
STATISTICAL INFERENCE
DEALING WITH UNCERTAINTY

Leslie Cope, PhD

Division of Biostatistiics and Bioinformatics

Sidney Kimmel Comprehensive Cancer Center at 
JHU

cope@jhu.edu

With thanks to Sarah Wheelan, MD, PhD

STATISTICAL INFERENCE
DEALING WITH UNCERTAINTY

PRESENTING DATA
PRINCIPLES AND PRACTICE

SITC WINTER SCHOOL
FEBRUARY 21,  2019 



GOALS

I have two goals for this presentation:

• To demonstrate appropriate use of the 

p-value as the most widely used 

indicator of strength of evidence

• To outline principles of data 

presentation, illustrated with a variety of 

classic plots, both old and new



PART 1: P-VALUES

“The ASA has not previously 

taken positions on specific 

matters of statistical practice.”



IMMEDIATE CAUSE



LONG TERM PROBLEMS



LONG TERM PROBLEMS



“NO P VALUES ARE PROVIDED FOR FIGURE 1”
-ANON. REV



HYPOTHESIS 
TESTS

To argue that your hypothesis is 

correct:

• Predict outcomes under the null

hypothesis (chance)
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HYPOTHESIS 
TESTS

To argue that your hypothesis is 

correct:

• Predict outcomes under the null

hypothesis

• Predict outcomes under your 

competing hypothesis

• Collect data and look at the 

distribution

• If the data resembles the 

prediction, it supports your 

hypothesis



THE P-VALUE

:

• Calculated using your data and 

the null hypothesis…

• …P is the probability of getting a 

result at least as extreme as yours 

by chance alone

• Your competing hypothesis, the 

one you are really interested in, 

isn’t part of the calculation



THE P-VALUE IS…

• The probability of getting a result as or more extreme 
than the observed result, if the null hypothesis 
(random chance) were true. 

*Thinking in terms of a murder mystery:  Random 
Chance is the prime suspect and the p-value is a 
measure of opportunity. 

Notice that since the p-value is calculated assuming the 
null hypothesis to be true, it cannot represent the 
probability that the null hypothesis is true



THE REST OF THE STORY

• So…small p-value means Random Chance had little 
opportunity and does not make a great suspect.  This 
provides a reasonable argument for looking at 
alternatives

• But…it doesn’t have anything directly to say about our 
preferred alternative, that the drug really improves 
outcome

• Could be flawed experimental design, confounding 
variables, biased assessment of outcome…

• The argument in favor of our favorite alternative 
depends on the rest of the context: a body of prior, 
supporting work, strength of experimental design, 
rigor in execution,…



INTERPRETING THE P-
VALUE

• A “P-value less than 0.05” (usually) means 

that the result is called “statistically 

significant”.

• [It means that if there was actually no 

difference, the chance of seeing an effect 

this large or larger is less than 5%,  in other 

words, the outcome is not easily explained 

by chance alone.] 

• Don’t confuse “significant” with “important” 

or “sizable”. That is a separate judgment. 



P ISN’T ALWAYS 
APPROPRIATE

Hodi et al., Lancet Oncol. 2016 Nov; 17(11): 1558–1568.

In a properly randomized trial, any baseline 

differences between arms are absolutely due to 

random chance.  There is no sense in estimating 

the probability.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27622997


…AND…

In a genome-wide marker discovery, any 

apparent differences between groups is 

absolutely due to selection rather than 

chance.  There is no sense in estimating the 

probability. 



THE ASA STATEMENT

• P-values can indicate how incompatible the data 

are with a specified statistical model.

• P-values do not measure the probability that the 

studied hypothesis is true, or the probability that 

the data were produced by random chance 

alone.

• Scientific conclusions and business or policy 

decisions should not be based only on whether a 

p-value passes a specific threshold



THE ASA STATEMENT

• Proper inference requires full reporting and 
transparency

• No cherry picking!

• A p-value, or statistical significance, does not 
measure the size of an effect or the importance 
of a result

• Never present p-values without effect sizes.

• By itself, a p-value does not provide a good 
measure of evidence regarding a model or 
hypothesis.

• Provide the whole context, why was the test 
plausible to start with?



MORE INFORMATION

• The ASA statement is accompanied by an 

extensive supplement in which most of the 

contributors provide additional material.

• The statement recognized one paper in 

particular as a significant contribution to the 

literature:

• Greenland, S., Senn, S.J., Rothman, K.J., Carlin, 

J.B., Poole, C., Goodman, S.N. and Altman, D.G.: 

“Statistical Tests, P-values, Confidence Intervals, 

and Power: A Guide to Misinterpretations. Eur. 

J Epidemiol. 2016 Apr;31(4):337-50. doi: 

10.1007/s10654-016-0149-3. Epub 2016 May 

21.



