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Example

• Grete Heinz, Louis J. Peterson, Roger W. Johnson, and Carter J. 
Kerk. Exploring relationships in body dimensions. Journal of 
Statistics Education, Volume 11, Number 2, 2003.

• The data give 21 body dimension measurements as well as:
– age, weight, height, and gender on 507 individuals.

• The 247 men and 260 women were:
– primarily individuals in their twenties and thirties, with

– a scattering of older men and women, all exercising several hours a 
week.

• There are:
– 507 observations

– on 25 variables.

www.amstat.org/publications/jse/v11n2/datasets.heinz.html



Matlab

scatter(body(:,23),body(:,23))





Matlab

scatter(body(:,23),body(:,23))
gscatter(body(:,23),body(:,24),gr,'rb')





Matlab

scatter(body(:,23),body(:,23))
gscatter(body(:,23),body(:,24),gr,'rb')
gscatter(body(:,23),body(:,24),gr,'rb‘, 'ox')





Matlab

scatter(body(:,23),body(:,23))
gscatter(body(:,23),body(:,24),gr,'rb')
gscatter(body(:,23),body(:,24),gr,'rb‘, 'ox')
polyfit(body(:,23),body(:,24),1)
ans =

0.5056  136.1819
y=ans * x
y =
156.4064  191.7993
line(x(1,:),y)





Matlab

gplotmatrix(body(:,[1 2]),body(:,[1 
2]),gr,'rb','ox')





Matlab

gplotmatrix(body(:,[1 2 23]),body(:,[1 2 
23]),gr,'rb','ox',[],'on','',
{'Ramena','Kukovi','Masa'},
{'Ramena','Kukovi','Masa'})

● English version:
gplotmatrix(body(:,[1 2 23]),body(:,[1 2 
23]),gr,'rb','ox',[],'on','',
{'Shoulders','Hips','Weight'},
{'Shoulders','Hips','Weight'})





Regression Analysis

● The regression equation is:

Weight (kg) = - 120 + 0.0781 Shoulder Girth + 0.198 Chest Girth

           + 0.340 Waist Girth + 0.0012 Navel Girth

           + 0.240 Hip Girth + 0.314 Thigh Girth + 0.0547 Flexed Bicep Girth

           + 0.532 Forearm Girth + 0.301 Knee Girth + 0.404 Calf Maximum Girth

           - 0.0096 Ankle Minimum Girth - 0.118 Wrist Minimum Girth

           + 0.328 Height



Regression Analysis

Predictor        Coef        StDev          T       P
Constant     -120.214       2.489       -48.31    0.000
Shoulder Girth  0.07813     0.02979       2.62    0.009
Chest Girth     0.19785     0.03569       5.54    0.000
Waist Girth     0.34042     0.02438      13.96    0.000
Navel Girth     0.00117     0.02291       0.05    0.959
Hip Girth       0.24040     0.04334       5.55    0.000
Thigh Girth     0.31414     0.05148       6.10    0.000
Flexed Bicep    0.05468     0.08526       0.64    0.522
Forearm Girth   0.5321      0.1371        3.88    0.000
Knee Girth      0.30126     0.07740       3.89    0.000
Calf Maximum    0.40387     0.07005       5.77    0.000
Ankle Minimum  -0.00963     0.09992      -0.10    0.923
Wrist Minimum  -0.1180      0.1959       -0.60    0.547
Height          0.32816     0.01560      21.03    0.000

S = 2.204       R-Sq = 97.3%     R-Sq(adj) = 97.3%











Dimensionality reduction

• Feature selection
• Feature extraction





Data Exploration



The Multidimensional Detective 
(Alfred Ilsenberg)

• „The display of multivariate datasets in parallel coordinates, 
transforms the search for relations among the variables into a 
2-D pattern recognition problem.“

• The Dataset:

• Production data for 473 batches of a VLSI chip

– 16 process parameters:
• X1: The yield: % of produced chips that are useful

• X2: The quality of the produced chips (speed)

• X3 … X12: 10 types of defects (zero defects shown at top)

• X13 … X16: 4 physical parameters

• The Objective:
– Raise the yield (X1) and maintain high quality (X2)



Production data for 473 batches of a VLSI chip



Filtering – searching for high value of x1 and 
x2



Without the deffect batches (9/10)









Wrangler: Interactive Visual Specification of Data 
Transformation Scripts

[Sean Kandel et al. CHI’11]
http://vis.stanford.edu/wrangler/







Excel











VizQL™ (Tableau)

• Natively visual and therefore faster

• At the heart of Tableau is a proprietary technology that makes 
interactive data visualization an integral part of understanding 
data.

