Teaching biology students
exploration and visualization

in a data-driven world

Dr. Kristine Grayson & Dr. Angie Hilliker
University of Richmond
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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
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Total enroliment (3,147 undergrad, 855 grad students) Average number of students per

undergraduate class —U.S. News & World Report

Arts & Sciences
students conduct
research
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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 | and Il
* Upper level biology electives




Class Demographics
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Students’ Prior Programing Experience

Comfort Level with Excel Comfort Level with R
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Data Visualization  Critical Thinking
Principles or “Calling Bullshit”
£

+ableau

[ Calling Bullihit ™
_-' mﬂrrq,r'.ﬁ“h_prmm 5

@ studio Cloud

Accurate? How to see
Clear? manipulations,
Beautiful? flaws, and fraud.

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



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

Students will be able to:

Learn to select appropriate visualizations for a variety
of data types

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

Visualize

Convey clear, accurate, beautiful graphics with data

Acquire and evaluate publicly available data
Clean, organize, and manipulate data sets

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

Evaluate Manage

Learn to recognize misinformation and BS



Visualize Evaluate
Data Program R
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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.

B No Stats
M AP Stats
B UR Stats




What we aren’t teaching in this class:

This is not

a stats class. O GitH“b

(1 ~ say_hello <- function(name) { A
2 message <- paste("Hello"”, name)
3 return(message)

.

\_ J




Tableau and Program R, basics

+_"; +ableau R

* GUI interface « R Studio provides a partial
+ Tableau Online GUl interface
+ Good job skill in the * R Studio Cloud
business world « Used by many scientists
* Instructors and students ¢ Open source, but R
can get educational Studio Cloud has limited
license access without paid plan

* Good online tutorials and « Excellent (and prolific)
guides online tutorials and guides



Rational for Tableau and Program R

+_"; +ableau R

* Explore Data Viz * One way to introduce
principles without code students to programming

« Grouping/filtering, data « Powerful packages for
cleaning, and calcs are data analysis & viz

easy to learn » Exceptionally wide range

* Quickly change between of graphic types available

graph types/styles » Can handle exceptionally

» Handles large data sets large data sets

» Dashboards  Knitting and Markdown



Drawbacks for Tableau and Program R

+_|_
wiy+ableau R
 Limited by the catalogue < Have to introduce
of graph types available programming principles
* Limited analysis/stats « Steep learning curve
 Error bars are difficult « Packages have
documentation of varying

 Lots of new terminology

specific to Tableau quality



Formative
Assignments/Activities



Class Reading

O'REILLY"

Fundamentals
of Data
Visualization

A Primer on Making Informative
and Compelling Figures

Claus O.Wilke

Open Source Copy

CALL

Carl T Bergstrom & Jevin D). West

i Calling Bullshit
Tihe Art af Shaptinim

im a Lhara-Dviven

4R for Data
Science

VISUALIZE, MODEL, TRANSFORM, TIDY, AND IMPORT DATA

Hadley Wickham &
Garrett Grolemund

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

graded error bars. The grading helps the reader perceive that there is a range of different possibilities. If |
showed simple error bars (without grading) to a group of people, chances are at least some of them
would perceive the error bars deterministically, for example as representing minimum and maximum of
the data. Alternatively, they might think the error bars delineate the range of possible parameter
estimates, i.e., the estimate could never fall outside the error bars. These types of misperception are
called deterministic construal errors. The more we can minimize the risk of deterministic construal error,

the better our visualization of uncertainty.

Error bars are convenient because they allow us to show many estimates with their uncertainties all at

once. Therefore, they are commonly used in scientific publications, where the primary goal is usually to
convey a large amount of information to an expert audience. As an example of this type of application,
Figure 16.7 shows mean chocolate ratings and associated confidence intervals for chocolate bars

manufactured in six different countries,

Switzerland

Canada o —

Reading Assignment

+ Upvoted by instructor

This is a great point-1 had never thought 4
abaut how error bars could be perceived

this way before. | have also never seen the
graded error bars before. | am not sure if | have
ever seen error bars in any context besides a
scientific journal article. However, | do think they
convey important information, so maybe the
graded error bars could be included in figures
meant for the general public such as magazine
figures.

% % A ¥r Feb 11 3:24 pm

| was also thinking about how
infrequent error bars are shown
outside of journal publications and why had |
never noticed that before?!

%1 A *r Feb 14 10:36 pm

| was thinking the same thing, Lindsay.

Az someone regularly exposed to
visualizations in the science field, | forget how
the general public may perceive certain things
much differently than | do. | like the idea of using
graded error bars to make the perception of the
figure clearer.

