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Reproducible research

“[T]he code and data are assembled in a way so 
that another group can re-create all of the results 
(e.g., the figures in a paper). Adopting a 
workflow that will make your results reproducible 
will ultimately make your life easier; if a problem 
(or question) arises somewhere down the line, it 
will be much easier to correct (or explain).” 
- Karl Broman

http://kbroman.org/steps2rr/

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
http://kbroman.org/steps2rr/
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Excel
• 750 million users 

• Reactive programming! 

• Combines data input, wrangling, modeling, 
visualization, output in one document 

• Not reproducible  

• For more, see Felienne Herman's talk, Functional 
programming in Excel 

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://vimeo.com/162206549
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Gene name errors are widespread 
in the scientific literature
Mark Ziemann, Yotam Eren and Assam El-Osta. Genome Biology, 2016. 
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-016-1044-7

"We downloaded and screened supplementary files from 18 journals 
published between 2005 and 2015 using a suite of shell scripts. […] 

Of the selected journals, the proportion of published articles with Excel files 
containing gene lists that are affected by gene name errors is 19.6 %. […] 

Journals that had the highest proportion of papers with affected 
supplementary files were Nucleic Acids Research, Genome Biology, Nature 
Genetics, Genome Research, Genes and Development and Nature (>20 %)."

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-016-1044-7
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Perspectives: Teaching 
chemists to code
Charles J. Weiss. Volume 95 Issue 35, 2017.  
https://cen.acs.org/articles/95/i35/Perspectives-spreadsheets-programming.html

"Spreadsheets are a standard tool in chemistry for simple tasks such as data 
analysis and graphing. Chemistry students are often introduced to spreadsheets 
their first year of college, if not earlier, and those who continue on to do research 
will likely use them as a means of handling and visualizing data. […] 

Software better geared to those earning chemistry degrees or conducting 
research is readily available. Common examples include MATLAB, Python’s SciPy 
stack, and GNU Octave."

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://cen.acs.org/articles/95/i35/Perspectives-spreadsheets-programming.html
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Scientific computing:  
Code alert

"Andrew Durso can vouch for those upsides. The ecology graduate student at Utah 
State University in Logan started his research career using programs with graphical 
interfaces. Whenever he clicked buttons or checked boxes on a computer screen, he 
would try to write those steps down on paper in case he wanted to redo an analysis 
— a strategy that was both time-consuming and unreliable. "

Monya Baker. Nature, 541. 2017.  
https://www.nature.com/naturejobs/science/articles/10.1038/nj7638-563a

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://www.nature.com/naturejobs/science/articles/10.1038/nj7638-563a
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Jupyter notebooks

http://jupyter.org/

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
http://jupyter.org/
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Jupyter notebooks

http://jupyter.org/

• Grew out of iPython notebook 

• Works best with Python, but can be used with many 
languages, including R, Julia, and Scala 

• More for working than publishing

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
http://jupyter.org/
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RMarkdown

http://rmarkdown.rstudio.com/

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
http://rmarkdown.rstudio.com/
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RMarkdown

http://rmarkdown.rstudio.com/

• A variant of Markdown  

• Works best with R, but can be used with many 
languages, including Python, SQL and C++.  

• Both for working and publishing 

• Many output formats  

• Documents: HTML, PDF, Word 

• Presentations: ioslides, slidy, reveal.js

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
http://rmarkdown.rstudio.com/
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Our path to better science in less 
time using open data science tools
Julia Stewart Lowndes, et al. Nature Ecology & Evolution v1. 
https://www.nature.com/articles/s41559-017-0160

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://www.nature.com/articles/s41559-017-0160
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We thought we were doing reproducible science. For the first global 
OHI assessment in 2012 we employed an approach to reproducibility 
that is standard to our field, which focused on scientific methods, not 
data science methods. Data from nearly one hundred sources were 
prepared manually—that is, without coding, typically in Microsoft Excel—
which included organizing, transforming, rescaling, gap-filling and 
formatting data. Processing decisions were documented primarily within 
the Excel files themselves, e-mails, and Microsoft Word documents. We 
programmatically coded models and meticulously documented their 
development, (resulting in the 130-page supplemental materials), and 
upon publication we also made the model inputs (that is, prepared data 
and metadata) freely available to download. This level of documentation 
and transparency is beyond the norm for environmental science.

