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Outline 
!!TufteÕs design 

principles 

!!FewÕs design 
principles 

!! Resources: 
!! John Stasko��s CS 7450 

lectures (GaTech, Spr 11) 

!! Challenger readings 

!! Tufte, The Visual Display of 
Quantitative Information 

!! Few, Now You See It 
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Challenger Readings 
!!Robinson et al. 

!! Figure 1 - Challenger Scatterplot 
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Graphical Excellence 
According to Tufte 

!!The well-designed presentation of interesting data 
- a matter of substance, of statistics, and of design  

!!Consists of complex ideas communicated with 
clarity, precision and efficiency  

!!That which gives to the viewer the greatest 
number of ideas in the shortest time with the least 
ink in the smallest space  

!!Nearly always multivariate  

!!Requires telling the truth about the data 
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Leveraging Human Capabilities 
!!Data graphics should complement what 

humans do well  

  ��We thrive in information-thick worlds because of our 
marvelous and everyday capacities to select, edit, single out, 
focus, organize, condense, reduce, boil down, choose, 
categorize, catalog, classify, list, abstract, scan, look over, sort, 
integrate, blend, inspect, filter, lump, skip, smooth, chunk, 
average, approximate, cluster, aggregate, outline, summarize, 
itemize, review, dip into, flop through, browse, glance into, leaf 
through, skim, refine, enumerate, glean, synopsize, winnow the 
wheat from the chaff, and separate the sheep from the goats.����
Envisioning Information, page 50  

CS 795/895 - Fall 2011 - Weigle 5 

Content courtesy of 
John Stasko, Ga Tech 

Summary 
!!1. Tell the truth  

!! Graphical integrity  

!!2. Do it effectively with clarity, precisionÉ  
!! Design aesthetics  
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1. Graphical Integrity 
!!Your graphic should tell the truth about your 

data  
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Example 
Stock Market Crash? 
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Example 
Show Entire Scale 
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Example 
Show in context 
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Chart Integrity 
!!Where's the baseline?  
!!What's the scale?  
!!What's the context?  
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Chart Integrity 
Visual DisplayÉ , p. 54 - top figure 

!!Where's 0? 
!!Note middle 1970 
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Chart Integrity 
Visual DisplayÉ , p. 54 - bottom figure 

!!What's being compared? 
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Chart Integrity 
Visual DisplayÉ , p. 57 

!!Scale? 
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Chart Integrity 
Visual DisplayÉ , p. 61 

!!Scale? 
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Chart Integrity 
Visual DisplayÉ , p. 74 - top figure 

!!Great work! 
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Chart Integrity 
Visual DisplayÉ , p. 74 - bottom figure 

!!Ahhhhh 

!!Show the context 
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Watch Size Coding 
!!Height/width vs. area vs. volume 
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Watch Size Coding 
Visual DisplayÉ , pg. 69 

!!Area = value? 
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Watch Size Coding 
Visual DisplayÉ , pg. 62 - top figure 

!!Volume = value? 
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Measuring Misrepresentation 
!!Visual attribute value should be directly 

proportional to data attribute value  

!!Lie factor = Size of effect shown in graphic  / 
Size of effect in data  

!!pg. 62 - top figure 
!! 9.4 = 4280 / 454 

CS 795/895 - Fall 2011 - Weigle 21 

Content courtesy of 
John Stasko, Ga Tech 

2. Design Aesthetics 
!!Set of principles to help guide designers 
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Design Principles 
!!Maximize data-ink ratio  

!!Data ink ratio  
 = Data ink / Total ink used in graphic  
 = proportion of graphic's ink devoted to the non-

redundant display of data-information  
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Data-Ink Ratio 
Visual DisplayÉ , p. 94 

!!Top Figure 
!! good 

!!Bottom Figure 
!! bad 
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Data-Ink Ratio 
Visual DisplayÉ , p. 30 

!!New York City's Weather in 2003 
!! outstanding 
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More… 
!!Above all else, show the data 

!!Maximize the data-ink ratio  

!!Erase non-data-ink  

!!Erase redundant data-ink  

!!Revise and edit 
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More… 
!!Maximize data density  

!!data density of graphic = number of entries in 
data matrix / area of data graphic  

!!Quote É  
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Maximize Data Density 
 "Data-rich designs give a context and credibility to 

statistical evidence.  
 Low-information designs are suspect: what is left 
out, what is hidden, why are we shown so little?  
 High-density graphics help us to compare parts of 
the data by displaying much information within 
the view of the eye: we look at one page at a time 
and the more on the page, the more effective and 
comparative our eye can be.  
 The principle, then, is: Maximize data density and 
the size of the data matrix, within reason."  

