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Abstract

The Stem and Leaf plot is a combined tabular and graphical display. A
frequency distribution can easily be constructed from Stem and Leaf dis-
play by counting the leaves belonging to each Stem noting that each Stem
defines a class interval. The purpose of the present study is to develop some
computing formulae of different statistics for the Stem and Leaf display, so
that the data set could be displayed and analyzed in grouping format with-
out loosing any information. We have proposed some formulae to compute
mean, variance, moments, skewness, and kurtosis for this Stem and Leaf
display.

Keywords and Phrases: Stem and Leaf, Raw data, Group data and
Validity.

1 Introduction

Stem and Leaf display is used to represent a strong resemblance of a Histogram and
to serve the same purpose (Tukey, 1977; Walpole, 1983; Daniel, 1995; Islam, 2001).
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An advantage of the Stem and Leaf display over the Histogram is the fact that Stem
and Leaf display is an easy and quick way of displaying ungrouped data in a grouped
format, which is constructed during the tallying process. To calculate the value of
any statistic from group data we loss information as the operation depends only on
the mid-value of the class interval (Gupta and Kapoor, 1994; Kapur and Saxena,
1986; Goel, Prakash, and Lal, 1991; and Islam, 2001). Thus some researchers used
Sheppard’s correction to protect the deficiency of information losing for moments. But
Sheppard’s correction is unable to remove the deficiency and is applied under certain
restrictions (Weatherburn, 1986; Goel, Prakash and Lal, 1991, and Gupta and Kapoor;
1994).

According to Daniel (1995), Stem and Leaf display enables to present the whole
data set in a grouping manner and helps to compute the statistic (median, percentile,
deciles, mode, etc.) with highest precision without losing information but the com-
putation of mean, variance, moments, skewness, kurtosis, etc., are still undone to the
researchers. Thus objective of the present study is to develop formulae for various
statistics, like mean, variance, moments, skewness, kurtosis, etc.

2 Methods and Materials

Stem and Leaf display is a graphical technique of representing quantitative data that
can be used to examine the shape of a frequency distribution. In this study some
formulae from the Stem and Leaf display are developed for mean and moments of the
frequency distribution. Also, the validity of those formulae are checked by arbitrary
data set.
• To avoid the repetition of the leaves in the same Stem, the number of leaves are
counted and the frequency is presented in the right side within a first bracket ( );
(Table-1).
• To translate the Stem and Leaf display data into statistic, let us define the following
mathematical notations:

Bk : Base of original data in the kth Stem = original datum belonging to kth Stem-
leaf of the corresponding datum.
nk: number of leafs corresponding to kth base- Stem.
lki: observed value of ith leaf in the kth Stem.
Cnk

: cumulative number of leaf unit up to the kth Stem. =
∑k

j=1 nj

Lk=
∑nk

i=1 lki: Leaf sum for kth Stem.
Sk=nkBk : Sum of of the kth base Stem.
n=

∑m
k=1 nk: Sum of all leaves in the data= Total number of observations; m being

the number of Stems.
Statistics such as measures of central tendency, dispersion, skewness and kurtosis

can be computed easily without losing any information for the real data set if we use
the following formulae.
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3 Derived Formulae For Arithmetic Means

Mean: The arithmetic mean, for the leaves of the kth Stem may be defined as Īk =∑nk
i=1

lki
nk

S̄k = Bk + l̄k = Mean of the observations in the kth Stem.
T̄ =

∑m
k=1

nkS̄k
n = Mean of the distribution. (whole data set)

4 Measurement technique for Median and Partition val-
ues

Median is a positional average. It divides a distribution into two equal parts. In Stem
and Leaf method, data are in ascending order-tallying process. Hence we can get
range, median, quartiles, deciles and percentiles as we get those from raw data.

5 Measurement technique for mode

The mode is that value for data which occurs most frequently. If all the values are
different there is no mode; on the other hand, a set of values may have more than
one mode. In Stem and Leaf method, we can easily determine mode. The greatest
value of the number of similar leaves that presented in the first bracket is considered
as the modal Leaf and its corresponding Stem as the modal Stem. The original data
corresponding to the modal Leaf in the modal Stem is the mode of the data set.

6 Derived Formulae For moments

Let us consider rth Central moment corresponding to kth Stem.

