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Agenda

• Introduction to Data Visualization
• Introduction to R and ggplot2
• Data Exploration and Exercises
• Data Explanation, Best Practices and Exercises



What is a data visualization?

• Visual display of abstracted data (information) 
•More specific type of information visualization



Data: Not just for scientists



Some Goals of Data Visualization

• Communicate data in a clear, efficient, engaging manner
• Allow for data exploration, knowledge/hypothesis 

generation, insights
• Automatize data visualization, analysis
• Aid decision-making (science, policy, business, medicine, 

politics etc.)
• Improve learning and comprehension



Cognitive Science Research on Data 
Visualization 

• How do people perceive, interpret and reason about 
visualizations? What types of errors do they make (biases, etc.)?
• Large previous literature on role of cognition in data viz
comprehension (e.g., Carpenter & Shah, 1998; Zacks & Tversky, 1999; Kosslyn, 
2006; Freedman & Shah, 2006; Hegarty, 2004)

• Slow, effortful analysis of graphs – not automatic, not like a 
‘picture’
• But pervasive perception that data visualizations are intuitive



Understanding traditional visualizations

• Bar graphs, line graphs, scatterplots – still much to learn 
about how we process them
• Visualizations may not always automatically reveal obvious 

meaningful patterns 
•We need better understanding of how people process data 

visually, even for simple datasets



Interpreting 2-bar Graphs
• Theory: people extract spatial relations 

by sequentially attending to items 
(Franconeri et al., 2012)

• Does sequential attention also occur for 
magnitude relations (bar graphs)?

Hypothesis: the order in which data points are 
compared determines what conclusion is drawn



Eye movements? Developmental differences?



Are there fewer bananas than blueberries?





Are there more limes than blueberries?









Spatial Routines Identity Routines

Michal, Shah, Uttal & Franconeri, 2016



Visual Routines: Implications for Data Viz

• People use systematic visual routines when coordinating 
graphs with language (left bar first, target bar first)
• Visual routines change over the course of development, from 

inflexible spatial routines in early childhood to flexible, task-
based routines
• People may look at the same data visualization in different 

ways, come away with different conclusions/’insights’



Grouping and Data Viz

Grouping by 
proximity
Within-group chunks 
invite comparison 
(Shah et al., 1999)



Grouping and Data Viz

Grouping by color similarity: enhance correspondences 
between text and visualization (Ozcelik et al., 2009)



Grouping and Data Viz

Grouping by color similarity: data 
points that share a color are more 
easily grouped/compared (Michal et al., 
2018)
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Grouping and Data Viz

• Grouping by common fate
• Data points that move together are more easily grouped 

together (Michal et al., 2018)
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Can Data Visualizations Be Used as a Pedagogical 
Tool?

Interaction between month and city temperature is key for 
grasping how Earth’s tilt causes seasonal changes





Introduction to R and ggplot2



First, downloads
1) Software: Rstudio (https://rstudio.com/products/rstudio/download/)
2) R Packages:

• ggplot2: https://ggplot2.tidyverse.org/
install.packages(”tidyverse”)

• gganimate: https://cloud.r-project.org/package=gganimate
install.packages(“gganimate”)
install.packages(“gifski”)

• ggmap: https://cran.r-project.org/web/packages/ggmap/ggmap.pdf
install.packages(“ggmap”)

• lubridate
install.packages(“lubridate”)

3) Data set: https://docs.google.com/spreadsheets/d/19An6THFlgDS8bsf2BA8rYkHUhhjlszqmRzb-
xOgbnrs/edit?usp=sharing

• Download onto your computer as Excel spreadsheet, save as “aacrash.xlsx”

https://rstudio.com/products/rstudio/download/
https://ggplot2.tidyverse.org/
https://cloud.r-project.org/package=gganimate
https://cran.r-project.org/web/packages/ggmap/ggmap.pdf
https://docs.google.com/spreadsheets/d/19An6THFlgDS8bsf2BA8rYkHUhhjlszqmRzb-xOgbnrs/edit?usp=sharing


Import the Data Set

• Open Rstudio and click on the Import Dataset button in the top right 
panel

• Import as Excel Sheet
• Browse to find your downloaded data set (aacrash.xlsx)





By the end of the workshop, you will make 
this!