PART 2: DISPLAYING DATA



“Methods for displaying data badly have been developing 

for many years, and a wide variety of interesting and 

inventive schemes have emerged. Presented here is a 

synthesis yielding the 12 most powerful techniques that 

seem to underlie many of the realizations found in practice. 

These 12 (the dirty dozen) are identified and illustrated.” 



SHOW LITTLE

Am J Hum Genet. 2003 Dec;73(6):1316-29. Epub 2003 Nov 20.

https://www.ncbi.nlm.nih.gov/pubmed/14631556?dopt=Abstract


FILL THE PAGE WITH INK

J Clin Epidemiol. 2004 Oct;57(10):1086-95.

https://www.ncbi.nlm.nih.gov/pubmed/15528060?dopt=Abstract


3D PIECHARTS

Cell. 2004 Feb 20;116(4):499-509.

https://www.ncbi.nlm.nih.gov/pubmed/14980218?dopt=Abstract


PYSCHOLOGY OF GRAPHICS

.
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PYSCHOLOGY OF GRAPHICS

.

position on the same axis

position on a common axis, not aligned

length

angle

slope

area of a regular shape

area of a blob

most accurate

least accurate



HATING PIECHARTS

“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.”

-from the help file for the pie chart function in R



WHY WE HATE PIECHARTS

‣ pie charts represent magnitude by angle (and 

irregular area)

‣ data are so poorly represented that the values 

must be written out anyway

‣ LOTS of color, lots of ink, very low data density

‣ 3D pie charts require more dimensions to 

represent the data, than the data have to begin 

with

‣ overused



BAR PLOTS

0.00 3.25 6.50 9.75 13.00 16.25

day 1

day 2

day 3

day 4

A B C D

measure four different cultures (A-

D) on each of four consecutive 

days



BAR PLOTS

‣ typically plot categorical data

‣ use position, length, and area 
to represent magnitude

‣ bars can be arranged to 
facilitate comparisons

‣ horizontal or vertical layout



BAR PLOTS

0

25

50

75

100 if this is % battery 

power remaining 

after various tasks, 

the length of the bar 

is meaningful.

if this is temperature 

in °F, the length of 

the bar is 

meaningless.



OLD CLASSICS



HISTOGRAMS

Cope, et al., Gynecologic Oncology , Volume 128 , Issue 3 , 500 

- 505



PRINCIPLE COMPONENT 
ANALYSIS

Pisanic et al. Clin Cancer Res August 14 2018 DOI: 10.1158/1078-0432.CCR-18-1199



BOXPLOTS

maxium

upper quartile

median

lower quartile

minimum



NEW CLASSICS



HEATMAPS

EA Collisson et al. Nature 000, 1-8 (2014) doi:10.1038/nature13385

Patterns of DNA methylation in TCGA lung adenocarcinoma



INTEGRATIVE GENOME VIEWER



FUTURE CLASSICS?



DIMENSION REDUCTION 
FOR SINGLE CELL DATA

Becht et al. ,Nature Biotechnology volume37, pages38–44 (2019)

Unsupervised dimension reduction reveals 

single cell data structures associated with cell 

type. 



FORM FOLLOWING FUNCTION

‣ purpose: exploratory? 

argumentative?

‣ fits the data type

‣ minimize distortion

‣ facilitate comparison

‣ color: maybe unnecessary but 

pleasant

‣ graph vs table



GUIDELINES FOR MAKING GOOD 
PLOTS

‣ size: as small as possible while remaining 

legible

‣ maximize data density (# data points per 

square inch)

‣ maximize data-to-ink ratio: avoid chartjunk

‣ labels should be clear and informative

‣ labels are preferred to legends when possible

‣ choose the scale to suit the data; consider log 

scales

‣ 3D effects are never appropriate



A SUCCESS STORY 
PLOTTING GENE EXPRESSION
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PLOTTING GENE EXPRESSION
A SUCCESS STORY



RESOURCES

‣ Martin Krzywinski’s blog

‣ Dark Horse Analytics (blog + articles + animations)

‣ books and articles by Tufte, Wainer, Cleveland, Robbins, Tukey

‣ Karl Broman’s “How to Display Data Badly” and “Creating 

effective figures and tables”

‣ Dave Kelly, Jaap Jasperse and Ian Westbrooke “Designing science 

graphs for data analysis and presentation”

‣ F. J. Anscombe “Graphs in Statistical Analysis” (The American 

Statistician, 1973)

‣ Bang Wong’s “Points of View” column (Nature Methods, 2010-

2013)

‣ Edward Tufte, The Visual Display of Quantitative Information

‣ Naomi Robbins, Creating More Effective Graphs


