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Shelby Golden, M.S.

• Worked 7 years as a Molecular 
Biologist and Biochemist.

• Received a Masters in Applied 
Computational Mathematics from 
Johns Hopkins University in 2024.
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https://github.com/sgolde13
https://www.linkedin.com/in/shelby-golden/
https://outlook.office365.com/owa/calendar/DataScienceDataEquityOfficeHours@yale.edu/bookings/
mailto:shelby.golden@yale.edu?subject=%5BTutorial%2520Inquiry%5D%2520%253cplace%2520holder%253e
Shelby Golden
Sticky Note
You can click in the calendar icon to access my office hour bookings page.

Shelby Golden
Sticky Note
You can click in the calendar icon to access my office hour bookings page.



Classify the Grammar of Graphics 
layers used in ggplot syntax (~ 
10 minutes)

Applications of different 
geometries, effective use of 
layering, and polishing the result. 
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Shelby Golden
Sticky Note
In a previous workshop we introduced you to three commonly used packages offered in the tidyverse: dplyr, tidyr, and stringr. Today, we will cover another popular package in the tidyverse “meta”-package called ggplot2.

Many of you have probably heard of this package or even used it. This workshop does not expect that you have previous experience with ggplot, but we will also cover more advanced topics that will hopefully be interesting to those who have used it before. 

There are many specific use cases for data visualization, and it would be a Sisyphean task to try and cover each one individually. Instead, this workshop is intended to equip you with an understanding of ggplot2 which will hopefully help everyone more effectively use it in your own work



Our Choice Resources
• R for Data Science by Hadley Wickham, Mine Çetinkaya-Rundel, 

and Garrett Grolemund

• ggplot2: Elegant Graphics for Data Analysis (3e) by Hadley 
Wickham, Danielle Navarro, and Thomas Lin Pedersen.

• ggplot2 package documentation and cheatsheets by tidyverse. 
Specifically, the  function references page.

• ggplot2 YouTube workshop part 1 and part 2 by Thomas Lin 
Pedersen
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https://r4ds.hadley.nz/
https://ggplot2-book.org/
https://hadley.nz/
https://hadley.nz/
https://djnavarro.net/
https://thomaslinpedersen.art/
https://ggplot2.tidyverse.org/
https://rstudio.github.io/cheatsheets/html/data-visualization.html
https://ggplot2.tidyverse.org/reference/
https://www.youtube.com/watch?v=h29g21z0a68
https://www.youtube.com/watch?v=0m4yywqNPVY
https://www.data-imaginist.com/about
https://www.data-imaginist.com/about
Shelby Golden
Sticky Note
Thomas Lin Pedersen is one of the authors and maintainers of the ggplot2 package.

NOTE: the ggplot2 book’s third edition can be found online, but that is a work in progress. The second edition is still the version recommended to be used, and a paper copy can be purchased from Amazon or Springer.



Please access the code:
1. Open the workshop webpage: 

https://ysph-dsde.github.io/Data-Visualization-with-
ggplot2/Worked-Through-Example 

2. Follow the steps under “Download Materials” at the top.

3. Use this webpage to follow along during the worked through 
example presentation.

https://ysph-dsde.github.io/Data-Visualization-with-ggplot2/Worked-Through-Example
https://ysph-dsde.github.io/Data-Visualization-with-ggplot2/Worked-Through-Example
Shelby Golden
Sticky Note
I plan to proceed through this workshop at a quick pace to allow for questions at the end. If you have not already saved the codespace for this workshop, please do so by following the steps listed at the top of the workshop webpage.



Welcome (back) to the tidyverse



Import Tidy CommunicateTransform

Visualize

Model

Understand

Program R for Data Science (2e) - Introduction Figure 1 by Hadley Wickham, Mine Çetinkaya-Rundel, 
and Garrett Grolemund. Accessed November 15th, 2024.
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https://r4ds.hadley.nz/intro
Shelby Golden
Sticky Note
In a previous workshop we introduced the typical workflow the data scientist goes through with new data. There are two common phases of data handling that follows data collection but come before the analysis: “Extract, Transform, and Load” or ETL and “Exploratory Data Analysis” or EDA. Here we see ETL on the left-side and EDA falls in the colored box.

This graphic is from Dr. Hadley Wickham’s R for Data Science textbook. He and his team specifically designed the tidyverse “meta”-package to support this workflow using domain specific language. Previously we talked about the two steps most people need to take with their imported data: tidying and transforming. These operations are often referred to as “data wrangling”.

