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vi·su·al·i·za·tion noun \ˌvi- zhə- wə- lə-
ˈzā- shən,  ˌvi- zhə- lə- ,  ˌvizh- wə- lə-

Definition of VISUALIZATION
1: formation of mental visual images
2: the act or process of interpreting 

in visual terms or of putting into 
visible form

…Visual Thesaurus & 
Merriam Webster online

What is it…



Introduction

Characterization of Visualization
Information Visualization
Scientific Visualization

Data Types and Characteristics
Characterization of Techniques 
Visualization Evaluation
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Presenter
Presentation Notes
Information visualization is often associated with categorical data – e.g., census data, while scientific visualization is often associated with physical phenomena, e.g., climate.
Data (numerical, ordinal, or categorical) comes from sources (simulations, sensors, surveys, and equations); it can be continuous or discrete. The characteristics we care about are related to the data’s structure, e.g., temperature at specific locations, representation, e.g., is it efficient for our purposes, 

Visualizations characterizations are based on what kind of data can be displayed and  what operations can act on the attributes, 
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Let’s start simple...

f(x, y) = sin(x2)·cos(y2)

http://nces.ed.gov/nceskids/createagraph/default.aspx

http://en.wikipedia.org/wiki/Sine�
http://en.wikipedia.org/wiki/Cosine�
http://en.wikipedia.org/wiki/Cosine�
http://nces.ed.gov/nceskids/createagraph/default.aspx�
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Climate Change

http://chartsgraphs.wordpress.com/

http://chartsgraphs.wordpress.com�
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Visualization +
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Climate Change +



Consider how good…

How do we evaluate the quality of a 
visualization?
Does it rapidly convey information
Is better insight achieved more 
quickly with less training?

Criteria: effectiveness, satisfaction, 
accuracy, repeatability, robustness, 
and insight. 
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Presenter
Presentation Notes
So now that we maybe understand a bit more about visualization, let’s look at what students can do with visualization…



Sea Surface 
Temperature

Eunice Perez

Presenter
Presentation Notes
Eunice



Data
 Source: The International Research Institute 

for Climate and Society (IRI)
http://portal.iri.columbia.edu/
IRI has data ranging from surface temperatures 

and precipitation levels to atmospheric circulation
The dataset used here contains global sea surface 

temperatures  obtained from ship, buoy and bias-
corrected satellite data for January of 1996

 Dataset Title: NOAA NCEP EMC CMB GLOBAL 
Reyn_Smith

Presenter
Presentation Notes
Eunice
Dataset actually obtained by
Following link to “Data Library” under homepage
Browsing datasets (link found on the page)
Choosing the “Temperature” option under “Quantity” category
Choosing “Sea Surface Temperature” (under same category) option -> “show datasets”
Desired dataset should appear in list
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Visualization

Source: IRI/LDEO Climate Data Library 
Visualization Toolset
http://iridl.ldeo.columbia.edu/
Has existing visualizations and tools to create 

new visualizations of IRI/LDEO data
The next visualization shows surface 

temperatures overlaid on a global map with a 
smooth color gradient

Presenter
Presentation Notes
LDEO = Lamont-Doherty Earth Observatory
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Presenter
Presentation Notes
Visualization created by
Choosing already-made visualization: “colors with land”
Editing plot (option under visualization)
Adjusting plot size and then redrawing plot
Exporting plot desired image format… available in PDF, JPEG, GIF, PNG

Data themselves may also be exported 

The website itself allows the user to change the options for the visualization while viewing the visualization.
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Data Visualized
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Presenter
Presentation Notes
Data were exported into .tsv format (tab separated values) and imported into Microsoft Excel.
Data here are rather meaningless, as they are only a group of numbers

However, from the data we can observe that the temperature values are organized by month, latitude, and altitude
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Sea Surface Temperature Visualization

Dataset Title: NOAA NCEP EMC CMB GLOBAL Reyn_Smith

Presenter
Presentation Notes
The visualization here shows surface temperatures overlaid on a global map with a smooth color gradient

The website itself allows the user to change the options for the visualization while viewing the visualization.

Temperatures for January (1996)




Sea Surface Temperature Visualization

Dataset Title: NOAA NCEP EMC CMB GLOBAL Reyn_Smith

Presenter
Presentation Notes
February



Sea Surface Temperature Visualization

Dataset Title: NOAA NCEP EMC CMB GLOBAL Reyn_Smith

Presenter
Presentation Notes
March



Sea Surface Temperature Visualization

Dataset Title: NOAA NCEP EMC CMB GLOBAL Reyn_Smith

Presenter
Presentation Notes
April



Analysis

The highest temperatures recorded 
were between Africa the central 
Pacific Ocean

Interesting hotspots were found 
south of Mexico and off the western 
coast of Central America

Presenter
Presentation Notes
As expected, the higher sea temperatures were clustered near the equator while the lower temperatures were near the poles. 



