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CHECKING IN
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MAPS
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GOALS FOR TODAY

• Learn what elements visually encode data in maps.

• Learn about different projections, and understand 
the (dis)advantages of each.

• Learn about different map types, and how they 
relate to tasks.
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Oldest Maps (i.e., old visualizations!)

Lascaux cave paintings - over 16,000 years old!

Vega, Deneb, and Altair

Lightmediation, 2008; Whitehouse, 2000

https://issuu.com/lightmediation/docs/the_lascaux_cave___a_prehistoric_sky-map_3390
http://news.bbc.co.uk/2/hi/science/nature/871930.stm
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Oldest Maps (i.e., old visualizations!)

Clay tablet 
with map of 
the Babylonian 
city of Nippur 
(ca. 1400 BC)

Hilprecht, 1903

https://en.wikipedia.org/wiki/History_of_cartography/media/File:Clay_tablet_containing_plan_of_Nippur_(Hilprecht_EBL_1903).jpg
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CHANNELS :

Visualization Building Blocks
MARKS:
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Visualization Building Blocks

Longitude (x)

Latitude (y)

At each pixel (x,y)
= categorical data 

encoded with color
land, water

country 
boundaries

mountain 
glyphs
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Visualization Building Blocks

# of attributes encoded: 5

CHANNELS :

MARKS:



14

Map Projections
Dimensionality reduction

3D 2D





Dimensionality 
reduction
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Azimuthal Conic Cylindrical

Unknown author, < 2012

https://2012books.lardbucket.org/books/geographic-information-system-basics/section_06/8c5c63aacfa3743ed4962745a77d782c.jpg


17Bostock, 2020

https://bl.ocks.org/mbostock/3711652
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Jason Davies, 2013

https://www.jasondavies.com/maps/transition/
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Maps can 
deceive...

Bec Crew, 2017

http://www.sciencealert.com/it-s-official-boston-public-schools-have-ditched-this-distorted-and-misleading-world-map
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Mercator Projection Gall-Peters Projection

Great for ocean navigation,

but dramatically exaggerates poles.

More accurate land areas.

(Officially endorsed by the UN.)

Bec Crew, 2017

http://www.sciencealert.com/it-s-official-boston-public-schools-have-ditched-this-distorted-and-misleading-world-map
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Maps can 
deceive...

Kai Krause, 2010

http://kai.sub.blue/images/True-Size-of-Africa-kk-v3.pdf


In-Class Exercise: 
The True Size
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23Talmage & Maneice, 2014

https://thetruesize.com/
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In-Class Exercise: The True Size 15m

• Go to https://thetruesize.com
• Clear the map.
• Find at least two countries using the search bar.
• Position them at the equator near each other, e.g., the U.S. and 

Russia at the right.
• Does this match your perception of the shape and size of that 

country?
• Try putting your countries at other locations on the map closer 

to the poles. How does this affect the shape and size?
• See if you can find the worst possible distortion you can 

between the original map and a more accurate view at the 
equator. Post those in the chat or speak up and let everyone 
know!

INSTRUCTIONS:

https://thetruesize.com/
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Great Circle Routes

Subramanian, 2010; Swartz, 2010, Levy, 2013

https://gis2.harvard.edu/services/project-consultation/project-resume/great-circle-distance-and-route-calculations
http://www.gcmap.com/
http://www.slaw.ca/2013/07/09/the-great-circle-route/


26Prokuror_ID, 2013; Stopera, 2013

(joke)

https://web.archive.org/web/20130816053030/http:/nnm.me/blogs/Prokuror_ID/avstraliyskaya-karta-mira/page3/
https://www.buzzfeed.com/daves4/maps-that-will-change-the-way-you-look-at-the-world
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Bostock, 2019

Tissot’s Indicatrix (ish)

https://observablehq.com/@d3/tissots-indicatrix
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Kai/syntagmatic, 2017

https://bl.ocks.org/syntagmatic/ba569633d51ebec6ec6e
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Tasks & Users

Make sure the map representation, data
encodings, data plotted, and dimensionality
reduction is appropriate for the viewers and
their tasks.

Fritz Kessler, 2018

https://web.archive.org/web/20180911104035/https:/www.e-education.psu.edu/geog486/node/1848


Types of Maps
THREE BROAD CATEGORIES OF MAPS:

A map that plots several 
types of spatial data without 
specific emphasis on one 
type over another.

REFERENCE MAPS THEMATIC MAPS

A map with a specific theme 
or focus.  Typically display 
attributes of features that 
vary spatially in a qualitative 
(e.g., precipitation) or 
nominal way (e.g., categories 
of land cover).

SPECIAL-PURPOSE MAPS

Typically thematic maps but 
are task/user specific (i.e., 
used like reference maps but 
for specific tasks or specific 
types of data).

Fritz Kessler, 2018

https://web.archive.org/web/20180911104035/https:/www.e-education.psu.edu/geog486/node/1848


Types of Maps

Fritz Kessler, 2018

THREE BROAD CATEGORIES OF MAPS:

REFERENCE MAPS THEMATIC MAPS SPECIAL-PURPOSE MAPS

https://web.archive.org/web/20180911104035/https:/www.e-education.psu.edu/geog486/node/1848




Google, 2020

https://google.com/maps


34http://hint.fm/wind/gallery/oct-29.js.html

http://hint.fm/wind/gallery/oct-29.js.html


Yang et al., 2016; Demo 35

MapTrix

https://vimeo.com/278433529

https://vimeo.com/182970812

http://dx.doi.org/10.1109/TVCG.2016.2598885
https://vis.yalongyang.com/maptrix/index.html
https://vimeo.com/278433529
https://vimeo.com/182970812


36Samay et al., 2015

https://www.mobs-lab.org/epi-rail.html


38Koblin, 2009

http://www.aaronkoblin.com/work/flightpatterns/


Schich & Martino, 2014

https://www.youtube.com/watch?v=4gIhRkCcD4U




van den Elzen & van Wijk, 2014

https://doi.org/10.1109/TVCG.2014.2346441




44Bari/Worldmap, 2011

http://worldmap.harvard.edu/boston/


GIS

GIS = geographic information system 
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spatio-temporal geographic information (x, y, z, t)

latitude, longitude, elevation, time + other relevant 
attributes

Lots of toolkits, e.g., ArcGIS

http://www.arcgis.com/


SPATIAL AND SCIENTIFIC

VISUALIZATION
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GOALS FOR TODAY

• Understand the concept of spatial fields, and how to 
visually encode.

