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Biostat 202:  Data visualization:
Telling stories with data

Biostat 202
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Outline for today

� Tables versus graphs

� Table principles
� Table practice

� Graph principles
� Graph types
� Graph practice
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Study of heart disease patients
l Goal is to predict Major Adverse Cardiac 

Events (MACE) and mortality.
l Possible predictors: Left Ventricular Mass of 

the heart (LV mass) estimated during three 
heart phases and normalized by (divided by) 
body surface area (BSA) or weight.  Also 
ejection fraction. 
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Table example – what is right/wrong?

European Heart Journal - Cardiovascular Imaging (2017) 18, 95-102 
doi:10.1093/ehjci/jev357
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Table example – focus on right side
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Graph example – what is right/wrong?
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Same data in a table – what is 
right/wrong? Better/worse?
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Outline for today

� Tables versus graphs

� Table principles
� Table practice

� Graph principles
� Graph types
� Graph practice
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Tables vs graphs
Use TABLES when
l The user needs to look up specific values
l You want to enable individual quantitative 

comparisons
l You need to convey results to high precision
l You want to convey both individual and 

summary information
l You want to display items that are measured 

on very different scales.  Workarounds: left vs 
right scales; log scales; multiple panels.
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Tables vs graphs

Use GRAPHS when
l You want to convey shapes
l You want to convey patterns
l You want to convey trends
l You want to convey quantitative ideas quickly
l Corollary:  You should minimize tables in 

scientific presentations in favor of graphs!
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Chronic Kidney Disease

Which when?
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Outline for today

� Tables versus graphs

� Table principles
� Table practice

� Graph principles
� Graph types
� Graph practice
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Table principles

l Should be self-explanatory!!!
l It is easier to compare numbers in columns.
l Round aggressively, preferably to two effective 

digits (ie where the numbers differ).  Exception:  
you need to convey precise results.

l Order rows and/or columns purposefully to 
convey information. Compare across columns

l Lightly use visual elements to ease 
comparisons. 
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Outline for today

� Tables versus graphs

� Table principles
� Table practice

� Graph principles
� Graph types
� Graph practice
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Table example – focus on right side
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Improving the cardiac prediction table

l Improve table with
l Explanation
l Rounded to 2 digits
l Light visuals
l Order columns to put ‘M+F’ on the left

l What’s good? has primary comparisons in 
columns, lightly uses visual elements, and is 
ordered purposefully. 
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Table 3:  Area under the ROC curve (AUROC) analysis for 
different predictors of MACE and all-cause mortality by phase 
of the cardiac cycle for all participants, males, and females.  
Prediction was better for females than for males and differed 
minimally by phase.  LVMI normalized by weight performed 
better than normalization by body surface area and was 
slightly better than LVEF. 
   AUROC  
Predictor  All Males Females 
LVMIBSA (g/m2)     
    MD  .65 .57 .74 
    ED  .63 .56 .67 
    ES  .63 .54 .73 
LVMIWeight (g/kg)     
    MD  .69 .61 .75 
    ED  .66 .62 .68 
    ES  .66 .58 .74 
LVEF%     
  .66 .65 .67 
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Date of download:  8/27/2019 Copyright 2019 American Medical Association. 
All Rights Reserved.

From: Trends in Cardiometabolic Mortality in the United States, 1999-2017

JAMA. 2019;322(8):780-782. doi:10.1001/jama.2019.9161

Age-Adjusted Mortality Rates Attributable to Leading Cardiometabolic Underlying Causes of Death in the United States, 1999-2017
Table Title: 
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Improving the mortality trend table
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Improving the mortality trend table

l Improve table with
l Rounded to 2 effective digits – how?
l Light visuals instead of overall shading
l Main comparison in columns?

l Perhaps better as a graph.  Why a table?
l Trying to get a lot of information in here
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Outline for today

� Tables versus graphs

� Table principles
� Table practice

� Graph principles
� Graph types
� Graph practice
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Graph principles

l Should be self-explanatory.
l Aim for interocular traumatic impact.  Use the 

ideas below to convey your message clearly.
l Choose a graph type to emphasize your 

desired message.
l Maximize the data to ink ratio.
l Minimize the impact of non-data ink.
l Use colors, marker symbols and line types 

purposefully (Excel is L).
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CKD graph:  how to improve?
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How could the CKD graph be 
improved?

l Explanation
l Drop total columns
l Change scale
l Change color scheme
l Try your hand at it in the homework!
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Graphs can convey data by

l Points – location in space
l Lines – trends (also points+lines)
l Bars – by height (also points+bars)
l Colors
l Point types
l Point size
l Line types
l Bar or symbol fill (color or shading)



0
5

10

C
hi
-s
qu
ar
e

0
5

10

C
hi
-s
qu
ar
e

26

Outline for today

� Tables versus graphs

� Table principles
� Table practice

� Graph principles
� Graph types
� Graph practice
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Graph types

� Points – scatter plot for two numeric variables
� Lines – trend for numeric over time
� Points and lines – connected plot, smoothed 

plot, estimate and error bars
� Bars – bar chart for numeric by categorical; 

histogram for frequency versus numerical 
value to display shape.

