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APPLICATIONS OF 
VISUALIZATIONS
ANALYSIS 

PRESENTATION

See also https://vimeo.com/98986594

EXPLORATORY

EXPLANATORY
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A FEW MISTAKES THAT WE ALL MAKE

• Making meaningful comparisons 

• Inferring trends and differences from noise 

• Assumptions about the meaning of correlations 

• Claims of “significance”
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MAKING MEANINGFUL COMPARISONS

• Normalized vs. Non-normalized Counts 
•  Murders / Capita 
•  Failing grades / 100 Students 
•  Etc. 

• Counts vs. Distinct Counts 
•  # visits vs. # of customers
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WHAT IS THE MOST DANGEROUS PROVINCE?
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COUNT VS COUNT DISTINCT

• Number of Records =  
• How many individual 

rows are there? 

• Count =  
• How many rows have a 

value for this column? 

• Count Distinct =  
• How many distinct 

values are there in this 
column?
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A FEW MISTAKES THAT WE ALL MAKE

• Making meaningful comparisons 

• Inferring trends and differences from noise 

• Assumptions about the meaning of correlations 

• Claims of “significance”
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WE ALMOST ALWAYS 
KNOW LESS THAN 
WE THINK WE DO
(Even after we’ve looked at the data.)
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LOOKING FOR PATTERNS IN STATIC

• Almost all data has noise, errors, and variability. 

• We are great at seeing patterns — even when we 
shouldn’t.
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IT’S VERY EASY TO TELL 
STORIES AROUND DATA 

…but it’s harder to show that those stories are 
robust!
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RANDOM DATA VS REAL DATA

Wickham et al. 2010 A “RORSCHACH” PROTOCOL
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IGNORING EFFECT SIZE AND VARIABILITY
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A FEW MISTAKES THAT WE ALL MAKE

• Making meaningful comparisons 

• Inferring trends and differences from noise 

• Assumptions about the meaning of correlations 

• Claims of “significance”
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CORRELATIONS
• Is there really a correlation? 

• How strong is it? 

• Is it corroborated by other data? 

• Does it make sense?
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EVEN STRONG CORRELATIONS MIGHT NOT 
MEAN ANYTHING!
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TRY THIS!
http://tylervigen.com/view_correlation

18



A FEW MISTAKES THAT WE ALL MAKE

• Making meaningful comparisons 

• Inferring trends and differences from noise 

• Assumptions about the meaning of correlations 

• Claims of “significance”
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THE “LITERALLY” OF 
DATA ANALYSIS
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“SIGNIFICANTLY… DIFFERENT
HIGHER/LOWER
BIGGER/
SMALLER
MORE/LESS
MORE 
IMPORTANT
ETC…

NEVER SAY THIS …
UNLESS YOU’RE SURE 
THAT YOU HAVE 
PERFORMED THE 
CORRECT STATISTICAL 
SIGNIFICANCE TEST
AND CAN REPORT P-
VALUES, EFFECT SIZES, 
ETC.
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COMMUNICATING ASSUMPTIONS 
AND LIMITATIONS
A good analysis must avoid overstating claims, and be honest about what you 
don’t or can’t know!
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Edward Tufte

Stephen Few
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GRAPHICAL INTEGRITY
• Well-designed presentation of interesting data 

– Substance, statistics, and design 
• Complex ideas communicated with clarity, precision and 

efficiency 
• Gives the viewer greatest number of ideas in the shortest amount 

of time, with the least ink and smallest space 
• Nearly always multivariate 
• Requires telling the truth Edward Tufte
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TUFTE’S INTEGRITY PRINCIPLES 

• MAXIMIZE THE DATA-INK RATIO 
• AVOID CHART JUNK (SOMETIMES) 
• LAYER INFORMATION 
• MAXIMIZE THE DATA DENSITY 

– SHRINK THE GRAPHICS 
– MAXIMIZE THE AMOUNT OF DATA SHOWN (SOMETIMES) 

• . 
• .

