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Understanding Histograms and Data Visualization in R

A histogram is a fundamental tool in exploratory data analysis, providing an essential graphical
representation of the distribution of numerical data. By grouping data into bins and displaying the
frequency count of observations within each bin, histograms allow analysts to quickly grasp the
central tendency, spread, skewness, and modality of a dataset. This visualization is crucial for
understanding the underlying shape of the data before applying complex statistical models, making
it indispensable for any serious data scientist working with the R programming language.

While generating a histogram for a single variable is straightforward using R's base graphics
capabilities, visualizing the distributions of two distinct variables simultaneously on the same
plot presents a unique challenge. Standard plotting functions in R often require careful parameter
management to ensure that the visualization is not only accurate but also clearly interpretable,
especially when the distributions overlap significantly. This article provides a comprehensive guide
to generating effective, multi-variable histograms in R, leveraging techniques to manage
transparency and ensure proper labeling.

The Core Challenge of Overlaying Distributions

When working with two related, yet distinct, sets of measurements--for example, the performance
scores of two different groups or the measurements of two variants of a phenomenon--it is often
necessary to compare their distributions directly. The simplest approach involves plotting one
histogram and then adding the second using the add=TRUE argument within the hist() function.
However, simply overlaying two histograms with opaque colors results in a visually confusing plot
where the counts of the first variable obscure the counts of the second variable, making accurate
comparison impossible.

To successfully create a comparative dual-variable histogram, the key technical requirement is
managing the visual properties so that both distributions are visible where they intersect. This
requires moving beyond simple, solid colors and incorporating color transparency, often achieved
using specific color definition functions available within R. Furthermore, attention must be paid to
setting the plot limits (x| i mand yl i m) based on the combined range of both variables to prevent
truncation and ensure that the entirety of both distributions is represented accurately on the
graphical canvas.

Basic Syntax for Dual Histograms in R

The foundation for plotting two histograms on the same set of axes relies on two sequential calls to
the hist() function. The first call establishes the primary plotting area and draws the first variable's
distribution. Crucially, the second call must include the add=TRUE parameter. This essential
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parameter instructs R not to create a brand new plot window or overwrite the existing graphical
output, but rather to draw the subsequent histogram directly onto the graph already established by
the previous function call.

The general syntax for this operation is concise and easy to implement, although, as we will
demonstrate, it requires refinement for optimal clarity. We use separate color specifications (e.g.,
'red' and 'blue’) to distinguish the two variables visually.

hist(variablel, col="red")
hist(variable2, col='blue’, add=TRUE)

The following practical example demonstrates how this basic syntax operates when applied to
synthetic, normally distributed data. While this initial approach achieves the goal of overlaying two
plots, the resulting visualization highlights the need for improved color management, particularly
when dealing with variables whose distributions substantially overlap.

Example 1. Creating a Simple Overlapping Histogram

To illustrate the basic implementation, we first define two variables, x1 and x2, using the rnorm()
function to generate 1000 random observations for each. We deliberately set different means (0.6
and 0.4) but the same standard deviation (0.1) to ensure a significant degree of overlap between
the two distributions. For reproducibility, we utilize set.seed(1) so that the generated random data
remains consistent every time the code is executed.

The initial plot uses solid, primary colors (‘red' and 'blue’). As evident in the resulting image,
wherever the blue bars (representing x2) cover the red bars (representing x1), the red distribution
is completely obscured, making it impossible to determine the frequency counts of x1 in the
overlapping regions. This visualization fails the primary goal of data visualization: clear

communication of data patterns.

#make this example reproducible
set.seed(1)

#define data
x1 = rnorm(1000, mean=0.6, sd=0.1)
x2 = rnorm(1000, mean=0.4, sd=0.1)

#plot two histograms in same graph
hist(x1, col="red")
hist(x2, col="blue', add=TRUE)
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The resulting plot clearly shows the pitfalls of using opaque colors for overlaid distributions. The
distribution of x2 (blue) visually dominates the plot, masking the characteristics of x1 (red) in the
regions where their values coincide. This emphasizes the necessity of incorporating color
transparency to allow the visibility of underlying structures, a critical technique for achieving
effective comparative visualization.
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Addressing Overlap: Leveraging Color Transparency with rgb()

To solve the visual occlusion problem encountered in the initial example, we must introduce
transparency to the colors used for the histogram bars. In R, this is best achieved using the rgb()
function, which allows the specification of colors based on the Red, Green, and Blue intensity
values, along with an optional alpha channel argument. The alpha channel, ranging from O
(completely transparent) to 1 (completely opaque), controls the level of transparency. By setting
the alpha value to a low number, such as 0.2, we ensure that both sets of histogram bars remain
visible even where they overlap.

When defining the plotting area for transparent histograms, it is also important to specify
parameters that enhance clarity for comparative analysis. We should explicitly set the xI i m
argument to encompass the full range of values observed across both variables (here, 0 to 1), and
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define informative labels for the axes (x| ab and yl ab) and a descriptive title (mai n). Furthermore,
we ensure that the first histogram call includes all necessary graphical parameters (like xI i mand
titles), as the subsequent calls with add=TRUE will inherit these properties.

For our two variables, we can define a transparent blue for x1 and a transparent red for x2.