� Bars and lines – bar chart with error bars; 
boxplot for distributional shape. 
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Avoid:
pie charts and stacked bar charts
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Avoid:
pie charts and stacked bar charts

l Comparing the areas is a difficult visual 
perception task.

l We are really bad at comparing relative areas 
that are represented in these pie charts and 
stacked bar chart. 

l Wanna bet? Let’s see.
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At all costs avoid pie charts and 
stacked bar charts

l Comparing the areas is a difficulty perception 
task.
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At all costs avoid pie charts and 
stacked bar charts

l Comparing the areas is a difficulty perception 
task.

0
.1

.2
.3
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At all costs avoid pie charts and 
stacked bar charts

l Comparing the areas is a difficulty perception 
task.

.1
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Having your cake and eating it too
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Graph types -
Two at a time

� Two numerical variables
� Scatterplot

� Numerical and Categorical
� Bar chart
� Box plot

� Two categorical
� Table
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Outline for today

� Tables versus graphs

� Table principles
� Table practice

� Graph principles
� Graph types
� Graph practice
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Ex: HPV vaccine uptake in Netherlands
Pot et al (Prev Med, 2017) wanted to understand
which variables were associated with intent for
mothers to get their 12 year-old daughters
vaccinated. Intention is measured on a scale
from 1 (definitely not) to 7 (definitely yes). 8,062
responses.
One of those predictors was knowledge about
the HPV vaccine. Knowledge was assessed as
the sum across 8 questions with -1 for wrong, +1
for correct (so a range of -8 to 8).
What type graph to assess association?
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Graph practice

OAI data – is the volume of cartilage in the 
knee different between those who have painful 
knee arthritis and those that do not?

Preferred graph type?
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OAI cartilage volume
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OAI cartilage volume
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For pain progressors and non-progressors
Plot of mean cartilage volume with SE bars
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OAI cartilage volume
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More variables at once (big data)

Adding additional variables to a two-variable 
graph
� Numeric

� Symbol size
� Symbol color shading

� Categorical
� Color
� Symbol type or line type
� Different panels
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Graph practice

OAI data – is the volume of cartilage in the 
knee different between those who have painful 
knee arthritis and those that do not?  And 
different between males and females?
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OAI cartilage volume
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OAI cartilage volume
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Graph practice

Back to the AUROC predictor data.  Can we do 
better with a graph?

Preferred graph type to display predictor, phase 
and AUROC?

Predictor: categorical
Phase: categorical
AUROC: numerical
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Graph practice
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Graph practice
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Graph practice
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Graph practice

OAI data – is the volume of cartilage in the 
knee related to body mass index (BMI)?

Preferred graph type?
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Examples of graphs and how they 
convey data

Scatterplot

.5
1

1.
5

2
2.

5
3

C
ar

til
ag

e 
vo

lu
m

e 
(m

ed
ia

l c
om

pa
rtm

en
t)

20 30 40 50
Body mass index (BMI)

Plot of cartilage volume versus BMI
C

ar
til

ag
e 

vo
lu

m
e



0
5

10

C
hi
-s
qu
ar
e

0
5

10

C
hi
-s
qu
ar
e

65

Examples of graphs and how they 
convey data

Scatterplot with smoother
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Examples of graphs and how they 
convey data

Scatterplot with smoother
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Examples of graphs and how they 
convey data

Scatterplot with smoother and error bars
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Graph practice

NHANES data – is trend in chronic kidney 
disease prevalence over time?

Does it differ between diabetics and non-
diabetics?

Preferred graph type? Hint… trend.
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Examples of graphs and how they 
convey data

Time trend Annals
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Interactive plots

l Very cool! Very labor intensive
l Consider if this is worth your effort
l If you need to reach a large audience – your 

work is important and you should budget 
resources to assist you here

70
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Other kinds of graphics

� Chronic Kidney disease map and animation

https://nccd.cdc.gov/CKD/Detail.aspx?QNum=
Q69&Year=2016&colors=all#refreshPosition

https://nccd.cdc.gov/CKD/Detail.aspx?QNum=Q69&Year=2016&colors=all
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Other kinds of graphics

� Genetic heatmaps



0
5

10

C
hi
-s
qu
ar
e

0
5

10

C
hi
-s
qu
ar
e

Fig 2. NOJAH genome-wide heatmap (GWH) analysis of RNA-Seq derived gene expression 
data using TCGA BRCA expression dataset.

Rupji M, Dwivedi B, Kowalski J (2019) NOJAH: NOt Just Another Heatmap for genome-wide cluster analysis. PLOS ONE 14(3): 
e0204542. https://doi.org/10.1371/journal.pone.0204542

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0204542

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0204542
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Other kinds of graphics

� McCulloch co-authors on UCSF Profiles

https://profiles.ucsf.edu/display/176718/network
/coauthors/cluster

https://profiles.ucsf.edu/display/176718/network/coauthors/cluster
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Summary
l Use tables for specific values, quantitative 

comparisons, precision, individual+summary
information, differing scales. 

l Use graphs to convey information quickly, for 
shapes, patterns and trends. 

l Both should be self-explanatory and use a light 
touch on non-data

l Tables:  compare columns, round aggressively, 
order purposefully

l Graphs: maximize data to ink, use color, 
symbols and line types purposefully. 