@ & 7: @ Feb1511:22 am

Comments &
Discussion



Perusall allowed students to ask
questions:

+3 0 | am still a bit confused about when to
use a Bayesian credible interval versus a
frequentist confidence interval. | do not think that
| have ever seen any paper or publication use the
O Bayesian credible interval. Wilke notes that

Bayesian models reguire knowledge of the prior
distributien- is this the enly criteria that people
use to decide which model to use in their figura?
In what situation would people have knowledge of
the prior distribution?

# % A tr Feb 11 3:47 pm

E = L U

A % 3 D O

<rw 9 Current conversation
. - " 2 .y
1 o £ mean -« L] : :
. \ i =t - 77
. L :a -:; ® 3: .":. ‘ samp!e @ 0 When they say twice, do they just be +/- 77
' i +/-standard deviation 8% e P HLTOR pia
Yes - | believe that is the meaning -
e +/- standard error Q I've never heard it phrased that way
¥ because we use (+/=) so much in science
- 80% confidence interval :
¢ 4 1r @ Feb1410:34 pm
b 95% confidence interval BT AS ¢ &ov@E%HB &
. Enter your comment or question and press Enter.
99% confidence interval O Mention a friend by typing @. Add hashtags by
u T T T T typing #.
20 25 3.0 35 40
chocolate flavor rating
Figure 16.5: Relationship between sample, sample mean, standard deviation, standard error, and confidence intervals, in an
example of chocolate bar ratings. The observations (shown as jittered green dots) that make up the sample represent expert
ratings of 125 chocolate bars from manufacturers in Canada, rated on a scale from 1 (unpleasant) to 5 (alite). The large
orange dot represents the mean of the ratings. Error bars indicate, from top to bottom, BRice the standard deviation, twice
the standard error (standard deviation of the mean), and B0%, 35%, and 99% confidence intervals of the mean. Data source:
Brady Brelinski, Manhattan Chocolate Society



Perusall showed us what
resonated with students

@ This is the first time | have even partially understood log scales and why to use them, and this sentence puts it more i
clearly than anything else I've seen! | hope that throughout this course we interact a bit more with log scales and | will
be able to wrap my brain around them :)

The explanation here for the difference o
is very clear. | did make related mistakes

O befare when | made figures. It's an impartant
point that is easy to neglect.

7 % 4 ©r Feb12 9:44 am

| agree, | think this is the most
succinct explanation I've ever read! |
also frequently foerget the difference between
@ standard error and standard deviation, but it
seams like standard deviation is best for
comparing across groups.

71 A 1r Feb13 5:48 pm



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

I'm also curicus if anyone has seen a graph with the specific axes mentionad in the text though!

O I thought it was strange that there was no data for 2012, so | decided to do zome research. | found that David Pérez lml K
Garcia became mayor of Alcorcdn at the end of 2011, There were conflicting sources, but most seemed to indicate

that the unemployment rate rose quite a bit during 2012, It is interesting that, in addition to the scaling flaws

dizcussed in this chapter, this data appears to be cherry-picked as well to make it seem that the current mayor had a

larger impact than he truly did.

O I geogled CVD simulators and found that some of the colors that | had used in creating my figures in the past were m e
unakble to be read by people with CVD. | am zad to say that | had never thought about this when creating my figures
before. | am really glad to know that there are color scales such as the one used by this book that allow figures to be
understood by nearly everyone. | also found websites where people with CVD can upload images and they would
convert the colors into ones that they can see. However, | still think it is important to not put this burden on people
and instead we should create figures that are accessible to everyone.
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http://www.dear-data.com/theproject

Dear Data Assignment
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Prompt Option 2:
#0%8 WHAT MY CAMERA SEES

What de yov normally train yovr camera on?
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phone andjor
Compvuter. 2
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https://www.amazon.com/Observe-Collect-Draw-Visual-Journal/dp/1616897147
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Graphics shared with permission by: Susmita Adhikari, LeeAnn Dempsey, Petra Hafker



Grammar of Graphics: Framework of
ggplot2 in R

-— ‘ ol e

Facets

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



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

Tidyverse

Packages Blog Learn Help Contribute

R packages for data science

The tidyverse is an opinionated collection of R
packages designed for data science. All packages

share an underlying design philosophy, grammar,
and data structures.

Install the complete tidyverse with:

install.packages("tidyverse")

https://www.tidyverse.org/



https://www.tidyverse.org/

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

'R Markdown

This is an R Markdown document. Markdown is a simple
- —p formatting syntax for authoring HTML, PDF, and MS Word
output: html document documents, For more details on using R Markdown see
hitp//rmarkdown.rstudio.com.

