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LAST TIME
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1) uses perception to free up cognition

2) serves as an external aid to augment  
working memory

VISUALIZATION . . .
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-record information

-analyze data to support reasoning

-confirm hypotheses

-communicate ideas to others

VISUALIZATION GOALS
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SciVis                   InfoVis

-continuous data
- inherent spatial 
position

-from computer 
graphics

-algorithmic focus
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-discrete data
-abstract

-from HCI
-usability focus



-TUFTE’S PRINCIPLES
- integrity
-design

-WILLIAM’S PRINCIPLES
-C.R.A.P.  & layering
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TUFTE:
GRAPHICAL INTEGRITY
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MISSING SCALES
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baseline?

-$4,200,000
Tufte 1997

($11,410)



Clear, detailed, and thorough labeling should be 
used to defeat graphical distortion and ambiguity.

Tufte’s integrity principles
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SCALE DISTORTION

scale?

Did the stock market crash?
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SCALE DISTORTION

context?

Did the stock market crash?
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SCALE DISTORTION

Did the stock market crash?
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Clear, detailed, and thorough labeling should be 
used to defeat graphical distortion and ambiguity.

The Lie Factor =
size of effect shown in graphic

size of effect in data

Tufte’s integrity principles

The representation of numbers, as physically 
measured on the surface of the graphic itself, 
should be directly proportional to the numerical 
quantities represented.
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DISTORTION

15 Tufte 1997



783
53

=  14.8LIE FACTOR  =
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27.5 - 18.0
18

X  100%  =  53%DATA

5.3 - 0.6
0.6

X  100%  =  783%GRAPHIC

The Lie Factor =
size of effect shown in graphic

size of effect in data



17 Tufte 1997



http://peltiertech.com/WordPress/bad-bar-chart-practices-or-send-in-the-clowns/18

UNINTENDED SIZE CODING
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Clear, detailed, and thorough labeling should be 
used to defeat graphical distortion and ambiguity.

Tufte’s integrity principles

The representation of numbers, as physically 
measured on the surface of the graphic itself, 
should be directly proportional to the numerical 
quantities represented.
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Show data variation, not design variation.



TUFTE:
DESIGN PRINCIPLES
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Data-ink Ratio =
data-ink

total ink used in graphic

maximize the
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Data-ink Ratio =
data-ink

total ink used in graphic

maximize the
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TRIGLYCERIDE LEVEL



Data-ink Ratio =
data-ink

total ink used in graphic

maximize the

23Tufte 1997

What Gestalt principle is Tufte relying on?
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AVOID CHART JUNK
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AVOID CHART JUNK
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AVOID CHART JUNK
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AVOID CHART JUNK
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AVOID CHART JUNK
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AVOID CHART JUNK
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redesign exercise . . .

Nigel Holmes, TIME Magazine



COUNTER-POINT
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EXPERIMENTAL QUESTIONS

1) whether visual embellishments do in fact cause 
comprehension problems

2) whether the embellishments may provide additional 
information that is valuable for the reader
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EXPERIMENTAL RESULTS
1) No significant difference between plain and image 

charts for interactive interpretation accuracy

2) No significant difference in recall accuracy 
after a five-minute gap

3) Significantly better recall for Holmes charts of 
both the chart topic and the details (categories and 
trend) after long-term gap (2-3 weeks).

4) Participants saw value messages in the Holmes 
charts significantly more often than in the plain 
charts.

5) Participants found the Holmes charts more 
attractive, most enjoyed them, and found that they 
were easiest and fastest to remember.
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take away . . . 

CHART JUNK? IT DEPENDS

-persuasion
-memorability
-engagement

-unbiased analysis
-trustworthiness
- interpretability
-space efficiency
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PROS

CONS



35 Tufte 1997



36

MULTIFUNCTIONING 
ELEMENTS

Tufte 1997
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MULTIFUNCTIONING ELEMENTS

scented widgets

Willett et al 2007
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MULTIFUNCTIONING ELEMENTS

interactive 
legend

Meyer et al 2010



39 Tufte 1997

LAYERING



40 http://maps.google.com/

http://maps.google.com
http://maps.google.com
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Data Density =
number of entries in data array

area of data graphic

maximize the
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SHRINK THE GRAPHICS

