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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 was to develop a
procedure to state and prove some properties in the case of central tendency
for the Stem and Leaf display. This study established some valid properties
of arithmetic mean in the case of Stem and Leaf method.
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1 Introduction

Stem and Leaf display is used to represent a strong resemblance of a Histogram and
to serve the same purpose (Daniel, 1995; Islam, 2001). 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 constructed
during the tallying process (Daniel, 1995).

Box-and-Whisker plot and Stem and Leaf displays are examples of what are known
as explanatory data analysis techniques (Daniel, 1995; Walpole, 1983). These tech-
niques, made popular as a result of the work of Turkey (1977), allow the investigator
to examine data in ways that reveal trends and relationships, identify unique features
of data sets and facilitate their description and summarization. In the Stem and Leaf
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display, we can see the data as both grouped and ungrouped ways and calculate mea-
sures of location such as mean, median and mode (Rahman, et al., 2004). Now it is
essential to know important properties of these compared for those existing properties.
Therefore the objective of the present study is to state and established the following
Properties.
The important properties of arithmetic mean with their proofs are given below:

Theorem 1: Sum of deviations from arithmetic mean for Stem and Leafs display
observations is equal to zero.

Nk

ie.> Y (Bp+li—T)=0 (1)

=11=1

where Bj, = Base corresponding to the k' stem, l; = i*" leaf corresponding to the
Eth stem.

Proof: Let us consider that a variable X has m stems as S1,5%,953,---,5, and
corresponding numbers of leaves are as ny,no,n3, - , N
Suppose the leaves corresponding to Eth stem are Ui, lko, L3, - - - ,lkn, its base is

By, and base sum Sy, .

Then
By, = hSj, (2)

and
Suy = ni By (3)

where h is the stem unit.

Also suppose leaves sum corresponding to kP stem is
ng
Lup =) i (4)
i=1

Hence, sum of all bases and all leaves of the variable is Y Sur + > Lug and total

k=1 k=1
m
number of observations > ng.
k=1
According to Rahman et al., 2003
m m
Sug + > Lug m m m
TZkZl pres =1 iTanIZSuk%—ZLuk (5)
> ng k=1 k=1 k=1
k=1
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Hence the proof.

Theorem 2: Sum of squared deviations from arithmetic mean is least for Stem and
Leaf display data set.

m Nk m Nk
e o5 (Br+ 1l —T)? <> S (By + iy — a)? where a is any arbitrary constant
k=11i=1 k=1i=1

and other notations are the same as in theorem 1.

Proof: i % (B, + Iy — a)?
k=1i=1

= S S (Bt b —T) + (T — )

k=1i=1
= 5 S Bt b~ TP+ 2By s~ DT~ ) + T~ a)?)
=3 S Bkl -TP 42T =) ¥ 5 (Bt b= T)+ T = ¥ my
= f) %k: (Bp + Ui — T)?2 +2(T — a).0 + (T — a)? in: ng from (theorem 1)

k=1i=1 k=1

=Y Be+ i —T)*+(T —a)* 3 ny,
k=11:=1 k=1

Here (T —a)? is a square of a real term, which is always non-negative, and sum number
m

of leaves also non-negative, and (T — a)? >_ ny is also non-negative term.
k=1

n

>

(Bx + lxi — a)? equality holds only when a = T.

NgE

Hence, Z Z (Be + 1y —T)? <
Hence the proof

k

)
=

14
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Theorem 3: Arithmetic mean of Stem and Leaf display data set is arithmetic mean
of raw data.

o f: Lug+ i": Suyg
Proof: We have T' = *=1—*=L___: (notations are the same as in theorem 1)
S
k=1

k=
kg
> (Iki+niBr)

m
>
_ k=1i=1
- m
> ng
k=1
m Mg ng
> > (kit+ 3 By)
_ k=1i=1 i=1
- m
> Nk
k=1
m M
> > (ki+Byy)
_ k=1i=1
- m
> ng
E=1

__ Exact Sum of all observations
~ Total number of observations

= Arithmetice mean from raw data
Q.E.D.

Theorem 4: Arithmetic mean of sum of two variables with equal number of obser-
vations is equal to the sum of their respective arithmetic means for Stem and Leaf

formatted data.

Proof: Let X and Y be two variables with equal number of observations. Con-

sider X have m, stems Si, 52,53, --,Sn, and corresponding numbers of leafs are
as ni,N2, N3, - ,Nm,. Again Y has m, stems S}, S5, S5, - - ,S,’ny and corresponding
numbers of leaves are as n,nb, nj, - - - ,n;ny.
Then B, = hSj and B; = cSp; where h and c are the stem unit of X and Y,
respectively.
We can write for variable X;
my my my my
> Sup+ > Lug > Sup+ 30 Luy
e al — — . ==t I — I —
T, = *=—*=— and for variable YV; T, = *=—F=
> ng > ny
k=1 k=1

Wz my
Since, both variables have equal number of observations so, Y ng = Y. ng = n (say).

k=1 k=1
Let U=X+Y
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Since both variables have equal number of observations, both variables must have
equal numbers of leaves but they may or may not have equal numbers of stems.
Thus, for sum of all values of U,

n
Zuz— ZSukJr Z Suy + ZLuk+ Z Luy.
=1 k'=1 k'=1
=™

n

Now T, =

ma:
k=1 k/=1 = k=1
n

mg mg my my
S Sup+ Y Lug > Sup+ Y, Luys
k=1

k=1 k=1 k=1
== mg + my
Z Nk Z N/
k=1 k=1
=T, +T,

Hence, Arithmetic mean of sum of two variables with equal number of observations is
equal to sum of their respective arithmetic means.