This is an R Markdown document. Markdown is a simple formatting syntax for authoring HTML, PDF, and MS Word d¢ When you click thg Knit button a document will be

1s on using R Markdown see . genarated that includes both content as well as the output
of any embedded R code chunks within the document. You

When you click the **Enit** button a document will be generated that includes both content as well as the outp canembedan R code chunk like this:

de chunks within the document. ¥ou can embed an R code chunk like this:

SUMmMArY (Cars)
=~ {r} —p

SUMMALY (CATS )  m—

e Led spaed dist
## Min. t 4.0 Min. t 2
You can also embed plots, for example: —) 15t Qu.:12.0 18t Qu.: 26
## Median :15.0 Median : 36
""" {r, echo=FALSE #% Mean :15.4 Mean ¢ 43
plot(cars) #¥ 3rd Qu.:19.0 3rd Qu.: 56
T M Max. :25.0 Max. 1120

Note that the added to t

“echo = FALSE  paramet e chunk to prevent printing of the R code that gen¢ You can also embed plots, for example:

8 4 T
g4
L]
84 o 8
a @
e
4 @
ia a i 8 o
o g ot
9+ ¢ a0
| s o oo 2
o‘-gtao
R ik o s
] ) o
a -2 L.
T T T T
5 0 15 0 5
nped

MNote that the echo = raLse parameter was added to the
code chunk to prevent printing of the R code that generated
the plot.



Live Demos in Class with R Markdown

files

- ## The pipe (%%, read: "and then")
When writing complex data analysis pipelines, we frequently use the pipe operator "#%>%  +to move data from one
analysis step to the next. The pipe is pronounced "and then", and it taokes the data on its left and uses it as the

first argument for the function on its right.

For example, to see the first few lines of a dataset, we often write "head(data) . Instead, we can write "data ¥>%
head()" .

Try this yourself. Write code that displays the first few lines of the "penguins’ dataset, using %%  and
“head() .

Any guesses on how one can see the last few rows of the data frame?

- 7" {r pipe-solution} »

- ## The pipe (%%, read: "and then")

When writing complex data analysis pipelines, we frequently use the pipe operator "#%>%  +to move data from one
analysis step to the next. The pipe is pronounced "and then", and it taokes the data on its left and uses it as the
first argument for the function on its right.

For example, to see the first few lines of a dataset, we often write "head(data) . Instead, we can write "data #=%
head()" .

Try this yourself. Write code that displays the first few lines of the "penguins’ dataset, using %%  and
“head() .

Any guesses on how one can see the last few rows of the data frame?
- 7" {r pipe-solution} 2
#Use the pipe operator

penguins ¥>% head()

#My guess for the last few rows
penguins %% tail()

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

The pipe (%>%, read: “and then”)

When writing complex data analysis pipelines, we frequently use the pipe operator %>% to move data from

St u d e nt S u b m its . rm d fi I e a n d kn itted P D F. one analysis step to the next. The pipe is pronounced “and then”, and it takes the data on its left and uses it

as the first argument for the function on its right.

I n Str‘u Cto r‘ Ca n g ra d e fro m P D F a n d Ch ec k For example, to see the first few lines of a dataset, we often write head(data). Instead, we can write data

%>% head().

r‘m d fi I e a S n eed ed Try this yourself. Write code that displays the first few lines of the penguins dataset, using %>% and head ().

Any guesses on how one can see the last few rows of the data frame?

#Use the pipe operator
penguins %>% head()

## # A tibble: 6 x 8
## species island bill_length_mm bill_depth _mm flipper_length_~ body_mass_g sex

##  <fct> <fct> <dbl> <dbl> <int> <int> <fct>
1
- ## The pipe (%%, read: "and then")
## 1 Adelie Torge~ 39.1 18.7 181 3750 male
When writing complex data analysis pipelines, we frgfuently use the pipe operator “#>% to ## 2 Adelie Torge~ 39.5 17.4 186 3800 fema~
analysis step to the next. The pipe is pronounced/ and then", and it takes the data on its ## 3 Adelie Torge-~ 40.3 18 195 3250 fema~
first argument for the function on its right. ## 4 Adelie Torge~ NA NA NA NA <NA>
## 5 Adelie Torge~ 36.7 19.3 193 3450 fema~
For example, to see the first few lines of A dataset, we often write "head(data) . Instead, ## 6 Adelie Torge-~ 39.3 20.6 190 3650 male
head()" . ## # . with 1 more variable: year <int>

#My guess for the last few rows

Try this yourself. Write code that difplays the first few lines of the "penguins’ dataset, penguins %>% tail()

“head() .

