
Data organization and manipulation 
(Intermediate & Advanced Levels)

Emily Leary, PhD
Chief, Biostatistics Program Office

NIDDK



Learning Objectives

R Commander R Swirl tidyverse R Markdown

NIH Library Intro to R and RStudio - how to load and basics

https://youtu.be/kybHWPbZa28?si=aTML4ck9oPB0ZFtr


Things to Consider

Base R R Studio

Nature Programming language Integrated Development Environment

Usage Statistical computing, analysis Enhancing the use of R through tools

User Interface Command-line GUI with additional features 

Functionality Core statistical analysis & graphing Code editing, debugging, version control integration 

This where you will write code 

 This is where the code, 
 output, errors will be     

located

Data, 
functions, 

etc

Plots, filesThis is where everything is viewed



Things to notice in RStudio
Here, we see some advantages to Rstudio over base R. You get helpful pop-
ups which can make coding faster/easier.
Or, you have a handy location to find other files (other coding files, plots, etc) 
as well as tabs to look at packages, etc. 



Things to notice in RStudio

We’ll talk about more advanced options, but using sections 
Is a good start to better organize your R code. 

Can you see how I’ve organized my 
code for this webinar?



What terminology is needed for data cleaning in R?

• Objects - to store data
– Data frame – 2-dimensional data storage of all types; this is basically like an excel 

file with rows and columns 
– Matrix – 2-dimensional data storage for numerical data only 
– Vector – 1-dimensional data storage

• Data Types
– Character/string – storing text
– Factor –character variables with limited number of options for text
– Substring – characters extracted from a character variable or string
– Numerical – storing numbers

• # is the way to comment code in R



R Swirl

R Commander R Swirl tidyverse R Markdown

• We’ll start with R Swirl which is an interactive 
package in R to help self-direct learning for more 
general tools, often called functional 
programming tools because they are built around 
functions that take other functions as inputs. 

• This can quickly get abstract, but R Swirl helps 
learners stay focused



R Swirl

To start using swirl, use the following code in RStudio
Note that this is all happening in the log portion of RStudio, follow the prompts until 
you get the course selection screen below



R Swirl

Note that you MUST be connected to the internet to use RSwirl



Follow along for R Programming: Functions



Follow along for R Programming: Functions



Follow along for R Programming: Functions



Follow along for R Programming: Functions

See how Rstudio brings up things to choose from? 
 



Follow along for R Programming: Functions



Follow along for R Programming: Functions

Notice how Rstudio helps you by providing a menu 
to autofill your command?



Follow along for R Programming: Functions

In mathematics, the modulo operation returns 
the remainder or signed remainder of a division, after one 
number is divided by another

In R, we can use “%%” to do this OR “mod(n, m)” is the 
modulo operator and returns n mod m. 



Follow along for R Programming: Functions

Caution: this can cause coding problems for more extensive programs/projects 



THE KEY TO CODING FREEDOM!



Follow along for R Programming: Functions

This requires you to know how to index vectors using []



Follow along for R Programming: Functions

Indices for matrices are like for vectors are accessed as var[row, column]. 
Here row and column are vectors and we can select elements in the same 
way as for vectors. 

 

This is technically correct, but only for this example 



Level up: Tidyverse

R Commander R Swirl tidyverse R Markdown

• R swirl is great for learning functions, but it is not 
helpful to guide you for specific things when 
working with your own data.

• We’ll use Tidyverse to continue to build skills to 
investigate and understand our data. 

• However, we’ll leverage functions that we learned 
using R swirl and expand upon them 

Project

You

Tidyverse



What is Tidyverse? 

https://www.tidyverse.org/



What terminology is needed for data cleaning with tidyverse?

A tibble() is a 
special kind of data 
structure that is 
used in the 
tidyverse & has 
special properties, 
different from 
dataframes



Tibbles vs Data Frames vs Matrices 

• A matrix can only contain numbers but can be used more efficiently if 
your data are only numerical 

• A data frame is like excel file with a list of equal length vectors – good 
for data storage of all types 

• A tibble is a special type of data frame with special functions for printing 
and subsetting; some functions don’t work with tibbles.  Use 
“as.data.frame()” to turn the tibble into a data frame for use. 



How to Import Data?

We’ll use the readr package to import our csv dataset. 
I always recommend using .csv files vs .xlsx files as embedded formatting 
can cause import issues.  



