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Rigor and Reproducibility
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Rigor and Reproducibility
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How we think it works….
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Before you start your foundation
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http://www.schabell.org/2016/12/foundations-digital-transformation-fixing-slow-delivery.html
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Think about your 

data before you use 

it

• Data provenance

• Consent and Purpose

• Trustworthiness

• Privacy and Confidentiality



HAS DATA BEEN 

USED FOR 

GOOD?

HAS DATA BEEN 

USED FOR EV IL?
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TRANSFER 

F IDEL ITY

sanity checking
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When I transfer 

data

Copy with error 
check

Checksum 
algorithms 

before and after 
copy
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WHAT IS  

CLEAN 

DATA? 

WHAT IS  

DIRTY 

DATA?
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Ethical cleaning of Data

Never touch raw data and have backups

When you clean data you must develop rules for dropping data

All rules for dropped data need to be included in the methods 
to the publication





chmod 444 rawdata.txt



General Data repositories for open data 

(AND BACKUPS)



Back up that the government pays for?

European Nucleotide Archive - ENA Browser

GEO NIH (Attaches to NIH SRA, where the reads are kept.)

Putting stuff on GEO

https://www.ebi.ac.uk/ena/browser
https://www.ncbi.nlm.nih.gov/geo/
https://docs.google.com/document/d/1fPS5eWy4C7kziaOkTyq2poYc0L6Su54lbl5kfX1DKG8/edit






Is my data 

complete crap, or 

just dirty?

Quality control matters









Scientific rigor

The strict application of the 

scientific method to ensure 

unbiased and well-controlled 

experimental design, 

methodology, analysis, 

interpretation and reporting.

This Photo by Unknown author is licensed under CC BY-SA-NC.

https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_General_Chemistry_Supplement_(Eames)/Chemistry_Basics/Scientific_Method
https://creativecommons.org/licenses/by-nc-sa/3.0/






Scientific 

reproducibility

If someone else read my 

publication, could they use the 

same methods as me in another 

time and place to get the same 

results?



S AV I N G  Y O U R S E L F  

T I M E  A N D  M O N E Y  

V I A 

R E P R O D U C I B I L I T Y



What needs to be reproducible?

This Photo by Unknown Author is 

licensed under CC BY-NC-ND

http://www.otherfood-devos.com/2013/11/the-anchored-life.html
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“Machine” 

reproducibility

• Virtual machines

• Docker and other container 

tools





WHAT DO YOU 

USE FOR 

VERSION 

CONTROL ?



Code reproducibility



Version 
control/history



WRITE IT  DOWN



It's easy to lose a 

tube in a freezer





I T 'S  EASIER TO 

LOSE A F ILE  ON 

A SERVER

This Photo by Unknown author is licensed under CC BY-NC.

http://pngimg.com/download/25962
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My suggested 

data analysis 

directory 

structure

Inputs

Scripts

Outputs

Subpoint1

Subpoint2

Subpoint3



Name of a file/directory



Version Control



HOW DO YOU KEEP RECOR D S OF  WHAT YOU 

HAVE DONE WITH DATA?



Live 
input

Script



Digital Lab 

notebooks

Directory structures

Readmes

Jupyter notebooks/R 
markdown

Version control



MAKE A CHOICE



What is good code?

Data Code
Publis

h



Warns you when you put in garbage!



Has comments that explain code



Frequent use of github with good comments so you 

can go back to a previous version





Tests itself frequently





THE END



Playing nice on a super computer



THE END



I  GOT A GENE L IST !  YEAH!  

NOW WHAT?



DO I  REALLY HAVE S IGNIF ICANT GENES?

https://www.huber.embl.de/msmb/Chap-Testing.html



ENRICHR

https://maayanlab.cloud/Enrichr/



GSEA



GO

GENE ONTOL OGY



THE END

More Best practices for omics

https://docs.google.com/document/d/1-l7-NCgNHZgZXy3rnl3Yp1sjYwuQLpj4CZUeHoQIHyY/edit




General directory suggestion

Scripts

Input_type1 

Input_type2

Output_type1

Output_type1

Output_type1



I have been changed for good

How to write a production-level code in Data Science?



Choosing slurm options



Clean responsibly Responsibly



Report the 

experiment 

(at every 

step!)





Report the 

experiment 

(at every 

step!)



The data, the 

code and the 

machine all 

need to be 

reproducible.

Machin
e

Code

Data



Present ing  da ta  

e th ica l l y

How do you know when your 

hypothesis may be correct?



X 30 40

Is X different between A and B?





X 30 40

Is X different between A and B?

P-value is 0.04





It is easy to fool people with data



Motulsky _Intuitive Biostatistics_ Oxford Univ Press 2010

•We jump to conclusions
•We tend to be over-confident
•We see patterns in random data
•We don’t realize coincidences are common
•We avoid thinking about ambiguous situations
•We are fooled by multiple comparisons
•We ignore alternative explanations
•We are fooled by regression to the mean
•We have incorrect intuitions about probability

Your brain did not evolve to do statistics



What is a p-value?



What is a p-value?



One hypothesis

Multiple hypothesis

This Photo by Unknown author is licensed under 
CC BY-SA.

https://grasshopperherder.com/concierge-vs-wizard-of-oz-test/
https://creativecommons.org/licenses/by-sa/3.0/


X1 30 40

Is X different between A and B?

P-value is 0.04

I tested

X1

X2

X3

….

X200,000











X1 30 40

Is X different between A and B?

P-value is 0.04

I tested p-value

X1 0.01

X2 1

X3 .05

….

X200,000 1e^10000



What is an adjusted p-value?



X1 30 40

Is X different between A and B?

P-value is 0.04

I tested p-value

X1 0.01

X2 1

X3 .05

….

X200,000 1e^10000



Is X different between A and B?

Remember: A value is always comes from a distribution.



Averages can be very misleading!



Maybe you should look at your data?

https://www.autodeskresearch.com/publications/samestats

https://www.autodeskresearch.com/publications/samestats


How many replicates do I need?

•https://www.youtube.com/watch?v=Hz1fyhVOjr4

https://www.youtube.com/watch?v=Hz1fyhVOjr4




Data Code Publish









PROS AND CONS OF 

PIPEL INES



NLM vs. clean Metadata