SMALL MULTIPLES

Meyer et al 2010
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SHRINK THE GRAPHICS

Bertin 1967
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SHRINK THE GRAPHICS

SPARKLINES
Tufte 2006



MAXIMIZE AMOUNT 
OF DATA SHOWN

45
Steve Chappel and Reebe Garofalo 
in Rock 'N' Roll is Here to Pay: The History and Politics of the Music Industry, 1977
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Science Express: How Science and Technology change our life. 
Herausgegeben von der Max-Planck-Gesellschaft
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COUNTER-POINT
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ILLUSIONS OF VISUAL BANDWIDTH

people over-predict what they will see and 
become aware of
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-overestimate of breadth
-belief that viewers can take in all (or most) 
of the details of a scene at once

-adding extra visual features makes it harder 
to find specifics bits of information

-overestimate of countenance
-belief that user will attend to a higher 
proportion of the display than they do

-users typically have expectations about 
where in a display to look

-overestimate of depth
-belief that attending to an object leads to 
more complete and deep understanding 
than is the case



Tufte’s design principles
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-maximize the data-ink ratio

-avoid chart junk (sometimes)

-use multifunctioning elements

- layer information

-maximize the data density

-shrink the graphics
-maximize the amount of data shown (sometimes)



WILLIAMS:
DESIGN PRINCIPLES
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“Once you can name something, you’re 
conscious of it”
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Robin Williams



Contrast
Repetition
Alignment
Proximity

53

Williams’s design principles



PRINCIPLE OF CONTRAST

If two items are not exactly the same, then 
make them different. Really different.

Don’t be a wimp.
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55 Williams 1994
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PRINCIPLE OF CONTRAST
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-PURPOSE
-aid in organization and create interest on page

-HOW
-contrast through typeface, line thickness, 
colors, shapes, sizes, space, etc

-AVOID
-subtle contrast. DON’T BE A WIMP.



Contrast
Repetition
Alignment
Proximity
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Williams’s design principles



PRINCIPLE OF REPETITION

Repeat some aspect of the design 
throughout the entire piece.
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REPETITIONS
bold typeface
light typeface
square bullets
indents
spacing
alignments

Williams 1994



61



62 Meyer et al 2010



PRINCIPLE OF REPETITION
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-PURPOSE
-to unify and add visual interest

-HOW
-push existing consistencies further

-AVOID
-repeating element so much that it becomes 
annoying or overwhelming



Contrast
Repetition
Alignment
Proximity
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Williams’s design principles



PRINCIPLE OF ALIGNMENT

Nothing should be placed on the page 
arbitrarily. Every item should have a visual 
connection with something else.
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66

strength of edge gives 
strength to the layout

Williams 1994



67 Stephen Few 2004
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PRINCIPLE OF ALIGNMENT
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-PURPOSE
-unify and organize a page

-HOW
-be concious of where you place elements

-AVOID
-center alignment



Contrast
Repetition
Alignment
Proximity
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Williams’s design principles



PRINCIPLE OF PROXIMITY

Group related items together . . . as 
physical closeness implies a relationship.
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72 Williams 1994



73http://mbostock.github.com/protovis/ex/group.html

nested bar chart

http://mbostock.github.com/protovis/ex/group.html
http://mbostock.github.com/protovis/ex/group.html
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PRINCIPLE OF PROXIMITY
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-PURPOSE
-organization through creation of white space

-AVOID
-too many elements
-grouping unrelated elements



Contrast
Repetition
Alignment
Proximity
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Williams’s design principles



CRITIQUES
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U.S. SmartPhone Marketshare

39.0%

19.5%

9.8%

7.4%

3.1%

21.2%

RIM
Apple
Palm
Motorola
Nokia
Other
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21.2%

3.1%

7.4%

9.8%

19.5%

39.0%
RIM
Apple
Palm
Motorola
Nokia
Other

U.S. SmartPhone Marketshare
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U.S. SmartPhone Marketshare
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http://junkcharts.typepad.com/junk_charts/2011/11/ornaments-or-fireworks-for-christmas.html83
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L3: Process

REQUIRED READING
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