Data visualization is another crucial aspect of data processing and remains an invaluable tool throughout the whole analysis: From initial EDA, after iterations of analysis or modeling, through to the communication of results.

We intuitively understand that generating plots early in the analysis to better see relationships in our dataset is different from generating a plot that effectively communicates our results to some audience. While good plot design for the latter case is a crucial and expansive topic, we will also not be covering it, but some resources that can help you in these areas are linked to in our slides.



Part of the tidyverse 
Core Packages

Tidyverse Package Graphic. Accessed 
November 15th, 2024.
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ggplot(data) +
geom_*(aes(x, y),
   stat,
   position) +
coordinates() +
scale_*()+
facet_*() +
theme()

https://www.tidyverse.org/
Shelby Golden
Sticky Note
Tidyverse is a “meta”-package containing different packages designed to support a reproducible data processing pipeline. It does not provide statistical packages but instead only focuses on data import of common file types, data tidying, transformation, and visualization. There are 8 core packages that get loaded in by the tidyverse, which are shown here.

Tidyverse also comes with another 15 non-core packages which you can explore through their landing page. ggplot2 is the package used to visualize relational data that is wrangled into tabular form. As I hinted earlier, Hadley designed his tidyverse packages around domain specific language, but what would that be for graphics?

In the coming slides I will introduce you to the “Grammar of Graphics” for which the “gg” stands for in ggplot. On this slide you see that I’ve listed some of the grammatical layers that ggplot uses to construct statistical graphics. We will go through each layer and discuss what they are doing and how they relate to one another.



The Layered Grammar of Graphics

Shelby Golden
Sticky Note
The best starting place to learning ggplot, or if you have been using it for a while and would like to improve your skills, is to understand its syntax. To better understand what is happening with the syntax of graphics, it’s useful to have a historical perspective on the evolution of defining statistical graphics and articulating how to represent them.
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The Visual Display of Quantitative Information 2nd Edition by 
Edward R. Tufte. Accessed March 14th, 2025.

1. Unknown author of Planetary Orbits. 10 or 11th century (pg. 28)
2. Petrus Apianus's Map of European Cities. 1546 (pg. 22)
3. John Snow’s Map Showing Cholera Deaths. 1854 (pg. 24)
4. William Playfair’s Prices, Labor, Monarch’s in 1821  (pg. 34)

https://www.edwardtufte.com/book/the-visual-display-of-quantitative-information/
Shelby Golden
Sticky Note
Abstracting graphics from relational data used to be limited to depictions of geographical relationships until the 1780’s. The Swiss mathematician Johann Lambert and the Scottish political economist William Playfair were major players in driving this change forward.

Image #1: Inclinations of planetary orbits from an unknown author dated by Funkhouser to around the 10th or 11th century. Earliest representation of changing values in a time-series, and predated other like abstractions by 800 years. The first use of time-series in scientific writings isn’t observed until the late 1700’s.
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The Visual Display of Quantitative Information 2nd Edition by 
Edward R. Tufte. Accessed March 14th, 2025.

1. Unknown author of Planetary Orbits. 10 or 11th century (pg. 28)
2. Petrus Apianus's Map of European Cities. 1546 (pg. 22)
3. John Snow’s Map Showing Cholera Deaths. 1854 (pg. 24)
4. William Playfair’s Prices, Labor, Monarch’s in 1821  (pg. 34)

https://www.edwardtufte.com/book/the-visual-display-of-quantitative-information/
Shelby Golden
Sticky Note
Image #2: Petrus Apianus's Map of European cities plotted by their longitude and latitude in 1546. Thought to be the closest step to relational data representation in a graphic that is not geographical.

Image #3: John Snow’s map showing Cholera deaths in 1854, depicting location and magnitude of deaths that occurred.
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The Visual Display of Quantitative Information 2nd Edition by 
Edward R. Tufte. Accessed March 14th, 2025.

1. Unknown author of Planetary Orbits. 10 or 11th century (pg. 28)
2. Petrus Apianus's Map of European Cities. 1546 (pg. 22)
3. John Snow’s Map Showing Cholera Deaths. 1854 (pg. 24)
4. William Playfair’s Prices, Labor, Monarch’s in 1821  (pg. 34)

https://www.edwardtufte.com/book/the-visual-display-of-quantitative-information/
Shelby Golden
Sticky Note
Image #4: William Playfair’s three parallel time-series showing prices of wheat and bread, labor wages, and reigns of British kings and queens reigns. Spans 1565 to 1821, the date it was published.