Any guesses on how one can see_fhe last few rows of the data frame?

- 7" {r pipe-solution}
#Use the pipe operator
penguins ¥>% head()

#My guess for the last few rows
penguins %% tail()



Live Demos in Class with R Markdown
files: uses

To teach R Markdown

formatting, set up, and options Guided Exploration

of help documentation
Learn R Studio

For beginners: have code Practice on sample datasets
largely written and ask
students to play

with arguments 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:
WoreL |
DATA
VISUALIZATION

A PRACTICAL INTRODUCTION

KIERAN HEALY

o dR for Data
. 801ence

2 Hadley Wickham &
o Garrett Grolemund

°
° 1
a8
) 1

T
NG5 5 6 o -

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 Deskiop vs. R Studio Cloud

-+ (& -/ @ @ & [ A Gotofile/function - Addins ~ I3 Project: (None) -

2) W10_Demo_A_DataWrangling.Rmd: Environment  History ~ Connections
A = [} ZKnit + %+ ©@nsert- 4 § @ Run-~ & M |E ImportDataset » | & =tisty (€~

#, Global Environment -

## Introduction
Thanks to Claud for the building blocks for much of this demo
(<http )

In thi Ve he: v ow data
manipulation: tain
conditions, choosing data columns, and arranging data in ascending or
descending ord:

will be using two R p * for the data
manipulation functions ,
, and “* for the

Files Plots Packages | Help Viewer
-=n A A

R: Count observations by group ~ [Find in Topic

count {dplyr} R Documentatio

Count observations by group

Will be working with the dataset containing data on

individual penguins on Antarctica. .
Description

8 W10_demo_a YRR G count () lets you quickly count the unique values of one or more variables: df $>% count(a, b) is roughly equivalent to df $>%

e e group_by(a, b) $>% summarise(n = n()).count() is paired with tally(), a lower-level helper that is equivalent to df %>

summarise(n = n()). Supply wt to perform weighted counts, switching the summary fromn = n() ton = sum(wt)

-

erete] Ee BIOL 351 Data Viz / Week 10 Demo_A_DataWrangling I Angie Hillier
R version 4.0.0 (2020-04-24 g new colur
Copyright (C) 2020 The R Foundation for Statistical Computing
Plattorm 4-apple-darwin1?.0 (64-bit) Usage File Edit Code View Plots Session Build Debug Profile Tools Help
N ~ ~ . S .= Go to fileffunction ~ Addins ~
R is f ftware and comes with ABSOLUTELY NO WARRANTY. count (x
You are welcome to redistribute it under certain conditions. @ W10_Demo_A_DataWrangling Rmd ] Environment History Connections Tutorial =i
e 'lic Cor 'lic 5 — 5 tally(x 3
Type 'license()' or 'lic for distribution details. 5 Q| @ Ka - e a- O 2 % Import Dataset - | o Lt -
17 -
v -~ N ) ) Erdeh IeTile add_cou R - Global Enviranment ~
Natural la pport but running in an English locale L Bl s tre: "mio_demo_a” 3
X ) ) ; 3 author: "StudentName' Data
R is a collaborative project with many contributors. %+ output: pdf_document D data 4 obs. of 1 variable
Type 'contributors()' for more information and e enguins_subsst 344 0bs. of 3 varigbles
"citation()' on how to cite R or R packages in publications G < penguins_ .
) L B 7~ ## Introduction
2 S0 e Sei EEs, i0) for @n=lin: ED, o 8 Thanks to Claude Wilke for the building blocks for much of this demo
help.start()' for an HTML browser interface to help. (<https://wilkelab.org/SDS375/schedule  hemls).
Type 'qQ)' to quit R.
10 In this worksheet, we will discuss how to perform basic data manipulations, such as filtering data rows that meet  Files Plats Packages Help Viewer -0
certain conditions, choosing data columns, and arranging data in ascending or descending order. -
n @ New Folder & |Upload © Delete = |Rename = {3 More -
12 We will be using two R packages, **tidyverse*+ for the data manipulation functions %%, ‘filter()", “select()’, & Cloud > project %
arrange()", “count()’, and ‘mutate()’, and **palmerpenguins®* for the "penguins dataset. A Name size Modified
13 t.
“ * Rh 08 Mar 22, 2021, 4:19 PM
15+ **{r, include=FALSE} » Rhistory ar 22, 2021, 4
16 # install.packages("tidyverse") % projectRproj 2058 Jun 22, 2021, 11:39 PM
17 # install.packoges("palmsrpengyins”) 7 W10_Demo_A_DataWrangling pdf 211.9KB  Mar 25, 2021, 5:28 PM
18
19 braryCeidyverse) @] W10_Demo_A_DataWrangling.Rmd 11.2K8  Jun23, 2021, 12:03 AM
20 LibraryCpalmerpenguins)
21-
22
23
321 |0 W10 demoa: % Markdown =
Console  Terminal - Jobs =0
Jeloud project/
+  count(species, long_flippers) %%
+  arrange(desc(n))
>
Restarting R session. ..
>