Our path to better science in less time using open data science tools. Julia Stewart Lowndes, 
et al. Nature Ecology & Evolution v1. https://www.nature.com/articles/s41559-017-0160

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://www.nature.com/articles/s41559-017-0160
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Sharing methods and instruction. We use R Markdown not only for data 
preparation but also for broader communication. R Markdown files can be 
generated into a wide variety of formatted outputs, including PDFs, slides, 
Microsoft Word documents, HTML files, books or full websites. 

Our path to better science in less time using open data science tools. Julia Stewart Lowndes, 
et al. Nature Ecology & Evolution v1. https://www.nature.com/articles/s41559-017-0160

We decided to base our work in R and RStudio for coding and visualization, 
Git for version control, GitHub for collaboration, and a combination of GitHub 
and RStudio for organization, documentation, project management, online 
publishing, distribution and communication. 

Data preparation: coding and documenting. Our first priority was to code 
all data preparation, create a standard format for final data layers, and do so 
using a single programmatic language, R. Code enables us to reproduce 
the full process of data preparation, from data download to final model 
inputs, and a single language makes it more practical for our team to learn 
and contribute collaboratively. We code in R and use RStudio to power our 
workflow because it has a user-friendly interface and built-in tools useful for 
coders of all skill levels, and, importantly, it can be configured with Git to 
directly sync with GitHub online (See ‘Collaboration’). 

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://www.nature.com/articles/s41559-017-0160
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Our path to better science in less time using open data science tools. Julia Stewart Lowndes, 
et al. Nature Ecology & Evolution v1. https://www.nature.com/articles/s41559-017-0160

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
https://www.nature.com/articles/s41559-017-0160


https://www.openintro.org/stat/textbook.php

https://www.openintro.org/stat/textbook.php


https://github.com/OpenIntroOrg/oiLabs-dplyr-ggplot

https://github.com/OpenIntroOrg/oiLabs-dplyr-ggplot
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base lattice

plot(mtcars$disp, mtcars$mpg) xyplot(mpg~disp, data=mtcars)

ggplot2

qplot(x=disp, y=mpg, 
    data=mtcars, geom="point")

Three graphics libraries for R

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/


SUMMARY STATISTICS: 
one continuous variable:  
mosaic::mean(~mpg, data=mtcars) 

one categorical variable: 
mosaic::tally(~cyl, data=mtcars) 

two categorical variables: 
mosaic::tally(cyl~am, data=mtcars) 

one continuous, one categorical:  
mosaic::mean(mpg~cyl, data=mtcars) 

SUMMARY STATISTICS:  
 

one continuous variable:  
mean(mtcars$mpg) 

one categorical variable: 
table(mtcars$cyl) 

two categorical variables: 
table(mtcars$cyl, mtcars$am) 

one continuous, one categorical: 
mean(mtcars$mpg[mtcars$cyl==4]) 
mean(mtcars$mpg[mtcars$cyl==6]) 
mean(mtcars$mpg[mtcars$cyl==8]) 

PLOTTING: 
one continuous variable: 

hist(mtcars$disp) 

boxplot(mtcars$disp) 

one categorical variable: 
barplot(table(mtcars$cyl)) 

two continuous variables: 
plot(mtcars$disp, mtcars$mpg) 

two categorical variables: 
mosaicplot(table(mtcars$am, mtcars$cyl)) 

one continuous, one categorical: 
histogram(mtcars$disp[mtcars$cyl==4]) 
histogram(mtcars$disp[mtcars$cyl==6]) 
histogram(mtcars$disp[mtcars$cyl==8]) 

boxplot(mtcars$disp[mtcars$cyl==4]) 
boxplot(mtcars$disp[mtcars$cyl==6]) 
boxplot(mtcars$disp[mtcars$cyl==8])

WRANGLING: 
subsetting: 

mtcars[mtcars$mpg>30, ] 

making a new variable: 
mtcars$efficient[mtcars$mpg>30] <- TRUE 
mtcars$efficient[mtcars$mpg<30] <- FALSE