µk,r =
∑nk

i=1[(Bk + lki)− S̄k]r

nk

=
∑nk

i=1[Bk + lki −Bk − Īk]r

nk

=
∑nk

i=1(lki − l̄k)r

nk
k = 1, 2, · · · ,m; r = 1, 2, 3, · · · (1)

µk1 = 0, for all k

Skewness & Kurtosis for the kth stem may be obtained as below:

β1,k =
µ2

k,3

µ3
k,2

=
nk

∑nk
i=1(lki − l̄k)3∑nk

i=1(lki − l̄k)2
(2)
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β2,k =
nk

∑nk
i=1(lki − l̄k)4

{∑nk
i=1(lki − l̄k)2}2

(3)

Thus rth Central moment for all the Stem together, that is for the entire data set

µr =
1
n

m∑

k=1

nk∑

i=1

[(Bk + lki)− T̄ ]r r = 1, 2, · · ·

=
1
n

m∑

k=1

nk∑

i=1

[(lki − l̄k) + Bk + l̄k − T̄ ]r

=
1
n

m∑

k=1

nk∑

i=1

[(lki − l̄k)− dk]r, dk = Bk + l̄k − T̄

=
1
n

m∑

k=1

nk∑

i=1

[(lki − l̄k)r +
(

r

1

)
(lki − l̄k)r−1dk + · · ·

(
r

r

)
dr

k]

=
1
n

m∑

k=1

[
∑

i=1

(lki − l̄k)r +
(

r

1

)
dk

∑

i=1

(lki − l̄k)r−1 + · · ·
∑

i=1

dr
k]

=
1
n

∑

k=1

[nk{µk,r + rµk,r−1dk +
r(r − 1)

2
µk,r−2d

2
k + · · ·+ dr

k}] (4)

In particular,

µ1 =
1
n

[
∑

k

nkµk,1 +
∑

k

nkdk]

= 0 +
1
n

∑

k

nkdk =
1
n

∑

k

nk(Bk + l̄k − T̄ )

=
1
n

[
∑

k

nk(Bk + l̄k)− T̄
∑

k

nk] =
1
n

[nT̄ − nT̄ ] = 0 (5)

µ2 =
1
n

∑

k

nk(µk,2 + 2µk,1dk + d2
k) =

1
n

∑

k

nk(µk,2 + d2
k) (6)

µ3 =
1
n

∑

k

nk(µk,3 + 3µk,2dk + 3µk,1d
2
k + d3

k) =
1
n

∑

k

nk(µk,3 + 3µk,2dk + d3
k) (7)

µ4 =
1
n

∑

k

nk(µk,4 + 4µk,2dk + 6µk,2d
2
k + d4

k) (8)
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From the moments, we can easily calculate skewness and kurtosis. Also using the
following formulae we get skewness and kurtosis as

√
β1 =

µ3s

µ
3/2
2s

=

√√√√(
∑m

k=1 nk(
√

β1kµ
3/2
2k + 3dkµ2k + d3

k))
2

(
∑m

k=1 nk(µ2k + d2
k))

3
×

m∑

k=1

nk

=
√

n
∑m

k=1 nk(µk,3 + 3µk,2dk + d3
k)

[
∑m

k=1 nk(µk,2 + d2
k)]

3/2
(9)

and

β2 =
µ4

µ2
2

=

∑m
k=1 nk(β2,kµ

2
2,k + 4

√
β1,kµ

−1/2
2,k dk + 6µ2,kd

2
k + d4

k)

(
∑m

k=1 nk(µ2k + d2
k))

2
×

m∑

k=1

nk

=
n

∑m
k=1 nk(µk,4 + 4µk,3dk + 6µk,2d

2
k + d4

k

[
∑m

k=1 nk(µk,2 + d2
k)]

2
(10)

respectively. In all the formulae dk = (Bk + l̄k − T̄ ) where, k = 1, 2, 3, · · · ,m. This
method is not only serve overall results but also results for each class interval / width /
Stem. We have used an arbitrary data as an example. Marks obtained in a university
admission test by 255 student out of 150 marks are shown in Appendix. Using the
formula developed in section 3 and 6 mean, variance, moments, skewness and kurtosis
of data given in appendix are calculated and presented in Table 1. The Table helps us
to understand the calculation procedures of the proposed formula. In Table 1 Stem
width is taken as 10.