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

TidyTuesday - A weekly social

data project in R el Aty

TIDY TUESDAY

A WEEKLY DATA PROJECT IN R FROM THE }
R4DS ONLINE LEARNING COMMUNITY

000000
000000
NANNNN

variables observations valu

[

S


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

TidyTuesday - A weekly social

data project in R iy APCLie

il

TIDY TUESDAY

A WEEKLY DATA PROJECT IN R FROM THE }
R4DS ONLINE LEARNING COMMUNITY

000000
000000
NANNNN

variables observations valu

[

S


https://github.com/rfordatascience/tidytuesday

Tidy Tuesday Challenge X

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

guestion and visualize

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

Number of Rescued, Born, and Captured Cetaceans How were captive cetaceans acquired over time?

by Sex in the US From 1938-2017
More female than male cetaceans have been captured in total 3 T
Male
J i- Female g -
” ™~
£ 600~ N
g 8
8 400 2
3 27
-% 200 i
= = T T T T T
o- EEE— I— 1980 1990 2000 2010 2020
Rescu B Capture Rescue Borm Capt Year
Acquisition Type
Sources: FOIA, Ceta-Base; collected by Amber Thomas e
Acquisition . Born . Capture

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)

Our World Articles Search... Latest About Donate

in Data By topis

Coronavirus pandemic: daily updated research and data.

Research and data to make progress against
the world’s largest problems

Scroll to all our articles ¥

3160 charts across 297 topics
All free: open access and open source



https://ourworldindata.org/

Mid-Semester Project

* Pick a data set from Our World in Data (OWID)

related to biology

Articles Search...

by topic

Demographic Change
Health

Food and Agriculture

Energy and Environment

Innovation and
Technological Change

Poverty and Economic
Development

Living conditions,
Community and
Wellbeing

Human rights and
Democracy

Violence and War
Education and

Knowledge

Sustainable
Development Goals
Tracker

Life Expectancy

Child and Infant Mortality

Maternal Mortality
Global Health
Causes of Death
Burden of Disease
Cancer

Mental Health
Suicide

Air Pollution
Qutdoor Air Pollution
Indoor Air Pollution
Obesity

Smoking

Alcohol Consumption

Latest About Donate

Drug Use

Opioids, cocaine, cannabis and

illicit drugs

Coronavirus Pandemic (COVID-

19)

HIV / AIDS

Malaria

Eradication of Diseases
Diarrheal diseases
Smallpox

Polio

Pneumeonia

Tetanus

Financing Healthcare

Vaccination


https://ourworldindata.org/

Mid-Semester Project

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

Deaths from smallpox per 1.000 population e
Sweden started vaccinating people against smallpox in 1801. [t became compulsory in Sweden in 1816, England in

1853, Scotland in 1864, the Netherlands in 1873, Prussiain 1874, and Belgium and Austria never made the smallpox

vaccination mandatory.

f:LINEAR LOG © Add country

7
6

5

2
Belgium
1 Sweden
. Prussia

.
0 \_.__ﬁ_'ﬁ\c":'-"— Netherlands

1774 1800 1820 1840 1860 1880 1900
Source: Edwardes (1902) CCBY
P 1774 O () 1900
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Mid-Semester Project
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« Each partner selects one Figure from OWID in
data to recreate or revise in Tableau

Deaths from smallpox per 1.000 population e
Sweden started vaccinating people against smallpox in 1801. [t became compulsory in Sweden in 1816, England in

1853, Scotland in 1864, the Netherlands in 1873, Prussiain 1874, and Belgium and Austria never made the smallpox

vaccination mandatory.

f:LINEAR LOG © Add country

;
&)

2 Year

. Country 1870 1871 1872 18732 1874 1875 1876 1877 1878 1879 1880
5 Sweden 0.936

2

. Metherlands

0

1774 1800 Enlglum

Source: Edwardes (1902)

b 1774 h [
CHART Austria

Smallpox deaths per 1,000 population from 1870 to 1880. Deaths per 1,000 population
Smallpox vaccination became mandatory in Sweden in 1816, and in the Netherlands in 1873. B ]
Belgium and Austria never made smallpox vaccination mandatory. 0.000 4.355

Graphics shared with permission: from a Data Viz student
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Mid-Semester Project
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* 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.