1983
Clarity

The Visual Display of Quantitative Information 2nd Edition 
by Edward R. Tufte. Accessed March 2nd, 2025.

The Grammar of Graphics 1st Edition by Leland Wilkinson. 
Accessed March 13th, 2025.

Semiology of Graphics: Diagrams, Networks, Maps by 
Jacques Bertin. Accessed March 2nd, 2025.

1967
Principles

1999
Formalize
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https://www.edwardtufte.com/book/the-visual-display-of-quantitative-information/
https://www.amazon.com/Grammar-Graphics-Statistics-Computing/dp/0387987746
https://www.esri.com/en-us/esri-press/browse/semiology-of-graphics-diagrams-networks-maps
Shelby Golden
Sticky Note
By the time we reach the late 1700’s we start to see pioneering pictorial representations of non-geographical relational data. It wasn’t for another 200 years that researchers tried to articulate standards of how data gets abstracted into graphical representations. There are three crucial works that eventually evolved into what became a formalized grammar for graphical representation.

Semiology of Graphics:

Semiology comes from the word semiotic, which is the study of signs and symbols and their use or interpretation. The author, Jacques Bertin, was a French cartographer and theorist. In the 1960’s he wrote the “Semiology of Graphics”, which synthesizes principles of graphical communication into standard rules. The book also studied the use of different graphic techniques, such as shape, orientation, color, texture, etc. “Semiology of Graphics" is considered to be the first and most influential text on structural theory of statistical graphics, and it heavily influenced Leland’s work in the "Grammar of Graphics".

The Visual Display of Quantitative Information:

Edward Tufte has been a professor of Political Science, Statistics, and Computer Science at Yale University since 1977. Fun fact: he has also served as a senior critic at the Yale School of Art. His book “The Visual Display of Quantitative Information” centers around the philosophy that “graphics are instruments of reasoning about quantitative information” – professor Tufte. While Bertin was concerned with the rules of graphical communication, Tufte explored how to effectively display data for precise and quick analysis. He conceptualized the data-to-ink ratio and discussed how to detect graphical deception by defining design variation vs. data variation.

The Grammar of Graphics:

Leland Wilkinson was a statistician and computer scientist for H2O.ai (an end-to-end GenAI platform) and was professor of computer science at the University of Illinois Chicago. He is also a Yale alumni, where he received a PhD in phycology in 1975. Leland expanded on Bertin’s work to formalize a grammatical structure for generating graphics mathematically and aesthetically. Much in the same way Noam Chromsky defined the “Chomsky’s hierarchy” of syntactic forms in 1956, a work that is used to grammatically structure computer languages, Leland sought to define grammatical rules for generating perceivable graphs. 

The book, “Grammar of Graphics”, is concerned not only with how to grammatically structure the mathematical and aesthetic features of graphs, but also considers how these elements can be used by a programmable language. In this work Leland distinctly rejects chart typology by making the observation that graphics that look similar can have different grammars (i.e. histograms and bar charts), and that graphics that look different can have the same grammar (i.e. pie charts are bar charts in a polar coordinate system). By doing so, Leland said that “the grammar of graphics takes us beyond a limited set of charts (words) to an almost unlimited world of graphical forms (statements).



Theme
Coordinates
Facets
Scales
Statistics
Geometries
Mapping
Data

ggplot2 workshop part 1 by Thomas Lin Pedersen. 
Accessed March 15th, 2025.
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https://www.youtube.com/watch?v=h29g21z0a68
Shelby Golden
Sticky Note
In 2010 Professor Hadley Wickham published his adaptation of this grammar in the Journal of Computational and Graphical Statistics in an article he called “A Layered Grammar of Graphics”. This article details how Professor Wickham adapted Leland’s grammar into the R language, work that he and his developer team applied to the early iterations of the ggplot2 package. 

The figure you see here comes from a workshop hosted by one of the ongoing package developers and maintainers, Thomas Pedersen. It lists out all the separable objects that are used by the ggplot2 package, which together are used to generate innumerable kinds of visualizations of data.

Some of these layers you see here might already jump out to you as familiar. All these pieces get defined each time a graphic is created using ggplot2. As we will see, some of these elements are defined in the base function settings, and do not require the user to write out explicitly every time.



