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What we will cover in this course:

1) The importance of data wrangling
2) Importing data (and outporting)
3) Subsetting data
4) Summarizing data
5) Cleaning data
6) Reshaping data
7) Data merging and joining
8) Functional programming (efficiently applying functions)
9) Working with factors, strings, dates

10) Reproducibility practices like version control - Git/GitHub



But first, some jargon!



Packages

A bundle or “package” of code 
(and or possibly data) that can be 
loaded together for easy repeated 
use or for sharing with others.

Packages are analogous to a 
software application like Microsoft 
Word on your computer. 



Function
A piece of code that allows you to 
do something in R. Packages often 
contain functions.

You can think of a function as verb 
in R.

A function might help you add 
numbers together, create a plot, or 
organize your data. More on that 
soon!

 



Argument
Something you give to a function

 



An Object
Something that can be worked with 
or on in R - can be lots of different 
things! 

You can think of an objects as a 
noun in R. 

An object might be a data table, a 
plot, a function, or more!



Dataframes/DataTables/Spreadsheets



Dataframes/Data tables

Rows = samples - individuals, locations, houses, viruses etc.

Columns = variables - aspects or features measured, color, count, type etc.



Need more help?

R jargon: 
https://link.springer.com/content/pdf/bbm%3A978-1-4419-1318-0%2F1.pdf 

https://link.springer.com/content/pdf/bbm%3A978-1-4419-1318-0%2F1.pdf


The Tidyverse

Packages designed for data science that make analysis more intuitive.

Super powerful for wrangling and data viz.

https://www.tidyverse.org/


History of the tidyverse

“The tidyverse is just 
one way to get the job 
done and I don’t think it’s 
wrong to use other 
tools.”

https://hadley.github.io/25-tidyverse-history/


https://hadley.github.io/25-tidyverse-history/



How many people feel 
about data wrangling





How we feel about data 
wrangling





About us

Carrie Ava



https://carriewright11.github.io/ 

● Senior Staff Scientist at the 
Fred Hutchinson Cancer 
Research Center

● Affiliated faculty member 
at the Johns Hopkins 
Bloomberg School of 
Public Health (JHSPH)

Developing methods, tools, and 
educational resources to help 
researchers and others use data more 
rigorously, reproducibly, and ethically.

Major Projects:
● Informatics Technology for Cancer Research (ITCR) Training Network (ITN) 
● Open Case Studies 

Carrie Wright

https://carriewright11.github.io/
https://www.fredhutch.org/
https://www.fredhutch.org/
https://www.jhsph.edu/
https://www.jhsph.edu/
https://www.jhsph.edu/
https://www.itcrtraining.org/
https://opencasestudies.github.io/


https://www.opencasestudies.org/ 

https://www.opencasestudies.org/


https://www.avahoffman.com/ 

https://www.avahoffman.com/


Why this class



link

https://www.google.com/imgres?q=meme%20excel%20is%20hard&imgurl=https%3A%2F%2Fwww.tiktok.com%2Fapi%2Fimg%2F%3FitemId%3D7377066675339889952%26location%3D0%26aid%3D1988&imgrefurl=https%3A%2F%2Fwww.tiktok.com%2Fdiscover%2Fbad-day-to-be-an-excel-spreadsheet-meme-vest&docid=V1T6t0f_bzKELM&tbnid=kmRKeEG6WAfAoM&vet=12ahUKEwi1uaeA38yOAxVeEUQIHeNREGUQM3oECB4QAA..i&w=720&h=1280&hcb=2&ved=2ahUKEwi1uaeA38yOAxVeEUQIHeNREGUQM3oECB4QAA
https://www.google.com/imgres?q=meme%20excel%20is%20hard&imgurl=https%3A%2F%2Fwww.tiktok.com%2Fapi%2Fimg%2F%3FitemId%3D7377066675339889952%26location%3D0%26aid%3D1988&imgrefurl=https%3A%2F%2Fwww.tiktok.com%2Fdiscover%2Fbad-day-to-be-an-excel-spreadsheet-meme-vest&docid=V1T6t0f_bzKELM&tbnid=kmRKeEG6WAfAoM&vet=12ahUKEwi1uaeA38yOAxVeEUQIHeNREGUQM3oECB4QAA..i&w=720&h=1280&hcb=2&ved=2ahUKEwi1uaeA38yOAxVeEUQIHeNREGUQM3oECB4QAA


https://images.app.goo.gl/TDUz7aBxEHx6wonh8





But also...



Data wrangling using more error-prone 
ways can lead to less transparent science 



Image created by Candace Savonen using Avataars.
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R2 = 0.893

This code runs well on my 
computer, let me email it to 
you!

So exciting!



Image created by Candace Savonen using Avataars.

ERROR ERROR 
ERROR ERROR 
ERROR ERROR 
ERROR ERROR
ERROR ERROR

Ruby’s code 
and data



Image created by Candace Savonen using Avataars.

Error: file path 
“Ruby’s 
computer/Ruby’s 
file/final_version10.
R” not found

Re:Re:Re: Data 
Hi Ruby, I don’t understand 
what this code is supposed 
to be doing...