Theorem 5: (Mean of the composite series) If T; (i = 1,2,3,--- , k) are the means of

k component series of sizes n; (i = 1,2,3,--- , k) respectively, then the mean T of the

composite series obtained on combining the component series is given by the formula:
ro Mk _

_ > >0 naTy

T — =1 k:‘”}

r

ZZnik.

i=1k=1
Proof: Let us consider if we make Stem and Leaf display for it” subset we get the stems
as Si1,Si2,Si3, -+ , Sim, with respective number of leaves n;i,ni2, niz, - -+, Nim, (i =
1,2,3,-- k).
7%1 Suzk+ Z Luzk
So, arithmetic mean of the i** subset is T; = =1 ; (1=1,2,3,... k).
Z Nik
k=1
:>Z nZkT = Z Su;p + Z Lu;p; (i:1,2,3,. . k)
k_l i=1 k=1
= Z nlle + Z nngg + - Z nrkTr
k=1 k 1 k=1
My My
= z Sup + Z Luq + Z Susgp + Z Lugk + -+ > Supp + >, Luyk
i=1 k=1 i=1 k=1 k=1 k=1
mi Nig ma N2k my Npk

= > > (ki +Bik) + 22 > (ki + Bop) + -+ 32 > (boki + Br)

k=1i=1 k=1i=1 k=11i=1
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= Sum of all observations in r set of data
= number of all observations in r set of data
x Arithmetic mean of the combained r set of data

— (¥ S )T

j=1k=1
_om _ ma _ mg _ my
_ T1 Y maptT2 Y noptTs 3 naeto+Tr 3 nek
k=1 k=1 k=1 k=1
=1 = 7
> Nk
J=1k=1
r "nj
. 21 kzlnjkTJ
.o j=lk=
.. T — My
> Mk

Hence, for r set of Stem and Leaf displayed data, arithmetic mean of the combined set
is equal to the weighted average.

Corollary 5a: Combined arithmetic mean of two subsets in Stem and leaf formatted

data is as T, = % where n7 is total number of leaves corresponding to 1%

subset with mean T and ng is total number of leaves corresponding to 27 subset
with mean T's.

Theorem 6: If there is only one stem of the variable then arithmetic mean of the
variable is sum of base of that stem and arithmetic mean of leaves corresponding to
that stem.

Proof: Let X be a variable with only one stem S; whose leaves are ly1, (12,13, , l1n.
Then base of that stem is B; = hS7, then sum of base of that stem is Su; = nB; and
n

sum of leaves of that stem is Lu; = > ly.
k=1

Then mean of the variable is

T _ Sui+Lup
T= n

OI' T — Sui+Luy
3

n
T _ nB1+L
Or, T = nBi+Lu

. PIREE
OI‘,T:Bl—f-l:}n

Or, T = By + Zl-
Q.ED.
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Theorem 7: If a jnd b are two constants and X be a variable then arithmetic mean
of Y =aX +bis Ty = aT + b; where T is the arithmetic mean of the variable X.

Proof: We have Y =aX +b
Suppose the it value of Y corresponding to k* stem is

YBi + yl]m =a(By + k) + b

= > p 12( By, +Yl;) = §(3k+lki)+bk§:1nk

@y
k=1
z°

Nk ng m
:ZySuk—FZyLuk:a( k—l-ZLuk) ban
k=1 k=1 k=1 k=1

S5 vSuit . Lu
= k=1 — k=1
> n
k=1
m N
(X Sup+ . Luy) m
= qt=— k=1 + b; from theorem 1 and since > ng # 0
> k=1
_ k=
=Ty, =al +b

Q.E.D.

Corollary 7a: Arithmetic mean of product of a constant and a variable is product
of that constant and arithmetic mean of that variable for Stem and Leaf related data.

i.e. TaX = (IT.

Corollary 7b: Arithmetic mean of sum of a constant and a variable is sum of that
constant and arithmetic mean of that variable for Stem and Leaf related data.

ie. Torx =a+T.

Theorem 8: Arithmetic mean depends on both scale and origin in stem and leaves
related case.

Proof: Let X be a variable with m stems 57,5, 53,...,S, and number of leaves
respectively ni,no,ns, ..., ny,.

Base corresponding to k** stem is By, = hS), when stem unit=h and Suj, = ny,By.

Let us consider B) = B i—% where a= origin and h=scale when both By and a are

divisible by h.
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= B, =hB, +a
= i'" value of k" stem of X is By + ly; = hBj, + ly; +a

= i %(Bk:"‘lki) = f: %k:(h32+lki+“)

k=1i=1 k=1i=1
m m m m m
= > Sup+ > Lupy=h > Sup+ > Lup+a ) ng
k=1 k=1 k=1 k=1 k=1
m m m m m m m
= > Sup+ Y Lup=h> Su+h)Y Luy—h > Lup+ > Lup+a ) ny
k=1 k=1 k=1 k=1 k=1 k=1 k=1

= > Sup+ Y Lug =h(d>. Suj + > Lug) — > Lug(h—1)+a > ng
k=1 k=1 k=1 k=1 k=1 k=1

ST =T — (h- 1)l +a
=T=hT'-1)+(l+a)
i.e. Arithmetic mean depends on both scale and origin in stem and leaf analysis.
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