For x1 (Blue): rgb(0, 0, 1, 0.2). This represents maximum blue (0, 0, 1) with 20% opacity
(0.2).
For x2 (Red): rgb(1, 0, 0, 0.2).Thisrepresents maximum red (1, 0, 0) with 20% opacity (0.2).

This systematic approach guarantees that the visual representation accurately reflects the
underlying data structures, particularly in areas of high density overlap.

Example 2: Implementing Transparency for Enhanced Clarity

Building upon the previous example, we now integrate the rgb() function to apply transparency.
Notice that we define the blue color (Variable 1) first and ensure that the plot limits and labels are
set during this initial function call. The second call, plotting the red distribution (Variable 2), uses
the same opacity setting and retains the crucial add=TRUE parameter.

The result is a far more effective visualization. Where the two distributions intersect, the colors
blend, creating a new, denser purple hue in the overlapping region. This visual cue immediately
informs the viewer of the precise location and magnitude of the overlap, making the relative
differences in the means and the overall spread of the two datasets much clearer compared to the
initial opaque plot.

#make this example reproducible
set.seed(1)

#define data
x1 = rnorm(1000, mean=0.6, sd=0.1)
X2 = rnorm(1000, mean=0.4, sd=0.1)

#plot two histograms in same graph

hist(x1, col=rgb(0,0,1,0.2), xlim=c(0, 1),

xlab='Values', ylab="Frequency', main="Histogram for two variables")
hist(x2, col=rgb(1,0,0,0.2), add=TRUE)

This transparency technique is essential when analyzing similar distributions, such as those
generated by the rnorm() function, where the data points are densely clustered around the mean
and the tails tend to overlap significantly. The visual improvement gained from using the alpha
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channel outweighs the slight complexity added by using the rgb() function instead of simple color

names.
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Improving Interpretability: Adding a Legend

While the use of transparency effectively addresses the visual overlap, the visualization still lacks
context: the viewer cannot intrinsically know which color corresponds to which variable (x1 or x2).
For any professional visualization, especially in scientific or technical reports, a legend is
mandatory to map the graphical elements (colors, shapes, lines) back to the data they represent.
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In R's base plotting system, the legend() function is used to add this crucial explanatory element.
This function requires several arguments: the location of the legend (e.g., 'topright’, 'bottomleft’), a
vector of character strings defining the labels for each series, and a parameter specifying the visual
element to be displayed in the legend. Since we are dealing with histograms, we use the fil |
argument, providing the exact same transparent color definitions (using rgh()) that were used to
plot the histograms themselves.

Choosing the optimal location for the legend is also part of good data visualization practice; it
should be placed where it does not obscure critical parts of the data distribution. Given our
distributions are centered, placing the legend in a corner, such as 'topright', is often the safest
choice. The final code block incorporates this step, completing the transformation of a basic
statistical plot into a publication-ready comparative visualization.

Example 3: Finalizing the Visualization with a Legend

The final code integrates all the best practices discussed: reproducibility via set.seed(), definition
of variables, use of hist() with add=TRUE, implementation of transparency using rgb(), clear
labeling of axes and title, and finally, the addition of the legend() function. We ensure the colors
passed to the fi |l argument in the legend exactly match the colors used in the col argument of
the respective hist() calls.

#make this example reproducible
set.seed(1)

#define data
x1 = rnorm(1000, mean=0.6, sd=0.1)
x2 = rnorm(1000, mean=0.4, sd=0.1)

#plot two histograms in same graph

hist(x1, col=rgb(0,0,1,0.2), xlim=c(0, 1),

xlab="Values', ylab="Frequency', main="Histogram for two variables")
hist(x2, col=rgb(1,0,0,0.2), add=TRUE)

#add legend
legend('topright’, c('Variable 1', 'Variable 2",
fill=c(rgb(0,0,1,0.2), rgh(1,0,0,0.2)))

This comprehensive approach yields a highly effective comparative histogram. Viewers can now
instantly discern the difference in the central tendencies of Variable 1 (centered around 0.6) and
Variable 2 (centered around 0.4), appreciate the overlap, and understand the frequency distribution
of both variables across the entire range of values, all within a single, coherent plot. This
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methodology is applicable across various statistical analyses requiring the comparison of
continuous distributions in R.
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Summary of Best Practices and Alternatives

Generating effective multi-variable histograms requires a thoughtful progression from basic plotting
to advanced visual refinement. The essential steps involve establishing the plot environment with
the first hist() call, overlaying the second variable using add=TRUE, employing the rgb() function
with a low alpha channel value (e.g., 0.2) to manage transparency and reveal overlapping data,
and finally, utilizing the legend() function to provide clear key mapping between colors and
variables.
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While histograms are excellent for visualizing binned frequency counts, analysts working in R
should also be aware of alternative visualization techniques for comparing distributions, such as
density plots. Density plots provide a smoother, continuous estimate of the probability density
function, often offering a less cluttered view of distribution shape when many variables are involved
or when high precision is needed. Functions like ggplot2::geom_density() offer sophisticated
alternatives, although the base R graphics approach detailed here remains highly valuable for
quick comparisons and environments where external packages are restricted. Mastering both the
histogram overlay technique and density estimation ensures a versatile toolkit for statistical data
visualization in R.

You can find more R tutorials on our website, exploring topics from statistical modeling to
advanced graphical techniques.
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