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_n_ ox’-3pq
n—1 ox’

r. = Reliability index

n = Number of items in the test
p = Proportion of right responses
q = Proportion of wrong responses

Example: A test consisting of 50 items and standard deviation of test score is 7.5
and the sum of the product of proportion of right and wrong responses on the item is
10.43. Calculate the reliability.

Solution:

n  o0x’ -2pq
n-1 ox’

50 7.5°-10.43
501 7.5

The reliability coefficient of the test is 0.84.
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The KR-21 method is also a simple one for calculating reliability of a test.
The test is administered once on a group to determine quickly the reliability. The
mean and variance are calculated and then the following formula KR-21 is used.

. :n0x2 -M (n-M)
! ox’ (n—1)

Where,
r, = Reliability of the whole test
n=Number of items in the test
M = Mean of the test scores
ox= Standard deviation

Example: An objective test of 100 multiple items have been administered to a small
group of students. The mean of test score is 50 and standard deviation is 10. Calculate
the reliability coefficient of the test.

Solution:

_ nox’—M (n -M)
ox’ (n—1)

rll

100 x 10° — 50 (100 —50)
10° (100 1)

100 x 100 — 50 (50)
100 x 99

10000 — 2500
9900

= 0.76
The reliability coefficient of the test is 0.76.
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Where, ﬁ%{ﬁ[
= Validity index

= Size of sample

= Raw scores in the test X

< Xz~

= Raw scores in the test Y

XY = Sum of the products of each X score multiplied with its
corresponding Y score

In order to make the calculation an easy one, we can use the above formula
in this way:
N> dxdy — >dx >dy
VNY dx* = (X dx)’] [N Fdx* — ( 3dx)°]

Where,
r = Validity index

N = Size of the sample
&x = X-M
dy = Y-M

X = Raw score of X group
Y = Rawscoreof'Y group
M = Mean

Sometimes, we need to predict the future result of somebody with reference
to the present result. The following regression equation is used for this purpose:

o)
y=r—(X -Mx) +My
(0)

X
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Where, Y = Predicted value 63

My = Mean of predicted score (Y)
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Mx = Mean of test score (X)

g, = Standard deviation of predicted score (Y)
0, = Standard deviation of test score (X)

X =Testscores (basis of prediction)

Y = Predicted value
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50 25 15 10
_ (150)+125) +(105) +(90) _ 470 _ -
100 100
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2w =100; Zwx=470
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Weighted Arithmetic Mean of Toys Sold by the Raja Toy Shop

Toys Price Per Toy Number Sold Price x Weight
Tx w xw
Car 3 50 150
Locomotive 5 25 125
Aeroplane 7 15 105
Double Decker 9 10 90

2w =100 Zxw =470
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Example 2: The arithmetic mean of daily wages of two manufacturing concerns A
Ltd.andB Ltd.is ™ 5Sand’ 7, respectively. Determine the average daily wages of
both concerns if the number of workers employed were 2,000 and 4,000, respectively.

Solution: (a) Multiply each average (viz., 5 and 7) by the number of workers in the
concern it represents.

(b) Add up the two products obtained in (a) above
(c) Divide the total obtained in (b) by the total number of workers.

Weighted Mean of Mean Wages of A Ltd. and B Ltd.

Manufacturing Mean Wages Workers Mean Wages *
Concern X Employed Workers Employed
w wx
A Ltd. 5 2,000 10,000
B Ltd. 7 4,000 28,000
>w =6,000 > wx =38,000
_ ywx
X = Sw
_ 38,000
6,000
= 633

Tofe SHIRRel TS 1L 41 T 77 < Abalfifo o/e «qe xrotesr
ST SI) 3 OFT 21 AP @92 O B3y S Al 31 2% T (A
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The nth Term of a GP.

Let first term be a and r, the common ratio, By definition the G.P. is a, ar, ar2,...

Istterm =a = ar’ = ar'™!

2nd term = ar = ar! = ar*!

In general, nth term = a2

In examples of the preceding section, we compute 5th, 7th, 3rd, 11th and 8th
term of (a), (b), (c), (d) and (e) respectively.