EDWARD TUFTE
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DATA-INK RATIO
MAXIMIZE THE RATIO OF 

(INK USED TO SHOW DATA)
(TOTAL INK USED)
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DATA-INK RATIO
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DATA-INK RATIO
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DATA-INK RATIO
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DATA-INK RATIO
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DATA-INK RATIO
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DATA-INK RATIO
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MINIMIZE CHART JUNK
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DATA DENSITY
MAXIMIZE THE RATIO OF: 

(NUMBER OF ENTRIES IN DATA)
(AREA OF THE GRAPHIC)
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“SMALL MULTIPLES”

DATA DENSITY – SHRINK THE GRAPHICS
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DATA DENSITY – SHRINK THE GRAPHICS
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DATA DENSITY – SHRINK THE GRAPHICS

38



SPARKLINES & WORD-SCALE VIS
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SPARKLINES & WORD-SCALE VIS
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SPARKLINES & WORD-SCALE VIS
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HOW TO COMMUNICATE DATA 
HONESTLY TO AN AUDIENCE

1. Be clear 
2. Emphasize the important parts 
3. Acknowledge assumptions and ambiguity 
4. Avoid overstating results

(W. Willett)
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STORYTELLING WITH DATA
Design of Visualization for Communication
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The chart was designed to argue for the hire of more two employees 
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EXAMPLE - EXERCISE

survey conducted on 100 students before and after a pilot program

SKETCH – 10 MINUTES  
DESIGN A CHART THAT BETTER CONVEYS THE OUTCOME OF THE PROGRAM
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QUESTIONS ON YOUR SKETCH
• WHAT POINT DID YOU TRY TO MAKE? 
• WHAT LAYOUT DID YOU CHOOSE?  
• DID YOU PUT A TITLE?  
• DID YOU PUT A SUBTITLE? 
• DID YOU HIGHLIGHT ANY DATA? 
• DID YOU ADD ANYTHING ELSE TO HELP 

COMMUNICATE?
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KNOW YOUR CONTEXT
AUDIENCE, MEDIUM, MESSAGE
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WHO DO YOU WANT TO 
COMMUNICATE TO?
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YOUR AUDIENCE
AVOID: 
ANYONE WHO IS INTERESTED 
INTERNAL AND EXTERNAL STAKEHOLDERS 

BE MORE SPECIFIC, FIND OUT ABOUT THEM: 
WILL THEY BE SUPPORTIVE OF YOUR MESSAGE? 
DO THEY KNOW THE DATA?
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YOUR AUDIENCE
WHAT DO THEY WANT TO KNOW? 
WHAT DO THEY NEED TO DO? 

accept | agree | begin | believe | change | collaborate | commence | 
create | defend | desire | differentiate | do | empathize | empower | 
encourage | engage | establish | examine | facilitate | familiarize | form 
| implement | include…
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WHAT IS YOUR MEDIUM?
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MEDIUM
• how much control does the audience have over 

the presentation? 
• how much detail can they get?

LIVE PRESENTATION vs. ONLINE VISUALIZATION
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WHAT DO YOU WANT TO SHOW?
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QUESTIONS

IN A SINGLE SENTENCE 

IN 3 MINUTES

WHAT IS YOUR MESSAGE? 

WHAT DOES YOUR AUDIENCE NEED TO 
KNOW? 

FIGURE THIS OUT BEFORE YOU IMPLEMENT ANYTHING
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Lee et al. 2015
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LAYOUT
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MAGAZINE - NG
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NYTIMES 2015 
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THE GUARDIAN 2015 
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ESPECIALLY IMPORTANT 
WHEN INTEGRATING  
VISUALIZATIONS INTO SOMETHING 
BIGGER

A STORY, A BIGGER INTERACTIVE, ETC.
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BUT LAYOUT IS ALSO IMPORTANT FOR INTRODUCING 
SELF-CONTAINED INFOGRAPHICS AND INTERACTIVE CHARTS 
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DIRECT ATTENTION
DRAW ATTENTION 

TO ONE THING FIRST. 
THEN USE COLOR, SIZE, 

SPACE, AND PLACEMENT 
TO DIRECT VIEWERS TO 
THE NEXT IMPORTANT 

POINT.
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WE TEND TO SCAN TOP TO BOTTOM
THEN LEFT TO RIGHT

BUT…

SIZE & COLOR 
CAN PREEMPT THAT ORDER
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BEGINNING

MIDDLE

END

EPILOGUE
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BEGINNING

NEXT
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MINIMALISM
IF YOU CAN DO IT WITH LESS, DO IT! 