Ann Arbor Collision Data: Some Potential 
Variables of Interest
• Road conditions
• Crash month
• Lighting conditions
• Crash type
• Total motor vehicles
• Hit-and-run
• Truck/Bus
• Time of day
• Day of week
• Driver young/old
• Weather conditions



Data Exploration

Visualization goal: efficiently switch between different formats, 
variables



Data Exploration

Example goals:
1) What is the overall distribution of my data?
• E.g., collisions over time, over space

2) Are there outliers or anomalies?
• E.g., spikes in collisions during certain months?

3) Which combination of specific variables is most informative?



Introduction to ggplot2

Grammar of graphics: A template

ggplot(data = <DATA>) + <GEOM_FUNCTION>(mapping = aes(<MAPPINGS>)

• ggplot: creates the plot, takes argument data (<DATA> is your data set)
• GEOM_FUNCTION: creates the data points (point, line, bar, etc.), takes   

argument mapping (controls how x and y variables are mapped to visual 
properties)
• aes (“aesthetic”): controls visual properties of the data points (color, shape, 
size)



Collisions over time: Bar chart

ggplot(data=aacrash) + 
geom_bar(mapping = aes(x=`Crash 
Month`))

Whoops! Let’s fix that label order.



Collisions over time: Ordered by month order, 
not alphabetically
#Change the order of the factor ‘Crash Month’:
aacrash$`Crash Month` <- factor(aacrash$`Crash Month`, levels = 
c("January", "February", "March”, “April”, “May", "June", "July", "August", 
"September", "October", "November", "December"))

#Shortcut!
aacrash$`Crash Month` <- factor(aacrash$`Crash Month`, levels = 
c(month.name))

#Replot:
ggplot(data=aacrash) + geom_bar(mapping = aes(x=`Crash Month`))





Collisions by Time of Day

ggplot(data=aacrash) + 
geom_bar(mapping = 
aes(x=`Time of Day`))

Whoops! Let’s fix that weird time format.



Reformatting Time Variables

#Change format from class POSIXct to character (hms)
aacrash$`Time of Day` <- format(aacrash$`Time of Day`, format = 
"%H:%M:%S")

#Replot (no scale)
ggplot(data=aacrash) + geom_bar(mapping = aes(x=`Time of Day`))



Reformatting Time Variables



Collisions by Coordinates

ggplot(data = aacrash) + 
geom_point(mapping = aes(x = 
`Crash Longitude`, y = `Crash 
Latitude`))



Collisions by Coordinates: Density 
(transparency)
ggplot(data=aacrash) + 
geom_point(mapping = 
aes(x=`Crash Longitude`, 
y=`Crash Latitude`), alpha = .1))



Collisions by Coordinates and Time of Day 
(color)
ggplot(data=aacrash) + 
geom_point(mapping = 
aes(x=`Crash Longitude`, 
y=`Crash Latitude`, color 
= `Time of Day`))



Collisions by Coordinates and Time of Day 
(size)
ggplot(data=aacrash) + geom_point(mapping = aes(x=`Crash 
Longitude`, y=`Crash Latitude`, size = `Time of Day`), alpha = 0.5)



Collisions by Coordinates and Day of Week 
(color)
ggplot(data=aacrash) + geom_point(mapping = aes(x=`Crash 
Longitude`, y=`Crash Latitude`, color = `Day of Week`))



Collisions by Weather Condition (color + 
alpha)
ggplot(data=aacrash) + geom_point(mapping = aes(x=`Crash 
Longitude`, y=`Crash Latitude`, color = `Weather Conditions (2016+)`), 
alpha = .5))







Data Exploration: Exercises

Using AA car collision data set, choose 2-3 other variables, 
other aesthetics (shape, fill, etc.) to plot as:

1) Bar chart
2) Scatterplot
3) Your choice!



Setting up ggmap

• Visit - https://console.cloud.google.com and sign up for a Google 
Cloud Platform trial.
• Create a project (top menu)

https://console.cloud.google.com/


• Add the “Maps Static API” service to the project. Navigate to the 
library of API services and search for “Maps Static API”. Enable the 
service.



• Generate an API Key. Navigate to the credentials area and select 
“Create credentials”. Take note of your API key. You will need to 
register it with the package later. 



Under API restrictions, make sure you click the “Restrict key” button for 
your Maps Static API:



Go the Home Page and click on the Billing menu. Make sure your 
project is linked to your billing account.



