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Schedule 

  9:00  - 10:30  
10:30  - 10:45 break 
10:45  - 12:15  
12:15  - 13:30 break 
13:30  - 15:00  
15:00  - 15:15 break 
15:15  - 16:45 
17:00   end of day 



Today's Schedule 

  9:00  - 10:30  
10:30  - 10:45 break 
10:45  - 12:15  
12:15  - 13:30 break 
13:30  - 15:00  
15:00  - 15:15 break 
15:15  - 16:45 
17:15   Apero at the Vortex 



Introductions 



What do you expect 
from this course ? 



https://wp.unil.ch/biostatistics/ 



c=c(c="c") 
c=c(c=c) 

Are these valid R commands ? 
If yes, what do they do ? 

If no, why ? 



How would you describe 
"good programming" ? 



Reproducible research 



The Economist, October 2013 



 Nature 483, 509 (29 March 2012) 



Nature editorial: "Must try harder" 

Glenn Begley and Lee Ellis analyze the low 
number of cancer-research studies that have been 
converted into clinical success, and conclude that 
a major factor is the overall poor quality of 
published preclinical data. 
 
[…] 
 
The overall impression the article leaves is of 
insufficient thoroughness in the way that too 
many researchers present their data. 

 Nature 483, 509 (29 March 2012) 



Reproducible Research: 
 
 

“Research is reproducible if it can be 
reproduced by others” 

 
 



Reproducible research 

Of course, rerunning an experiment will give different results—an 
observation that gave rise to the development of statistics as a 
discipline. 
 
Our focus here is “reproducible research” (RR) in the sense of 
reproducing conclusions from a single experiment based on the 
measurements from that experiment. 

Amstat News, 1 January 2011 



Definition of reproducible research 

A complete description of the data and 
the analysis of that data — including 
computer programs — so the results 
can be exactly reproduced by others. 

Amstat News, 1 January 2011 

Reproducible 
Research 



How complicated is it ? 



We coordinated 161 researchers in 73 research teams 
and observed their research decisions as they used the 
same data to independently test the same prominent 
social science hypothesis. 

PNAS, 28 October 2022 









Conclusions from Baggerly and Coombes 

"Poor documentation led a report on drug A to 
include a heatmap for drug B and a gene list for 
drug C. 
 
These results are based on simple visual 
inspection and counting, and are not documented 
further." 
 
Corrections made in the journal led to further 
problems. 



Conclusions of Baggerly and Coombes 

• The most common problems are simple: 
– confounding in the experimental design 
– mixing up the gene labels (off-by-one errors) 
– mixing up the group labels (sensitive/resistant) 

 

• Most of these mix-ups involve simple switches or offsets. 
 

• These mistakes are easy to make, particularly if working 
with Excel 
 

• … and/or if working with 0/1 labels instead of names 



We know we will make mistakes. 
So… 



1) We should work in a way that 
will reduce the number of errors 







"Regardless of whether smoking is allowed in 
any other part of the airplane, lavatories must 
have self-contained, removable ashtrays 
located conspicuously on or near the entry 
side of each lavatory door " 
 

US Code of Federal Regulations for airworthiness 
https://www.law.cornell.edu/cfr/text/14/25.853 

 





We know we will still 
make mistakes ! 



2) We must be able to track what 
we have done, so we can later find 

mistakes and correct them 



Manually 

H2-D -- CD8 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Nlrc5        1  33571   33571 343.424 1.71e-14 *** 
CIITA        1     77      77   0.785    0.386     
Nlrc5:CIITA  1    609     609   6.225    0.021 *   
Residuals   21   2053      98                      
--- 
H2-D -- CD4 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Nlrc5        1  31499   31499  90.402 4.65e-09 *** 
CIITA        1   3467    3467   9.951  0.00478 **  
Nlrc5:CIITA  1    447     447   1.283  0.27009     
Residuals   21   7317     348                      
--- 
H2-D -- NK 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Nlrc5        1  18867   18867  70.462 3.78e-08 *** 
CIITA        1    386     386   1.441    0.243     
Nlrc5:CIITA  1    403     403   1.506    0.233     
Residuals   21   5623     268                      
 

Data analysis 

Graphics 

Stats results 

Article/Report 
 
 
 
 

 
 
 
 

Manually 



First steps: 
keep track of everything you do, 

and all results you get 



Store information about your sessions 

Save your commands in a script. 
Ideally, use Subversion or GIT to manage the 
revisions of  this file 
When you run it, save everything it produces 
(or at least the important results) to a text file. 
At the beginning of the session, use 
sessionInfo() to record the software used. 

Reproducible 
Research 



http://www.phdcomics.com/comics/archive.php?comicid=1531 



If needed, use a tool like Subversion or GIT 
or subversion to manage different versions/ 
revisions/branches of your files. 
 
