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OUTLINE 

• I. Elements of clear, accurate, effective plots 

• II. Useful graphics for biostatistical consultations & 

collaborations 

• III. Resources  
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I. Elements of clear, accurate, effective plots

• Precise axis labels with units 

• i.e. “Blood glucose” vs “Blood glucose concentration in mg/dl”

• Omit 0’s where possible 

• Concise, informative titles 

• Should fully explain the graphic 

• Sub-title can be used to mention relevant units or time frames 

• i.e. “5-year progression-free survival” 

• Brief captions for additional relevant data

• Always include total and subgroup sample sizes 

• Details about method used 
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Avoid causal terminology 

• We are generally working 

with associations

• Avoid active language in 

plot titles and labels 

• i.e. “The use of multiple 

probes increased the area 

of ablation”
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Histogram bins 

5

• Can have large impact on histogram 

appearance 

• Goal is to display essential 

structure/distribution of the data 

• R and SAS have default sizes 

• In base R hist() use breaks =

• In SAS proc univariate use 

midpoints= or endpoints= 



Histogram bins  
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Show the data points 
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• Can work especially well for smaller samples 

• Overlays provide information about the variability in the sample 



Show error/uncertainty  
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Three types of error bars

• Standard deviation 

• Standard error 

• Confidence interval (CI)

• Most intuitive for readers 

• If you use error bars, specify



Scale 
• Zero controversy 

• Does distribution contain 

negative values 

• Is zero a meaningful reference 

value?

• Does graphing without zero 

artificially emphasize small 

differences among datapoints? 

• Does graphing at zero visually 

minimize meaningful 

differences among datapoints? 

9



Scale

Logarithmic Scale

• Address skewness towards large 

values

• Useful when it is important to 

understand percent change or 

multiplicative factors

• Know your audience. Not all 

audiences are comfortable with 

logarithms

• The most common base is ten
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Other elements…

• Standalone 

• Do not make reader refer back to the text 

• Make sure each and every feature is identified

• Color 

• Do not distract from data 

• Try to select colorblind-friendly range, if possible 

• See informative resource at end

• Include markers for curves for curves for greyscale printing 
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Color – a bit of fun 

• R package 

• “wesanderson”
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Color – a bit of fun 

• Scientific Journal and Sci-Fi Themed Color Palettes for 

ggplot2
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Metrics for bad data displays 

Tufte (1983)

• Lie factor 

𝑙𝑖𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑠𝑖𝑧𝑒 𝑜𝑓 𝑒𝑓𝑓𝑒𝑐𝑡 𝑠ℎ𝑜𝑤𝑛 𝑖𝑛 𝑔𝑟𝑎𝑝ℎ𝑖𝑐

𝑠𝑖𝑧𝑒 𝑜𝑓 𝑒𝑓𝑓𝑒𝑐𝑡 𝑖𝑛 𝑑𝑎𝑡𝑎

• Data density index

𝑑𝑑𝑖 =
# 𝑒𝑛𝑡𝑟𝑖𝑒𝑠 𝑖𝑛 𝑑𝑎𝑡𝑎 𝑚𝑎𝑡𝑟𝑖𝑥

𝑎𝑟𝑒𝑎 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑔𝑟𝑎𝑝ℎ𝑖𝑐
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Use your judgement

• Legends or data labels? 

• Border or no border? 
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II. Useful graphics for biostatistical

consultations & collaborations

• Plots will vary by purpose 

• For your report: communicate results to collaborator

• For publication: communicate to wider audience
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Scatterplot matrix 
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Scatterplot matrix 
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Scatterplot matrix 
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panel.cor <- function(x, y, digits = 2, cex.cor, ...)

{

usr <- par("usr"); on.exit(par(usr))

par(usr = c(0, 1, 0, 1))

# correlation coefficient

r <- cor(x, y)

txt <- format(c(r, 0.123456789), digits = digits)[1]

txt <- paste("r= ", txt, sep = "")

text(0.5, 0.6, txt)

# p-value calculation

p <- cor.test(x, y)$p.value

txt2 <- format(c(p, 0.123456789), digits = digits)[1]

txt2 <- paste("p= ", txt2, sep = "")

if(p<0.01) txt2 <- paste("p= ", "<0.01", sep = "")

text(0.5, 0.4, txt2)

}

pairs(iris, upper.panel = panel.cor)

panel.hist <- function(x, ...)