TRY TO SHOW ONLY WHAT’S NECESSARY. 

USE DESIGN TO COMMUNICATE, NOT DECORATE.
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TYPOGRAPHY
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ALMOST EVERY VISUALIZATION  
USES TEXT 
 
…AND ALMOST EVERY VISUALIZATION  
CAN BENEFIT FROM GOOD USE OF 
TYPOGRAPHY
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Serif
Sans Serif

THE BASICS
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Arial 
Arial Black 
Comic Sans MS 
Courier New 
Georgia 
Impact 
Times New Roman 
Trebuchet MS 
Verdana

TYPE ON THE WEB
USED TO BE VERY 
LIMITED
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NOW…LOTS OF GREAT OPTIONS
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NUMBERS
CHOOSE FONTS AND 
WEIGHTS TO MAXIMIZE 
LEGIBILITY AT THE SIZE 
THEY’LL BE DISPLAYED
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USE TWO TYPEFACES MAXIMUM
(OFTEN EVEN ONE IS ENOUGH.) 

YOU CAN ALSO USE: 
WEIGHT 
COLOR 
Italics 

SIZE
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KEEP TYPE LARGE AND LEGIBLE

40-60pt (or Bigger) for Headlines
12-16 for body text, captions, and visualization text. 

You should almost never use 10pt or smaller.
(Even IN your visualizations.)
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Be careful with small 
differences in 

luminosity.

TYPE AND CONTRAST

What works 
on your 

display may 
not work in 

general.
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TYPE CAN SUGGEST INTERACTION

10 YEARS AGO
TODAY 

(CUES CAN BE SUBTLE) 
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COLOR
( WE’VE SEEN THIS BEFORE.)
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USE COLORBREWER!
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MIKE BOSTOCK
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SYMBOLS AND ICONOGRAPHY
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SIGNIFIED 
A THING OR IDEA

SEMIOTICS (THE STUDY OF SIGNS)

SIGNIFIER 
A REPRESENTATION 

OF THE THING OR IDEA 
(A WORD, PICTURE, SOUND, ETC.)

SENSE 
THE UNDERSTANDING A 

VIEWER GETS FROM 
SEEING THE SIGNIFIED 

(OR THE SIGNIFIER!)

warmth
heat

danger
etc.
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TYPES OF SIGNS

ICON 
PHYSICALLY 
RESEMBLES 

WHAT IT STANDS 
FOR

INDEX 
IMPLIES / POINTS TO 

SOMETHING 
(CORRELATION)

SYMBOL 
POINTS TO 

SOMETHING  

RELATIONSHIP HAS 
TO BE LEARNED
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USING SIGNS TO ILLUSTRATE AND PROMPT 
RECOGNITION 

DAVID 
MCCANDLESS 

LINK
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USING SIGNS TO MAKE  
DATA RELATABLE

USING CONCRETE SCALES 
CHEVALIER ET AL. 2013 LINK
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ISOTYPE VISUALIZATION

OTTO & MARIE NEURATH 1948  
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OTTO & MARIE NEURATH 1948 MORE EXAMPLES   
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HAROZ ET AL. 2015 LINK

STACKED ICONS CAN:
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HAROZ ET AL. 2015 LINK

STACKED ICONS CAN: 
ENCODE DATA AS BOTH 
LENGTH AND QUANTITY
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HAROZ ET AL. 2015 LINK

STACKED ICONS CAN: 
ENCODE DATA AS BOTH 
LENGTH AND QUANTITY 

(WHERE THIS WORKS) 
ICONS CAN SUPPORT 
MEMORY & ENGAGEMENT 
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HAROZ ET AL. 2015 LINK

STACKED ICONS CAN: 
ENCODE DATA AS BOTH 
LENGTH AND QUANTITY 

(WHERE THIS WORKS) 
ICONS SUPPORT MEMORY 
& ENGAGEMENT 

BUT! OTHER IMAGES ARE 
DISTRACTING 
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HOW TO USE DATA TO 
 TELL A STORY?
(THERE ARE MANY, MANY CHOICES TO MAKE.)
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BORING?AFTERTHOUGHT
SUPPORT

SMALL

102



BEAUTIFUL!
EXCITING!

