoples-lives/


There are two types of 
spatialization…

Explicit SpatializationImplicit Spatialization
(e.g. Skupin and Fabrikant 2003) (Hecht et al. 2012) 
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Attributions

Cartography
Spatial Computing – University of Minnesota

“Globe” symbol by Bart Laugs of The Noun Project
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