Number of reported smallpox cases, 1952

This includes endemic and imported cases, therefore some countries still recorded some cases after the official year of
eradication.

- "! World

Mo reporting 0 1 10 50 100 500 10,000 50,000 =100,000
] I I [ |
Source: World Health Organization (19469-1988) CCBY

P 1886 O 1977



Number of reported smallpox cases, 1952

eradication.

Mid-Semester Project

Noreporting 01 10 50 50000

10000
-

>100000
=1

Source: Worid Heslth Organization (1969-1988)
» 1885

India’s Role in High Number of Global Smallpox Cases Between 1925-1977

Total Global Smallpox Cases

Global smallpox cases vs. India’s smallpox cases

0 450K
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=
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Proportion of global smallpox case numbers from India vs. Rest of the World
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Graphics shared with permission: Susmita Adhikari
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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.

Year
Country 1870 1871 1872 1873 1874 1875 1876 1877 1878 1879 1880

Sweden 0.936

16000 —
Netherlands

14000 — I
Belgium

12000 -

10000 —
Smallpox deaths per 1,000 population from 1870 to 1880. Deaths per 1,000 population
Bom - Smallpox vaccination became mandatory in Sweden in 1816, and in the Netherlands in 1873. |
Belgium and Austria never made smallpox vaccination mandatory. 0.000 1.355

2000

Number of deaths

1750 60 70 80 90 1800 10 20 30 40 1850 60 70 80 90 1900
Year

Figure 1. Total number of deaths from smallpox in Sweden 1749-1900. Source: P. Skéld, ‘Fran fruktad farsot
till sdllsynt sjukdom. Smittkopporna i Sverige 1750-1900°, Nordisk Medicinhistorisk Arsbok 1994 (Sédertilje,
1994), p. 93.



Mid-Semester Project
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e Student deliverables:

 Oral presentation to class, with slides
e 2-3 page written analysis

PDFs of cited papers
e Tableau workbook and data

~ London, July 5. Bills of Mortality from Junc 25, to July 3.
A Bortive ———2 | Liench-Pox ———e——i1 - Spotted Fever
LN Aped - ——— 17| Gout s—mm——-rememey Stilborn ——————=1

CApPOpPlURY m— - Giiping inthe Guts 18 | Stong =————————"§
Childbed -~ —=4 | Headmoldhot - ~— 1 |  Stoppage i Stomach 3 ¢

Colick — — =3 | Jaundics —mmm—— 1| Stronguilion ——— 1
Contuimption s=——= 55 1 Impofthume ~—-—=1 | Sufeit ~xor= M -

Convulfions ——: 113 | Mealles - emtimmme 6 Teeth —— —_— 15
Dropfic, - 10 | Mortification a——e 1 | Thuh ————-3 =

EVil m——————1 ¢ Rickets —- 2 | Tiflick """""—""'6”5
Fever ———-—— g7 | St.Authony’s Fire— 1. Ulcers r———mreom B 4
Fiflild ~oueateny i Small-lox ———- 40|~ el e

SR el IA_C ASUALTIES S iR B
Drown'd accidentally 5. Thice of them in the River of Thames, vizc. One
at Alhallows Barkin,One at St. Olave in Southwark, and One at Stains in.
- the County of Middlelvs (buriedat St Peters in Cornhill)One in the New -
~ River dt St james Cleikenwell, and One St Magnus,thc Manrtyr, Kill'd
by an accidental Fall from a Window at St. Mary at Rotherith 1. Oves.
laid 14 Shot 2. Onc witha Piftol, at St Tames Weftminfter, and One at -
8t Margaiet Westaalter, " Tniew lmielt out ofa Window in St Andrevs
in Holbowin 1. ST : g

Chi‘i_ﬁcﬁ"d' = e U e S :
: ‘Buried- e 4030
SCie ncema g com hE : - Increas’d in the 'iji_als this ?n_.Vrc'ek b2 8

Source: University of Nottingham Blogs



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
e List of potential topics and data sources to get

them started

neen

Operated by Battelle




Capstone Projects

« Student Deliverables:
* Make two novel figures

* R markdown file with annotated code, figures, and
analysis

« Single slide for “lightening poster session”

Rate of Prostate Cancer Deaths How does the Black population's prostate cancer death rate
across the 50 States by Race compare to the White population's prostate cancer death rate?

nésrd pegailstian (16 age qroups - Gansas ¥

Rate Ralis D |
10 L5 28 25 20
‘ w
a.85
White J
7.8 T NH
\mdian Rate for oss BEES
White Population
- . KD MN Wl MI NY MA RI
Hispanic = '-'“12“6'"'””‘ ! 189 161 18 199 183 179 use
WY 8N 1A er
11 086 14 3 d 221 179
Black PPy

35.45 OR NV co NE
1e8 1.66 2.06 1483

Asian/Pacific Islander

) el o 1 DR
45
AZ 0!
/Kl\/———\r,\ . 162 223
American Indian/Alaska Native — '|'|lr1r|||11lr Jltli P 3 T

Graphics shared with permission: Jonathan Huang



Capstone Projects

How have global malaria incidence rates
changed over time, and what countries
experienced the largest changes?