“… good grammar is just the first step to 
creating a good sentence.” - Hadley Wickham

• The Visual Display of Quantitative Information by Professor 
Edward Tufte

• Ten guidelines for effective data visualization in scientific 
publications by Christa Kelleher and Thorsten Wagener, 2011

• Recommendations from Professor Wilkinson’s Grammar of 
Graphics: Cleveland, 1985, 1995 and Tufte, 1990, 1997
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https://www.edwardtufte.com/book/the-visual-display-of-quantitative-information/
https://www.edwardtufte.com/?_gl=1*eiltsb*_up*MQ..*_gs*MQ..&gclid=EAIaIQobChMI8IbFo_OJjAMVhm1HAR0xdyJaEAAYASAAEgLELPD_BwE
https://www.sciencedirect.com/science/article/pii/S1364815210003270
https://www.sciencedirect.com/science/article/pii/S1364815210003270
https://www.science.org/doi/epdf/10.1126/science.229.4716.828
https://www.amazon.com/Visualizing-Data-William-S-Cleveland/dp/0963488406
https://www.edwardtufte.com/book/envisioning-information/
https://www.edwardtufte.com/book/visual-and-statistical-thinking-displays-of-evidence-for-making-decisions/
Shelby Golden
Sticky Note
Students of this grammar should keep in mind that grammar alone does not seek to convey meaning but merely provides set of rules around lawful statements in a language. Just as with any natural language, it is possible to construct nonsensical graphics using perfectly acceptable grammar.

Effective communication through visualization is a crucial step to effective scientific communication but is a large topic worthy of its own workshop. While we won’t be getting into effective visualization today, you can explore some of these resources linked here for further information about the subject.



Common uses of ggplot2

Shelby Golden
Sticky Note
Now that we have some of this background and understand better where the domain specific language for graphics comes from, we’re ready to review basic uses of ggplot2. In this section I’ve embedded some interactive questions that will build on each other, so please be ready to use the workshop code.



15

Country Year Cases Pop
AFG 1999 745 20 M
AFG 2000 2667 20.5 M
Brazil 1999 37737 172 M
Brazil 2000 80488 174.5 M
China 1999 212258 1,272 M
China 2000 216766 1,280 M

Country Year Cases Pop
AFG 1999 745 20 M
AFG 2000 2667 20.5 M
Brazil 1999 37737 172 M
Brazil 2000 80488 174.5 M
China 1999 212258 1,272 M
China 2000 216766 1,280 M

Country Year Cases Pop
AFG 1999 745 20 M
AFG 2000 2667 20.5 M
Brazil 1999 37737 172 M
Brazil 2000 80488 174.5 M
China 1999 212258 1,272 M
China 2000 216766 1,280 M

Variables Observations Values

R for Data Science (2e) - Introduction Figure 5.1 by Hadley Wickham, Mine 
Çetinkaya-Rundel, and Garrett Grolemund. Accessed March 16th, 2025.

https://r4ds.hadley.nz/data-tidy.html
Shelby Golden
Sticky Note
The first layer starts with defining to the dataset that will be plotted. In order to use your data, it must be in a “tidy” format, a format that I’ve copied here at the top of the slide.

Recall that a tidy dataset has:
- Each variable represented in one column. Columns are only variables.
- Each row is an observation with all the associated metadata. One observation is consolidated to one row-representation.
- Each value is represented in a cell, and each cell represents only one value.

Taking a look at the imported respiratory infections dataset, we see that the data is already in this format, with the possible exception of the “Week Observed” variable that is redundant to the MMWR columns. If you would like some additional guidance on how to get data into a plottable format, then I suggest you look back at our “into the tidyverse” workshop content.
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Mapping tells the function which variables get 
used for which aesthetic feature.
ggolot(data, aes(x, y, group)) +
   geom_*/stat_*(aes(color, fill, size/linewidth, 
          shape/linetype))

ggplot(data = df, 
       aes(x = MMWRweek, y = Kernel))

Shelby Golden
Sticky Note
Having data in a tidy format alone is not enough to generate a basic graph, we need to tell the function how to use the variables we’ve fed it on the graph. The aesthetic statement, which is the “aes()” nested function, allows us to do just this.

In it, we can define the position, color, size, or shape of the values we plot. This can help make plots visually appealing, but an astute user of ggplot() will leverage them to highlight underlying patterns in the data as well. At the top of the slide is a generic representation of the different uses for aes(). 