In (a) Ist term is 1 and common ratio =2.

Hence, 5th term = ar*=12%=16.

1

=3,r=21 _ o 6_af-1Y _ 1
In(bya=3,r= 3 , hence, 7th term = ar 3[3] 5
In(c)a=1,r= 2, hence, 3rd term = ar’ = 2.
In(d)1 = a,r= = hence, 11th term = ar? = -2
n (d}) Stterm—a,r—;, ence, 11th term = ar =7

R U . a1
In(e)a=1,r= 3 ence, 8th term =a ==

Sum of First n Terms of a G.P.

Let a, ar, ar ... bea given G.P. and let §, be the sum of its first # terms.
Then, S, =a+ar+ar+.+a’ .
This gives that rS, =ar+ ar +..+ a™ ! + ar”
Subtracting, weget, S, —r S, =a—a’" =a(1-1")

5]
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B a(l—r”)

Incaser=1, S, = 1=
In case r=1, S, =ata+a+ .. +a(ntimes)
= na.
ﬁﬁ Thus, sum of n terms of a G.P. is M ided
s . - provided r# 1.

In case r=1, sum of G.P. 1s na.

Example 3: Find the sum of the first 14 terms ofa G.P.
3,9,27,81,243,729,...
Solution: In thiscasea=3,r=3,n=14.

g _ali=rm) _3(-34)

1-r 1-3

3"-1).

So

? n

=3
2
Example 4: Find the sum of first 11 terms of a G.P. given by

Solution: Here,a=1,r= —%,n=]l.
11
i|1-(-L
a(1-r) [ [3) ]
So, S = = '
n 1-r
1+—
241 683
C3x210 1024°

To Insert n Geometric Means between Two given Numbers @ and b

Let G, Gy, ... G, be n geometric means between a and b. Thus, a, G, G,, ...
G, bisaGP, bbeing (n +2)th term = ar™! where r is the common ratio of GP

F-SIGFI SN
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Thus, b=arﬂ+l:r=(£F

d 1

So, G,=ar= a[é)ﬁ = (amb)nn

a
2
1

G,=ar = a[é}m = (am-152 Yot

a

-1
" 1

G,=ar"" =a(£]m = (a?b" Jus1

a
Example 5: Find 7 GM’s between | and 256.

Solution: Let G,, G,, ... G?, be 7 GM’s between 1 and 256
Then, 256=9th term of GP,
= 1.8, where r is the common ratio of the GP

This gives that, 7 =256 = r=2

Thus, G,=ar=12=2
G,=ar’=14=4
Gy=ar'=18=8
G,=ar*=1.16=16
Gy=ar’ =1.32=32
Ge=ar®=1.64=164
G,=ar’ =1.128 =128

Hence, required GM’s are 2, 4, 8, 16, 32, 64, 128.

Example 6: Sum the series 1 + 3x+ 5x>+ 7x° + ... up to n terms, x # 1.

Solution: Note that nth term of this series = (2n— 1) "~ !
Let S, =1+3x+5+...+Q2n-1)x"""
Then, xS,=x+3x*+..+Q2n-3)x""'+(Q2n-1)x"
Subtracing, we get
S(l-x)=1+22+2%+ .. +2¢"" ' —(2n-1)x"

l_xn—]

=1+2x[ e J—(Zn—l)x”

5]
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I—x+2x—2x"-2n-1)x"(1-x)

l-x

l4x=2x"=2n=Dx"+(2n-1)x"*!

l-x

l+x=2n+)x"+2n-1x"*!
l-x

_l+x=Qn+Dhx"+2n-Dx"*!

Hence, S 3
(I-x)

Example 7: If in a GP (p + g)th term =m and (p — g)th term = n, then find its pth
and gth terms.
Solution: Suppose that the given GPbe a, ar, ar?, ar, . . .
By hypothesis, (p + g)th term =m = qr P "4~
(p—g)thterm=n=ar’ ~9~!

m m 1/2g
Then, i =r2‘i':>r=[—)
n n
m \PHaD +1)2q (p+q—1)2
I—]:erlce‘J m :a[i) :a:m(q_p ) qn(p q— ) q
n
Thus, pthterm = ar? = ! =m"? n'? =
2g=p p

gthterm =ar?~! =m 24 ™
Example 8: Sum the series 5+ 55 + 555+ ... up to n terms.
Solution: Let S =5+55+555+....
S, =5(+11+111+....)

