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Add Superscripts & Subscripts to Plots in R

Mastering Text Formatting in R Plots: An Overview

Creating high-quality data visualization is essential for effective scientific communication. While R

excels at generating powerful graphs, standard text labels often fall short when dealing with
mathematical notation, chemical formulas, or statistical terms. To accurately represent variables
like $x"3% or $y_i$, we require specific formatting capabilities, namely superscripts and subscripts.

Fortunately, the base graphics system in R provides robust tools for handling complex text
elements. The key to unlocking this advanced formatting lies in the use of the special function
expr essi on() . This function allows us to interpret strings as mathematical expressions rather than
simple text literals, enabling the use of symbols like ~ for superscripts and square brackets for
subscripts.

Understanding how to correctly implement these text enhancements is crucial for generating
publication-ready figures. This guide will walk through the fundamental syntax required to integrate
superscripts and subscripts into various parts of your plots, including axis labels and internal

annotations. We will begin by examining the core syntax structure before moving into practical,
illustrative examples.

The Power of the expression() Function

The expression() function in R is specifically designed to handle mathematical annotations within
plots. Unlike regular character strings, arguments passed to expression() are parsed by the R
interpreter specifically for graphical rendering, allowing access to a wide range of mathematical
symbols and specialized text formatting commands.

To define an axis label or plot annotation that includes superscripts and subscripts, we must wrap
the entire label definition within the expression() call. Within this structure, the caret symbol (*)
signifies a superscript, while square brackets () denote a subscript. The tilde symbol (~) is used to

introduce a small space, separating parts of the expression that might otherwise run together.

The following basic syntax demonstrates how to define expressions incorporating both types of
formatting. This technique applies universally whether you are labeling an axis, adding a title, or
annotating a specific point on your graph.

# Define expression with superscript (x cubed)
X_expression <- expression(x"3 ~ variable ~ label)

# Define expression with subscript (y sub 3)
y_expression <- expression(y ~ variable ~ label)

# Add these expressions to axis labels during plotting
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plot(x, y, xlab = x_expression, ylab =y_expression)

The ability to use the expression() function is fundamental to achieving a professional standard in
graphical output within the base R graphics environment. The examples below illustrate how these
principles translate into actionable code for common data visualization tasks.

Example 1. Implementing Superscripts in Axis Labels (and Solving
Truncation Issues)

One of the most frequent requirements is adding exponents or units (like $m”2$ or $R"23$) to axis
titles. This example demonstrates how to define and apply a superscript to both the x-axis and y-
axis labels. We start by generating simple sample data and then defining our custom labels using

the expression() structure.

The following code block defines a simple dataset and then utilizes the caret symbol (*) within the
expression() function to create labels where the number '3' is rendered as a superscript.

# Define sample data for plotting
x<-¢(1,2,3,4,56,7,8)
y <-c(9, 12, 14, 16, 15, 19, 26, 29)

# Define x and y-axis labels with superscripts (using *)
X_expression <- expression(x"3 ~ variable ~ label)
y_expression <- expression(y*3 ~ variable ~ label)

# Create the initial plot
plot(x, y, xlab = x_expression, ylab =y_expression)
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Upon reviewing the generated plot, a potential issue arises: the y-axis label, particularly the
superscript, may appear slightly truncated or cut off by the default plot margins. This commonly
occurs when special characters or large text elements push the boundaries of the standard plotting
region. To resolve this, we must adjust the graphical parameters that control margin spacing.

The par() function is the standard mechanism in R for modifying graphical settings. Specifically, the
ngp parameter controls the distance between the axis line and the axis labels, tick marks, and axis
line text. It takes a vector of three values: c(| abel _distance, tick _mark distance,
axi s_l i ne_di st ance) . By reducing the distance of the label from the axis, we can often pull the
label entirely into the visible plotting area, preventing truncation.

# Adjust par values for label distance. The default setting is typically c(3, 1, 0).
par(mgp=c(2.5, 1, 0))

# Re-create plot with adjusted margins
plot(x, y, xlab = x_expression, ylab =y_expression)
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By modifying the ngp parameter using par(), the y-axis label is now properly contained within the
plot boundaries. It is important to remember that the value chosen for the superscript (in this case,
'3") is arbitrary. Feel free to use any numeric value, character, or even another expression element
depending on the scientific context of your data visualization.

Example 2: Utilizing Subscripts for Clearer Labeling

Subscripts are commonly used in fields such as chemistry (e.g., $H_208$), physics (e.g.,
$V_{max}$), and statistics (e.g., $x_i$). In the R plotting environment, subscripts are achieved by
enclosing the desired text or number within square brackets () inside the expression() function.

This example demonstrates the creation of axis labels that utilize subscripts. Notice the structural
similarity to the superscript example; only the operator changes from ~ to . This consistency
simplifies the process of formatting complex mathematical text.

