Tukey Box Plots

1. Objective:  Explore the data without estimating parameters.  Provide an initial assessment of the normality of the data, and identify mild and extreme outliers.

2. Example: 
Listed below are body weight data for 16 Northern Flying Squirrels.  

	Animal
	Sex
	Weight

	Whiner
	F
	210

	Brit
	F
	205

	Japhy
	M
	180

	Mama
	F
	180

	Knack
	M
	128

	New Mom
	F
	226

	Spike
	M
	171

	64
	F
	305

	Wisconsin F
	F
	180

	74
	F
	178

	Zipper
	F
	179

	Nuts
	M
	213

	Buddy
	F
	176

	Pip
	M
	165

	YF1
	F
	155

	YF2
	F
	156


3. Computations

a. Stem and Leaf Plot
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b. Components of Box Plots

Compute position of median (q2) by dividing sample size by 2.

Compute position of q1 and q3 as follows: drop decimal portion of q2 position, and divide by 2.

Use stem and leaf plot and positions for q1, q2, and q3 to obtain quartiles.

Compute interquartile range (IQR) as q3-q1.

Compute the pseudostandard deviation (PSD) as 1.5 * IQR

Obtain the lower minor fence (f) by subtracting the PSD from q1.  Obtain the upper minor fence by adding PSD to q3.

Obtain the lower major fence by subtracting PSD from the lower minor fence.  Obtain the upper major fence (F) by adding PSD to the upper minor fence.

Obtain the lower adjacent value (a) by finding the smallest value on the stem and leaf plot that is not smaller than the lower minor fence.  Obtain the upper adjacent value by finding the largest value on the stem and leaf plot that is not larger than the upper minor fence.

Identify observations between the minor and major fences as mile outliers (7/10000).  Identify values more extreme than the major fences as extreme outliers (2/1000000).

n = 16
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c. Box Plots
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4. Interpretation:  If the underlying distribution is normal, the box plots will be symmetrical about the median.  Also, the number of mild and extreme outliers will be proportional to 7/10000 and 2/1000000 respectively.  Finally, the median and mean should be approximately equal.  If the data are perfectly normal, the median and PSD will equal the mean and standard deviation.
For the above graph, note that there is one mild outlier.  This is an animal that is clearly larger than the others.  Also, note that the box is not symmetrical.  This may be the result of the fact that males and females are lumped, or that body weight is not normally distributed.  Most animals are less than 200g, but a few are much larger.
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                                                       OBS    ANIMAL     WEIGHT

                                                         1    WHINER       210

                                                         2    BRIT         205

                                                         3    JAPHY        180

                                                         4    MAMA         180

                                                         5    KNACK        128

                                                         6    NEWMOM       226

                                                         7    SPIKE        171

                                                         8    NORMAN       305

                                                         9    WIF          180

                                                        10    ROXY         178

                                                        11    ZIPPER       179

                                                        12    NUTS         213

                                                        13    BUDDY        176

                                                        14    PIP          165

                                                        15    SNAP         155

                                                        16    CRACKLE      156
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                                                         Univariate Procedure

 Variable=WEIGHT

                  Moments                                  Quantiles(Def=5)                                 Extremes

  N                16  Sum Wgts         16      100% Max       305       99%       305         Lowest    Obs     Highest    Obs

  Mean       187.9375  Sum            3007       75% Q3      207.5       95%       305            128(       5)      205(       2)

  Std Dev    39.64756  Variance   1571.929       50% Med     179.5       90%       226            155(      15)      210(       1)

  Skewness   1.693556  Kurtosis    4.60297       25% Q1        168       10%       155            156(      16)      213(      12)

  USS          588707  CSS        23578.94        0% Min       128        5%       128            165(      14)      226(       6)

  CV         21.09614  Std Mean    9.91189                                1%       128            171(       7)      305(       8)

  T:Mean=0   18.96081  Pr>|T|       0.0001      Range          177

  Num ^= 0         16  Num > 0          16      Q3-Q1         39.5

  M(Sign)           8  Pr>=|M|      0.0001      Mode           180

  Sgn Rank         68  Pr>=|S|      0.0001

  W:Normal   0.846561  Pr<W         0.0116

       Stem Leaf                     #             Boxplot                                   Normal Probability Plot

         30 5                        1                0                    310+                                           *

         28                                                                   |                                                 ++

         26                                                                   |                                            +++++

         24                                                                250+                                       +++++

         22 6                        1                |                       |                                  ++++*

         20 503                      3             +-----+                    |                             ++*+* *

         18 000                      3             *--+--*                 190+                       +++**+*

         16 51689                    5             +-----+                    |                 *+*+*+**

         14 56                       2                |                       |            *++*++

         12 8                        1                |                    130+       *+++++

            ----+----+----+----+                                               +----+----+----+----+----+----+----+----+----+----+

        Multiply Stem.Leaf by 10**+1                                               -2        -1         0        +1        +2

                                                           Frequency Table

                            Percents                      Percents                      Percents                      Percents

              Value Count  Cell   Cum       Value Count  Cell   Cum       Value Count  Cell   Cum       Value Count  Cell   Cum

                128     1   6.3   6.3         171     1   6.3  31.3         180     3  18.8  68.8         226     1   6.3  93.8

                155     1   6.3  12.5         176     1   6.3  37.5         205     1   6.3  75.0         305     1   6.3 100.0

                156     1   6.3  18.8         178     1   6.3  43.8         210     1   6.3  81.3

                165     1   6.3  25.0         179     1   6.3  50.0         213     1   6.3  87.5




