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Reproducible Research 

• Can I repeat the analysis described in Paper Y 

– Can I get their data? 

– Can I understand their methods? 

– Did they fully describe the methods? 

– Are the methods reproducible 

 

• Can it be repeated on an independent 
(validation) dataset 



Reproducibility: Importance of Sharing 

How to share? 

 

1. Data Standards 

 

2. Data Repositories 



Reproducible Analysis 

• Research papers have minimal space to describe 
methods…  

 
– “Analyst reads paper.  Finds algorithms described in 

English sentences that occupy minimal amounts of 
space  in the methods section. 

 

– Analyst acquires public data from the paper.  Makes 
wild guesses at actual algorithms and parameters.  Is 
unable to reproduce the reported results.” 

• Keith Baggerly 



 



 



• Selected articles published in Nature Genetics between January 
2005 and December 2006 that had used profiling with microarrays 
 

• Of the 56 items retrieved electronically, 20 articles were considered 
potentially eligible for the project 
 

• The four teams were from  
– University of Alabama at Birmingham (UAB) 
– Stanford/Dana-Farber (SD) 
– London (L) and Ioannina/Trento (IT) 

 

•  Each team was comprised of 3-6 scientists who worked together to 
evaluate each article. 

 
 
 



Methods 

• Two articles were re-analysis of data 

• Analysis of 18 articles 

• Both cDNA and oligonucleotide array data 

• Each randomly allocated to 2 teams 



Methods 

• Attempted to replicate 1 figure from each 
article   

– download data 

– Normalize and preprocess data 

– perform analysis described to reproduce figure 

 

• No communications with authors of article 
permitted 

 



Results  

• Result could be reproduced n=2 

• Reproduced with discrepancy n=6 

• Could not be reproduced n=10 

– No data n=4  (no data n=2, subset n=1, no reporter 
data n=1) 

– Confusion over matching of data to analysis (n=2) 

– Specialized software required and not available 
(n=1)m 

– Raw data available but could not be processed n=2 



Reproducibility of Analysis 

Ioannidis JP, Allison DB, Ball CA, Coulibaly I, Cui X, Culhane AC, et al, (2009) Repeatability of 
published microarray gene expression Analyses. Nature Genetics 41(2):149 



Problems in reproducing analysis 

 



So it this important? 

• Well yes… 

– Genomics studies are increasing the basis for new 
clinical trials and treatment decisions 

– What if there is a problem 

 

– In review of manuscript reviewers may not spot.. 
And what if it get published..  

 



The case of  
Keith Baggerly vs Anil Potti 

http://www.nytimes.com/2010/07/21/health/research/21cancer.html 



• Gene predictor of tumor reponse to 
chemotherapy 

 

 

 
– http://youtu.be/Q4ZMIUBeLoY 

 

• Baggerly, a statistician at M.D. Anderson in 
Houston tried to reproduce data from Potti et 
al., and publicly questioned errors in it 
– http://videolectures.net/cancerbioinformatics201

0_baggerly_irrh/ 
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http://videolectures.net/cancerbioinformatics2010_baggerly_irrh/
http://videolectures.net/cancerbioinformatics2010_baggerly_irrh/


 



Results is his suspension, and suspension of three 
clinical trials, lung cancer (n=2) and breast cancer  

 



When issues of reproducibility arise 

• ``Remember that microarray analysis you did six 
months ago? We ran a few more arrays. Can you add 
them to the project and repeat the same analysis?'' 

• ``The statistical analyst who looked at the data I 
generated  previously is no longer available.  Can you 
get someone else to  analyze my new data set using 
the same methods (and thus producing a report I can 
expect to understand)?'' 

• ``Please write/edit the methods sections for the  
abstract/paper/grant proposal   I am submitting based 
on the analysis  you did several months ago.'' 

 

From Keith Baggerly 



Why we love Bioconductor and R 

• So many methods available 

• Easy to view code and get to nuts and bolts  

• Leading edge (Methods published in R) 

• Great user support through website/mailing 
list 

• Can easily provide code to collaborators or 
journals 

• Reproducible research 



R 

– Open source, development- flexible, extensible 

– Large number of statistical and numerical methods 

– High quality visualization and graphical tools 

– Extended by a very large collection of rapidly 
developing packages 

– Facilitates reproducible research 



Jan 2009 
Data Analysts Captivated by R’s Power  
 
"R is really important to the point that it’s hard to overvalue it,” said Daryl Pregibon, a 
research scientist at Google, which uses the software widely. “It allows statisticians to do 
very intricate and complicated analyses without knowing the blood and guts of 
computing systems.” 
   