Visual DisplayÉ, p 166 
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Design Principles 
!!Avoid chartjunk  

!! Extraneous visual elements that detract from 
message 
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Avoid Chartjunk  
Visual DisplayÉ , p. 108 

!!Moire patterns 
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Avoid Chartjunk  
USA Today 
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Avoid Chartjunk  
Visual Display…, p. 118 

!!Worst graphic ever? 
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Rethink That? 
!! Compared plain charts to 

"embellished" charts 

!! Found that the embellished 
charts were just as good on 
interpretation accuracy and 
were recalled better weeks later  

!! Participants also preferred the 
embellished ones  

!! Some caveats:  
!! Very simple data  
!! Very plain plain charts  
!! Each chart/data is different  
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Design Principles 
!!Utilize multifunctioning graphical elements 

(macro/micro readings)  
!! Graphical elements that convey data information 

and a design function  
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Multifunctioning Graphical Elements 
Visual DisplayÉ , p. 141 

!!US Army Divisions going to France in WW I  

!!Leonard P. Ayres, The War with Germany, 1919  
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Design Principles 
!!Use small multiples  

!! Repeat visually similar graphical elements nearby 
rather than spreading far apart  
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Use Small Multiples 
Visual DisplayÉ , p. 168 

!!23 hours of LA air pollution 
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Use Small Multiples 
Visual DisplayÉ , p. 170 

!!Chromosomes of man, chimpanzee, gorilla & 
orangutan  
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More Recent Additions 
!!Sparklines 

!! small, repeated graphics (frequently line graphs) 
!! examples: p. 171 
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Design Principles 
!!Show mechanism, process, dynamics, and 

causality  
!! Cause and effect are key  
!! Make graphic exhibit causality  
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Design Principles 
!!Escape flatland  

!! Data is multivariate  
!! Doesn't necessarily mean 3D projection 
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Design Principles 
!!Utilize layering and separation  

!! 1+1 = 3 or more  
!! Good or bad 
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Design Principles 
!!Utilize narratives of space and time  

!! Tell a story of position and chronology through 
visual elements  
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Space-Time-Story 
Visual DisplayÉ , p. 43 

!!Life of a beetle 

!!L. Hugh Newman 
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Design Principles 
!!Content is king  

!! Quality, relevance and integrity of the content is 
fundamental  

!! What's the analysis task?  Make the visual design 
reflect that  

!! Integrate text, chart, graphic, map into a coherent 
narrative  
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Graph and Chart Tips 
!!Avoid separate legends and keys ÐJust have 

that information in the graphic  

!!Make grids, labeling, etc., very faint so that 
they recede into background 
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Using Color Effectively 
!!"The often scant benefits derived from coloring 

data indicate that even putting a good color in a 
good place is a complex matter.  Indeed, so 
difficult and subtle that avoiding catastrophe 
becomes the first principle in bringing color to 
information:  Above all, do no harm." 
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Proper Color Use 
!!To label  
!!To measure  
!!To represent or imitate reality  
!!To enliven or decorate  
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Proper Color Use 
Visual DisplayÉ, p 153 

!!The bad 
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Guides for Enhancing Visual Quality 
!!Attractive displays of statistical info  

!! have a properly chosen format and design  
!! use words, numbers and drawing together  
!! reflect a balance, a proportion, a sense of relevant 

scale  
!! display an accessible complexity of detail  
!! often have a narrative quality, a story to tell about 

the data  
!! are drawn in a professional manner, with the 

technical details of production done with care  
!! avoid content-free decoration, including chartjunk  
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Information Overload 
What about confusing clutter? Information overload? 
Doesn't data have to "boiled down" and "simplified"?  

These common questions miss the point, for the quantity 
of detail is an issue completely separate from the 
difficultly of reading. Clutter and confusion are failures of 
design, not attributes of information. Often the less 
complex and less subtle the line, the more ambiguous and 
less interesting is the reading. Stripping the detail out of 
data is a style based on personal preference and fashion, 
considerations utterly indifferent to substantive content. 
Envisioning Information, p. 51 
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Graphical Displays Should 
!! Show the data  
!! Induce the viewer to think 

about substance rather than 
about methodology, graphic 
design the technology of 
graphic production, or 
something else  

!! Avoid distorting what the data 
have to say  

!! Present many numbers in a 
small space  

!! Make large data sets coherent  
!! Encourage the eye to compare 

different pieces of data  

!! Reveal the data at several 
levels of detail, from a broad 
overview to the fine structure  

!! Serve a reasonably clear 
purpose: description, 
exploration, tabulation, or 
decoration  

!! Be closely integrated with 
statistical and verbal 
descriptions of a data set 
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Discussion Forum 
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Outline 
!!TufteÕs design 

principles 

!!FewÕs design 
principles 

!! Resources: 
!! John Stasko��s CS 7450 

lectures (GaTech, Spr 11) 

!! Challenger readings 

!! Tufte, The Visual Display of 
Quantitative Information 

!! Few, Now You See It 
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Stephen Few's Guidance 
!!Excellent advice for the design of tables and 

graphs  

!!Page references are from Now You See It  

!!Let's review some of his recommendations  
!! We explored chapters 1-4 earlier  
!! Today we examine chapters 5-12  
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Analytic Techniques & Practices 
!!Some examples he has highlighted  