Re:Re:Re: Data
Hi Avi, It works for me?



Image created by Candace Savonen using Avataars.
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Based off of a figure from Essawy et al, 2020 https://doi.org/10.1016/j.envsoft.2020.104753

Eff
or

t
Tim

e

Replicability
new researcher, new data

Reproducibility
new researcher, same data

Repeatability
same researcher, same data

https://doi.org/10.1016/j.envsoft.2020.104753


Transparent Data Wrangling is Required 
for Transparent Data Science



https://www.science.org/content/article/what-massive-database-retracted-papers-reveals-about-science-publishing-s-death-penalty

https://www.science.org/content/article/what-massive-database-retracted-papers-reveals-about-science-publishing-s-death-penalty


https://pmc.ncbi.nlm.nih.gov/articles/PMC10485848/

Data Errors are One of the Leading Causes of Retractions

https://pmc.ncbi.nlm.nih.gov/articles/PMC10485848/


https://pmc.ncbi.nlm.nih.gov/articles/PMC10485848/

Data Errors are One of the Leading Causes of Retractions

https://pmc.ncbi.nlm.nih.gov/articles/PMC10485848/


https://journals.plos.or
g/plosone/article?id=1
0.1371/journal.pone.0
251888 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888


https://journals.plos.or
g/plosone/article?id=1
0.1371/journal.pone.0
251888 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0251888




https://doi.org/10.1038/nm1491

Older example - but of great consequence 

https://doi.org/10.1038/nm1491




https://www.ncbi.nlm.nih.gov/books/NBK475955/ 

https://www.ncbi.nlm.nih.gov/books/NBK475955/


http://www.birs.ca/events/2013/5-day-workshops/13w5083/videos/watch/201308141121-Baggerly.mp4

Please watch!!! Forensic Bioinformatics
Keith Baggerly

http://www.birs.ca/events/2013/5-day-workshops/13w5083/videos/watch/201308141121-Baggerly.mp4


● Most of the attention is on the 

last step

● This course is about all the steps 

that come before

● They are critical for getting 

things rights

Leek and Peng Nature 2015

https://doi.org/10.1038/520612a


Reproducibility/Transparency is 
Important



https://elifesciences.org/articles/67995 

“We report the challenges confronted during a large-scale effort to 
replicate findings in cancer biology, and describe how improving 
transparency and sharing can make it easier to assess rigor and 
replicability and, therefore, to increase research efficiency.”

https://elifesciences.org/articles/67995


Reproducibility saves 
everyone time and effort!



Image created by Candace Savonen using Avataars.

Ruby’s code

ERROR

Ruby’s code

Now Ruby Future Ruby

It saves your future self  time and effort!



Your closest collaborator is 
you six months ago, but you 

don’t reply to emails
- Karl Broman

http://kbroman.org/Tools4RR/assets/lectures/06_org_eda.pdf

http://kbroman.org/Tools4RR/assets/lectures/06_org_eda.pdf


Image created by Candace Savonen using Avataars.

Ruby’s code - not as reproducible

ERRORERRORERRORERRORERRORERRORERROR



Image created by Candace Savonen using Avataars.

Ruby’s code - more reproducible

ERROR

It saves the time & effort of others!



CC-BY by jhudatascience.org

A useable, well-documented analysis is more likely to 
be used and disseminated!

itcrtraining.org/courses

It improves trust and reuse!

https://www.itcrtraining.org/courses


Reproducibility != Correctness

Reproducibility ~ Consistency 

You could be consistently 
wrong in the same way….



However, being consistent and 
transparent is a necessary step for doing 
trustworthy science.

It makes it easier for you and others to determine 
if your work was correct.



Reproducible work is typically easier to 
update!

Reviewer 2: 
Please redo your full analysis but 
change this one detail. 



What you wished data looked like



What it actually looks like
http://healthdesignchallenge.com/

http://healthdesignchallenge.com/


What it actually looks like





And so we data wrangle



Data sharing



1. The raw data.

2. A tidy data set

3. A code book describing each variable and 

its values in the tidy data set.

4. An explicit and exact recipe you used to go 

from 1 -> 2,3

http://vita.had.co.nz/papers/tidy-data.pdf


http://vita.had.co.nz/papers/tidy-data.pdf

https://twitter.com/hadleywickham



Reference: http://brianknaus.com/software/srtoolbox/s_4_1_sequence80.txt

A tidy data set

One variable per column
One observation per row
One table per “kind” of data with
Linking variables across tables

http://brianknaus.com/software/srtoolbox/s_4_1_sequence80.txt


Code book

Variable names
Variable descriptions
Variable units
Study design quirks



Recipe

R/Python Code
Input raw data -> output tidy
No parameters 



Explicit instructions
Versions of software
Parameters included



Vague instructions
Missing versions
Skipped steps



1. Be consistent

2. Choose good names for things

3. Write dates as YYYY-MM-DD

4. No empty cells

5. Put just one thing in a cell

6. Don't use font color or highlighting as data

7. Save the data as plain text files

Rules for Tidy Spreadsheets

https://doi.org/10.1080/00031305.2017.1375989

https://doi.org/10.1080/00031305.2017.1375989


Just no

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

https://xkcd.com/1459/

http://www.phdcomics.com/comics/archive.php?comicid=1531
http://www.phdcomics.com/comics/archive.php?comicid=1531
https://xkcd.com/1459/


Version Control!