TECHNICAL!

BUT   
WHAT DOES  

IT MEAN?[ ]
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GUIDED

CENTER STAGE

INTERACTIVE
STANDALONE
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58 
CASE STUDIES
70% JOURNALISM 
20% BUSINESS 
10%  RESEARCH

EDWARD SEGEL & 
JEFFREY HEER 2010
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MAGAZINE 
STYLE

ANNOTATED 
CHART

SCIENCE FAIR 
POSTER

FLOWCHART COMICSTRIP SLIDESHOW MOVIE

VISUAL DESIGN

DETAILS ON 
DEMAND

HIGHLIGHTING
FILTERING

SELECTION

TIMELINES

TACIT 
TUTORIAL

NAVIGATIONATTACHED 
ARTICLE

HEADLINES

CAPTIONS

SUMMARIES

ANNOTATIONS

MESSAGING INTERACTIVITY
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INTERACTIVITY   
engage 

MESSAGING 
tell 

VISUAL DESIGN 
show 
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INTERACTIVITY   
engage 

MESSAGING 
tell 

VISUAL DESIGN 
show 
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FLOWCHART COMICSTRIP SLIDESHOW

THE MORE LINEAR, THE 
MORE LIKE A TRADITIONAL 
STORY. 
WITH A BEGINNING, MIDDLE, 
AND END.
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USE STAGING AND 
ANIMATION FOR 

COMPLICATED 
TRANSITIONS  

TO AVOID 
CONFUSING 

READERS
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USE ESTABLISHING SHOTS 
SITUATE THE VIEWER 

BEFORE DIVING IN.
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BACH ET AL 2016
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HELPS ANCHOR 
VIEWER IN THE PIECE. 
MAKES DATA MORE 
PERSONALLY 
RELEVANT.

2016 LYN BARTRAM, BENJAMIN BACH, JEREMY 
BOY, PAULO CIUCCARELLI, STEVEN DRUCKER,  

YURI ENGELHARDT, ULRIKE KOEPPEN, MORITZ 
STEFANER, BARBARA TVERSKY, & JO WOOD.

113



SHOW SAME 
PHENOMENON OVER AND 
OVER, CHANGING ONLY 
ONE VARIABLE.  
RHYTHM STRENGTHENS 
THE NARRATIVE. 
REPEATED 
DISAPPOINTMENT SETS UP 
THE FINAL REVEAL.

2016 LYN BARTRAM, BENJAMIN BACH, JEREMY 
BOY, PAULO CIUCCARELLI, STEVEN DRUCKER,  

YURI ENGELHARDT, ULRIKE KOEPPEN, MORITZ 
STEFANER, BARBARA TVERSKY, & JO WOOD.
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PURPOSEFULLY 
BREAK CONVENTIONS 
OF  
CHART DESIGN. 
BREAKING 
EXPECTATIONS CAN 
BE USED TO 
UNDERLINE 
PARTICULAR 
INTERPRETATIONS.

2016 LYN BARTRAM, BENJAMIN BACH, JEREMY 
BOY, PAULO CIUCCARELLI, STEVEN DRUCKER,  

YURI ENGELHARDT, ULRIKE KOEPPEN, MORITZ 
STEFANER, BARBARA TVERSKY, & JO WOOD.
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INTERACTIVITY   
engage 

MESSAGING 
tell 

VISUAL DESIGN 
show 
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CAPTION

ANNOTATION

HEADLINE

USE HEADLINES, CAPTIONS, 
& ANNOTATIONS 
QUICKLY DRAW ATTENTION 
TO WHAT’S IMPORTANT.

