
Teaching biology students 
exploration and visualization 

in a data-driven world
Dr. Kristine Grayson & Dr. Angie Hilliker

University of Richmond

Updated from Grolemund & Wickham's classis R4DS schematic, envisioned by Dr. Julia Lowndes 
for her 2019 useR! keynote talk and illustrated by Allison Horst.

https://github.com/allisonhorst/stats-illustrations


Many of our course materials are 
available on QUBES
• Syllabus and Resources (including these 

slides):
• https://qubeshub.org/publications/2450/1
• Assignments and Projects:
• https://qubeshub.org/publications/2452/1

https://qubeshub.org/publications/2450/1
https://qubeshub.org/publications/2452/1


30%
Arts & Sciences 
students conduct 

research



Angie Hilliker Kristine Grayson

https://biology.richmond.edu/faculty/ahillike
https://blog.richmond.edu/graysonlab/


Student experience before our class

Biology Curriculum:
• Intro to Biological Thinking 
• Integrated Biological Principals I and II
• Upper level biology electives
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Students’ Prior Programing Experience
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Data Visualization
Principles

Critical Thinking
or “Calling Bullshit”

Tools and Tricks

typesofgraphs.com by Carl T. Bergstrom & Jevin D. West

Accurate?
Clear?

Beautiful?

How to see
manipulations,

flaws, and fraud. Our chosen tools

http://www.typesofgraphs.com/types-of-graphs/#respond
https://www.amazon.com/Calling-Bullshit-Skepticism-Data-Driven-World/dp/0525509186
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Students will be able to:

Learn to select appropriate visualizations for a variety 
of data types

Identify and avoid common pitfalls that can result in inaccurate 
presentation of data and figures 

Convey clear, accurate, beautiful graphics with data 

Recognize misuse of data, such as “p-hacking” and data 
dredging

Learn to recognize misinformation and BS

Use Tableau & Program R as software tools for creating 
visualizations

Acquire and evaluate publicly available data 

Clean, organize, and manipulate data sets

M
an

ag
e
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Data Communication topics :

• Best practices for exploratory data analysis 
and contrast with hypothesis testing

• Scientific process and P value hacking

• Reproducible research and open data

• Data ethics and inclusion



What we aren’t teaching in this class:

This is not 
a stats class.
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What we aren’t teaching in this class:

This is not 
a stats class.



Tableau and Program R, basics

• GUI interface
• Tableau Online
• Good job skill in the 

business world
• Instructors and students 

can get educational 
license

• Good online tutorials and 
guides

• R Studio provides a partial 
GUI interface

• R Studio Cloud
• Used by many scientists
• Open source, but R 

Studio Cloud has limited 
access without paid plan

• Excellent (and prolific) 
online tutorials and guides

. 



Rational for Tableau and Program R

• Explore Data Viz 
principles without code

• Grouping/filtering, data 
cleaning, and calcs are 
easy to learn

• Quickly change between 
graph types/styles

• Handles large data sets

• Dashboards

• One way to introduce 
students to programming

• Powerful packages for 
data analysis & viz

• Exceptionally wide range 
of graphic types available

• Can handle exceptionally 
large data sets

• Knitting and Markdown



Drawbacks for Tableau and Program R

• Limited by the catalogue 
of graph types available

• Limited analysis/stats

• Error bars are difficult

• Lots of new terminology 
specific to Tableau

• Have to introduce 
programming principles

• Steep learning curve

• Packages have 
documentation of varying 
quality



Formative 
Assignments/Activities



Class Reading

Open Source Copy www.callingbullshit.org Open Source Copy

https://clauswilke.com/dataviz/
https://www.callingbullshit.org/index.html
https://r4ds.had.co.nz/


Perusall promoted conversations 
between students & with 
instructors

Reading Assignment Comments &
Discussion



Perusall allowed students to ask 
questions:



Perusall showed us what 
resonated with students



Perusall: encouraged students to 
look beyond the reading and 
share what they discovered!