We will reuse the sample dataset from Example 1 and define new expressions where the index '3’
is rendered as a subscript for both the x and y variables.

# Define data (reused from Example 1)
x<-¢(1,2,3,4,5,6,7,8)
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y <-¢(9, 12, 14, 16, 15, 19, 26, 29)

# Define x and y-axis labels with subscripts (using )
X_expression <- expression(x ~ variable ~ label)
y_expression <- expression(y ~ variable ~ label)

# Create plot using the subscripted labels
plot(x, y, xlab = x_expression, ylab =y_expression)
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Using subscripts effectively ensures that statistical models, variable indices, or chemical
compositions are communicated precisely to the audience. This is particularly important when
documenting model parameters, such as representing RMSEj (Root Mean Square Error for model
$j$) or Tcrit (Critical Temperature). The flexibility of the expression() function allows for complex
combinations of text and formatted elements.

Example 3: Placing Formatted Text (Superscripts & Subscripts) Inside the
Plot Area

Beyond axis labels, it is often necessary to annotate the plot area itself with formatted text, such as
displaying the coefficient of determination ($R"2$) or regression equations. To place text directly
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onto the plot, we use the text () function. When combining standard text strings with special
mathematical formatting required by expression(), we must utilize the past e() function within the
expression to concatenate these elements seamlessly.

The past e() function allows us to glue together different types of elements (text strings and
formatted expressions) into a single, cohesive label. This is essential because standard text strings
(enclosed in quotes) are treated literally, while expressions are interpreted mathematically.

In this example, we calculate an arbitrary $R”*2$ value and display it prominently on the graph
using a superscript. We first define the $R"2$ expression using past e() to combine the literal text
"R", the superscript '2', the literal text "= ", and the numerical value.

# Define data (reused for continuity)
x<-¢(1,2,3,4,5,6,7,8)
y <-c(9, 12, 14, 16, 15, 19, 26, 29)

# Create base plot
plot(x, y)

# Define label with superscript using paste() to combine strings and math notation
R2_expression <- expression(paste(" ", R"2 , "=", .905))

# Add the formatted text to the plot at coordinates (x=2, y=25)
text(x = 2, y = 25, label = R2_expression)
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When using the t ext () function, it is crucial to specify the coordinates (x and y) where the label
should be placed. Furthermore, the use of past e() within the expression is mandatory when
mixing quoted text (like " = ") with unquoted mathematical symbols (like R*2). This ensures that the
R parser correctly identifies which components are literal strings and which need special rendering
as superscripts and subscripts.

Advanced Formatting Techniques and Best Practices

While the examples above cover the fundamentals, R's expr essi on() capabilities extend much
further. Users can combine multiple formatting elements, Greek letters, and complex layout
commands. For instance, you can stack a superscript on top of a subscript, or display Greek
symbols like $alpha$ and $beta$.

To achieve more complex structures, remember these key syntactic points:
Use the asterisk (*) for multiplication or concatenation without a space (e.g., expr essi on(x*y”~2)).
Use the tilde (~) for concatenation with a space (e.g., expressi on(x ~ text)).

Greek letters are invoked by name (e.g., expr essi on( al pha) ).
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Fractions are handled using the frac() command (e.g., expressi on(frac(nunerator,

denoni nator))).

Proper adjustment of graphical parameters using par(), as shown in Example 1, is often necessary
when incorporating complex or large text elements. Parameters such as cex (character expansion
factor) and mar (margin size) can also be tweaked to ensure optimal appearance and prevent text
overlap or truncation, especially when preparing figures for journals with strict formatting
requirements.

Conclusion: Enhancing Data Visualization in R

The ability to accurately and aesthetically incorporate superscripts and subscripts is a vital skill for

anyone creating statistical or scientific graphics in R. By leveraging the power of the expr essi on()
function and mastering the correct syntax for mathematical notation, users can transform basic
plots into informative, professional-grade data visualization.

Whether annotating axis labels, displaying statistical results ($R"2$), or documenting complex
physical variables, the techniques demonstrated here provide a solid foundation. Remember to
always check your graphical parameters using par() if large characters or specialized formatting
leads to clipping or poor layout.

By integrating these formatting methods, you ensure that your statistical output is not only accurate
in computation but also impeccable in presentation, drastically improving the clarity and impact of
your research findings.

Additional Resources for R Graphics

For further reading on advanced R plotting techniques and mathematical annotations, consult the
official documentation for the graphics package and related functions.

?pl ot mat h documentation provides a comprehensive list of all mathematical symbols and text
formatting commands available within expressions.

The R Graphics Manual offers deep insight into the structure of base R graphics, including detailed
descriptions of the par() function and its numerous parameters.
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