
CSE 412 - Intro to Data Visualization 

Exploratory Data Analysis

Jane Hoffswell  University of Washington



What was the first 
data visualization?

0 BC



~6200 BC Town Map of Catal Hyük, Konya Plain, Turkey 0 BC



~950 AD Position of Sun, Moon and Planets



Sunspots over time, Scheiner 16260 BC



Longitudinal distance between Toledo and Rome, van Langren 1644



The Rate of Water Evaporation, Lambert 1765



The Rate of Water Evaporation, Lambert 1765



The Golden Age of 
Data Visualization

1786 1900



The Commercial and Political Atlas, William Playfair 1786



Statistical Breviary, William Playfair 1801



1786 1826(?) Illiteracy in France, Pierre Charles Dupin



1786 1856 “Coxcomb” of Crimean War Deaths, Florence Nightingale

“to affect thro’ the Eyes 
what we fail to convey to 
the public through their 
word-proof ears”



1786 1864 British Coal Exports, Charles Minard





1786 1884 Rail Passengers and Freight from Paris



1786 1890 Statistical Atlas of the Eleventh U.S. Census



1786 1900 Visualizing Black America , W. E. B. DuBois et al.

https://medium.com/nightingale/w-e-b-du-bois-staggering-data-visualizations-are-as-powerful-today-as-they-were-in-1900-64752c472ae4
https://medium.com/nightingale/w-e-b-du-bois-staggering-data-visualizations-are-as-powerful-today-as-they-were-in-1900-64752c472ae4


The Rise of Statistics

1786 1900 1950



Rise of formal statistical methods in the 
physical and social sciences 

Little innovation in graphical methods 

A period of application and popularization 

Graphical methods enter textbooks, 
curricula, and mainstream use

1786 1900 1950



1786 Data Analysis & Statistics, Tukey 1962



Four major influences act on data 
analysis today: 
1. The formal theories of statistics. 
2. Accelerating developments in 
computers and display devices. 
3. The challenge, in many fields, of 
more and larger bodies of data. 
4. The emphasis on quantification 
in a wider variety of disciplines. 



The last few decades have seen the 
rise of formal theories of statistics, 
"legitimizing" variation by confining 
it by assumption to random 
sampling, often assumed to involve 
tightly specified distributions, and 
restoring the appearance of 
security by emphasizing narrowly 
optimized techniques and claiming 
to make statements with "known" 
probabilities of error.  
 



While some of the influences of 
statistical theory on data 
analysis have been helpful, 
others have not. 



Exposure, the effective laying 
open of the data to display the 
unanticipated, is to us a major 
portion of data analysis. Formal 
statistics has given almost no 
guidance to exposure; indeed, it is 
not clear how the informality and 
flexibility appropriate to the 
exploratory character of exposure 
can be fitted into any of the 
structures of formal statistics so far 
proposed.



Nothing - not the careful logic of 
mathematics, not statistical models 
and theories, not the awesome 
arithmetic power of modern 
computers - nothing can substitute 
here for the flexibility of the 
informed human mind. 

Accordingly, both approaches and 
techniques need to be structured so 
as to facilitate human involvement 
and intervention.



Set A Set B Set C Set D
X Y X Y X Y X Y

10 8.04 10 9.14 10 7.46 8 6.58
8 6.95 8 8.14 8 6.77 8 5.76

13 7.58 13 8.74 13 12.74 8 7.71
9 8.81 9 8.77 9 7.11 8 8.84

11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 8 7.04

6 7.24 6 6.13 6 6.08 8 5.25
4 4.26 4 3.1 4 5.39 19 12.5

12 10.84 12 9.11 12 8.15 8 5.56
7 4.82 7 7.26 7 6.42 8 7.91
5 5.68 5 4.74 5 5.73 8 6.89

[Anscombe 1973]

Summary Statistics Linear Regression 
uX = 9.0   σX = 3.317 Y2 = 3 + 0.5 X 
uY = 7.5   σY = 2.03 R2 = 0.67



Set A

Set C Set D

Set B

X X

Y

Y

[Anscombe 1973]



Administrivia



A1: Visualization Design

Pick a guiding question, use it to title your vis. 
Design a static visualization for that question. 
You are free to use any tools (inc. pen & paper). 

