
Data Visualization II Principles of Bivariate Graphics



Last week

" Visualization in three phases: three “how” questions to ask  

1. How humans perceive graphical information 

2. How human perception means you should design your graphics 

3. How, practically, you draw your graphics with software



Human Perceptual Efficiencies and Inefficiencies 



Ease and efficacy of perceptual tasks

" Another representation (Healy, 2019)



Replicated

" Heer and Bostock (2010) 

" Note the continued strength, 

especially, of position on a 

scale



Drawing attention (Healy, 2019)

" While color and shape is not always effective for conveying scale 

" They can be useful for drawing attention to points, but mind cognitive 

capacities



What makes a graphic good and bad?



– Edward Tufte (1983) p. 51

“Graphical excellence is the well-designed presentation of 

interesting data—a matter of substance, of statistics, and of 

design … [It] consists of complex ideas communicated with 

clarity, precision, and efficiency. … [It] is that which gives to the 

viewer the greatest number of ideas in the shortest time with 

the least ink in the smallest space … [It] is nearly always 

multivariate … And graphical excellence requires telling the truth 

about the data.”

as quoted in Healy (2019)



Clarifying

" Healy (2019).  Three varieties of badness: 

" Aesthetic - a graph that is tasteless or inconsistent 

" Substantive - there is a problem with the data being presented 

" Perceptual - a graph can be “confusing or misleading because of how 

people perceive and process what they are looking at” 

" Chartjunk 

" Data-Ink Ratio



Minard’s Napoleon
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https://www.andrewheiss.com/blog/2017/08/10/exploring-minards-1812-plot-with-ggplot2/ 

https://www.andrewheiss.com/blog/2017/08/10/exploring-minards-1812-plot-with-ggplot2/


Complicating the story

" A figure that breaks all the rules

(Bateman (2010); image: Nigel Holmes)



Complicating the story

" A figure that breaks all the rules 

" And a cleaner version 

" Yet the original is more 

memorable

(Bateman (2010); image: Nigel Holmes)



Bad Graphics



We also talked about some heinous graphics . . . how about 

some more?





this thing MOVED! and zoomed. and stuff.



More bad graphics



More bad graphics



A less terrible bison graph
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Humans are quite bad 

at understanding how 

large big numbers 

really are 



More bad graphics



More bad graphics



COVID yielded new terrible opportunities for terrible graphics

The perfect storm of opportunity - new data and emerging new data tools









Aggressively Bad



How about some good graphics?





More good graphics









Bivariate Graphics

" Last time: looked at univariate graphics, and a number of different ways to 

examine univariate graphics 

" Now we’re back! 

" First . . . why should we care about bivariate graphics? 

" To convince you . . .



Equivalent OLS Estimates

" Yi=3.00 + .5X + ei  

" R2 = .67 

" Standard Errors: (1.12) and (0.12)

the critical statistics for each  

regression are identical





Aw, shucks.  Silly OLS.

" These datasets, despite what the OLS regressions tell us, are not remotely 

identical. 

" You should be starting to get suspicious of unexamined OLS estimates … 

" Graphics can help us diagnose many significant issues with OLS stemming 

from nonlinearity, non spherical error terms, and outliers 

" And bivariate graphics can even help us with truly nonlinear data!



So, how are we going to do this?

" Guidelines for bivariate graphs follow same conventions as univariate graphics. 

" Keep graphs clean and simple, and focus on your data. 

" Follow cognitive guidelines and rules as before; eliminate clutter, think about 

the data-ink ratio. 

" Like univariate graphs, bivariate graphs have a dominant citizen - the 

scatterplot.  Like histograms, scatterplots can be drawn well . . . or poorly.



An ugly scatterplot

Aggressively  

difficult to see 

properly



Why is it so ugly?

" Doesn’t follow the rules! 

" Why all those gridlines? 

" Why so many so many ticks? 

" Origin labels jammed together  

" LABELS ANGRY! YELLING AT YOU!  SHORTENED TOO! FOR NO GOOD 

REASON! 

" Where are those data points again?  Can you squint and see them? 

" What is this even a graph of?  Curling policy?  

" Data-ink ratio is poor



How do I make not-ugly graphs?

" Use axes to enclose the plot region 

" Clear axis labels 

" Rectangular grid lines within the plot region are unnecessary 

" Plotting symbols should be visually prominent (data!) 

" Tick marks point outward, not inward over the plot region 

" Few tick marks on each axis 

" Data rectangle should be slightly smaller than the scale rectangle 

" When (and if) necessary, transform data values so plotted points fill up the data rectangle more fully 

" Labels should be written in plain language



A not as ugly scatterplot

Ahhh . . . 



Transforming variables



Transforming variables



Enhancements

" How else can we make better looking, more informative scatterplots? 

" Jitter data to prevent overplotting and deal appropriately with repeated data 

points 

" Marginal displays of univariate information (box plots!) 

" Label data points (but use sparingly - data-ink ratio)



Jittering

" What’s going on in 

this figure?



Jittering



Univariate axes for clarity



A not super great use of point labels



A better use of point labels



What else can we do?

" Primary point to visual displays of bivariate data is to better assess functional 

dependence - a fancy phrase for the kind of relationship existing between variables 

" Slice a scatterplot with box plots (or something else) to give a better visual flow and 

abstract from individual data points 

" where you divide a plot region on the scatterplot into vertical “slices”, enabling 

nice visual displays 

" Can use univariate graphical displays in each slice 

" Can allow for easier examination of relationships between variables 



Slicing a scatterplot . . . 



. . . and making box plots!



How can we clarify scatterplots with vague relationships?



OLS regression lines?

Doesn’t, 

perhaps, 

capture 

the data 

well



OK, back to . . . (non)linearity

" To truly get at nonlinearity, it’d be nice to find simple ways to represent variable 

relationships besides lines 

" Enter scatterplot smoothing - a very simple type of “nonparametric” regression 

" Specify no functional form, just average values across the axis 

" Generates a smooth curve that follows center of Y distribution across a 

range of X values



Loess smoothing 
Loess = Local Regression

" Loess carries out a series of regressions within a “window” that “moves” 

across the range of X values 

" Define equally space locations across X, perform a regression at each space, 

weighting according to proximity to the central point of the space 

" Use regression estimates to predict value for current central Y point at X, and 

plot that 

" As window moves across, plot all predicted value points and connect them 

with lines



So what does this look like?



How does it work? 
An illustration





The final line



What are the limitations of loess?

" This is kind of similar to kernel density plots 

" There’s a similar parameter (a) identifying the “space” considered in each 

moving window 

" And when that window changes . . .





Finally, consider your scales



Tells a different story here, eh?

Same data . . . allows for better interpretation of “functional dependence”



Summing up

" There are not as many bivariate displays as univariate displays - the scatterplot 

covers a lot 

" Same principles apply 

" Consider using a loess smoothed line to examine linearity



Where else can I find about graphics?

" The source of much of these lectures: 

" “Statistical Graphics for Univariate and Bivariate Data”, Sage #117. 

" “Statistical Graphics for Visualizing Multivariate Data”, Sage #120. 

" Class text: Kieran Healy’s book, “Data Visualization: A Practical Introduction” http://socviz.co and print 

" Nice overview of all three components (perception, principle, and practice) as well as developing graphical “taste” 

" Lots of kinds of graphics: univariate, bivariate, GIS, time, etc 

" The Godfather: Tufte, assorted books, but especially “The Visual Display of Quantitative Information”  

" Contemporary and technical: Yau, Visualize This: The Flowing Data Guide

http://socviz.co