{

usr <- par("usr"); on.exit(par(usr))

par(usr = c(usr[1:2], 0, 1.5) )

h <- hist(x, plot = FALSE)

breaks <- h$breaks; nB <- length(breaks)

y <- h$counts; y <- y/max(y)

rect(breaks[-nB], 0, breaks[-1], y, col="cyan", ...)

}

age_corr_panel<-

pairs(~age+LOS+FI_St+BI_St+DI_St+ES_St+AHF_S

t+M_St,data=lco, main="Scatterplot Matrix of 

Continuous Variables", diag.panel=panel.hist, 

upper.panel= NULL)



Scatterplot matrix 
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title1 "Sepal and Petal Sizes in Iris 

Species"; 

proc sgscatter data=sashelp.iris; 

matrix sepalwidth

sepallength petalwidth

petallength / group=species 

diagonal=(histogram kernel); 

run;



Mosaic plot
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Display frequencies 



Mosaic plot

22

ageCls <- cut(age, breaks=lims, labels=LETTERS[1:(length(lims)-1)]) 

group <- factor(sample  (letters[1:2], N, replace=TRUE)) 

cTab <- table(ageCls, pref, group) mosaicplot(cTab, cex.axis=1)



Graphical display for frequencies
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Pie charts 

• help("pie")

Note

Pie charts are a very bad way of displaying information. The eye is 

good at judging linear measures and bad at judging relative areas. A 

bar chart or dot chart is a preferable way of displaying this type of data.

Cleveland (1985), page 264: “Data that can be shown by pie charts 

always can be shown by a dot chart. This means that judgements of 

position along a common scale can be made instead of the less 

accurate angle judgements.” This statement is based on the empirical 

investigations of Cleveland and McGill as well as investigations by 

perceptual psychologists.
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Patient trajectories 
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Patient trajectories 
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Patient trajectories 
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Patient trajectories 
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DAGitty 

• Directed acyclic graphs 

• Can be used to select 

covariates for statistical 

adjustment, identify sources 

of bias

• can aid in this discussion 

among physicians and 

research team by providing a 

visual representation to 

discuss underlying 

assumptions about causal 

mechanism.

29



Resources  

• ER Tufte (1983) The visual display of quantitative information. Graphics Press.

• Howard Wainer (1984) How to display data badly. The American Statistician.

• ER Tufte (1990) Envisioning information. Graphics Press.

• ER Tufte (1997) Visual explanations. Graphics Press.

• WS Cleveland (1993) Visualizing data. Hobart Press.

• WS Cleveland (1994) The elements of graphing data. CRC Press.

• A Gelman, C Pasarica, R Dodhia (2002) Let’s practice what we preach: Turning tables 

into graphs. The American Statistician 56:121-130

• NB Robbins (2004) Creating more effective graphs. Wiley

• Nature Methods columns

• Karl Broman (2014) How to display data badly 

• Karl Broman (2015) Creating effective figures and tables
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http://www.rci.rutgers.edu/~roos/Courses/grstat502/wainer.pdf
http://www.stat.columbia.edu/~gelman/research/published/dodhia.pdf
http://www.statoo.ch/gss06/presentations/Robbins.pdf
http://blogs.nature.com/methagora/2013/07/data-visualization-points-of-view.html
https://www.biostat.wisc.edu/~kbroman/presentations/graphs_cmp2014.pdf
https://www.biostat.wisc.edu/~kbroman/presentations/graphs_MDPhD2014.pdf


Resources

• 5 Tips on designing colorblind-friendly visualizations. Tableau.

• Nathan Yau. Comparing ggplot2 and R Base Graphics.

• EJ Wagenmakers and QF Gronau. ShinyApp. A compendium of clean graphs in R. 

• DAGitty. 
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https://www.tableau.com/about/blog/2016/4/examining-data-viz-rules-dont-use-red-green-together-53463
https://flowingdata.com/2016/03/22/comparing-ggplot2-and-r-base-graphics/
http://shinyapps.org/apps/RGraphCompendium/index.php
http://www.dagitty.net/dags.html