A note on file paths and common issues…

Note that R expects forward slashes (/) in your filepath 
If you have a PC, the default file path uses back slashes (\) and you will get the 
following error 

 Output from PC => C:\Users\learyev\R is for All 
 Corrected for R => C:/Users/learyev/R is for All
 Also correct for R => C:\\Users\\learyev\\R is for all

This is also important to note if you switch between a PC and Mac computer as 
Macs have different formatting for file paths
So, you may want to create and label the different file
 paths for what computer you are using!



How to summarize data? 



Change variable type: character -> factor

This allows us to summarize our data by study status 



Using tidyverse: summarize your data

The summary() function provides useful information, but additional 
functionality would help with data cleaning and management. 



Functions from tidyverse to create summary functions 



Functions from tidyverse to make data cleaning easier

This tells R to make the wide 
output, long and to split the 
names at the underscore 
This is very helpful if you have 
multiple continuous variables



Functions from tidyverse to make data cleaning easier

Question: What would happen if you had 
enrollments with values larger than 150?

Let's create a new variable from the numerical values of 
another using the mutate() function from dplyr 



Functions from tidyverse to make data cleaning easier

Question: What would happen if you had 
enrollments with values larger than 150?
Answer: you’d have NA’s and may not realize it! 

Let's create a new variable from the numerical values of 
another using mutate from dplyr 



Functions from tidyverse to make data cleaning easier

Here we do the same but create a dataframe from the resulting tibble, 
which is useful for checking



Functions from tidyverse to make data cleaning easier

Now, what if we wanted to look at summary data by Study Status?

We can use the group_by() function from tidyverse to group output  



Level up: R Markdown

R Commander R Swirl tidyverse R Markdown

• R Markdown is a file format for making dynamic documents with R and 
uses the rmarkdown package

• An R Markdown document is written in markdown (an easy-to-write plain 
text format) and contains chunks of embedded R code and output

• The most important advantage is project management: R Markdown files 
are the source code for rich, reproducible documents – place code, 
figures, written explanations, decisions with reasoning – all in ONE place



R Markdown Definitions

• Knit: Function of the knitr package and runs each chunk of R code in the 
Markdown document and appends the results of the code in the 
document, next to the code chunk

• Convert: changes the file into a new file format: HTML, PDF, .docx
• Render: Refers to the two-step process of knitting and converting an R 

Markdown file 

• Tip: Your R Markdown file should not have any spaces in the file name!



Creating a blank R Markdown File



Blank R Markdown File Created

The information provided creates this header which 
outlines important document information for proper rendering



Blank R Markdown File Rendered 

• Opens up in a new R 
Studio window 

• Can also open in 
browser

• Can also “Publish” 
but won’t cover this



Editing an R Markdown file & Tips

The r setup code chunk sets the settings for all R code 
chunks in the Markdown file - if you need different 
settings, you can put these in the individual code 
chunks 
 

you can use the “add code chunk” short cut 
instead of writing out “```{r}    ```” each time

You can run specific things using the Run menu 

You can navigate your 
file using the outline 
button 



Add formatting and text to R Markdown files 



Let’s reformat our tidyverse file to R Markdown 

Practicing bullets in markdown, need 2
Spaces between * and writing to work 

Setting up an R settings for entire doc

Reformatting so that have primary
And secondary headings using #

R Markdown uses the directory where
The file is saved so no need to use full file paths

Setting up an individual R code chunk



Reformatted & rendered output 

Note that header formats the information 

Note that we have both primary and secondary headings

Note that we have both 
code and output blocks 
which makes things very 
readable!



Review

R Commander

• Data import
• GUI for analysis
• Low bar to start

R Swirl

• Coding foundations
• Self-directed
• More for 
      implementation 

tidyverse

• Get to know data
• Flexible for analysis
• Need coding basics 

R Markdown

• Project management
• Already know R
• Dynamic document



CHALLENGE!

R Commander R Swirl tidyverse R Markdown

Quarto



CHALLENGE: Quarto

Quarto Websites in 
20min by Dr. 
Charlotte Wickham

Quarto for Reproducible 
Medical Manuscripts
by Dr. Mine Çetinkaya-
Rundel



Other Resources & FYIs

NIH Library Trainings

• How to Write a Research Paper: Part 1, August 5, 10:00 am‒11:00 am
• Copyright and Plagiarism: What Authors Need to Know, August 6, 1:00 pm–2:00 pm
• Introduction to EndNote Desktop, August 7, 1:00 pm‒2:00 pm
• How to Write a Research Paper: Part 2, August 12, 10:00 am‒11:00 am
• How to Create an Effective ORCiD Profile, August 13, 1:00 pm‒2:00 pm
• Tips for Creating Scientific Posters, August 19, 1:00 pm‒2:00 pm
• Introduction to Quarto for Scientific Writing, August 25, 1:00 pm‒2:30 pm 
• Medical Imaging Workflows in MATLAB, August 26, 2:00 pm–3:00 pm