Deliverables (upload via Canvas; see A1 page) 
Image of your visualization (PNG or JPG format) 
Short description + design rationale (≤ 4 paragraphs) 

Due tonight by 11:59 pm PST, Monday Jan. 11.



Use visualization software to form & answer questions 
First steps: 
Step 1: Pick domain & data 
Step 2: Pose questions 
Step 3: Profile the data 
Iterate as needed 
Create visualizations 
Interact with data 
Refine your questions 
Author a report 
Screenshots of most insightful views (8+) 
Include titles and captions for each view

A2: Exploratory Data Analysis

Due by 11:59pm 

Monday, Jan 25



Use visualization software to form & answer questions 

Step 1: Pick domain & data 
You can analyze any dataset of your choice 
Consider exploring a dataset for your Final Project  

Step 2: Pose questions 
Write down three initial questions 

Step 3: Profile the data 
Assess data quality, create visualizations, refine questions 

Assignment description on course website 
Example report as Observable document

A2: Exploratory Data Analysis

https://courses.cs.washington.edu/courses/cse412/21wi/a2.html
https://observablehq.com/@uwdata/a2-example-movies-data


Week 1 Discussion & Quiz due today by 11:59pm 

Week 2 Discussion & Quiz posted this afternoon, 
due Monday Jan 18th, by 11:59pm PST 

Final project team selection thread now open on 
Ed, post project ideas or see ideas from classmates

Course Participation & Ed

https://edstem.org/us/courses/3116/discussion/203211


Data Wrangling



I spend more than half of my 
time integrating, cleansing and 
transforming data without doing 
any actual analysis. Most of the 
time I’m lucky if I get to do any 
“analysis” at all. 

Anonymous Data Scientist 
[Kandel et al. ’12]









DataWrangler

Wrangler: Interactive Visual Specification 
of Data Transformation Scripts 

Sean Kandel et al. CHI’11

http://homes.cs.washington.edu/~jheer/talks/sxsw2017/#4


One often needs to manipulate data prior to 
analysis. Tasks include reformatting, cleaning, 
quality assessment, and integration. 

Approaches include: 
Manual manipulation in spreadsheets 
Code: arquero (JS), dplyr (R), pandas (Python) 
Trifacta Wrangler  http://www.trifacta.com/products/wrangler/  
Open Refine  http://openrefine.org/ 

Data Wrangling

https://github.com/uwdata/arquero
https://dplyr.tidyverse.org/
https://pandas.pydata.org/
http://www.trifacta.com/products/wrangler/
http://openrefine.org/


“The first sign that a visualization is good is that it 
shows you a problem in your data…  

…every successful visualization that I've been 
involved with has had this stage where you realize, 
"Oh my God, this data is not what I thought it would 
be!" So already, you've discovered something.” 

     Martin Wattenberg

Data Quality



Violent 
Infants!

Marauding 
Centenarians!

???









Berkeley       ||||||||||||||||||||||||||||||| 
Cornell       |||| 
Harvard       ||||||||| 
Harvard University      ||||||| 
Stanford       |||||||||||||||||||| 
Stanford University      |||||||||| 
UC Berkeley       ||||||||||||||||||||| 
UC Davis       |||||||||| 
University of California at Berkeley   ||||||||||||||| 
University of California, Berkeley   |||||||||||||||||| 
University of California, Davis     |||

Visualize Friends by School?



Missing Data  no measurements, redacted, …? 
Erroneous Values misspelling, outliers, …? 
Type Conversion  e.g., zip code to lat-lon 
Entity Resolution  diff. values for the same thing? 
Data Integration  effort/errors when combining data 

LESSON: Anticipate problems with your data.  
Many research problems around these issues!

Data Quality Hurdles



Sneek Peek



Analysis Example: 
Motion Pictures Data





Analysis Example: 
Antibiotic Effectiveness



What questions might we ask?



Tableau / Polaris



Tableau

Data Display

Data 
Model

Encodings