Global incidence rates of malaria have generally declined from
2000-2018, especially for countries with very high incidence rates. This is
likely due to increased access to preventative measures such as
insecticide-treated nets (Cibulskis et al., 2016).

For the five countries that had the greatest change in incidence rates, four
saw dramatic declines from 2000-2018. These five countries were from
three different world regions. Only Rwanda experienced an increase in
incidence rate, likely due to disruption of public health surveillance
systems after the Rwandan genocide (Bizimana & Nduwayezu, 2020).

Incidence Rates in 2000, 2009, and 2018 for the Five Countries with the
Largest Difference Between the Years 2000 and 2018

2000 2009 2018
Solomon sl 623,15
Guinea-Blssau aT4 54 B8 ap Rwanda
Gambla Hdd
20758
Ecuador 3.5
Rwianda 2307
“a00is
147 85 . 15359 Solomon isl
S\ 3.1 Guineas-Bissau
e o Gambia
sy i m

Source: Workd Health Ovpanization

Graphics shared with permission: Lindsay Pett
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Capstone Projects

US Seasonal and Regional
Trends in Weather-Related
thlu 11 Dla asters

IIMAry @i
- 'l.'lill'illili'[]:'-".‘-'I||I'.I'IIill'il':'-'""

Frequency of Natural Disasters Across U.S. Regions

Do types of disasters follow different
monthly trends? Are they what you expect?

Monthly Changes in Weather-Related Disaster Declarations
Data From 1953-2020

« & ® ® % ® ® B ® & @ =

Number of Declarations
™ . ® @& ® = = - & 1000
' 2000
- - . NOO0
. T ]

|1.'||-|' ol Disaster

Procipitation Are there certain regions of the U.S.
* MNone that are hit hard by weather-related
Rain

e disasters? Any surprising findings?

Created by Allison Newman

Graphics shared with permission: Allison Newman



Final Project for BIOL351 Data Viz

L]
US Seasonal and Regional Trends in Weather-Related Natural Disasters q m e U e n q r ow n I e
Background
Naturaldisasters can tves b ¢ buyinga house,or
even travelngto a ropical locaton, it esentia to consider ¢ ithough nemsel
make up roughly half of the natural disaster fatalities, hydrological, the other half (Hoeppe,
2015). Specifically, prec trends. The rvice (NWS) Coope Program (COOP),

has excelled in tracking these trends and has observed that the both frequency and intensity of these precipitation events is increasing nationally
inthe U.S (Kunkel, 2013). It is hypothesized that this could be a result of increasing water vapor concentrations, since storm precipitation
potential is significantly limited by this measure.

Asaresult, | will use this project to expl a d related natural disasters. Weather can be
unpredictable, but can we predict which regions and when? like these are crucialin mitigating natural
hazards and protecting those that live in these locations. There are many programs, such as the Hazards Mitigation Program, that receive money
to work with public  reduce risks of (Disaster v2)
Therefore it is crucial to use spatial and temporal trends of hink ab have priority.

Data Overview

The data set explored is 2 csv € " t s website
(Disaster decl v2). This raw data set covers d . from 1953 0 2020. A disasteris
is needed or a disaster is deemed an emergency. Data was offcally recorded by

Information System (NEM) duced in 1998. This d 667 obs 419

variables. The variables that | am consideringinclude incident type, state, and begin date of e incident. Note that each row represents a isaster
declaration, and not a single disaster. Thus multiple a

Data Visualization
Formy firstfigure, | wantto explore the seasonal trends of different disaster incident types thatare related to the weather. Furthermore, | would
like to break down the trends by type of precipitation: no precipitation (i e. drought, fie), snow, and rain. | hypothesize that within each
predipitation type, there are visual seasonal trends. 1 also predict that floods will correspond with higher numbers of snow and rain precipitation
because snow ultimately melts to water.