Notice two things:
- aes() (and data, for that matter), can be defined in the ggplot() layer and in any subsequent geom_* or stat_* layers.
- aes() is a required element of any basic plot, but what aesthetics features are required for plotting will depend on the type of geometry or statistic being generated. For example, some need the x- and y-axis defined, some only need the x-axis, and some might need something completely different like the y-intercept or angle.
Additional guidelines about the required and ancillary aesthetics can be found in the ggplot2 package documentation or cheatsheet, which are both linked to in the worked through example.

As you can see in our RSV infections example, using both the data and mapping layers together give us the following plot. In it, we see the epidemiological week of infection plotted against the scaled and smoothed RSV positives detected, labeled “Kernel”. None of the values are shown yet, because we haven’t told the function how we want them to be represented yet.
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Geometry functions are engines that process data 
mappings into the defined plot type.

ggolot() + geom_*(data, aes(), position, statistics)

df |>
  ggplot() +
    geom_line(aes(x = MMWRweek, 
        y = Kernel))

Shelby Golden
Sticky Note
The geometry layer does the computational legwork that translate a data frame with mappings into a discernable plot. Behind the scenes, it is computing how points get spaced and oriented to create the specific geometry defined, whether as a histogram, scatter plot, boxplot, and so forth.

Each geometry layer can take a specific data and aesthetics mapping, overwriting the default position defined in the ggplot() plot object. It also interprets a statistical transformation and position adjustment to modulate the graph. Some geometries require the plot-specific statistic or position to be provided by the user and sometimes this is supplied in the default settings.

NOTE: in some references statistics and position settings are defined as separate layers. In this workshop we will not separate out the position layer into its own category.

Position in this context will set rules around how objects get placed relative to one another. A common example where this is used is in histograms that have been scaled with an aesthetic color mapping: do they plot on top of each other, side-by-side, or get scaled to a [0, 1] y-axis?

As you can see in our RSV infections example, simply plotting the week of infection against the positives detected gets something to show on the plot object, but it doesn’t tell us anything we don’t already expect to see. Say we want to compare RSV infection trends to different seasons. Then we can define special groupings and coloring in aes() to highlight these differences.



Discussion:
Can you think of reasons why you would 
choose one over the other?

Shelby Golden
Sticky Note
I have copied the code you need to consider each discussion question in “Discussion and Callenge Questions.R” file. You can also review the context to these questions in the “Worked Through Example.html” file, but you will not be able to effectively answer them without a little coding.
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Statistics layers do the statistical calculations used 
in geometric engines. Many are interchangeable 
with a comparable geometry.
ggolot(data) + stat_*(aes(), geometry, parameters)

df |>
  ggplot() +
    geom_line(aes(x = MMWRweek, 
                  y = Kernel)) +
    stat_smooth(aes(x = MMWRweek, 
           y = `Scaled Positives`),
                geom = "smooth",
         method = "loess",
       se = FALSE)

Shelby Golden
Sticky Note
Next in the hierarchy of layers is the “Statistics” layer. In this context, statistics refers to the transformations applied to data primarily for the purposes of generating plottable values. For example, calculating the quartiles for a boxplot or counts in a bar plot. Under the hood of the geom_*() functions are the same kinds of statistical transformations.

As you might expect, many statistic layers are interchangeable with geometric layers. For example, one can use geom_bar(stat = "count") or stat_count(geom = "bar") to generate the same bar plot. Some statistical functions are sub-components of composited geometric engines. Such as the stat_ydensity() function, which generates the smoothed lines along the y-axis of a violin plot.

NOTE: if you want to use a statistically transformed variable for an aesthetic like fill or color, you need to use after_stat() around the variable name to map the aesthetic properly.

In our example I had separately smoothed the “Scaled Positives” variable using a spline or Gaussian kernel. If I plot a statistic layer that smooths the same variable using the locally estimated scatterplot smoothing (LOESS) method, then we see it aligns closely with the Gaussian kernel smoothed result.
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Scales interpret an aesthetic mapping into plottable 
values. This layer offers the most opportunity for 
plot customization.

df |>
  ggplot(aes(x = MMWRweek, y = Kernel,
            color = Season) ) +
    geom_line() +
    labs(title, x, y) +
    ylim(0, 100) +
    scale_color_brewer(type = "qual",
      palette = "Dark2")

ggolot(data, aes()) + geom_*()/stat_*() +
   scale_*(parameters)

Shelby Golden
Sticky Note
In the same way the Statistics layer defines the statistical transformations happening under the hood of a geometric function engine, Scales is what interprets an aesthetic Mapping to plottable values. Once the aesthetics are defined by the user, the ggplot algorithm automatically applies the relevant scales that will translate those designations to the plotted values. For example, in our running example the ggplot2 function automatically interprets our x and y variables as continuous and assigns them each to scale_*_continuous().
 