Dear Data Assignment

dear-data.com

http://www.dear-data.com/theproject


Dear Data Assignment

Giorgia Lupi and Stefanie Posavec

• Representative 
work of my favorite 
painter

• What does my 
clothes collection 
say about me?

• How music makes 
me feel

https://www.amazon.com/Observe-Collect-Draw-Visual-Journal/dp/1616897147


Dear Data Assignment- Student 
examples

Graphics shared with permission by: Susmita Adhikari, LeeAnn Dempsey, Petra Hafker 



Grammar of Graphics: Framework of 
ggplot2 in R

The Grammar of Graphics by Leland Wilkinson (2005)
A Layered Grammar of Graphics by Hadley Wickham 
(2010)

Mapping

https://link.springer.com/book/10.1007/0-387-28695-0
https://www.tandfonline.com/doi/abs/10.1198/jcgs.2009.07098


What we taught in R

https://www.tidyverse.org/

https://www.tidyverse.org/


Live Demos in Class with R Markdown 
(.rmd) files



Live Demos in Class with R Markdown 
files

Instructor provides description
and creates an empty “code chunk.”

Student practices the described 
function and then answers a related
question.



Live Demos in Class with R Markdown 
files
Student submits .rmd file and knitted PDF.
Instructor can grade from PDF and check 
.rmd file as needed



Live Demos in Class with R Markdown 
files: uses

To teach R Markdown
formatting, set up, and options

Learn R Studio

Guided Exploration
of help documentation

For beginners: have code 
largely written and ask 

students to play 
with arguments

Practice on sample datasets

Practice the code, examples, and 
exercises from course reading

Troubleshoot code, discuss code in paragraph
form, in addition to commenting



Live Demos in Class with R 
Markdown files

• Don’t reinvent the wheel! Great markdown files 
available to accompany lessons in these 
books:

Datasets and .rmd files from Healy Datasets and .rmd files from Wickham

https://github.com/rstudio-conf-2020/dataviz
https://wilkelab.org/SDS375/schedule.html


R Studio Desktop vs. R Studio Cloud



Tidy Tuesday Challenge

• Weekly social data project to wrangle and visualize data 
shared via Twitter

• We first asked students to look at past submissions
• Used Palmer Penguins week (familiar from tidy data unit)

• Twitter search or #TidyTuesday.rocks Shiny app

https://github.com/rfordatascience/tidytuesday
https://github.com/rfordatascience/tidytuesday/blob/master/data/2020/2020-07-28/readme.md
https://shiny.rstudio.com/gallery/tidy-tuesday.html


Tidy Tuesday Challenge

• “When I first imagined a twitter challenge centered around 
data science, I thought that they would be relatively boring, 
statistical figures that are more suited for a scientific 
journal.  However, I was clearly incorrect!  The submissions 
that received a lot of likes and retweets tended to be very 
creative, colorful, and insightful.” – Student reflection

https://github.com/rfordatascience/tidytuesday


Tidy Tuesday Challenge

• We selected a 2018 dataset on Cetaceans (whales and 
dolphins) in captivity in the US for students to select their 
question and visualize

• Selected for the bio theme and approachability as students 
built their Program R skills

Graphics shared with permission: Lindsay Pett and an additional Data Viz student

https://github.com/rfordatascience/tidytuesday
https://github.com/rfordatascience/tidytuesday/tree/master/data/2018/2018-12-18


Summative 
Assignments/Activities



Mid-Semester Project

• Partners: Pick a data set from Our World in 
Data (OWID)

https://ourworldindata.org/


Mid-Semester Project

• Pick a data set from Our World in Data (OWID) 
related to biology

https://ourworldindata.org/


Mid-Semester Project

• Each partner selects one Figure from OWID in 
data to recreate or revise in Tableau



Mid-Semester Project

• Each partner selects one Figure from OWID in 
data to recreate or revise in Tableau

Graphics shared with permission: from a Data Viz student



Mid-Semester Project

• Then explore the data as shown in OWID to 
find an interesting question or comparison to 
explore. 