!! Optimal quantitative scales  
!! Reference lines and regions  
!! Trellises and crosstabs  
!! Multiple concurrent views and brushing  
!! Focus and context together  
!! Details on demand  
!! Over-plotting reduction  
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Add Reference Lines 
!!pgs. 96-97 
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Trellis Display 
!!Typically varies on one variable 
!!pgs. 100-101 
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Crosstab 
!!Varies across more than one variable 
!!pgs. 102-103 
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Multiple Concurrent Views 
!!Vintage infovis 
!!p. 107 
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Concurrent Views 
!!He calls such things faceted analytical displays  

!! Sometimes that term is used in other ways in infovis  

!!As opposed to dashboards  
!! They are for monitoring, not analysis  
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Overplotting 
!!Too many data points 
!!p. 118 

CS 795/895 - Fall 2011 - Weigle 62 



Content courtesy of 
John Stasko, Ga Tech 

Overplotting Solutions 
!!Reducing size of data objects  
!!Removing all fill color from data objects  
!!Changing the shape of data objects  
!!Jittering data objects  
!!Making data objects transparent  
!!Encoding the density of values  
!!Reducing the number of values  

!! Aggregating the data  
!! Filtering the data  
!! Breaking the data into a series of separate graphs  
!! Statistically sampling the data  

CS 795/895 - Fall 2011 - Weigle 63 

Content courtesy of 
John Stasko, Ga Tech 

Quantitative Data 
!!Fundamental visualization techniques 
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Time Series Data 
!!Patterns to be shown  

!! Trend  
!! Variability  
!! Rate of change  
!! Co-variation  
!! Cycles  
!! Exceptions  
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Time Series Visualizations 
!!Effective visualization techniques includeÉ 
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Line Graphs 
!!p. 151  

!!When to use:  
!! When quantitative values change during a 

continuous period of time  
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Bar Graphs 
!!p. 152  

!!When to use:  
!! When you want to support the comparison of 

individual values 
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Data Plots 
!!When to use:  

!! When analyzing values that are spaced at irregular 
intervals of time  

!!p. 153  
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Radar Graphs 
!!When to use:  
!!p. 154  

!! When you want to represent data across the cyclical 
nature of time 
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Heatmaps 
!!When to use:  

!! When you want to display a large quantity of 
cyclical data (too much for radar)  

!!p. 157 
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Box Plots 
!!When to use:  
!!p. 157  

!! You want to show how values are distributed across 
a range and how that distribution changes over time 

CS 795/895 - Fall 2011 - Weigle 72 



Content courtesy of 
John Stasko, Ga Tech 

Animated Scatterpots 
!!When to use:  
!!p. 159  

!! To compare how two quantitative variables change 
over time  
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Banking to 45° 
!!Same diagram, just drawn at different aspect 

ratios  
!!People interpret the diagrams better when lines 

are around 45¡, not too flat, not too steep  
!!p. 170-171 
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Question 
!!p. 172  
!!Which is increasing at a faster rate, hardware 

sales or software sales?  
!!Both at same rate, 10%  
!!Log scale shows this  
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Patterns 
!!Daily sales  
!!Average per day  
!!p. 176 
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Cycle Plot 
!!Combines visualizations from two prior graphs  
!!p. 177  
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A Story 
!!How much wine of different varieties is 

produced?  
!!pgs. 191-192 

CS 795/895 - Fall 2011 - Weigle 78 



Content courtesy of 
John Stasko, Ga Tech 

Pareto Chart 
!!Shows individual contributors and increasing 

total  
!!80/20 rule Ð  

!! 80% of effect comes from 20%  

!!p. 194  
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Bump Chart 
!!Shows how ranking relationships change over 

time  
!!p. 201 
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Deviation Analysis 
!!p. 203 

!!Do you show the two values in question or the 
difference of the two?  
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Distribution Analysis Views 
!!Histogram  
!!Frequency polygon  
!!Strip plot  
!!Stem-and-leaf plot  
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Histogram 
!!p. 225 
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Frequency Plot 
!!p. 226 
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Strip Plot 
!!p. 227 
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Stem-and-leaf Plot 
!!p. 228 
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Comparisons 
!!Note how first one's curve is smooth (not such 

a noticeable difference).  Second one is more 
noticeable.  Same data.  

!!p. 234 
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Correlation Analysis 
!!Bleah.  How can we clean this up?  
!!p. 276 
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Crosstab 
!!p. 277 
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Color Choice in Heatmaps 
!!Argues that black should not be used as a 

middle value because of its saliency (visual 
prominence)  

!!Some people are red-green color blind too 
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Outline 
!!TufteÕs design 

principles 

!!FewÕs design 
principles 

!! Resources: 
!! John Stasko��s CS 7450 

lectures (GaTech, Spr 11) 

!! Challenger readings 

!! Tufte, The Visual Display of 
Quantitative Information 

!! Few, Now You See It 
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