Because we are not changing the default settings in this object, we do not need to explicitly write out these layers in our code. While the preceding layers offer some level of customization, the Scales layer increases the available options by adding on top of previous settings. 

This cross-layer communication makes for a seemingly endless array of options and can make it one of the hardest layers to master. It is worth keeping in mind that because ggplot2 is such a flexible platform there are many ways to achieve the same visualization. Because of this, how I choose to slice my data might look different from yours, but they can be just as effective approaches to achieve the same result.

Practicing different applications of customization using Scales will help you learn more impactful and efficient ways of generating your intended plot. Using our example, we can demonstrate one of the most common uses of Scales: applying custom color coding. First, we assign the “Season” variable to the color aesthetic, and then we add a scales object that will custom color code these outcomes.



Discussion:
We see that associating a variable with an 
aes(color) will also group by that same variable. 

a) What happens if we only group the outcome? 
b) Does adding a scale_color_*() help?
c) Why do we get the result we do?

Shelby Golden
Sticky Note
I have copied the code you need to consider each discussion question in “Discussion and Callenge Questions.R” file. You can also review the context to these questions in the “Worked Through Example.html” file, but you will not be able to effectively answer them without a little coding.
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Facets spread out the same plot over subgroups 
in a discrete variable.
ggolot(data, aes()) + geom_*()/stat_*() +
    facet_*(discrete variable)

df |>
  ggplot(aes(…)) +
    geom_line() +
    …
    facet_grid(~Level)

Shelby Golden
Sticky Note
While we can use Scales to resolve differences between groups on the same plot, Facets allows us to generate the same plot for each subgrouping separately. There are only two functions that will facet your data, facet_grid() and facet_wrap().

- facet_grid() allows you to spread out groups as new columns or new rows
- facet_wrap() will optimize the plot matrix to create a rectangular shape. This one is really useful if you have a large number of categories to plot.

You can spread out your plots over as many as two discrete variables: one as new rows and one as new columns. In our example here, we want to further compare RSV infections trends between three age groups: children, adults, and elderly. Because the number of categorical outcomes is limited to three, we can use facet_grid() and add new plots as columns.
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Coordinates plots the values prepared by 
preceding layers in a specified coordinate system.
ggolot(data, aes()) + geom_*()/stat_*() +    
   coord_*()

Cartesian Transformed (log10) Polar Map

Data Visualisation: From Theory to Practice Figure 5.5 
by James Baglin. Accessed March 22nd, 2025.

https://dark-star-161610.appspot.com/secured/_book/grammar-and-vocabulary.html
Shelby Golden
Sticky Note
Up until this point, we have covered layers that attribute variables to geometric-specific aesthetics in Mappings and transformations that interpret those assignments into plottable values in Statistics and Scales. The Geometry layer does a combination of statistical transformations and positioning, preparing the attributed variables into values that will take the chart shape we are looking to create. It is the Coordinates layer that then plots these values on a graph. 
 
It’s important to appreciate this subtlety because some scaled or statistically transformed values will look entirely different if the wrong coordinate system is applied. For example, plotting an angle on a Cartesian plane in Euclidean space instead of in polar coordinates.
 
Because of the role Coordinates plays in the plot composite, applying non-default settings can be abstract and challenging. The biggest thing users will need to keep in mind is the order in which the layers are preparing values for plotting, and how these layers are interacting with each other. For the most part, you will plot using linear cartesian or transformed axes. Things get more abstract if you use polar and especially if you project values onto a map.
 
We will only have time to broach the subject of map projections, but this topic could easily be its own workshop. In our example, we do not need to apply a new coordinate system other than the default coord_cartesian(). The discussion question will exercise your understanding of this layer using the diamonds dataset that is loaded with gglot2 and one of their examples.



Discussion:
If we apply each option individually, do they all 
plot the same way? If not, what do you think is 
happening and how would you fix the code?

Shelby Golden
Sticky Note
You can plot transformed data in three ways: aes or before plotting, using Scales, or using Coordinates.

I have copied the code you need to consider each discussion question in “Discussion and Callenge Questions.R” file. You can also review the context to these questions in the “Worked Through Example.html” file, but you will not be able to effectively answer them without a little coding.