 

R code 
Revision 
1.2.2014 

R code 
Revision 
2.2.2014 

R code 
Revision 
20.3.2014 

R code 
Revision 
1.11.2014 

R code 
"Paper" 
Revision 
1.3.2014 

… 

R code 
"Paper" 
Revision 
1.11.2014 

… 



Dynamic documents 
with knitR 



Dynamic documents 

• Based on the idea of literate programming 
• Combine program code and explanation/ 

documentation in same document (Donald Knuth, 
1984) 

• Documents in which the information is always up-
to-date 

• Writing report step by step while processing the 
data, in the same file 
 

• Integrate your results in a report: write the R code 
directly with the text, and later integrate the results 
directly into the text. 
 
 
 



Use knitr in order to prepare reports 

Allows you to integrate your results in a report. 
Write the R code directly with the text, and 
later integrate the results directly into the text. 
 

Reproducible 
Research 



http://yihui.name/knitr/ 



What we need to use knitR 

• R 
• knitr R package 

• Editor (preferably with some support for R ) 
configured to provide support for knitr 
see http://yihui.name/knitr/demo/editors/ 

• TeX Live (optional) 
• pandoc  
• learn from demos and examples: 

– http://yihui.name/knitr/ 

– http://rpubs.com 



RStudio 

 

http://www.rstudio.com/products/rstudio/download/ 



How can we write the report ? 

• Write .Rnw files, and generate PDF reports using 
LaTeX 

• keep general structure of standard LATEX 
document: 
\documentclass{...} 
\usepackage{...} 
\begin{document} 
... 
\end{document} 

• Use the same LATEX packages/configurations as 
usual 

• Add R chunks in the LaTeX code 



If LaTeX is too scary, consider: 

• LYX: http://www.lyx.org/ 
• markdown: 

– http://www.rstudio.com/ide/docs/auth
oring/using_markdown 

– https://github.com/adam-p/markdown-
here/wiki/ 



Markdown and RMarkdown 

Markdown is a simple plain text format that 
allows you to specify the layout of a document, 
and which can easily be converted to different 
formats afterwards. 
 
R Markdown combines the core syntax of 
markdown (easy-to-write plain text format) with 
embedded R code chunks that are run so their 
output can be included in the final document.  



R Markdown v2 (http://rmarkdown.rstudio.com/) 





R Markdown example 

--- 

title: "Untitled" 

author: "Frédéric Schütz" 

date: "23/01/2015" 

output: html_document 

--- 

 

This is an R Markdown document. Markdown is a simple 
formatting syntax for authoring HTML, PDF, and MS Word 
documents. For more details on using R Markdown see 
<http://rmarkdown.rstudio.com>. 

 

When you click the **Knit** button a document will be 
generated that includes both content as well as the output of 
any embedded R code chunks within the document. You can embed 
an R code chunk like this: 



R Markdown example (continued) 

```{r} 

summary(cars) 

``` 

 

You can also embed plots, for example: 

 

```{r, echo=FALSE} 

plot(cars) 

``` 

 

Note that the `echo = FALSE` parameter was added to the code 
chunk to prevent printing of the R code that generated the 
plot. 

 



• Emphasis:   *italic*   **bold** 
         _italic_   __bold__ 

• Headers 
# Header 1 
## Header 2 
### Header 3 

 
• Unordered List: 
* Item 1 
* Item 2 
    + Item 2a 
    + Item 2b 

• Ordered list: 
1. Item 1 
2. Item 2 
3. Item 3 
    + Item 3a 
    + Item 3b 



RStudio 

 

http://www.rstudio.com/products/rstudio/download/ 





R Code chunks 

• R code placed in chunks will be evaluated and printed 
```{r} 
summary(cars$dist) 
summary(cars$speed) 
``` 

• Inline R Code 
There were `r nrow(cars)` cars studied 

• Links: use a plain http address or add a link to a phrase: 
http://example.com 
[linked phrase](http://example.com) 

• Images on the web or local files in the same directory: 
![alt text](http://example.com/logo.png) 
![alt text](figures/img.png) 

 



Why use knitr ? 

• all-in-one: analysis, documenting, formatting, reporting 

• no annoying and error-prone copy-pasting 

• modifying input data or code: changes are directly reflected 
in report 

• easy to display underlying code in report when needed 

• split code in chunks, but can still access all previously 
defined 

• variables (single R session) 

• flexible: code externalization, child documents, caching,... 



R notebooks 



Exercises 

• Using Rstudio, start a new .Rmd (R Markdown file). 
• Look at the template that was provided, change the R code 
• Create an HTML, a Word and a PDF file from this 

Markdown code 
• Make sure you know how to do at least the following: 

sections, lists, create a table from R, insert a graphic from 
R. 

• Note: you may need to install a TeX distribution to generate 
PDF; you can also generate a Word or Excel document, 
and print/convert them to PDF if required 

• Make sure to include information about the current R 
session (R version, packages loaded) in the final document 

• Adapt an R script of your choice (ideally one you would use 
in your work) in a Markdown report 
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