• A traditional analysis tool forces you to analyze data in rows and 
columns, choose a subset of your data to present, organize that 
data into a table, then create a chart from that table.

• VizQL skips those steps and creates a visual representation of your 
data right away, giving you visual feedback as you analyze.

• As a result you get a much deeper understanding of your data and 
can work much faster than conventional methods–up to 100 times 
faster. 



VizQL™ (Tableau)



VizQL™ (Tableau)



ggplot2

• ggplot2 is a system for declaratively creating 
graphics, based on The Grammar of Graphics.

• You provide the data, tell ggplot2 how to map 
variables to aesthetics, what graphical primitives to 
use, and it takes care of the details.



ggplot2

• Usage
● It’s hard to succinctly describe how ggplot2 works 

because it embodies a deep philosophy of visualisation.
● However, in most cases you start with ggplot(), supply a 

dataset and aesthetic mapping (with aes()).
● You then add on layers (like geom_point() or 

geom_histogram()), scales (like scale_colour_brewer()), 
faceting specifications (like facet_wrap()) and 
coordinate systems (like coord_flip()).



ggplot2





Protovis
A graphical approach to visualization

• Protovis composes custom views of data with 
simple marks such as bars and dots.

• Unlike low-level graphics libraries that quickly 
become tedious for visualization, Protovis defines 
marks through dynamic properties that encode 
data, allowing inheritance, scales and layouts to 
simplify construction. 



Protovis



Protovis



Protovis



D3.js
Data-Driven Documents

• D3.js is a JavaScript library for manipulating documents based on data. D3 
helps you bring data to life using HTML, SVG, and CSS. D3’s emphasis on 
web standards gives you the full capabilities of modern browsers without 
tying yourself to a proprietary framework, combining powerful visualization 
components and a data-driven approach to DOM manipulation.

•

•



D3.js





Prefuse

• Prefuse is a Java-based toolkit for building interactive 
information visualization applications. It supports a rich set of 
features for data modeling, visualization and interaction. It 
provides optimized data structures for tables, graphs, and trees, 
a host of layout and visual encoding techniques, and support for 
animation, dynamic queries, integrated search, and database 
connectivity.

•

• Prefuse uses the Java 2D graphics library, and is easily 
integrated into Swing applications or Java applets. Prefuse is 
licensed under the terms of a BSD license, and can be used freely 
for commercial and non-commercial purposes. 





Improvise



Improvise



VTK – Visualization Toolkit

• The Visualization Toolkit (VTK) is open source software 
for manipulating and displaying scientific data.

• It comes with state-of-the-art tools for 3D rendering, 
a suite of widgets for 3D interaction, and extensive 2D 
plotting capability.

• VTK is part of Kitware’s collection of supported 
platforms for software development.

• The platform is used worldwide in commercial 
applications, as well as in research and development.



VTK





Processing

• Processing is a flexible software sketchbook and a 
language for learning how to code within the 
context of the visual arts. 



Processing





OpenGL

• OpenGL is the premier environment for developing portable, 
interactive 2D and 3D graphics applications.

• Since its introduction in 1992, OpenGL has become the industry's 
most widely used and supported 2D and 3D graphics application 
programming interface (API), bringing thousands of applications 
to a wide variety of computer platforms.

• OpenGL fosters innovation and speeds application development 
by incorporating a broad set of rendering, texture mapping, 
special effects, and other powerful visualization functions.

• Developers can leverage the power of OpenGL across all popular 
desktop and workstation platforms, ensuring wide application 
deployment.



OpenGL



Java2D

• The Java 2D API provides two-dimensional graphics, text, and 
imaging capabilities for Java programs through extensions to 
the Abstract Windowing Toolkit (AWT).