= % (9+99+999+...)
[(10—1)+ (100 — 1)+ (1000 — 1) + ...]
[(10+10>+10° + ...+ 10") = (1 + 1 +. .. .n terms)]

[(10+ 102+ 10° + .. + 10") - n]
0a-10")
1-10

10(10" =1)
79 n

50 S5n
=10 -1)-=—
Sl( ) 9

Ol Ot Gl O O



Example 9: If ¢, b, ¢, d are in GP, prove that a“ — b*, b*— ¢* and ¢* — d“ are also

in GP.
Solution: Since, b_e_d_y (say)
a b ¢
we have, b =ak, c= bk, d=ck
ie., b =ak, c=ak®, d=ak®
Now, (B — AP = (a2 — a*h)? 5 C|
= a1 - 12)?

Also, (@ — b)) (¢ — &%) = (a® — k%) (a*k* — a*k®)
=a*(1-12) (K* =15
=a'1* (1-12)?

Hence, B = =@-p) (-

This gives that, a— b, b~ 2, * —d* arein GP.

Example 10: Three numbers are in GP. Their product is 64 and sum is % .Find
them.

Solution: Let the numbers be £ ,a, ar
r

Since, 9 havar="2and “xa X ar= 64,
r 5 r
we have, @=64=a=4
This gives, 4 +4+4r= %
r
= l+1-~-r—2
r 5
P+l _ 26
= = -
r 5
= 5P +5=26r
= 512 -26r+5=0
= 512 —25r—r+5=0
=  5r(r=5)-1(r—5)=0
= =5 Gr-1)=0
= r=l or 5
5

In either case, numbers are g ,4and20.

Example 11: If g, b, carein GPand ¢* = b = ¢%, prove that F- W@f
1 1 2

——_== 95
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Solution: a, b, c are in GP, b* = ac

But, P=d = a=b""
and, V=¢F = c¢=b"
So, we get B> =bY* pr-=

_6+)

1 1

x z
1 1 _2
= —_t = —
X z v

Example 12: Sum to » terms the series
0.7+0.77+0.777 +. ..
Solution: Given series,
=0.7+0.77+0.777 + . . . up to n terms
=7(0.1+0.11+0.111 + ... up to n terms)

=%(0.9+0.99+0.999+... up to 7 terms)
=1 1—L + 1—L + l—L +...

9\ 10 10° 10
=1-n—i——— up to n terms

9" 710 12

7 n_%(l—lfll’}”}

L 10
=7 ,,_1(1_ 1 )

ol ol 107
71 1
=lp——|1-

91 9[ 10")}

Example 13: The sum of three numbers in GP is 35 and their product is 1000.

Find the numbers.

Solution: Let the numbers be < , o, o
r

The product of %x a xar=1000

o’ =1000
= a=10

So, the numbers are 10 , 10,107
r

The sum of these numbers =35



10

= — +10+10r=35
r
= 242r=5
,,
= 22 _5r+2=0
= Qr—1)(r-2)=0
= 1
= r=2 or 5 ﬁﬁ

r =2 gives the numbers as 5, 10, 20

= %, gives the numbers as 20, 10, 5, the same as

the first set.
Hence, the required numbers are 5, 10 and 20.

Example 14: The sum of the first eight terms of a GP (of real terms) is five times
the sum of the first four terms. Find the common ratio.

Solution: Let the GPbe a, ar, ar’, . ..
8
Sg =Sum of first eight terms = %

a(l-rh

S4 = Sum of first four terms =
- r

a(l-r") _ sa(l—r")

By hypothesis, Sg=585,= - _—

= 1-»=51-+%

= (- +H=501-+/

In case, A-1=0 Weget,rz—1=0:>r=:l:1

(Note that #+1=0 = risimaginary)

Now, r=1 = Thegivenseriesisatata+...

but, S¢=8a and S§,=4a

So, Sg # 58S,

In case r=—1, we get, Sg = 0 and S, = 0, hence the hypothesis is satisfied.