Saving you from not knowing 
what or where your files are!

Saving you from losing your files 
when your computer dies or is 
stolen etc.!

Allowing you to track changes 
overtime and revisit them!

Like Google Doc history but better.

Image by janjf93 from Pixabay

https://pixabay.com/users/janjf93-3084263/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1626471
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=1626471


Source: Jenny Bryan

Key principles of file naming for data 
science projects:

● Machine readable
● Human readable
● Be nicely ordered



Ellis SE, Leek JT. (2017) How to share data for collaboration. PeerJ Preprints 
5:e3139v5https://doi.org/10.7287/peerj.preprints.3139v5

https://doi.org/10.7287/peerj.preprints.3139v5


Bad Naming Good Naming

2013 my report.md 2013_my_report.md

malik's_report.md maliks_report.md

01_zoë_report.md 01_zoe_report.md

AdamHooverReport.md adam-hoover-report.md

executivereportpepsiv1.md executive_report_pepsi_v1.md



2018_jan_sales_cust001_prod001.md
2017_mar_sales_cust001_prod001.md
2016_may_sales_cust001_prod008.md
2017_jan_sales_cust120_prod007.md
2015_oct_sales_cust034_prod001.md
2015_oct_sales_cust034_prod002.md

Year Month Type Customer ID Product ID

2018 jan sales 001 001

2017 mar sales 001 001

2016 may sales 001 008

2017 jan sales 120 007

2015 oct sales 034 001

2015 oct sales 034 002



Which one is better?

analysis.R  
or 

2017-exploratory_analysis_crime.R?



Which one is better?

05-21-2017-analysis-cust001.R  
or 

2017-05-21-analysis-cust001.R?



Structure of a filename

processed_pvalue_data_from_pubmed_oct24.rda



What did I do to this data

processed_pvalue_data_from_pubmed_oct24.rda



What kind of data is this?

processed_pvalue_data_from_pubmed_oct24.rda



Where did it come from?

processed_pvalue_data_from_pubmed_oct24.rda



When did I get it?

processed_pvalue_data_from_pubmed_oct24.rda



Underscores/slashes not dots/whitespace

processed_pvalue_data_from_pubmed_oct24.rda



Consistency is the main rule

processed_pvalue_data_from_pubmed_oct24.rda
raw_pvalue_data_from_pubmed_oct24.rda



Organize thyself



Reproducibility is a tortoise’s game - it’s an 
incremental and slow process but it has 
high payoffs!

Slide from Candace Savonen.



Image created by Candace Savonen.
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Perfectly reproducible

No analysis reaches here

Not repeatable

Every analysis starts here

Reproducibility is iterative work!



1. READMEs
a. Background knowledge 
b. Usage info
c. Software requirements to run the thing
d. Basics on how the files are organized 

2. Code annotations: 
a. Explain historical decisions 
b. Explain “quirks” of the code 
c. Say where more development is needed (TODO)
d. Summarize the goals!

Documentation that every project 
should have!

AI can help, but check everything!





"File organization and naming are 
powerful weapons against chaos."

- Jenny Bryan



Slide via Jenny Bryan:
http://www.slideshare.net/jenniferbryan5811/cm002-deep-thoughts





Image created by Candace Savonen.
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Your organizational system should work for you not the other way around!



Raw data

● Stored local copy
● If downloaded - keep date/location



Processed data

● Processed data should be named 

so it is easy to see which script 

generated the data.

● The processing script - processed 

data mapping should occur in the 

README

● Processed data should be tidy

http://vita.had.co.nz/papers/tidy-data.pdf


Step 1: slow down and document. 
Step 2: have sympathy for your future self. 
Step 3: have a system.

- Karl Broman

http://kbroman.org/Tools4RR/assets/lectures/06_org_eda.pdf

http://kbroman.org/Tools4RR/assets/lectures/06_org_eda.pdf


R + RStudio 



www.r-project.org





https://www.rstudio.com/



https://rstudio.cloud

Also great!

https://rstudio.cloud






R Markdown file

R Markdown files (.Rmd) help generate reports that include your code and 
output.

1. Helps you describe your code
2. Allows you to check the output
3. Can create many different file types





● Repeatable → Reproducible → Replicable
● Others know what you did well enough to use your data and code and get the 

same results
● Reproducibility:

○ Helps make science more efficient!
○ Helps your future self and others know what you did

■ Saving time and effort
○ Makes it easier to adjust or update your work

● Reproducible does not mean correct! But it is a good first step to help identify if 
your work is correct

● Organizing files, naming files consistently and informatively helps! R Markdown 
files do too - more about that next!

Summary


