Gordon Conference
Grants for Beginning
Researchers

Through a generous donation
from the Statistics Division the
1991 Gordon Research Conference
in Chemistry and Chemical
Engineering was able to provide
grants to pay for the registration,
lodging, and food for six beginning
researchers. The winners of this
year’s competition were

*Benjamin M. Adams, Assistant
Professor, Department of Math
Science and Statistics, University
of Alabama

*Nadine E. Chase, Graduate
Student, Department of Civil
Engineering and Operations
Research, Princeton University

*Dennis Lin, Assistant
Professor, Department of Statistics,
University of Tennessee

*Frederik Lindgren, Graduate
Student, Department of Organic
Chem1stry, University of Umea
(Sweden)

*Cynthia Lowry, Assistant
Professor, Department of Decision

Sciences, Texas Christian
University

#Derrick Rollins, Assistant
Professor, Departments of
Chemical Engineering and

Statistics, Jowa State University
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ABSTRACT
Since it’s introduction by Tukey
(1977), Exploratory Data Analysis
(EDA) has attracted a great deal of
attention. The authors propose a
new modification to the box plot
indicating degree of “peakedness”
via an estimate of Kurtosis. This
estimate becomes a single line
added to the interior of the box. The
position of the line relative to the
theoretical normal (location of the
whiskers at the midpoint), repre-

sents degree of Kurtosis.
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INTRODUCTION
Among recent trends in statis-
tics, Exploratory Data Analysis
(EDA) has attracted a great deal of
attention. Tukey (1977) first pro-
posed the use of EDA for visual
data displays, and for preliminary

1992 FALL TECHNICAL CONFERENCE
CALL FOR PAPERS

A Call for Papers has been issued
for the 36th Annual Fall Technical
Conference to be held October 8-9,
1992 in Philadelphia, PA. The con-
ference is co-sponsored by the
Chemical and Process Industries
Division and Statistics Division of
the American Society for Quality
Control, and the Section on
Phys1ca1 and Engineering Sciences
of the American Statistical
Association. The theme for the 1992
conference is “Competitiveness
Through Continuous Improvement:
A Nation Waking Up”.

Applied or expository papers are
needed for Statistics, Quality
Control, and Tutonal/Case Study
sessions. Statistics papers should be

at or below the level of
Lechnometrics, while Quality
Control and Tutorial/Case Study
papers should be at or below the
level of Journal of Quality
Technology.Please send the title,
one-page abstract, and one-page
outline of your paper by January
24, 1992 to Greg Piepel, Battelle-
Northwest, P.O. Box 999, Richland,
WA 99352, For more information
contact any of the program chairs:
Greg Piepel of the Section on
Physical and Engineering Sciences
{509-375-6911}, Kymberly Hockman
of the Chemical and Process
Industries Division (302-999-6634),
or Ralph St. John of the Statistics
Division (419-372-8098).

evaluation of data prior to subject-
ing them to formal analyses. In par-
ticular, both Stem-and-Leaf plots
and Box-and-Whisker plots display
the form of a data set, ie; whether it
is skewed, symmmetric, unimodal etc.
These plots can also help detect
clusters, and outliers. For construe-
tion and review see Heyes (1985).

The literature records extensive
studies on variations of Stem-and-
Leaf and Box plots (Ahmed and
Aslam 1988, Becketti and Gould
1987, Heyes 1988, Hunter 1988,
McGill, Tukey and Larsen 1987). A
new box plot modification is pro-
posed here which provides addition-
al information about the shape or
“peakedness” of a data set via a
graphic indicator of Kurtosis. The
authors suggest the name Shape-
Finder Box Plot for this modifica-
tion.

THE SHAPE-FINDER BOX PLOT

A modification of the convention-
al box-and-whisker plot, the shape-
finder box plot is constructed by
simply drawing an additional line
within the box. The location of this
line relative to the center of the box
width where the whisker is normal-
ly connected, provides a convenient
visual indicator of kurtosis.

ESTIMATING KURTOSIS

While there is considerable dis-
agreement in the literature regard-
ing the definition, meaning and
interpretation of Kurtosis, the pre-
sent authors prefer the simple defi-
nition of Moors. Moors (19886)
argues that kurtosis is a measure of
dispersion in the middle of the dis-
tribution and concentration of
observations in the tail of a distri-
bution. The concentration in the
middle of the distribution may be
high or low, consequently the tails
are sharp or heavy; hence the distri-
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bution may be leptokurtic,
mesokurtic or platykurtic respec-
tively. Further, the authors have
chosen a simple measure of kurtosis
which is consistent with other box-
plot measures. This measure, K is
called the percentile coefficient of
kurtosis and is given by:

K=((Q3-Q1)/2)/(Pgg-Pqq}
where Q; and Qg are lower and
upper quartiles, or by

K=(HS5/2)/(Pgg-P1g)

where HS is the ]Iginge Spread to
be discussed later.

Pi1p and Pgg are the 10th and
90th percentiles respectively of the
ordered data. A standard value of
K=26.3% is obtained for the normal,
mesokurtic distribution.
Leptokurtic and platykurtic distri-
butions obtain K values less than
26.3% or more than 26.3% respec-
tively, as shown in Figure 1.

COMPUTING QUANTILES

FIGURE 1
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Box Plot Degrees of Kurtosis

To obtain the necessary hinges,
percentiles and median the authors
recommend using a stem-and-leaf
plot as described in example 1.