• Learn about vector (and higher dimensional) 
representations.

• Learn about the two main ways to render 3D spatial 
data (isosurfaces and volume rendering).
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SPATIAL DATA
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SPATIAL FIELDS
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Spatial Fields
Scalar field = one value per cell

Vector or Tensor field = many values per cell

Vector
(magnitude) (magnitude and direction)

1 3 4 9 4 8 8 1 0

5 6 7 8 8 8 8 8 1

9 7 5 5 5 5 5 5 8

1 3 4 9 4 8 8 1 0

5 6 7 8 8 8 8 8 1

9 7 5 5 5 5 5 5 8

7 7 5 5 6 5 5 5 8

1 1 1 1 5 6 6 6 8

2 2 2 1 5 6 6 6 8

Scalar
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Spatial Fields
Scalar field = one value per cell

Vector or Tensor field = many values per cell

x

y
4
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Vector
(magnitude) (magnitude and direction)

1 3 4 9 4 8 8 1 0

5 6 7 8 8 8 8 8 1

9 7 5 5 5 5 5 5 8

1 3 4 9 4 8 8 1 0

5 6 7 8 8 8 8 8 1

9 7 5 5 5 5 5 5 8

7 7 5 5 6 5 5 5 8

1 1 1 1 5 6 6 6 8

2 2 2 1 5 6 6 6 8

Scalar
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Spatial Fields
Vector or Tensor field = many values per cell

Tensor
(multiple variables with magnitude and direction)

Kindlmann (2004)

Vector
(magnitude and direction)

http://www.cs.utah.edu/~gk/papers/vissym04/vissym04kindlmann.pdf


54Kindlmann (2004)

http://www.cs.utah.edu/~gk/papers/vissym04/vissym04kindlmann.pdf
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56Kindlmann (2004)

http://www.cs.utah.edu/~gk/papers/vissym04/vissym04kindlmann.pdf
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Comparing Tensor Fields

Zhang et al. 2016

http://ieeexplore.ieee.org/document/7192722/
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Spatial Fields
Scalar field = one value per cell

Vector or Tensor field = many values per cell

x

y
4
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Vector
(magnitude) (magnitude and direction)

1 3 4 9 4 8 8 1 0

5 6 7 8 8 8 8 8 1

9 7 5 5 5 5 5 5 8

1 3 4 9 4 8 8 1 0

5 6 7 8 8 8 8 8 1

9 7 5 5 5 5 5 5 8

7 7 5 5 6 5 5 5 8

1 1 1 1 5 6 6 6 8

2 2 2 1 5 6 6 6 8

Scalar



59Laidlaw, et al. 2001

Most 
accurate and 
efficient for 
certain 
spatial tasks

Vector Field Encoding Examples:

http://cs.brown.edu/research/vis/docs/pdf/Laidlaw-2001-QCE.pdf
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Example: Fluid Flow Visualization

Leonardo DaVinci
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Example: Fluid Flow Visualization
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Example: Fluid Flow Visualization

http://gfm.aps.org/meetings/dfd-2016

http://gfm.aps.org/meetings/dfd-2016
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Example: Fluid Flow Visualization

Kirby, et al. 1999Wikimedia

https://dl.acm.org/citation.cfm?id=319429
https://dl.acm.org/citation.cfm?id=319429
https://dl.acm.org/citation.cfm?id=319429
https://commons.wikimedia.org/wiki/File:Vortex-street-animation.gif


65Kirby, et al. 1999
The Reynolds number is the ratio of inertial forces to viscous forces within a fluid 
which is subjected to relative internal movement due to different fluid velocities



Upcoming Assignments & Communication
Look at the upcoming assignments and deadlines regularly!
• Textbook, Readings, & Reading Quizzes — Variable days
• In-Class Activities — 11:59pm same day as class

T: Lecture overflow & In-Class Project Feedback Meetings & Work, 
F: Lecture, T: Lecture, F: Lecture

• Assignments & Projects— Generally due R 11:59pm
R (6 days): Project 7 — Sprint 2 & Paper Draft
Next R (13 days): Project 8 — Sprint 3 & Prep for Usability Testing
Next F (14 days): In-Class Usability Testing
Next-Next R (20 days):  Project 9 — Presentation and Video
Next-Next F (21 days): In-Class Project Presentations

Use Canvas Discussions for general questions, email the TAs/S-LTA/instructor for 
questions specific to you: codydunne-and-tas@ccs.neu.edu. Include links!

If you’re emailing about a particular assignment, please include the URL of the 
Submission Details page. (Canvas documentation.)

If you have a project question, give us your group number. E.g., include: `Group ## —
 Topic` with ‘##’ replaced by your group number and ‘Topic’ replaced by your topic.

mailto:codydunne-and-tas@ccs.neu.edu
https://community.canvaslms.com/t5/Student-Guide/How-do-I-know-when-my-assignment-has-been-submitted/ta-p/277