Nov 10 2010 

Names You Need to Know in 2011: R Data Analysis Software  
 
"R is rapidly augmenting or replacing other statistical analysis packages 
at universities" 

http://www.nytimes.com/2009/01/07/technology/business-computing/07program.html?_r=1


RStudio 

• 4 windows 
-Editor, Console, History,  
  Files/plots 

• Code completion 
• Easy access to help (F1) 
• One step Sweave pdf generation 
• Searchable history 
• Keyboard Shortcuts  

– http://www.rstudio.org/docs/using/keyboard_shortcuts 
 

• Nice short cut button to build Sweave docs  

http://www.rstudio.org/docs/using/keyboard_shortcuts


Sweave 

• R embedded in Latex producing pdf or html files in 
which the R code works!!! 
 

 
• More help  

– http://www.stat.umn.edu/~charlie/Sweave/ 

 
– http://bioinformatics.mdanderson.org/SweaveTalk/sweave

Talkb.pdf 

 
– http://www.r-bloggers.com/getting-started-with-sweave-r-

latex-eclipse-statet-texlipse/ 
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Where does it come from? 

• Where does the name come from? 
–  Sweave is to weave in S. R is a dialect of S.  

 
• See Friedrich Leisch's (2002) Sweave: Dynamic Generation of Statistical 

Reports Using Literate Data Analysis 
 
• Literate programming  (from Donald Knuth)  the author/inventor of TeX 

with basic idea  
– Programs are useless without descriptions.  
– Descriptions should be literate, not comments in code or typical reference 

manuals.  
– The code in the descriptions should work. Thus it is necessary to extract the 

real working code from the literary description.  

 
• http://www-cs-faculty.stanford.edu/~knuth/taocp.html 

http://www.statistik.lmu.de/~leisch/Sweave/Sweave-compstat2002.pdf
http://www.statistik.lmu.de/~leisch/Sweave/Sweave-compstat2002.pdf
http://www.statistik.lmu.de/~leisch/Sweave/Sweave-compstat2002.pdf
http://www-cs-faculty.stanford.edu/~knuth/


Quick Start to Sweave 

– Already know R and LaTeX 

 

– Prepare a LaTeX document. Give it an ``Rnw'' extension instead 
of ``tex''. Say it is called ``myfile.Rnw'‘ 

– Insert an R code chunk starting with << >>= 

– Terminate the R code chunk with an @ sign followed by a space. 
– Run Sweave to produce Tex, and Stangle to extract R code 

 

<<easySweave>>= 
x <- mean(1:10) 
print(x) 
@  



Background: Tex and LATEX  

• TeX is a computer program for typesetting 
documents, created by D. E. Knuth. 

 

– LATEX , written by L. B. Lamport, is one of a number 
of `dialects' of TeX. It is particularly suited to the 
production of articles and books 

 



Typical LATEX  
 

http://en.wikibooks.org/wiki/LaTeX/simple.tex 

Blah blah blah blah….. 



Sweave (.Rnw file) 

 



Simple html “dump” 

library(R2HTML) 

HTMLStart(outdir=".", filename="demoR2HTML") 

summary(cars) 

plot(cars, xlab = "Speed (mph)", ylab = "Stopping 
distance (ft)", las = 1, log = "xy") 

HTMLplot(Caption=“a plot”, Height=400) 

HTMLStop() 

./demoR2HTML_main.html 

demoR2HTML_main.html


Sweave works in a html document 

Create a basic html 
document and process 
with Sweave 

 

 

Sweave(“filename.rnw”, 
driver=RweaveHTML) 

<html> 
<head> 
<title>Sweave and html</title> 
</head> 
<body> 

 
Blah blah 
 
<<SweaveCode>>= 
1+2 
sum(1:10) 
@ 
 
blah blah 
</html> 

 



Exercise 
• Use the template on the website and create a .rnw 

document 
 

• With a title “I Love CSHL and R”  and your name 
 

• Create a section called “My Research”, write 2 lines of 
which describes your lab 
 

• Create a section called “Data and Calculations” which 
include 3 R code chunks to: 
– Make a vector of random data (n=100, hint: use rnorm) 
– print the mean and sd of your data 
– plot a histogram of the data 



Please feel free to contact me 

 

aedin@jimmy.harvard.edu 




