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Tufte's design principles for graphical excellence

o Show the data

o Induce the viewer to think about the substance, rather than about
methodology, graphic design, [or] the technology of graphic production

o Avoid distorting what the data have to say

o Present many numbers in a small space

o Make large data sets coherent

o Encourage the eye to compare different pieces of data
o Reveal the data at several levels of detail

o Serve a reasonably clear purpose

o Be closely integrated with the statistical and verbal descriptions



1. Organise
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2. Make Visible
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3. Establish Context
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4. Simplify
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4. Simplify
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5. Maximize Data-Ink Ratio

Data ink
Total ink used in graphic

Data-Ink Ratio =

W 0824999 W $25,000+ 0-$24,999 W $25,000+



Data ink
Total ink used in graphic

Data-Ink Ratio =

Males Females

M 0524909 M $25000+ M 0-$24999 [ $25,000+



5. Maximize Data-Ink Ratio
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6. Show Cause and Effect

Space Shuttle History ot lemperature and O-ring Damage

For All 24 Launches Prior to Challenger on January 28, 1986
Solid Rocket Motor (SRM) 15 and SRM 22 were the only prior launches discussed in relation to temperature on the eve of the

launch.
. 12 o SRM 15 "cold"
g e weather launch
e 3
55 s
w
£
T3
O T
£ 4 A s SRM 22 "warm"
26° - 29° range of weather launch
forecasted temperatures
«—
0 ° i—H—’—O—Q—ﬂ—‘ oo o
25° 30° 35° 40° 45° 50° 55° 60° 65° 70° 75° 80° 85°

Temperature (°F) of field joints at time of launch

Sources: Presidential Commission on the Space Shuttle Challenger Accident (PCSSCA) and Post-Challenger Evaluation of Space Shuttle
Risk Assessment and Management as quoted in Visual and Statistical Thinking by Edward Tufte.
© Joe Bobcat




6. Show Cause and Effect




6. Show Cause and Effect

Magician Teller’s definition of magic:

“The theatrical linking of a cause with
an effect that has no basis in physical
reality, but that — in our hearts —
ought to.”




A NATION AT WAR: A
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7. Compare and Contrast

The Fallen of World War Il is an interactive documentary that examines the
human cost of the second World War and the decline in battle deaths in the
years since the war. The 15-minute data visualization uses cinematic storytelling

techniques to provide viewers with a fresh and dramatic perspective of a pivotal
moment in history.

The film follows a linear narration, but it allows viewers to pause during key
moments to interact with the charts and dig deeper into the numbers.

http://www.fallen.io/ww2/



8. Show Multiple Dimensions

CARTE FIGURATIVE des pertes successives en hommes de lArmée Franqaise dans la campagne de Russie 18121313,

Dressee par N.Minud,!nnf'ucuur General des Ponts et Chaussées en retraste.

TABLEAU GRAPH!

huf au deszous @ 18ro

?UE da fa u'mpc'r1tun an dcgro'l oy thermometre de Reaun

,__——-'—:—v- ..4
:-" ™ K "
ek | s
+20% a8 3% — 2111 2% ;:
nt8tle 7 XV o Lo . »
& y -30r e & XV

Xbure o December 9 o November gtee e Oxinber



9. Integrate




9. Integrate
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Analysis Example: Motion Pictures Data

Find Movies, TV shows, Celebrities and more...
Movies, TV Celebs, Events News &

TOMATOMETER ©

£ 97%

Average Rating: 8.6/10
Reviews Counted: 335
Fresh: 325
Rotten: 10

& Showtimes ~ & Photos M Community ~

FULL CAST AND CREW TRIVIA USER REVIEWS IMDbPro MORE ¥

+' Inception (2010) % 8.8

PG-13 | 2h28min | Action, Mystery, Sc-Fi | 16 July 2010 (USA)

ADD YOUR RATING

Title String (N)

IMDB Rating Number (Q)
Rotten Tomatoes  Rating Number (Q)
Release Date Date (T)



Analysis Example: Motion Pictures Data

MDB Rating (bin)
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Analysis Example: Motion Pictures Data

Rablen Tomatoes Rating (b
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Analysis Example: Motion Pictures Data
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Analysis Example: Motion Pictures Data
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Analysis Example: Motion Pictures Data
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Analysis Example: Motion Pictures Data -- Lessons

o Check data quality and your assumptions

o Start with univariate summaries, then start to consider
relationships among variables

o Avoid premature fixation!
o Even for “simple” data, a variety of graphics might provide
insight. Tailor the choice of graphic to the questions

being asked, but be open to surprises

o Graphics can be used to guide and help assess the quality
of statistical models