• Make a novel figure to explore novel aspect of 
the data. 



Mid-Semester Project

• Make a novel figure to explore novel aspect of 
the data. 



Mid-Semester Project

Graphics shared with permission: Susmita Adhikari 



Mid-Semester Project

• Look in the scientific literature for data related 
to their topic. Present what you learn from the 
data and critique the aesthetic choices of the 
figure. 



Mid-Semester Project

• Student deliverables:
• Oral presentation to class, with slides
• 2-3 page written analysis
• PDFs of cited papers
• Tableau workbook and data

Source: University of Nottingham Blogs
sciencemag.com

https://blogs.nottingham.ac.uk/manuscripts/files/2016/07/Weekly-Courant-19-July-1716-p3crop.jpg
https://www.sciencemag.org/news/2017/10/why-word-vaccine-probably-all-wrong


Capstone Projects
• List of potential topics and data sources to get 

them started



Capstone Projects
• Student Deliverables:

• Make two novel figures
• R markdown file with annotated code, figures, and 

analysis
• Single slide for “lightening poster session”

Graphics shared with permission: Jonathan Huang



Capstone Projects

Graphics shared with permission: Lindsay Pett



Capstone Projects

Graphics shared with permission: Allison Newman



Sample Student Markdown File

Graphics shared with permission: Allison Newman



What we learned:



What we learned 

• Many great open source books with exercises
• Instructors share activities and data sets to 

work with (their websites, Twitter, QUBES, etc.)
• Do consider that “keys” and sample answers 

may be online for open source texts. How do 
you want to handle that?

• Blackboard as a landing pad for each class 
with links to various resources

• Google slide deck to create individual “Data Viz 
Journal” for turning in small assignments



Elle Townsend

We couldn’t include several 
fundamental coding concepts:

datascibc.org

promptcloud.com

https://www.elletownsend.co.uk/blog/posts/top-5-apis/
http://datascibc.org/Data-Science-for-Docs/01-lesson-01-r-for-newbies.html
https://www.promptcloud.com/blog/web-scraping-of-data-5-steps/


Changes we will make: focus on one 
program so we can introduce more skills

Student survey: 
Rate the amount 
of time spent on 
Tableau and R:
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Student survey: Rate the amount of 
time we spent on Tableau/ Program R:
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What would we add with more time?

www.r-graph-gallery.com

datascibc.org

Elle Townsend

https://www.r-graph-gallery.com/271-ggplot2-animated-gif-chart-with-gganimate.html
https://www.r-graph-gallery.com/animation.html
http://datascibc.org/Data-Science-for-Docs/01-lesson-01-r-for-newbies.html
https://www.elletownsend.co.uk/blog/posts/top-5-apis/


Student Feedback:



How would you characterize your comfort 
and skills for working with data?

Before starting this class:

• “I was pretty unfamiliar with even the most basic 
principles of data management and visualization. My 
only real experience involved basic R from BIOL202 & 
whatever Excel skills I have picked up over the years.”



Think about where you are now. What has 
changed and what have you learned that 
you value?
• “I actually know how to approach large datasets now, which is 

exciting. I also feel more confident in my ability to create appealing 
and effective visualizations. I especially value the skills that I have 
learned for Tableau and R, since I can see myself using these tools to 
some capacity in the future.”

• “This class pushed me out of my comfort zone and has provided me 
such a better understanding of various data visualization methods. I've 
begun to see data visualization as a much more intricate process, 
whereas before I would go through a similar pattern of motions when 
making graphs on excel.”



Thanks to:

• All materials co-created 
with Dr. Kristine Grayson

• Thank you to Krista Stenger 
(Chair of Biology) for 
supporting the vision of this 
course

• Thank you to Andrew Bell 
and Linda Boland (UR’s 
Faculty Hub) for supporting 
the expansion of Data 
Literacy curriculum at UR

• Great online resources 
used from:

• Carrie Eaton
• Claude Wilke
• Andrew Heiss

• Our hard working students!
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