EXAMPLE 1

Table 1 shows pulse rate mea-
surements from 45 students.

79 88 97 94 79
94 87 75 81 80
91 88 74 79 80
90 83 68 81 81
87 91 70 80 82
92 92 80 82 83
91 90 64 70 84
92 90 67 79 84
94 90 68 83 90
TABLE 1

Table 2 displays the pulse rate
data in stem-and-leaf format using

double stems (ie: *60 =60 thru 64,
while .60 =65 thru 69). Using the
stem-and-leaf plot we find the val-
ues corresponding to the “depth” of
the measures of interest.

are located outside the box attached
to the center. A median line is
added inside the box as in Figure 2.
Figure 3 shows a box plot of the stu-_
dent pulse rate data, using hing

TABLE 2 rather than quartiles.

Sten Ordered Leaves No. Leaves Cum. Total
*60 4 1 1
.50 7 8 8 3 4

*70 0 4 2 [
.70 5899909 6 12

*30 0000111223344 13 25
.80 778818 .5 30

*90 0000111222444 14 42
.90 7 1 45

The “depth” of a measure is given
by formulas and computed as below.
See Freund and Perles 1987 for the
d(P) formula,

Sample size N=45

d(M)=Depth of Median =(N+1)/2
=46/2 =23

d(H)=Depth of Hinges
=(d(M)+1)/2 =24/2 =12

d(P)=Depth of Percentiles
=1+({N-1)/10) =5.4

The values corresponding to the
depth of the measures are obtained
by counting inward from the largest
(or smallest) values in the ordered
data. For instance the lower Hinge is
located by counting in 12 values from
and including, the smallest observa-
tion. The 12th value of 79 is easily
located from the stem-and-leaf plot in
table 2. Table 3 summarizes the
depths and corresponding values for
the measures in example 1.

THE SHAPE-FINDER BOX PLOT
MODIFICATION
For the shape finder box plot we
will assume a standard K value of
26.3% for the location of the
whiskers at the ends of the box.
Using Moors’ estimate, for example
1 kurtosis is computed as:
K=((UpperH-LowerH)
12)(Pgg-P10}

K=(90-79)/2 /(92-71.6)

K=(11/2) /204 = 5.5/20.4 =26.96%

Having calculated K, it may now
be used to create a shape-finder box
plot for the student pulse rates.
Scaling the end of the box plot
enables us to indicate the “per-
centile coefficient of Kurtosis” on
the box, by comparing it to the theo-
retical normal distribution at the
whiskers where K=26.3%.

The method of scaling to indicate
percentiles on a box plot is derived

ABLE 3 from Cleveland (1985). First, assign
TABLES a the standard value of 26.3% to the
Measure Depth Value Plot Feature
Median (M) 23 83 Median Line
Hinges (H) 12 79,90 Box Length
Min, Max 1 64,97 Whisker Ends
Percentiles (P) 5.4 71.6,92
location on the x-axis corresponding
BOX PLOT CONSTRUCTION to the lower whisker location. Next

First draw a simple box plot with
length equal to the interquartile
range, IQR =(Q3-Q1 ) or the Hinge
Spread HS. The whiskers extend to
the highest and lowest values, and

assign an x value of 0 to the side of
the box to the left of the whisker
Finally the value of 52.6% i

assigned to the x location corre-
sponding to the right side of the
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BOX-and-WHISKER PLOT

—
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FIGURE 2

box. By this method each side of the
box is 26.3% units from the central
whisker. For computed values of K
greater than 52.6%, simply continue
the scale upwards in major incre-
ments of 26.3% truncated at the
ending value of 100%.

From table 3, the subsequent cal-
culation of K, and the x- axis scal-
ing, construction of the shape-finder
box plot is illustrated in figure 4. In
this example, other box plot fea-
tures (fences, confidence envelopes
etc.), have been omitted to draw
attention to the location of the K
value line.
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SHAPE-FINDER MODIFICATION

Figure 4 displays the fellowing
obvious properties:
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PIGURE 3
STUGENT FULSE RATES

I) The Median value is about 83

- Location of internal median line
relative to X-axis scale

- Also known from Table 3
IT) There is a slight positive skew

- Location of median line relative
to the hinges (box ends)

- Relative lengths of the two
whiskers- Confirmed via computed
coefficient of skewness -0.583
II1) There are no outliers in the
sample data

- No values exceeding computed
inner/outer fences
IV) The data shape appears to be
almost mesokurtic

- Location of K value line relative
to whiskers

- shape of the stem-and-leaf plot
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ADDENDUM

The main idea, that of modifying a
box plot with Moor’s estimated K value
as a line, was presented to Jed Heyes
some time ago by co-authors Aslam and
Khurshid. Recognizing that the central
theme may have some merit, Heyes
responded to their request for assis-
tance in developing it thus far. Jed
would be delighted to hear from read-
ers who have comments or suggestions
for improvement. Some already made
include: (1) Determine the operating
characteristics of this K statistic rela-
tive to the classic B2 measure. (2) Find
the optimum scaling for the ends of the
box as opposed to the most convenient
and determine it's sensitivity to K val-
ues. (3) Alternatively, scale the ends of
the box based on computed K values for
distributions at the extremes of
Kurtosis, ie; the most common lep-
tokurtic and platykurtic. (What are
these?) (4) Standardize this unusual K
value of 26.3% by dividing it by 26.3%
thus the standard normal would have a
standardized K value of 1.0. (5) How
useful is this as a tool?

Editor
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