of different. ts that are most 4 with weather. Thus,

y 3 g
don'tconsider drought and forest fire in order to cut down on the number of nodes in the sankey chart to make it more manageable. | believe that
types will appear across the UsS,, pes will occur q specific regions.
Forexample, | p  ice storms, and see the majority of
hurricanes.
#
## Attaching package: 'dplyr Data Analysis
1 ‘tasignificant monthly trend.
## The following objects are masked from 'package:stats': However, the gust happensto bea h and droughts. There are also clear trends between snow and severe
# ice storms, € 1, and May. Flood:
i ar, lag 2 the other. Hurricanes
e Figure of uneven
For example, the d midwest receive a maj while floods
## The following objects are masked from 'package:base’: Iwas surprised dons in the northeast. The southeast
#2  intersect, setdiff, setequal, union storms. Overall, | liked Perhaps,
roughts and fires aren't s highly correlated with weather and climate as | originally presumed. In addition,the south
"
warmer weather.
# “summarise()" has grouped output by 'month_name’, 'incidentType'. You can override using the ~.groups
azqusent. The strength of size of the dataset. y decl it
covers awide range of years. However, there does appear to be a lack of d t01990,
Monthly Changes in Weather-Related Disaster Declarations data collection done prior to that point. In adition, | explored the e
Déta Prom'1 decl based on the number flected great. numberof disasters and the counties affected,
it should of Inthe future, | would ock
ded S e bog Lobo Lol disasters. Unfortunately, g Itwould trendsin
geological natural disasters, 1would expect effects

Number of Declarations and random chance, but this hypothesis should be confirmed.

® 1m0 a e discused.The sizean color diferences nFgure 1 llow orthe
5 ® 0 z and ’
§s ce e ded o allowth
3z @ 3000 gray out
i ® o ypes.nFigure2, i n
a §-8-9—4 0 S - addition, atheme was not chosen for th the it pes.in
3 the fuure Hitis possble eschsource andbar. Ater
H Precipitation
g A y Discussion
o Nono
Rain Although | of myfindings, For example, the number of snowstorms.
o soow the cone Forexample ane
the southeast 5. has practicaly doubled when comparingdata after and befor 196 (Gutienez &LePrevost, 2016). Ths s concering
- inTeas. Frtharmore,
become warmerand rye,severe snow andcesorms ae contiuin t occur (Kurke et al, 2013t would e nterestn o align tis data with
no , )
Mosth Intems o fires, foret ires are o ling, 2016). However, this trendis reliant on “warm spring and
Dat From FEMA' Disster Decaratons ey = o e aig
A ; iy e e wile 2012 were 8 ays onger thanthe e seasons n 19731582 Whie hiseported ange Ldispays
sizeis represented by the number of declarations made by FEMA. Droughts and fires are included because of their association with an arid year,ths statistic might contribute to this trend. In addition, the “fires” category in Figure 1 consists of forestfires and other possible fire types
ooy ies h wconsiderwhen requency.
Whiemy fT—
i s pothesi. rom tis daa exploraton,we can beter uiize the euencyof weather.
i Lasty.th

bout cimate change,
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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



We couldn’t include several
fundamental coding concepts:

(1 ~ say_hello <- function(name) { A OUR ,m“
2 message <- paste("Hello”, name) Al’ﬂl(ﬂﬂdN — | bamamace
3 return(message) "'
4 3 -
\ datascibc.org ) Elle Townsend p
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: e Tnfohatie
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e N
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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 intfroduce more skills

=
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=
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o

Student survey:
Rate the amount
of time spent on
Tableau and R:

Number of students
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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?

Year: 1952
Africa Amearicas Asia
“\ &0 =
1~ say_hello <- function(name) {
2 message <- paste("Hello”, name) L
3 return(message) A - - @
4 } ) .o
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L
40- --:;g l::-!.
™ Server
Ee-1 8

Deaania
Elle Townsend q’ °
BO= "'r

1e+03 Te+04 1a+03

life expeclancy
3
g
c
k:

40-

IE:03 1E;Dd 1&;£5 IE;DB 1£;£d 1E;05
GDF per capita
www.r-graph-gallery.com



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:

10

B_

6_

Count

4_

2_

D_

Limited

Some Comfortable

 “| 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 | have picked up over the years.”



Think about where you are now. What has
changed and what have you learned that
you value?

« “| actually know how to approach large datasets now, which is
exciting. | also feel more confident in my ability to create appealing
and effective visualizations. | especially value the skills that | have
learned for Tableau and R, since | 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 | 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 . Great online resources
course used from:

* Thank you to Andrew Bell e Carrie Eaton
and Linda Boland (UR’s . Claude Wilke
Faculty Hub) for supporting |
the expansion of Data * Andrew Heiss

Literacy curriculum at UR * Our hard working students!
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