MARK FOR EMPHASIS
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DESCRIPTIVE TITLES AND ANNOTATIONS 
CAN BE THE DIFFERENCE BETWEEN  
A CHART AND A STORY 

ANN K. EMERY 2016
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June 20, 2011

ISOLATED

Fig. 5

WEAVE TEXT INTO THE GRAPHIC, 
NOT JUST AT THE BEGINNING. 
TEXT AND GRAPHICS WORK 
BETTER TOGETHER THAN APART.

CONNECT THE 
TEXT TO 

RELEVANT 
GRAPHICS 

“SEE FIG. 5”
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JO WOOD 2016

REMOVE 
DETAIL TO 

CREATE SPACE  
FOR THE 

STORY.
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Aug 16, 2010

START WITH AN INTERESTING VIEW. 
CURATE THE EXPERIENCE  
FROM THE BEGINNING.

MAKE DATA RELATABLE & PUT 
NUMBERS AND FACTS IN CONTEXT. 

260 THOUSAND SQUARE MILES?  
“IT’S THE SIZE OF FRANCE!”
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Good: Lance Armstrong, Popularity issue

FINETOO PRECISE
THOUGHTFUL

MIND YOUR PRECISION.  
SIGNIFICANT DIGITS, TICK 
MARKS, AND LABELS 
SUGGEST WHAT DESERVES 
ATTENTION. 
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NIGEL HOLMES

USE EMBELLISHMENTS  
SPARINGLY & CAREFULLY.  
STYLISED VISUALS CAN 
BE ENGAGING BUT ARE 
HARD  
TO GET RIGHT.
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IT’S IMPORTANT TO REALLY 
UNDERSTAND THE RULES OF 
GOOD VISUAL COMMUNICATION 
BEFORE YOU TRY TO BREAK 
THEM.
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INTERACTIVITY   
engage 

MESSAGING 
tell 

VISUAL DESIGN 
show 
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FAMILIAR WIDGETS

INTERACTIVE FEATURES SHOULD SUGGEST INTERACTIVITY. 
AVOID A CLICK-AND-SEEK EXPERIENCE. 

VISUAL FEEDBACK ON PAGE LOAD OR PLAY 
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INCLUDE EASY WAYS TO 
GO BACK / RESET 

LINEAR NAVIGATION 
CAN SIMPLIFY THIS. 

RESTRICT INTERACTION  
TO KEY DIMENSIONS. 

THE MORE 
INTERACTIVITY, THE 

LESS STORY.
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USE MOTION & 
OTHER CUES 
TO SUGGEST 

INTERACTION
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JEREMY BOY ET AL. 2015 
LOTS OF INTERACTIVE EXAMPLES AT http://peopleviz.gforge.inria.fr/trunk/SI_cues/
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“SCROLLJACKING” 
HIJACKING IN-BROWSER  

SCROLLING TO ADVANCE A 
LINEAR NARRATIVE.

SMOOTH AND LINEAR 
EASY FORWARD/BACK 

MORE BROWSABLE THAN VIDEO 
CROSS-PLATFORM 

CAN BREAK THE SCROLLBAR
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CLICKING IS A DECISION
SCROLLING IS A CONTINUATION  

JOSHUA PORTER
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JIM VALLANDINGHAM http://vallandingham.me/scroll_talk/
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“Data journalism is not graphics and 
visualizations. It's about telling the 

story in the best way possible. 
Sometimes that will be a visualization 

…But sometimes it's a news story. 
Sometimes, just publishing the number 

is enough.” 

SIMON ROGERS, THE GUARDIAN  // 2011 
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“I think people have begun to forget 
how powerful human stories are, 

exchanging their sense of empathy for 
a fetishistic fascination with data…  

The human stuff is the main stuff, and 
the data should enrich it.” 

JONATHAN HARRIS  // 2008 
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http://www.fallen.io/ww2/ 
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QUESTIONS?
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RECAP
• MAXIMIZE THE DATA-INK RATIO 
• AVOID CHART JUNK (SOMETIMES) 
• LAYER INFORMATION 
• MAXIMIZE THE DATA DENSITY 

– SHRINK THE GRAPHICS 
– MAXIMIZE THE AMOUNT OF DATA SHOWN (SOMETIMES) 

• . 
• .

EDWARD TUFTE
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DESIGN PRINCIPLES
MANY MORE EXIST…
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