Suppose now, A-120, then 1+*=5

= =4 = =2 (F=-2)

= r=442

Hence, =—1 or +2
Example 15: If S is the sum, P the product of n term of G.P. and R the sum of q—wm W@f
reciprocals of n terms in GP, then prove that

PR =5, o7

Solution: Let a, ar, ar,. .. be the given GP
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Then, S=a+ar+a*+... uptonterms
a(l-r")

= — (1
1—r (D
P=a -ar -ar*...ar" !
=anrl+2+3+...+(n—l]
(n=1)
— r"z Q+n-2)
()
=d"r 2 (2
R
R=—+—+—+.. uptonterms
a ar ar
oL
_a ") _r " =1
l—l a@r-nr
r
=_{-1 -(3)
a(l-r)r"!

By Equations (2) and (3),
PZRn=a2nrn(n—l) (l‘-"n)n

a (l _ r)n lrn(n =1)
_ a_ﬂ (l _ rli)ﬂ
(l — r)H
Example 16: The ratio of the 4th to the 12th term of a GP with positive common

=5",by (1)

ratiois ﬁ . If the sum of the two terms is 61.68, find the sum of series to 8 terms.

Solution: Let the series be @, ar, ar?, . . .,
T, =4thterm=ar’
T,, =12th term =ar!!

. T, 1
By hypothesis, A=
Y P T, 256
. ar’ _ 1
Le., —_—=
ar'l 256
L
s 256
= # =256
= r=+2

Since ris given to be positive, we reject negative sign.
Again, itis given that



T,+T,,=61.68

ie., a(P+r'")=61.68
a(8+2048)=61.68
a= Lﬁg =0.03
2056
Hence, S¢ =Sum to eight terms
_ a(l—rs): .a(r8 —1)
l1-r r—1

_(0.03) (256 -1

G- =003x255=765

Example 17: A manufacturer reckons that the value of a machine which costs him
% 18750 will depreciate each year by 20 per cent. Find the estimated value at the
end of 5 years.

Solution: Atthe end of first year the value of machine is:

= 18750 x 22 = 4 (18750)
100 5

2
Atthe end of 2nd year it is equal to (%J (18750); proceeding in this manner,

5
the estimated value of machine at the end of 5 years is (g] (18750)

_ 64x16
125 25

= 1024 250 =1024 x 6
125

=6144 rupees

x 18750

Example 18: Show that a given sum of money accumulated at 20 per cent per
annum, more than doubles itself in 4 years at compound interest.

Solution: Let the given sum be a rupees. After 1 year, it becomes 6?& (itis increased
a

2
At the end of two years it becomes g (6?‘1] = (g} a

Proceeding in this manner, we get that at the end of 4th year, the amount will

(GJ“ 1296
be|-|a=——a
5 625

1296 46 . . .
Now, 625 a-2a= Ea, since a is a + ve quantity, so the amount after 4

years is more than double of the original amount.

5]
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Example 19: If x=a+£+% + ..o

ror
y=b——+%+...oo
ror
and z=c+r%+r%+...oo
Show that v - ab
Ba b
Solution: Clearly, x= al arl,
1-- '~
r
— b B br
Y 1-(=r) r+1
2
_ ¢ er
and, z= T

Now. Xy _ abr® or? _ _b
’ z (;1"2 -1) r? -1 c
Example 20: If a’>+b?, ab+ bc and b + ¢? are in GP, prove thata, b, c are also
inGP.
Solution: Since @’ + b%, ab + be and b” + ¢? are in GP, we get,
(ab + be)* = (a® + b*) (b* + )
b(a® + 2ac + ) = a’b* + a’? + b + b’

2ab*c = a*c? + b*

=

= a’c? —2ab’c+b*=0
= (ac—b**=0
= ac=b*
= a, b, c are in GP.

Harmonic Mean
If a, b, ¢ are in HP, then b is called a Harmonic Mean between a and ¢, written as
HM.

