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Introductions
Turn to your neighbor(s) and share

● Name
● Pronouns (optional) 
● Institution
● Positon (junior, grad student, staff, etc)
● Coding experience
● One thing you hope to get out of this session



Why learn to code?

● Useful across STEM fields
● Fastest growing jobs according to Forbes.com includes

○ Software developer - median pay $110K
○ Data scientist - median pay $98K

● Coding give highest boost in salary up to ~20% (payscale.com)

Slides Modified from Chris Robles



What is R and RStudio?
● R is a programming language for statistical computing and graphics

○ Widely used amongst scientists, statisticians and data scientists
○ Accessed through the command line
○ Ranked #2 best programming language to learn for data science (https://www.technotification.com)

● Rstudio is an Integrated development environment (IDE)
○ Contains a debugger, automation tools, and code editor
○ Has a GUI (graphical user interface) making it more user friendly

Slides Modified from Chris Robles
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Why learn R vs excel?
● Pros

○ Can handle very large datasets
○ Faster calculations
○ Easily reproduced
○ More complex and advanced 

data visualization
○ FREE!

● Cons
○ Steeper learning curve but 

definitely surmountable!

Slides Modified from Chris Robles



● Import your data into R 
● Perform statistical 

analysis on an 
experiment

● Plot data from an 
experiment

Examples of how it can be used

Slides Modified from Chris Robles



Examples of how it can be used

● Import your data into R 
● Perform statistical 

analysis on an 
experiment

● Plot data from an 
experiment
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Where to Download?
● R: http://cran.r-project.org/bin/windows/base 
● RStudio: http://www.rstudio.com/products/rstudio/download/
● Rstudio Cloud: https://rstudio.cloud/

○ Browser based (We will use this today!)

Go to RStudio Cloud and make an account:
https://rstudio.cloud/content/4686217

Slides Modified from Chris Robles
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Link to RStudio Cloud Files for Today:
https://rstudio.cloud/content/4686217
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Bottom right panel
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R file

Console

Environment List

Files/Plots/Help/more



Should create this output in the console







● Functions are always followed by ( )
● Inside the parentheses are your “arguments”
● Arguments are separated by commas
● The names are in “” because they are character strings 

not objects 





This is the default order 
and values of the 
arguments







You can nest a function within a function!







Electronic Notebooks



• Lab notebook belongs to the organization (NIH)
• Always stays at the work place (make photocopies)
• Record observations into the notebook as you are doing the 

work
Safekeeping

• Bound notebook with numbered pages
• Black ink (no pencil) – minimizes chances of erasures; easily 

scanned and photocopied
• No erasing! One line cross-outs; initial the change, add note 

why you made that change

Organization 
and 

Readability

• Provides sufficient details so work can be reproduced by 
others.

• Allows experimental findings to be fully understood.
• One day you or someone else will write your results up as a 

paper. Make it easy for them to find things.

Quality 
of 

Record Keeping

Best practices for lab notebooks



“If it’s not written down, it didn’t happen.”

Your notebook must answer the questions below:

1) What was done?

2) How was it done?

3) When was the work performed?

4) Who performed the work?

This applies to both hardcopy and electronic notebooks



Electronic Notebooks
Problem: 

It’s not realistic to put all data and results from a big data experiment into a 

bound notebook… 

but a bound notebook is still required.

The solution: 

An electronic notebook that is referenced and maintained within the bound 

notebook. 



What does an electronic 
notebook look like?

● A project folder/directory that contains: 

1. summary project file; Excel is great for this! 

2. all data files

3. raw data 

4. output files from analyses

● Files containing raw data must be backup and preserved to that it’s always 

possible to go back to the raw data and analyze.



File naming scheme: 
Date_Experiment_File Type

Each project file represents a 
new experiment run in 

R Studio on a given date

Contains original script used and 
version, version of R Studio, all 

input data files and all newly 
generated files



Summary project file in Excel
File naming scheme: 

Date_Experiment Type_Species_Tissue



Define authorship early and keep track of who has been involved in a study. 
People move, graduate ect.

Summary project file in Excel



Useful for raw data, methods, and results pages

Each page represents a new experiment, 
and be sequentially ordered.

Summary project file in Excel



Running a code/script 
is an experiment

1. What parameters were used & how do they impact your results?

a. Quality filters

b. Stringency filters

c. Positive controls

d. Negative controls

2. Default parameters

a. Defined by others…

b. What are they and how do they impact your results?



Version Control

● It is common for big datasets to be analyzed by multiple scientists.

● For any software or script used for data analysis, the version of the 

software used must be recorded.

● Include dates for experiments, analysis, or data downloads.



Publishing large datasets
1. Sequence data & gene array data – requires depositing raw and 

processed data in an NIH database for public access.

2. Not all data types have a standardized format



Ex. file naming scheme: 
Date_collegeboard_file description

RStudio Cloud



Visualizing your data with ggplot2 



ggplot2 and the Grammar of Graphics 
Originally developed by Leland Wilkinson, the Grammar of Graphics was adapted by Hadley 
Wickham for the R package ggplot2

https://www.amazon.com/ggplot2-Elegant-Graphics-Data-Analysis/dp/331924275X/ref=dp_ob_image_bk
https://www.amazon.com/ggplot2-Elegant-Graphics-Data-Analysis/dp/331924275X/ref=dp_ob_image_bk


Every graph can be made with three things
● A data set
● A coordinate system
● A “Geom” (Visual marks that  represent data)

(Rstudio Cheat Sheets)



geom_* Examples



https://visme.co/blog/funny-graphs/

https://visme.co/blog/funny-graphs/








What’s the question?