• This comprehensive rendering package supports line art, text, 
and images in a flexible, full-featured framework for 
developing richer user interfaces, sophisticated drawing 
programs, and image editors.

• Java 2D objects exist on a plane called user coordinate space, 
or just user space.

• When objects are rendered on a screen or a printer, user space 
coordinates are transformed to device space coordinates.





Tableau



Tableau



Vega

● Vega is a visualization grammar, a declarative 
language for creating, saving, and sharing 
interactive visualization designs.

● With Vega, you can describe the visual 
appearance and interactive behavior of a 
visualization in a JSON format, and generate 
web-based views using Canvas or SVG.



Vega



Vega



Polestar

● PoleStar is Tableau-style User Interface for visual 
analysis, building on top of Vega-Lite. 

„This project is an alpha software. We are working 
on improving its code and documentation.“

„WE NO LONGER PLAN TO MAINTAIN THIS 
PROJECT. PLEASE FOLLOW THE NEW VERSION OF 
VOYAGER WHICH SUPPORTS ALL INTERACTIONS IN 
POLESTAR“



Voyager 2

● Voyager 2 is a data exploration tool that blends manual and 
automated chart specification.

● Voyager 2 combines PoleStar, a traditional chart specification 
tool inspired by Tableau and Polaris (research project that led 
to the birth of Tableau), with two partial chart specification 
interfaces:

(1) wildcards let users specify multiple charts in parallel,

(2) related views suggest visualizations relevant to the currently specified chart.

● With Voyager 2, we aim to help analysts engage in both 
breadth-oriented exploration and depth-oriented question 
answering.



Conferences and Journals

● Conferences 
– https://www.eurovis.org/ EuroVis – Eurographics Conference on Visualization

– ieeevis.org IEEE Information Visualization (InfoVis)

– IEEE Conference on Visual Analytics Science and Technology IEEE Visual Analytics Science and Technology 
(VAST)

– InfoVis IEEE Scientific Visualization (SciVis)

– https://sigchi.org/conferences/conference-history/chi/ CHI – Conference on Human Factors in Computing 
Systems

● Journals 
– https://ieeexplore.ieee.org/xpl/aboutJournal.jsp?punumber=2945 IEEE transactions on visualization and 

computer graphics

– https://journals.sagepub.com/home/ivi SAGE journals: Information Visualization

– https://onlinelibrary.wiley.com/journal/14678659 Computer Graphics Forum

– https://ieeexplore.ieee.org/xpl/aboutJournal.jsp?punumber=38 IEEE Computer Graphics and 
Applications

– https://www.springer.com/engineering/mechanics/journal/12650 Springer: Journal of Visualization



Useful links

● Hanspeter Pfister (Data Visualization @Harvard)

● http://www.cs171.org

● Jeffrey Heer (Data Visualization @University of Washington)

● https://courses.cs.washington.edu/courses/cse512/19sp/

● https://homes.cs.washington.edu/~jheer/ 

● http://idl.cs.washington.edu/ (UW Interactive Data Lab)

● Mike Bostock (Creator of D3.js)

● https://d3js.org/

● Edward Tufte (pioneer in the field of data visualization)

● https://www.edwardtufte.com

http://www.cs171.org/
https://courses.cs.washington.edu/courses/cse512/19sp/
https://homes.cs.washington.edu/~jheer/
http://idl.cs.washington.edu/
https://d3js.org/
https://www.edwardtufte.com/


Data Sources

Data.gov

Census.gov

Dataverse Network

Climate Data Sources

Climate Station Records

CDC Data (Disease Control and Prevention)

World Bank Catalog

Free SVG Maps

UK Office for National Statistics

StateMaster

Quandl

http://www.data.gov/
http://www.census.gov/
http://thedata.org/
http://www.realclimate.org/index.php/data-sources/
http://www.metoffice.gov.uk/climatechange/science/monitoring/subsets.html
http://www.cdc.gov/nchs/data_access/data_tools.htm
http://data.worldbank.org/data-catalog
http://www.d-maps.com/index.php?lang=en
http://www.statistics.gov.uk/default.asp
http://www.statemaster.com/index.php
http://www.quandl.com/
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