Results of various statistics like mean, mode, median, quartile, moments, skewness
& kurtosis are calculated from raw, stem & leaf and grouped data and displayed in
Table 2.
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Table 2: Results of various statistics using raw, stem & leaf and
grouped data for the overall data set

Statistics Raw data Stem and Leaf Group data
Class int. 10 Class int. 10

Mean 90.6 90.6 90.68627
Median 92 92 90.72580645
Mode 86 86 92.24489796
Q1 77 77 76.82692308
Q3 102 102 102.6441667
D3 82 82 80.88235294
D7 98 98 98.9516129
P38 85 85 84.88235294
P62 95 95 95.66129032
µ2 419.84 419.84 426.882(Un adjusted)

418.5486667(adjusted)
µ3 1140.154353 1140.154353 1526.1943
µ4 449746.3514 449746.3514 460993.6326(Unadjusted)

439941.1993 (adjusted)√
β1 0.132537242 0.132537242 0.173040639

β2 2.551526 2.551526 2.529759909

7 Discussion

Generally, we use frequency distributions and their corresponding histograms to sum-
marize large set of statistical data; it is unfortunate that the identity of the actual
observations within the class interval is lost in the grouping process. But the Stem
and Leaf display provides the same information as a frequency distribution and its
histogram while presenting the actual recorded numerical values.

Validity and efficiency of the proposed formulae are checked by comparing numer-
ical results from raw data and that from grouped data appended in Table 2 where we
used the class interval 50 - 59, 60 - 69, · · · for grouped data. These results are valid
for class intervals of any width and for fractional observations in the data set. Always
it is found that the results of our proposed formulae are the same as those obtained
from raw data. On the other hand, these results are different from that of grouped
data. Thus one can consider Stem and Leaf method superior to that of grouped data
analysis. In the stem & leaf method, one may enjoy the group format without loosing
any information.
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Appendix

Marks obtained out of 150 by 255 candidates in a University Admission Test
Serial No. Marks Serial No. Marks Serial No. Marks Serial No. Marks Serial No. Marks

1 123 55 91 109 98 163 95 217 69
2 95 56 96 110 129 164 86 218 86
3 87 57 99 111 119 165 97 219 69
4 52 58 108 112 119 166 58 220 95
5 127 59 93 113 95 167 75 221 93
6 98 60 112 114 88 168 86 222 76
7 102 61 50 115 92 169 57 223 85
8 103 62 88 116 82 170 95 224 94
9 68 63 96 117 99 171 86 225 55
10 113 64 84 118 51 172 102 226 52
11 96 65 76 119 126 173 132 227 114
12 110 66 85 120 83 174 80 228 86
13 105 67 71 121 64 175 76 229 95
14 125 68 93 122 109 176 89 231 94
16 56 70 135 124 84 178 126 232 96
17 107 71 62 125 73 179 85 233 98
18 87 72 54 126 126 180 128 234 116
19 111 73 99 127 96 181 85 235 118
20 130 74 115 128 85 182 89 236 98
21 95 75 95 129 60 183 125 237 78
22 97 76 86 130 68 184 58 238 87
23 120 77 72 131 92 185 88 239 98
24 110 78 108 132 73 186 96 240 78
25 98 79 84 133 54 187 76 241 98
26 93 80 79 134 95 188 123 242 78
27 113 81 83 135 86 189 85 243 85
28 132 82 117 136 61 190 95 244 96
29 125 83 64 137 53 191 58 245 96
30 102 84 92 138 86 192 69 246 85
31 105 85 69 139 51 193 86 247 74
32 92 86 93 140 125 194 75 248 116
33 68 87 115 141 96 195 93 249 96
34 91 88 88 142 134 196 125 250 86
35 131 89 92 143 62 197 101 251 84
36 101 90 56 144 79 198 82 252 75
37 111 91 66 145 70 199 100 253 95
38 101 92 106 146 102 200 86 254 86
39 91 93 71 147 135 201 92 255 101
40 118 94 82 148 65 202 72
41 81 95 93 149 55 203 86
42 63 96 80 150 92 204 90
43 69 97 106 151 78 205 68
44 92 98 82 152 69 206 93
45 78 99 117 153 57 207 86
46 133 100 74 154 77 208 109
47 92 101 86 155 86 209 112
48 77 102 50 156 95 210 105
49 129 103 126 157 99 211 84
50 54 104 94 158 100 212 108
51 98 105 53 159 85 213 96
52 63 106 69 160 132 214 86
53 94 107 125 161 84 215 59
54 87 108 62 162 59 216 67