R Syntax Comparison : : CHEAT SHEET 

RStudio® is a trademark of RStudio, Inc.  •  CC BY Amelia McNamara •  amcnamara@smith.edu  •  @AmeliaMN • science.smith.edu/~amcnamara/  •  Updated: 2018-01

Dollar sign syntax

tilde

Formula syntax Tidyverse syntax
goal(data$x, data$y) goal(y~x|z, data=data, group=w) data %>% goal(x)

PLOTTING: 
one continuous variable: 
lattice::histogram(~disp, data=mtcars) 

lattice::bwplot(~disp, data=mtcars) 

one categorical variable: 
mosaic::bargraph(~cyl, data=mtcars) 

two continuous variables: 
lattice::xyplot(mpg~disp, data=mtcars) 

two categorical variables: 
mosaic::bargraph(~am, data=mtcars, group=cyl) 

one continuous, one categorical: 
lattice::histogram(~disp|cyl, data=mtcars) 

lattice::bwplot(cyl~disp, data=mtcars) 

SUMMARY STATISTICS: 
one continuous variable: 

mtcars %>% dplyr::summarize(mean(mpg)) 

one categorical variable: 
mtcars %>% dplyr::group_by(cyl) %>% 
dplyr::summarize(n()) 

two categorical variables: 
mtcars %>% dplyr::group_by(cyl, am) %>% 
dplyr::summarize(n()) 

one continuous, one categorical: 
mtcars %>%  dplyr::group_by(cyl) %>% 

dplyr::summarize(mean(mpg))

PLOTTING: 
one continuous variable: 
ggplot2::qplot(x=mpg, data=mtcars, geom = "histogram") 

ggplot2::qplot(y=disp, x=1, data=mtcars, geom="boxplot") 

one categorical variable: 
ggplot2::qplot(x=cyl, data=mtcars, geom="bar") 

two continuous variables: 
ggplot2::qplot(x=disp, y=mpg, data=mtcars, geom="point") 

two categorical variables: 
ggplot2::qplot(x=factor(cyl), data=mtcars, geom="bar") + 

facet_grid(.~am) 

one continuous, one categorical: 
ggplot2::qplot(x=disp, data=mtcars, geom = "histogram") + 

facet_grid(.~cyl) 

ggplot2::qplot(y=disp, x=factor(cyl), data=mtcars,  
geom="boxplot") 

WRANGLING: 
subsetting: 
mtcars %>% dplyr::filter(mpg>30) 

making a new variable: 
mtcars <- mtcars %>%  
dplyr::mutate(efficient = if_else(mpg>30,  TRUE, FALSE))

the pipe

The variety of R syntaxes give 
you many ways to “say” the 
same thing

read across the cheatsheet to see how different 
syntaxes approach the same problem

http://bit.ly/R-syntax-sheet

http://bit.ly/R-syntax-sheet
http://bit.ly/R-syntax-sheet


https://github.com/OpenIntroOrg/oiLabs-dplyr-ggplot

https://github.com/OpenIntroOrg/oiLabs-dplyr-ggplot


https://github.com/OpenIntroOrg/oiLabs-dplyr-ggplot

https://github.com/OpenIntroOrg/oiLabs-dplyr-ggplot


https://escholarship.org/uc/item/90b2f5xh

https://escholarship.org/uc/item/90b2f5xh


https://escholarship.org/uc/item/90b2f5xh

https://escholarship.org/uc/item/90b2f5xh


https://beanumber.github.io/sds192/lab-rmarkdown.html

https://beanumber.github.io/sds192/lab-rmarkdown.html


Challenges

• Technical issues 

• Motivating students to use



http://bit.ly/TroubleshootingRmd

http://bit.ly/TroubleshootingRmd


https://twitter.com/kwbroman/status/760857559859429376

https://twitter.com/kwbroman/status/760857559859429376
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RMarkdown

http://rmarkdown.rstudio.com/

Demo?

https://creativecommons.org/licenses/by/4.0/
http://www.science.smith.edu/~amcnamara/
http://rmarkdown.rstudio.com/
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