Register your API key

In R, type:
ggmap::register_google(key = "SET YOUR KEY HERE")



Ggmap: First, let’s create our Ann Arbor map

aamap <-get_googlemap(center = 
c(lon = -83.743485, lat = 42.309204), 
zoom = 14, scale = 2, maptype = 
“roadmap”, color='color’)

# zoom: smaller number towards 
continent level, larger number 
towards building level



Next, create coordinates data from aacrash

ggplot(data = aacrash) + 
geom_point(mapping = aes(x = 
`Crash Longitude`, y = `Crash 
Latitude`))



Put the plot on the map!

ggmap(aamap,extent = "normal") + 
geom_point(aes(x=`Crash 
Longitude`, y=`Crash Latitude`), 
data=aacrash)



Play with the visual features

ggmap(aamap,extent = "normal") + 
geom_point(aes(x=`Crash 
Longitude`, y=`Crash Latitude`), 
data=aacrash) , alpha = .25)



Play with the visual features

ggmap(aamap,extent = "normal") + geom_point(aes(x=`Crash Longitude`, 
y=`Crash Latitude`, color=`Weather Conditions (2016+)`),data=aacrash, 
alpha=.5)



Data Explanation

Goals: 
1) Choose the most effective format for displaying the 

message I want to communicate
2) Tweak visual design elements (color, amount of ink, 

labels/legends, grouping, etc.) to make it user-friendly and 
pretty



Use animation sparingly, carefully

• Can be overwhelming for the visual system
• Keep it simple



Example: use gganimate to show collisions 
over time of day 
#First, create code for plot
library(gganimate)
p <- ggplot(aacrash, aes(x=`Crash Longitude`, y=`Crash Latitude`))+geom_point()
plot(p)

#Add the animation code
anim <- p + transition_states(`Time of Day`, transition_length = 1, state_length=2)
> anim

#If you get an error about saving frames, try changing permission of folder to have 
read and write access



Example: use gganimate to show collisions 
over time of day 
#Add a title with the time of day
anim <- p + transition_states(`Time of 
Day`, transition_length = 1, 
state_length=2) + labs(title = 'Hour: 
{closest_state}’) 

# Save the animation using anim_save
anim_save(“aacrash.gif”,anim)



gganimate links

• https://github.com/thomasp85/gganimate/wiki
• https://github.com/ropenscilabs/learngganimate

https://github.com/thomasp85/gganimate/wiki
https://github.com/ropenscilabs/learngganimate


Use color grouping and direct labels

Vs

Source: https://depictdatastudio.com/directly-labeling-line-graphs/

https://depictdatastudio.com/directly-labeling-line-graphs/


Use minimal gridlines

ggplot2:
theme_classic()
theme_light()



Use color scales that are meaningful, not 
confusing
Keep magnitude and directionality of your variables in mind 
when choosing colors for scale:
• ‘Big’ maps on to dark, ‘small maps’ on to light
• ‘Hot’ = red, ‘cold’ = blue
• Some nice, pretested palettes: http://colorbrewer2.org
• scale_color_brewer

• Use outlines for colors that are light/hard to see: 
http://www.sthda.com/english/wiki/ggplot2-point-shapes

http://colorbrewer2.org/
http://www.sthda.com/english/wiki/ggplot2-point-shapes


Data Explanation: Exercises

1) Try to recreate 
this 
visualization, 
showing 
collision 
locations by 
road condition 
with new colors 
that better map 
onto conditions



1) Code to recreate visualization

#First, reorder levels of road condition to be in order from Dry to Ice
aacrash$`Road Conditions` <- factor(aacrash$`Road Conditions`, levels 
= c("Dry","Wet","Slush","Snow","Ice"))
#Next, plot the data using the “Blues” palette and scale_fill_brewer
ggplot(data=aacrash) + geom_point(mapping = aes(x=`Crash 
Longitude`, y=`Crash Latitude`, fill=`Road Conditions`), shape=21, color 
= "black", size=3) + scale_fill_brewer(palette = "Blues") + 
theme_classic()



2) You are tasked with visualizing the mapped locations of the 
2018 collisions over the course of an entire day (by hour). Give 
it a title (“2018 Collisions by Time of Day”) and subtitle 
(“Time: {time}”). Use ggmap and gganimate to create this 
visualization.



Solution

#Plot the map and data
m <- ggmap(aamap) + 
geom_point(aes(x=`Crash Longitude`, 
y=`Crash Latitude`), data=aacrash)
# Animate
map_anim <- m + transition_states(`Time of 
Day`,transition_length = 1,state_length = 2) 
+ labs(title = "2018 Collisions by Time of 
Day",subtitle = "Hour: {closest_state}")


