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A boxplot, also known as a box-and-whisker plot, is a convenient way to graphically present numerical data.  This plot is generated from the five-number summary of a distribution which consists of the smallest observation, the first quartile, the median, the third quartile, and the largest observation, written in order from smallest to largest.  The boxplot was introduced by John Tukey in 1977.  The center box (rectangle) of a boxplot contains the middle 50% of the ordered data.  The two edges of the center box indicate the first and third quartiles.  The range of the center box, which is also the difference between the third and first quartiles of the data, is usually known as the interquartile range (IQR).  The only line inside the box marks the median.  The line extending from the box out to the smallest observation contains the smallest 25% of observations and the line extended from the box out to the largest observation contains the largest 25% of observations.  These two lines that extend from the box are known as whiskers.  The far ends of the two whiskers indicate the range of the data.  A symmetric distribution has two equal whiskers and a box separated into two equal parts by the median.  When this is not the case, the distribution is considered to be skewed to the right or to the left.  There is a provision for representing extreme values, which are determined using quartile and IQR values of the data.  

The upper extreme value limit is calculated with the formula

Third quartile + (1.5 * IQR)

The lower extreme value limit is computed as follows

First quartile – (1.5 *IQR). 

Observations outside these limits are considered to be outliers. 

Let’s take a look at some data with boxplots.  Table 1 contains the response measures of three comparative treatments A, B, and C.  Table 2 describes the five-number summary of the distributions for the data in Table 1.

Table 1.  Response measures of three treatments

	Patient ID
	Treat A
	Treat B
	Treat C

	1
	15
	5
	17

	2
	13
	16
	18

	3
	16
	13
	19

	4
	19
	13
	19

	5
	14
	12
	14

	6
	18
	14
	18

	7
	12
	18
	17

	8
	16
	20
	16

	9
	20
	16
	20

	10
	17
	15
	19

	11
	14
	14
	18

	12
	15
	17
	15

	13
	18
	14
	18

	14
	16
	16
	16

	15
	17
	13
	30


Table 2. Five Number Summary for responses of three treatments

	
	Smallest Observation
	First Quartile
	Median
	Third Quartile
	Highest Observation

	Treat A
	12.0
	14.5
	16.0
	17.5
	20.0

	Treat B
	5.0
	13.0
	14.0
	16.0
	20.0

	Treat C
	14.0
	16.5
	18.0
	19.0
	30.0


Figures 1 and 2 display boxplots of this data in vertical and horizontal orientation, respectively.
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Figure 1: Response of Three Treatments
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Figure 2: Response of Three Treatments
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Rcmdr (a package of R) was used for creating these boxplots.  

The red boxplot represents the distribution of the response due to treatment A.  The red box contains all observations between 14.5, the first quartile, and 17.5, the third quartile.  Approximately 50% of the observations (7 out of 15) are within this range.  The left whisker in Figure 2 contains all observations (4 out 15) that are below 14.5.  The right whisker contains all observations above 17.5 (4 out 15).  The line inside the box indicates the median (16.0) of this distribution.  For treatment A, the median, 16.0, divides the box into two equal parts.  The two whiskers are also of equal length.  So, the distribution of this data set is symmetric.  There are no outliers in this data set.

The blue boxplot represents the distribution of the response due to treatment B.  The blue box contains the middle most 50% of this data.  This box ranges from 13.0 to 16.0.  The median, 14.0, divides this box into two unequal parts.  The right part in Figure 2 is longer than the left part with a ratio of 2:1.  The whisker length is also unequal.  The right whisker in Figure 2 is longer than the left whisker.  This indicates that the distribution has a long tail to the right and the distribution is considered to be skewed to the right.   The IQR of this distribution is 3.0 (16.0 – 13.0 = 3.0) and lower extreme value limit is 8.5 (first quartile – 1.5 * IQR = 13.0 – 1.5*3 = 8.5).  However there is an observation, 5, that is less than 8.5.  So, 5 is an outlier and that’s why we see a point 5 far below of lower whisker in Figure 1.

The green boxplot represents the distribution of the response due to treatment C.  The green box contains the middle most 50% of this data. This box range is from 16.5 to 19.0.  Again, the median 18.0 divides the box into two unequal parts.  This time, the left part is larger (18.0-16.5=1.5) than the right part (19.0-18.0=1.0) (Figure 2).  The left whisker is longer (16.5-14.0=2.5) than the right whisker (20.0-19.0=1.0).  This indicates that the distribution has a longer tail to the left. So, the distribution is skewed to the left.  The IQR of this distribution is 3.5 (19.0 – 16.5=3.5) and the upper extreme value limit is 24.5 (third quartile + 1.5 * IQR = 19.0+1.5*3.5 = 24.5).  However there is an observation, 30, that is greater than 24.5. So, 30 is an outlier and that’s what we see in the boxplot.

Comparison of different distributions is usually done through the measure of center, variability, and shape of the data.  A boxplot is an effective tool to describe these three criteria using median as a measure of center, range and IQR as measures of variability, and symmetry (or skewness) as a measure of shape.  Boxplots compare distributions by placing plots side by side in the same graph.  The side-by-side boxplots in Figures 1 and 2 compare the distributions of response of three treatment groups.  Treatment C has the highest median of response among the three treatments, while treatment B has the lowest median of response.  Treatment A has the smallest range (20.0-12.0 = 8.0) and does not have any outliers.  Ranges of treatments B and C are 15.0 and 16.0, respectively, with one outlier for each distribution.  After omitting the outliers, ranges of these two distributions are 8.0 and 6.0.  The distribution of the response of treatment B is right skewed and the distribution of the response to treatment C is left skewed.

In summary, boxplots display center, variability, and shape of a distribution at a glance, indicate outliers, and allow for the comparison of two or more distributions when side by side plots are placed in the same graph.