15.2.1 Transformations with coord_trans() from “ggplot2: Elegant Graphics for 
Data” by Hadley Wickham, Danielle Navarro, and Thomas Lin Pedersen. 
Accessed March 24th, 2025. 26

https://ggplot2-book.org/coord.html
Shelby Golden
Sticky Note
The differences between each approach is best seen if we want to linearly model a linearization of the data.- Transforming in Scales comes before Statistics and doesn’t affect the geometry that’s plotted.- Transforming in Coordinates along comes after, thus distorting the geometry shape.
If you are modeling data on a transformed scale and want to plot it on a transformed axes, you will need to apply both layers to see the correct result. More guidance on this question can be found: https://ggplot2-book.org/coord.html#transformations-with-coord_trans
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Theme is the only layer where users can change 
non-data aspects of their plot to improved its 
visual appeal and styling.
ggolot(data, aes()) + geom_*()/stat_*() +    
  theme_*()

df |>
  ggplot(aes(…)) +
    geom_line() +
    …
    theme_linedraw()

Shelby Golden
Sticky Note
The Theme layer gives the users control over non-data aspects of the plot: fonts, axes ticks, panel strips, backgrounds, location (or exclusion) of the legend, etc. It’s used to format the plot to make it visually appealing and match intended styling.  Unlike every other layer described, Theme will not change how values are transformed, their perceptual properties, or how geometries get rendered. In previous slides I have been summarizing function arguments that play a role in that layer at the top, but here I do not as there would be too many to show! How the user intends to use Themes will depend on where in the data cycle they are performing visualization, and how they want their polished plots to look. For instance, it’s not worth generating polished plots if you are only visualizing during Exploratory Data Analysis (EDA). ggplot2 comes with numerous theme presets that you can explore, in addition to community developed themes you can import. It is also possible to create your own custom themes and save them as their own preset function.
We will not cover all the different aspects of themes here but will instead I want to point you to additional resources they peruse at your leisure. You can find these linked to more in the “Worked Through Example.qmd” file. In our example here, we will be changing the default theme to another preset offered by ggplot2, theme_linedraw().
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Overlay new layers to a base plot to create more 
advanced visualization.

df |>
  ggplot(aes(…)) +
    geom_line() +
    geom_point(df2) +
    …

• Each layer is an independent object, allowing for adaptive and 
functional programming.

• Data and aesthetics Mapping can be inherited from ggplot().

Shelby Golden
Sticky Note
Up to this point we’ve detailed the layers that constitute one plot using ggplot2. The greatest advantage to layering and separating tasks over the grammar of graphics is you can overlay different visualization tasks, thus breaking free of simple chart rendering.
 
When you start adding multiple layers to create complex visualization, it’s important to understand what each layer is doing and how it’s interacting with the others. In brief, the graph is rendered by reading the layers sequentially, interpreting each layer expression as its own object. As an aside, you can define each layer as a variable to make rendering different plots with the same one visualization element more efficient. 
 
Data and aesthetic Mappings defined in the leading ggplot() will be inherited throughout the whole stack. Within each Geometry and Statistics layer you add, you have the opportunity to override this inherited setting. Sometimes this is necessary as the core plot aesthetics might differ from the layer aesthetics you want to add. 
 
In our running example, I’m going to add a red dot highlighting the most recent infection week represented in our dataset. To get the coordinates for this point, I first need to filter the dataset by year and then by week. Therefore, when I add the new geom_point() code, I only need to override the Data layer, as the other settings inherited from ggplot() is the same.



Advanced use of ggplot2

Shelby Golden
Sticky Note
In this section I will be covering two common advanced applications of ggplot2: map projections and generating interactive plots using plotly. Please note that both of these topics can easily be their own workshop, and I will not have time to do these topics justice.
 
Instead, think of this as a brief introduction to unconventional plotting options. I will then close out the workshop with demonstrating how Yale’s AI, Clarity, can be used to support visualization by suggesting code based on a plot image.



