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Understanding Kernel Density Plots (KDP)

The Kernel Density Plot (KDP) stands as a foundational technique in modern data visualization,

offering a sophisticated method for charting the underlying probability distribution of continuous

variables within a dataset. Formally known as Kernel Density Estimation (KDE), this non-

parametric approach uses a continuous, smooth curve to estimate the probability density function.

This provides analysts with an immediate and intuitive grasp of the data's structure, revealing

crucial characteristics such as modes (peaks), skewness, and the presence of potential outliers.

Unlike methods that rely on discrete bins, the KDP generates a robust estimate of the population

distribution based directly on the sample data. This resulting visualization is highly valuable for

exploratory data analysis, enabling researchers to make quick, informed decisions about the

nature and shape of their variables before conducting complex statistical modeling.

The illustration below demonstrates a typical kernel density plot, showcasing how the continuous

curve effectively smoothes the raw data points to clearly reveal the underlying density structure of

the variable.

Although the KDP serves a similar exploratory function as the histogram, it possesses distinct

advantages that favor its use in professional statistical reporting. The appearance of a standard
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histogram is notoriously sensitive to the arbitrary choice of bin widths, which can sometimes

obscure the true shape of the data's distribution. Conversely, the continuous nature of the KDP,

controlled by a smoothing parameter called bandwidth, yields a clearer, less biased

representation of the density function, ensuring that the visualization accurately reflects the

underlying data patterns.

Leveraging R for Kernel Density Visualization

The R programming environment is equipped with powerful native functions for generating

sophisticated graphical outputs, including precise kernel density plots. The computational

backbone for this process is the core density() function, which calculates the non-parametric

estimate of the probability density function for a given dataset. By mastering the application of this

function alongside R's primary plotting tools, users can transition from producing simple outline

plots to generating complex comparative analyses.

We will focus on three sequential methods for visualizing data density in R. These techniques build

on fundamental concepts, offering increasing levels of visual customization and analytical

complexity necessary to meet varied reporting requirements.

The following list summarizes the three essential techniques covered in this guide, providing a

structured approach to learning KDP creation:

Method 1: Basic Outline Plot. Focuses on visualizing a single density curve.

Method 2: Filled-In Plot. Enhances visual appeal by shading the area under the curve.

Method 3: Comparative Overlays. Plots multiple density curves on a single axis for direct

comparison.

Conceptual Syntax for Density Plot Generation

Before proceeding to practical, runnable examples, it is vital to understand the basic syntax

required to generate a kernel density plot using base R graphics. The process is fundamentally

divided into two steps: first, generating the density object using density(), and second, rendering

that object graphically using plot().

The following structure illustrates the minimal code needed to calculate the coordinates and display

the resulting density curve:

#define kernel density object using the density() function

kd <- density(data)
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#create kernel density plot using the plot() function

plot(kd)

To improve the visual impact, particularly for presentation materials, analysts often add color and

fill the area beneath the curve. This enhancement requires the introduction of the polygon()

function, which utilizes the coordinates generated by density() to draw a shaded area.

#define kernel density

kd <- density(data)

#create kernel density plot (required as the base structure)

plot(kd)

#fill in kernel density plot with specific color using polygon()

polygon(kd, col='blue', border='black')

When the analytical objective involves comparing the distribution of several distinct variables,

multiple KDPs must be overlaid onto a single graphical canvas. This is achieved by using plot()

for the initial density object, followed by the lines() function for every subsequent density curve.

This ensures that new lines are added without resetting the existing plot framework.

#plot first kernel density plot (uses plot())

kd1 <- density(data1)

plot(kd1, col='blue')

#plot second kernel density plot (uses lines())

kd2 <- density(data2)

lines(kd2, col='red')

#plot third kernel density plot

kd3 <- density(data3)

lines(kd3, col='purple')

...

Method 1: Creating a Single Kernel Density Outline Plot

The most straightforward application of Kernel Density Estimation involves visualizing the

probability distribution of a single continuous variable. This method requires only two

commands: defining the sample data, and then executing the two-step plotting procedure
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previously outlined.

The density() function is crucial here, as it performs the mathematical smoothing necessary to

transform raw data points into a continuous curve. It generates an object containing the x and y

coordinates, where x corresponds to the observed values and y corresponds to the estimated

density at that value. Essentially, this process creates a smoothed alternative to the traditional

histogram.

The following code snippet demonstrates how to define a sample dataset, calculate its density

object, and visualize the result using the generic plot() function. Note the inclusion of the main

argument to assign a clear, descriptive title to the visualization.