What’s the question?

Do private, public and for profit schools have the same percentage of Pell Grant 
recipients? 

“Federal Pell Grants usually are awarded only to undergraduate students who display exceptional financial need” 
(Student.aid.ed.gov)

https://studentaid.ed.gov/sa/taxonomy/term/94?width=300px&height=auto&className=glossaryterm&closeButton=true
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What’s the question?

Do private, public and for profit schools have the same percentage of Pell Grant 
recipients? 

“Federal Pell Grants usually are awarded only to undergraduate students who display exceptional financial need” 
(Student.aid.ed.gov)
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What’s your coordinate system?
● X axis?

○ School funding type
■ This is the “funding” variable

● Y axis?
○ Percentage of undergraduates who receive Pell Grant aid

■ This is the “percent_of_students_with_pell_grants” variable





Every graph can be made with three things
● A data set 
● A coordinate system
● A “Geom” (Visual marks that  represent data)

(Rstudio Cheat Sheets)



















How could these color 
choices be more



















Patterns and Trends. 



Exploring your data
● Now that you have learned how to make some simple plots with ggplot, you 

can begin to explore you data 
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can begin to explore you data 
● It is important to explore/visualize your data before you apply any sort of 

statistical analyses



Exploring your data
● Now that you have learned how to make some simple plots with ggplot, you 

can begin to explore you data 
● It is important to explore/visualize your data before you apply any sort of 

statistical analyses
● Some nice functions you can use for quick data exploration

○ summary()
○ cor()
○ table()



How I explore data, a (brief) introduction to dplyr



How I explore data, a (brief) introduction to dplyr



How I explore data, a (brief) introduction to dplyr



Exploring previous NSF GRFP data





Manipulating our NSF data



Manipulating our NSF data



Manipulating our NSF data







Visualize data





Visualize data





Question: How many NSF 
awards were given vs. how 
many honorable mentions 

were given?



Add some color 



Is there a significant difference in the number of 
honorable mentions vs awards in 2016?



Deciding which statistical method to use
Questions to ask yourself:

● What is your data?
○ Continuous, Binary, Censored

● What is your dependent variable?
● What do you want to do?

○ Compare groups?
○ Evaluate effect?



Deciding which statistical method to use

Data Type Compare Groups Evaluate Effect

Continuous 2-way ANOVA, T-test Linear regression or Multiple 
linear regression

Binary Fisher’s Exact Test, 
Chi-Square

Logistic Regression



Deciding which statistical method to use
Questions to ask yourself:

● What is your data?
○ Continuous, Binary, Censored

● What do you want to do?
○ Compare groups
○ Evaluate effect?



Comparing the mean of two samples 

Data Type Compare Groups Evaluate Effect

Continuous 2-way ANOVA, T-test Linear regression or Multiple 
linear regression

Binary Fisher’s Exact Test, 
Chi-Square

Logistic Regression



Running a t-test in R
Step 1: 

● Filter to year of interest
● Select column of interest



Running a t-test in R
Step 1: 

● Filter to year of interest
● Select column of interest

Step 2: 

● Run your t-test







Question: Can I predict the 
number of NSF awards 

given to a school if I know 
how many were received 

the previous year?



Deciding which statistical method to use
Questions to ask yourself:

● What is your data?
○ Continuous

● What is your dependent variable?
○ Number of awards in 2017

● What do you want to do?
○ Evaluate effect



Predicting an outcome given previous observations

Data Type Compare Groups Evaluate Effect

Continuous 2-way ANOVA, T-test Linear regression or Multiple 
linear regression

Binary Fisher’s Exact Test, 
Chi-Square

Logistic Regression



Visualizing patterns
Step 1: 



Visualizing patterns
Step 1: 



Visualizing patterns
Step 1: 

Step 2:





Visualizing patterns





Running Linear regression in R



Running Linear regression in R





Can anyone think of potential problems 
with our model?



Potential Problems
● Don’t know total number of applicants…

○ If we do get this information we can add this into our model



Slides available
https://mooney-lab.github.io/#

https://mooney-lab.github.io/#


A couple nice resources for Rstats and Tidyverse
Rstats: https://rafalab.github.io/dsbook/

Tidyverse:https://moderndive.com/4-tidy.html

https://rafalab.github.io/dsbook/
https://moderndive.com/4-tidy.html


More general information about R:

Resources for beginners to self-learn
Quick R: free online tutorial

http://tryr.codeschool.com/

Swirl : Offline Interactive learning. Please see FAQ section for details.

Coursera: R Programming course by Johns Hopkins

Ebooks: Introduction to Statistical Machine Learning

https://www.statmethods.net/index.html
https://swirlstats.com/
https://swirlstats.com/faq.html
https://www.coursera.org/course/rprog
https://www.sciencedirect.com/science/book/9780128021217
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Recruiting potential computational PhD students

http://dornsife.usc.edu/qcb
https://mooney-lab.github.io/#

http://dornsife.usc.edu/qcb
https://mooney-lab.github.io/#