Going beyond the basics

• Community managed ggplot2 extensions list

• R Graph Gallery – fucuses on applications with ggplot2

• Additional topics from ggplot2: Elegant Graphics for Data 
Analysis: annotations, statistical summaries, spacial networks, 
and programming with ggplo2, and writing your own extensions to 
ggplot2

• Extending ggplot2 vignette

• Using ggplot2 in packages vignette
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https://exts.ggplot2.tidyverse.org/gallery/
https://r-graph-gallery.com/
https://ggplot2-book.org/annotations.html
https://ggplot2-book.org/statistical-summaries.html
https://ggplot2-book.org/networks.html
https://ggplot2-book.org/programming.html
https://ggplot2-book.org/extensions.html
https://ggplot2-book.org/extensions.html
https://ggplot2.tidyverse.org/articles/extending-ggplot2.html
https://ggplot2.tidyverse.org/articles/ggplot2-in-packages.html
Shelby Golden
Sticky Note
If you are interested in learning more about these subjects, I’ve curated list of resources for you to explore. I’ve also included links to lists of package add-ons and inspirational boards that can help you develop further visualization skill.
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Use vector data, sf, to tell geom_sf() 
where on a map the data gets fille.

df |>
  ggplot(aes(fill)) +
    geom_sf() +
    coord_sf()

Shelby Golden
Sticky Note
Canonically, map projections are interpreting the curved surface of the earth into a flat plane. For our purposes, we need to both render the polygons that represent this projection and associate the metadata with those shapes so we can add visualization to them.
 
ggplot2 comes with a few different methods to do both these steps: geom_polygon() or geom_sf(). The first is not as sophisticated as the second and infect the second method is recommended so we are only going to discuss that one. “SF” stands for simple features and are standard vector data produced by the Open Geospatial Consortium (OGC) that interpret this action into plotable polygons.
 
It is challenging to find a good resource with this information, especially if you wish to show granular details like bodies of water or roads. Here we are using the tigris R package to pull the TIGER/Line Shapefiles U.S. Census Bureau. This file contains not only the boundaries of state, but also census boundaries, rivers, roads, cities, etc.
 
NOTE that it is not always easy to get a file with the polygons you need for a region, and especially not one that give granular information like bodies of water or roads and cities.
 
After getting the projections data, we need to join it to the RSV dataset. By applying geom_sf() and coordinates_sf() to our plot object, we get the result we are looking for.



Plotly allows you to quickly render an html 
based, user interactive ggplot.
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ggplotly(plot_name)

Shelby Golden
Sticky Note
A static graphic can communicate a lot about your data, but with html widgets, like `plotly`, you can make the plot user interactive. These widgets allow actions like zooming, hovering, and selecting variables in the legend to be displayed. There are different widgets to choose from, and usually you will pick one that is best suited to make the graphic you intend.
 
Today, I am showing you how to use `plotly` with a ggplot graph. This package is cross platform compatible and can be used in Python, Julia, and MATLAB. It has its own standalone function for plot generation that come with more options, but if you are looking to quickly make a `ggplot()` interactive all you need to do is wrap it with `ggplotly()`.



Yale’s Clarity
1. Take a screenshot of one of the plots from the workshop or one 

of your own.
2. Navigate to https://ai-chat.yale.edu/signin-oidc 
3. Upload the screenshot into the chat and ask ” Suggest R code 

that could make this plot in ggplot2.”

Discuss – how did the AI chatbot do?

https://ai-chat.yale.edu/signin-oidc
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Appendix



Grammer of 
Graphics

Definition for the distinct elements that make up all 
graphical representations of relational data in tabular form. 
First created by Professor Leland Wilkinson in 1999.

Layered Grammer 
of Graphics

The modified version of Grammar of Graphics that stores 
each element as an independent object. These objects get 
added together to generate a comprehensive plot.

Layer: Data A “tidy” data frame with the necessary columns of 
information to generate the plot you intend.

Layer: Mapping Assigns variables in the data frame to aesthetic features on 
the plot (i.e. shape, color, etc.).

Glossary



Layer: Geometry Engines (composite of operations) that process the data 
into a defined plot type (i.e. boxplot, histogram, line, etc.).

Layer: Statistics Statistical transformations that generate a geometry. 
Sometimes interchangeable with geom_*() objects.

Layer: Scales Interpret aesthetic Mappings into plottable values (i.e. axis 
scaling, color scaling, etc.).

Layer: Facets Spreads out the same plot into new subplots, each showing 
distinct instantiations of a variable.

Glossary



Layer: Coordinates Defines the coordinate plane of the plot: i.e. Cartesian, 
polar, transformed, or a map projection.

Layer: Theme Controls for the non-data elements of the plot.

Map Projection Interpreting the curved surface of the earth into a flat plane 
for 2D plotting.

Simple Feature (SF) Standard vector data produced by the Open Geospatial 
Consortium (OGC) that’s translates projection data into 
plottable polygons.

Glossary
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