Energy Use 
Data
Benjamin Turrubiates

Presenter
Presentation Notes
Ben

A data set is selected by going to the directory at www.google.com/publicdata/directory. The data sets are aggregated from many sources and there is quite a selection. Once the data set is selected many options can be changed including a linear or logarithmic scale. 




Data
Source: Google Public Data Explorer

http://www.google.com/publicdata/home
Aggregates public datasets
This dataset is from the World Bank’s 

records on energy usage per country
Dataset Title: World Development 

Indicators: Energy Use (kg of oil 
equivalent per capita)

Presenter
Presentation Notes
Ben
A data set is selected by going to the directory at www.google.com/publicdata/directory. The data sets are aggregated from many sources and there is quite a selection. Once the data set is selected many options can be changed including a linear or logarithmic scale. 




Visualization

Source: Google Public Data Explorer
Once a dataset is selected, visualization 

options for that dataset are shown
Visualization type: line graph, bar chart, map 

overlay, and bubble chart
Country Selection (or World)
Customizable Timeline

Presenter
Presentation Notes
In the top left the visualization type can be chosen. There are only 4 choices. There is also a country selection pane on the left hand side of the window. Single, multiple, or all countries can be picked. At the bottom is a timeline, that is customizable. 




Choosing Dataset
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• The dataset 
directory holds 
groups of 
datasets. Our
dataset is from 
the World Bank 
directory

Presenter
Presentation Notes
The dataset directory holds groups of datasets. Our Dataset is from the World Bank directory



More datasets
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• This dataset 
directory 
contains many 
different 
datasets.

• Here we use 
“Energy use 
per capita.”



Visualization Options
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• Play button on timeline allows one to view the change in real-time. 

Presenter
Presentation Notes
Explain the various options including the ability to color coat by data, or category. 
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• A logarithmic scale may be 
better for representing data.

• The color scheme selector can 
select color by region or other 
options. A key is automatically 
created.

Presenter
Presentation Notes
Mention why the data set is larger. Data sets may be larger, or smaller depending on the data collected that year. 



Energy Use Visualization

World Development Indicators: Energy Use (kg of oil equivalent per capita)

Presenter
Presentation Notes
Cool Demo: 
Energy use per capita by country from 1960 till 2007. 
Click link “World Development Indicators” then Hit play button - http://www.google.com/publicdata/explore?ds=d5bncppjof8f9_&ctype=l&strail=false&nselm=h&met_y=eg_use_pcap_kg_oe&hl=en&dl=en#ctype=c&strail=false&nselm=s&met_y=eg_use_pcap_kg_oe&scale_y=log&ind_y=false&idim=country:USA:JPN&ifdim=country&hl=en&dl=en

http://www.google.com/publicdata/explore?ds=d5bncppjof8f9_&ctype=l&strail=false&nselm=h&met_y=eg_use_pcap_kg_oe&hl=en&dl=en�


Analysis

For the last 30 years, US per capita 
energy expenditures have been 
roughly double Japan’s per capita 
energy expenditure



Greenhouse Gas 
Emissions

Jesse Crawford

Presenter
Presentation Notes
Jesse
Difficult to find data directly from nmclimatechange.us – better to google it or go through the EPA 



Data

New Mexico Government Greenhouse 
Gas (GHG) Inventory
http://nmclimatechange.us/
Most state GHG Inventories are available 

online
Many are linked directly from the EPA

www.epa.gov/statelocalclimate/local/local
-examples/ghg-inventory.html

Or Google “<state> GHG Inventory”

Presenter
Presentation Notes
Jesse
Difficult to find data directly from nmclimatechange.us – better to google it or go through the EPA 



Climate Change Control…

51http://www.nmenv.state.nm.us/cc/documents/GHGInventoryUpdate3_15_10.pdf

Presenter
Presentation Notes
Climate change control policy requires that states estimate and report the volume and origin of green house gas emissions. All reports will contain a table, usually just like this one, that gives a 1990 and 2000 estimate for volume of emissions from each category (categories are standardized by EPA, 1990 and 2000 were the years used for calculating goals). The NM report lists estimates from two different organizations with overlap for 2000. We will look at the 1990 and 2000 estimate from the NM Climate Change Advisory Group.




Visualization Software

Source: ManyEyes
http://manyeyes.alphaworks.ibm.com/manyeyes/
Allows users to upload data and create 

visualizations easily in a web browser
Tutorial available at NMT EPSCoR Website 

(http://www.cs.nmt.edu/~epscor) under 
Visualization

The visualization here uses a treemap to show 
relative GHG emissions by sector



Many Eyes

53ManyEyes: http://www-958.ibm.com/software/data/cognos/manyeyes/



Register

 d
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Presenter
Presentation Notes
To get started, we’ll need to register at ManyEyes. Just click Register in the sidebar and fill in your email address and solve the captcha. You’ll get an email with a link, just click on the link and then set a display name and password.