#create data

data <- c(3, 3, 4, 4, 5, 6, 7, 7, 7, 8, 12, 13, 14, 17, 19, 19)

#define kernel density object

kd <- density(data)

#create kernel density plot, setting a descriptive title

plot(kd, main='Kernel Density Plot of Data')

The resulting visualization immediately communicates the shape of the data. For instance, the

distinct peaks visible in the curve suggest that the data may follow a multimodal or strongly skewed

distribution, providing immediate insights that descriptive statistics might not easily convey. The

highest points (modes) along the curve serve as powerful visual indicators of central tendency and

data concentration.
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Method 2: Enhancing Readability with a Filled Kernel Density Plot

While the basic outline plot (Method 1) is statistically sufficient, filling the area beneath the curve

significantly improves the aesthetic quality and overall readability of the data visualization. This

filled approach is especially recommended when generating charts for reports, academic papers,

or presentations where visual impact and clarity are paramount.

To achieve this shaded effect, we must employ the polygon() function immediately after the initial

density curve is plotted using plot(kd). The polygon() function takes the density object (kd) as

its input, using its coordinates to define the boundaries of the shaded area. We then use

arguments such as col to specify the fill color and border to set the color of the boundary line.

It is a critical procedural detail that plot(kd) must be executed first to correctly set up the

graphical environment, including the axes and scaling, before polygon() is called to overlay the

shaded region. Utilizing contrasting and professional colors, such as 'steelblue', enhances the

differentiation between the plot area and the background.

#create data

data <- c(3, 3, 4, 4, 5, 6, 7, 7, 7, 8, 12, 13, 14, 17, 19, 19)
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#define kernel density object

kd <- density(data)

#create kernel density plot (base plot)

plot(kd)

#add color fill using the polygon() function

polygon(kd, col='steelblue', border='black')

The resulting chart is a visually engaging and easily interpretable representation of the data's

density function, widely preferred in contemporary statistical analysis.

Method 3: Overlaying Multiple Plots for Comparative Analysis

Perhaps the most powerful application of Kernel Density Plots is their ability to facilitate the direct

visual comparison of the distribution of two or more independent groups or variables. By

overlaying multiple density curves on a single chart, analysts can instantly identify differences in

central tendency, assess variances, and detect shifts in the overall shape of the distributions.
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The procedural rule for multi-density plots is crucial: use plot() exclusively for the first dataset to

establish the plot area and axes, and then utilize the lines() function for every subsequent

dataset. The lines() command ensures that new graphical elements are added to the existing

plot without erasing the previous curve or resetting the coordinate system.

In the example below, we define two distinct datasets, calculate their corresponding density objects

(kd1 and kd2), and then plot them sequentially. It is essential to assign unique colors (using the

col argument) and potentially adjust line widths (lwd) to maintain maximum clarity and

differentiation between the compared groups.

#create datasets

data1 <- c(3, 3, 4, 4, 5, 6, 7, 7, 7, 8, 12, 13, 14, 17, 19, 19)

data2 <- c(12, 3, 14, 14, 4, 5, 6, 10, 14, 7, 7, 8, 10, 12, 17, 20)

#plot first kernel density plot (base plot)

kd1 <- density(data1)

plot(kd1, col='blue', lwd=2)

#plot second kernel density plot (added using lines())

kd2 <- density(data2)

lines(kd2, col='red', lwd=2)

This comparative chart instantly reveals key differences. For instance, if data1 represents a control

group and data2 a treatment group, the visual shift in the modes and the spread of the curves

provide immediate evidence regarding the effect of the treatment.
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While this methodology is fully scalable to include many variables, prudence dictates ensuring the

initial plot() command sets appropriate axis limits (especially the ylim argument) to encompass

the maximum density value of all subsequent curves. Furthermore, for clarity in plots featuring

more than two distributions, the inclusion of a comprehensive legend is highly recommended.

Summary and Resources for Advanced Visualization

Kernel density plots are an essential, flexible, and powerful component of exploratory data analysis

within the R environment. They consistently offer a superior, smoother alternative to the traditional

histogram for accurately visualizing the underlying probability distribution of continuous data.

By systematically employing the core functions--density() for calculation, plot() for the

baseline, polygon() for aesthetic filling, and lines() for comparison--users can produce

visualizations that are both statistically rigorous and graphically compelling.

Mastering these three methods--basic outlining, visual enhancement through filling, and analytical

comparison via overlays--provides a robust foundation for advanced data visualization practices

in any statistical domain.
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Additional Resources for R Plotting

To further refine your expertise in statistical graphing and data visualization, we recommend

exploring tutorials that cover these other common plot types in R:

(Placeholder for internal links or external references.)
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