Case Study: Antibiotic Effectiveness

o In 1951, Will Burtin published a graphic display that was admired for the
clarity and economy with which it showed the efficacy of three antibiotics on
16 different kinds of bacteria

o The dependent variable was the minimum concentration of the drug required
to prevent the growth of the bacteria in vitro—the minimum inhibitory
concentration (MIC)

o The three drugs were penicillin, neomycin and streptomycin, and their
efficacy varied over six orders of magnitude

o The scale varies from 1,000 micrograms per milliliter to .001 micrograms per
millilitre

o Lower is better, indicating less antibiotic is needed to treat the bacteria



Burtin's dataset: What questions might we ask?

Table 1: Burtm’s data. Antibiotic

Bacteria Pemcilhn Streptomoven Neomycin Gram Staimng
Aerchacter agrogenss 870 1 1.6 negative
Brucella aborfus 1 2 Q.02 negative
Brucella anthracis 0.001 0.01 0.007 posifive
Diplococous preumoniae Q005 11 10 posifive
Ezchenchia coli 100 0.4 0.1 negaiive
Elebsiella preumoniae 830 1.2 1 negative
Mycobactermum fubercnlosis a0 3 2 negative
Froteus vulsariz 3 0.1 0.1 negative
Freudomonas aeruginoza 830 2 0.4 negative
Salmenella (Eberthella) nphosa 1 0.4 0008 negative
Salmenella schettmuellers 10 0.8 Q.09 negative
Staphvlococous albus Q007 0.1 0.001 positive
Staphvlococous aureus .02 0.03 0.001 posifive
Streptococous fecaliz 1 1 0.1 posiftive
Streptococous hemolyficus 0.001 14 10 posifive
Streptococous viridans Q005 10 40 posifive



Burtin’s dataset: How do the drugs compare?

% 7 Antibiotic Gram
% w0 § Bacteria Penicillin Streptomycin Neomyein stain
: ' Aerobacter aerogenes 870 1 e -
Brucella abortus 1 2 0.02 -
Bacillus anthracis 0.001 0.01 0.007 +
Diplococcus pneumoniae 0.005 1 10 +
Escherichia coli 100 04 0.1 -
Klebsiella pneumoniae 850 1.2 1 -
Mycobacterium tuberculosis 800 5 2 -
Proteus vulgaris 3 0.1 0.1 -
Pseudomonas aeruginosa 850 2 0.4 -
Salmonella (Eberthella) typhosa 1 0.4 0.008 -
Salmonella schottmueilleri 10 0.8 0.09 -
Staphylococcus albus 0.007 0.1 0.001 +
Staphylococcus aureus 0.03 0.03 0.001 +
Streptococcus fecalis 1 1 0.1 -
Streptococcus hemolyticus 0.001 14 10 +
Streptococcus viridans 0.005 10 40 +

Radius: 1 / log(MIC)
Bar Colour: Antibiotic
Background Colour: Gram Staining



Burtin's dataset: How do the drugs compare?
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Mike Bostock, 2009



Do bacteria group by
antibiotic resistance?

Wainer & Lysen
American Scientist, 2009
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Do different antibiotics correlate?
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Lesson: Iterative Exploration

Exploratory Process:

1. Construct graphics to address questions
2. Inspect "answer” and assess new questions

3. Repeat...
Transform data appropriately (e.g., invert, log)

“Show data variation, not design variation” -Tufte



Visualization Taxonomy

Comparison
Proportion
Distribution
Correlation

Data Visualization Process & Graphs
Hanspeter Pfister’s slides on visualization taxonomy



Chart Suggestions—A Thought-Starter
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Chart Suggestions—A ]
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Assignment 2

In this assignment, you will design a visualization for a small data set and
provide a rationale for your design choices. The choices you make will
demonstrate your understanding of the data, visual and encoding principles you
have learned so far.

The data set is a collection of measurements related to the [ITB's Million Solar
Lamp project -- demographics of beneficiaries, and the assembly, distribution &
repairs of solar lamps in the Jhauba Block, Jhauba District of Madhya Pradesh
state.

The data are summarised in multiples tables in given report. Your challenge is to
combine these data in one single visualization that can fit in a A3 size paper.
Submit a short write-up (1 page), providing a rigorous rationale for your design
decisions. Explain the visual encodings you used and why they are appropriate
for the data.

The best visualization will be incorporated into the final reports and duly
credited. Assignment Due on 7 Mar 2016, 11:59 pm.



