
Guidelines for good 
visualization



History time!



Florence Nightingale



1854-1856: The Crimean War



Tracking Mortality



Tracking Causes



Implementing Solutions



Legacy



Grammar of Graphics



Large space of visualizations!



Our framework for good 
visualization



9 Criteria for good visualizations
•Expressiveness


•Effectiveness


•Intuitiveness


•Honesty


•Accessibility

•Impact


•Insight


•Writing


•Engineering
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Can we automate choices?



Can we automate choices?



MacKinley’s Criteria

What do these mean?



Expressiveness



Our first criteria: expressiveness
MacKinley’s definition:

Our definition will only 
be the first half

Expressiveness

Intuitiveness & honesty



Express all the facts: Overplotting

How many cars are in this dataset?



Express all the facts: Overplotting

Not expressive A bit better
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Express all the facts: Axes and legends

Not expressive A bit better



Express all the facts: Axes and legends

What’s the issue here?



Express all the facts: scales



Express all the facts: scales



Effectiveness



Effectiveness: How do we choose good aesthetic 
mappings?



Exercise: Survey



What did we find?



Last semester’s results



Proper studies



A first principle for effectiveness
Importance ordering



MacKinley’s Ranking



Single variable example



Single variable example



Multi-Variable example



Multi-Variable example



A debate



A solution



Caveat: People don’t read by angle!



Nightingale’s Polar Area Charts



William Playfair’s plot



Which is more effective?



Curve differences



Back to the challenger disaster!



Tufte’s Fix



Order isn’t enough!



Tufte’s favorite visualization



Warm-up exercise
Translated version by Sarah 
Bell 

• What are the variables 
shown? 

• What are the aesthetic 
mappings for these 
variables? 

• What do you like or dislike 
about this visualization?



Back to Playfair

How would you update the right chart to re-incorporate the missing information?

Exercise:
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Intuitiveness (i.e. clarity)

How easy is it to understand what is (and is 
not!) being shown in a visualization?



A basic example

Too many encodings! 

• More information isn’t 
always better


• Focus on the important 
variables


• Highlight the takeaways



Guidelines: Tufte’s Principles
Minimize distraction 

• Above all else show the data


• Maximize the data-ink ratio


• Erase non-data-ink

• Erase redundant data-ink

• Revise and edit



Data-ink ratio
Heuristic for visual complexity



Data-ink ratio

Low ratio: more ink for the same 
amount of data

High ratio: less ink for the same 
amount of data

Unnecessary 
grid lines!



Maximal data-ink?

Can’t reduce ink 
without losing data!

EEG Data



Revise and edit!

Encode scale with 
whitespace!

Remove unneeded 
elements

Start

Possibly also more 
effective?



Data-ink benefits
Improving data-ink can also improve 

effectiveness

Example: range-frame scatterplot shows 
extent of data



Data-ink: deriving new forms
Exercise: Can you simplify Tukey’s 
classic box-and-whisker plot? 



An example

But is this really better?



Intuitiveness: Respect established conventions!

Saving ink is counter-productive if users 
need to spend more time understanding 
what the plot is showing!

Prof. Gabe’s take: Unless 
you have good reason, just 
go with a!



Respect established conventions
Example: Time on the x-axis!



Respect established conventions

Higher numbers at the top/right!



“Chart junk”
The antithesis of Tufte’s minimalism principles

•Distracting patterns

•Unnecessary artistic 
embellishment


Shadows and 
background are 
useless distractions

3-d rotation inhibits 
effectiveness



Distracting patterns



Unnecessary artistic embellishment



But is Tufte always right?

Two versions of the same plot, which is more intuitive?
Which is more memorable?
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Impact

Will readers internalize and remember the 
information we present to them?



A perceptual study
Bateman et. Al. tested artistic 
visualizations by Nigel Holmes 
against simplified versions 



A perceptual study

Results showed subject better 
remembered the information 
from plots with “Chart junk”!




More results
They also preferred them!




Pictograms

Haroz et. al. used a controlled study comparing pictographs to basic shapes.




Pictograms

Similar error (for stacked version) Much better recall!



Caveat

Superfluous pictograms increased error. 



Takeaway: Often a trade-off 
between clarity and impact