• Writing and Publishing Services 
• No time to attend a class? Take advantage of NIH Library writing and publishing services and resources. 
• Editing Service: Get free, light and medium manuscript editing, suggestions for responding to peer review comments, and more. Submit an Editing Request to get started.
• Plagiarism Checking Service: Identify missed citations or paraphrased wording that is too similar to a published source with an iThenticate report. Free and confidential for requesters 

who are the first, last, or corresponding author of NIH or HHS work-related, unpublished manuscripts.
• Journal Selection Consultation: Consult with our experts on selecting the most appropriate journal for your manuscript based on your audience, type of arti cle and research, and 

available open access options. 
• Author Profile Consultations: Collaborate with our experts on updating your ORCiD, Web of Science, Scopus, or Google Scholar Author Profiles so your research output is curated for 

maximum visibility on a variety of platforms. 

• Writing and Publishing Resources 
• Writing and Publishing Videos: Watch short writing and publishing tutorials in our new (but growing), NIH Library-created On Demand Video collection.
• EndNote: Download EndNote for free from the NIH Library and use it to manage the references in your manuscript.
• AMA Manual of Style: Ensure your manuscript follows the styles established to support the medical and scientific publishing community.
• Associated Press (AP) Stylebook: Access the style manual used primarily for writing NIH web content, fact sheets, brochures, newsletters, and other promotio nal materials.
• Chicago Manual of Style: Use the style manual employed by those working in literature, history, and the arts.
• NIH Style Guide: Refer to the style guide developed by NIH for NIH staff.
•

https://www.nihlibrary.nih.gov/training/how-write-research-paper-part-1-23
https://www.nihlibrary.nih.gov/training/copyright-and-plagiarism-what-authors-need-know-20
https://www.nihlibrary.nih.gov/training/introduction-endnote-desktop-64
https://www.nihlibrary.nih.gov/training/how-write-research-paper-part-2-24
https://www.nihlibrary.nih.gov/training/how-create-effective-orcid-profile-0
https://www.nihlibrary.nih.gov/training/tips-creating-scientific-posters-14
https://www.nihlibrary.nih.gov/training/introduction-quarto-scientific-writing-1
https://www.nihlibrary.nih.gov/training/medical-imaging-workflows-matlab-0
https://www.nihlibrary.nih.gov/services/editing
https://custserv.nihlibrary.ors.nih.gov/editing/
https://www.nihlibrary.nih.gov/services/editing/plagiarism-checking
https://custserv.nihlibrary.ors.nih.gov/consultation/
https://custserv.nihlibrary.ors.nih.gov/consultation/
https://www.nihlibrary.nih.gov/training/ondemand?f%5B0%5D=training_category%3A291
https://www.nihlibrary.nih.gov/resources/subject-guides/endnote/endnote-download
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.amamanualofstyle.com%2F&data=05%7C02%7Cemily.leary%40nih.gov%7C2b93e8ae0f264cb7c1fa08ddc95a7cb1%7C14b77578977342d58507251ca2dc2b06%7C0%7C0%7C638888112666343658%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=FO0PTH7xeMp9gq%2Bm4Fn0OQA7cdeopvqB8TXeN0SNmIY%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.apstylebook.com%2Fnational-institutes-of-health-library&data=05%7C02%7Cemily.leary%40nih.gov%7C2b93e8ae0f264cb7c1fa08ddc95a7cb1%7C14b77578977342d58507251ca2dc2b06%7C0%7C0%7C638888112666363148%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=G0sBJaPPKc3qHSUVvOL%2B7xmd2J5%2FFqDcX6VSrxslaeM%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.chicagomanualofstyle.org%2Fbook%2Fed17%2Ffrontmatter%2Ftoc.html&data=05%7C02%7Cemily.leary%40nih.gov%7C2b93e8ae0f264cb7c1fa08ddc95a7cb1%7C14b77578977342d58507251ca2dc2b06%7C0%7C0%7C638888112666377304%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=ercGRXmhzisGPhez6YhsNgHLw04%2FaISocbC9kVMpP5U%3D&reserved=0
https://www.nih.gov/nih-style-guide


QUESTIONS?
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