After registration options
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Presenter
Presentation Notes
Once you’re registered, you can use all the options in the sidebar. Let’s look at Visualization Types under Learn More to see what we can do.




Visualization Types

 d
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Presenter
Presentation Notes
ManyEyes can produce a lot of types of visualizations, and they’re sorted here by what you might to do. We want to look at the components of greenhouse gas production, so we’ll look under the “See the parts of a whole” category. We can click on any of these visualizations to learn more. After reading about them, I think a Treemap is a good way to go. A treemap takes a rectangular area and divides it in to rectangles with areas representing the quantity of something. It’s like a pie chart, but you can continue to subdivide rectangles to show a heirarchy. Let’s click through to look at the help info for treemaps.



Sample data

 d
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Presenter
Presentation Notes
Along with a lot of explanatory text, we’ll find an example data set. Treemaps, it’s explained, take categories (in multiple levels, Type and Food in this diagram, but our climate change data is nicely organized in to Category and Subcategory), and then two values, one that will determine the area of the item in the chart and one that will determine color. You can also use one value to set size and the difference between that and a second value to set the color, that’s what we’ll do to see the difference between 1990 and 2000. ManyEyes calls this a “Treemap for Comparison”.



Format data

 d
58

Presenter
Presentation Notes
We’ll need to format our data like the table, so let’s use Excel. We can enter the data like the table, with the categories and sources, and the 1990 and 2000 values.




Next upload data

 d
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Presenter
Presentation Notes
Now, in the sidebar, we’ll choose Upload a Data Set.




Copy and paste

 d
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Presenter
Presentation Notes
We’ll get a big textbox on the Upload page. Just select your table in Excel, copy it, and paste it in to this box. Also on this page you’ll need to give a name for the data set, and source information if available.




Uploaded data

 d
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Presenter
Presentation Notes
Once we’ve submitted the dataset we’ll see it like this. Let’s click on the Visualize button, and then from the list choose Treemap for Comparisons.




Visualization

 d
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Presenter
Presentation Notes
We’ll get a treemap like this one. All of the defaults in this case worked out great, we can see that electricity from coal, the biggest contributor of GHGs, is largest. Agricultural Soils, which are now contributing much more than they used to, are in red. Residential burning of Petroleum, which is becoming much less common, is blue. Now, if we scroll down, we can give the visualization a name and then Publish it. We can now give other people a link to this viz, and if we click Full Image below this graph we get a PNG of the treemap itself.



Analysis

Electricity from coal is the biggest 
contributor of GHGs.



For more…

http://www.cs.nmt.edu/~epscor

Presenter
Presentation Notes
You can find information on our participants, databases (mostly climate, but some policy as well), climate, STEM, and cyberinfrastructure.



Participants…

Jerry Esquivel

Valerie Salas

Theresa Apodaca

Leigh Hedderman

Presenter
Presentation Notes
Jerry is working on an advanced smart lab 2010 project - each student develops a “save the earth” project
Valerie is working on "Climate Change and the Consequences for Man”
Theresa is working on ""Water" We Looking For? Using Water Quality Techniques in a GK-12 Classroom to Study Rio Grande Salinization and Explore the Scientific Method"
Leigh is working on "Integrating Watershed Science and Guided Writing to Achieve Ecological Literacy"



Databases

Energy and climate change policy
Climate change data



Visualization

Tools
Workshops
Tutorials
Databases
Examples



Climate Change
 Resources for understanding and teaching 

climate change.
 Government Agencies
 For kids and teenagers
 Scholarships
 Professional Training
 Projects
 Non-government organizations
 Educator’s resources
 …



STEM

Tools
Student resources
Educator resources
Student opportunities



References
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Exploration: 
 Explore the “50 Great Examples of Data Visualization” at 

www.webdesignerdepot.com/2009/06/50-great-
examples-of-data-visualization/

 Many Eyes manyeyes.alphaworks.ibm.com/manyeyes/

Reading:

A Tour through the Visualization Zoo, Jeffrey 
Heer, Michael Bostock, and Vadim Ogievetsky, 
acmQueue, May 2010

http://www.webdesignerdepot.com/2009/06/50-great-examples-of-data-visualization/�
http://www.webdesignerdepot.com/2009/06/50-great-examples-of-data-visualization/�
http://www.webdesignerdepot.com/2009/06/50-great-examples-of-data-visualization/�


Questions

http://www.cs.nmt.edu/~epscor

Presenter
Presentation Notes
So let me encourage you to come and use our resources and send us any other resources you find so that we can expand our coverage. 
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