F-ST W@f Harmonical Progression
Non zero quantities whose reciprocals are in AP, or Arithmetic Progression are
100 : . . ) .
said to be in Harmonical Progression, written as HP.

Consider the following examples:




(@ 1,
®)

5

c) 2,—,

CEE
11 1

(d) a a+b a+2b’

55 55
e) 52,2
@ 557

Al

It can be easily checked that in each case, the series obtained by taking

reciprocal of each of the term is an AP.

To Insert » Harmonic Means between a and b
LetH|, H,, H;, ..., H, be the required Harmonic Means. Then,
a, H,H, .. H,barein HP

n?

. rt+r 1+ 11 .
Le., @ HH, U H, b ATe inAP
Then, % =(n+2)th term of an AP
=2 +(n+1)d
Where d is the common difference of AP.
This gives, d= 4"
(n 4+ Dab
Now, Lol ly et
H, a a (mn+1)ab

nb+b+a—-b  a+nb
(n+1)ab (n+1)ab

S 1l _ a+nb
© oo
1 (n+1)ab
(n+1)ab
= H =
a+nb
. 1 1 1 2(a-b)
Agam — = —4+2dd=—+
H, a a (n+1ab
_nb+b+2a-2b 2a-b+nb
(m+lab  (n+l)ab
— H2= (n+1)ab
2a—-b+nb
- 1 1 3a—2b+nb
Similarly, — =—43d=2 “

Hy a (n+1)ab

5]
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(n+1)ab

= H,= ———— andso on,
3a—-2b+nb
1 1 -
=1,g=1,m@b
H, a a (n+1)ab

_ nb+b+na-nb

(n+1)ab
ﬁ na+b (n+1)ab
= :>H =
ﬁ (n+1)ab n na+b

Example 21: Find the Sthterm of 2,2 3,34

.......

1. .
Solution: Let Sth term be x. Then, LS 5th term of corresponding AP % % %, .
1 1 2 1 1 -1
Th i e R
- 20 [5 2) 2" [10]
t_r2 v o
= x 2 5 10 %7

. 1 4
Example 22: Insert two harmonic means between 3 and ITE

Solution: Let /|, H, be two harmonic means between 1na % .

I 17

Thus, 2, HL g are in AP Let d be their common difference.
1 2
17
= 3d=2 = 4=3
4 4
Thus, l=2+2:ﬂ — H1=i
H, 4 4 11
L=2+2xézz = H2=g
H, 4 2 7

Required harmonic means are il % i

©.8. AT AT : oong, oies a3 T uF
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AT AT TF 21 R (ol a1 23 GFH AT 2Ifwrey 1 2=
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o @I Range (R)
o oA REIfO I Quartile Deviation (Q)
* G Ry a Average Deviation (AD)
o 3 [pifo I Standard Deviation (SD)
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Table 3.1 Weekly Earnings of Labourers in Four Workshops of the Same Type

No. of Workers

Weekly Earnings
' Workshop A Workshop B Workshop C Workshop D
15-16 2
17-18 4
19-20 4 4 4
21-22 10 10 10 14
23-24 22 14 16 16
25-26 20 18 14 16
27-28 14 16 12 12
29-30 14 10 6 12
31-32 6 4
33-34 2
35-36
37-38 4
Total 80 80 80 80
Mean 25.5 25.5 25.5 25.5
The range is as follows:
Workshop Range

A 9

B 15

C 23

D 15

CORE 3.2, TR T ST QD (9 ARF Rs. 2.12 G2 T
26125.3 1 a5 T T IBAB &S | T3 {7 7MRAN R g [foqor
T (25.3-2.1)=23.2 €38 (25.3 +2.1) = 27.4 THACHGH SICHF | HEHT
SFEIH Rs. 2.1 CACPH (IR 20T A FAAIC NG (AT I [ | 93 TG
Fo-0 2fSMT T, Q, G WY Q, @F WK YA Q, 9F O Y I
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TAARE | G3C) 2PIRCE ALEIR© F1 A GTSIE, TLAA J&F 932
Ricafers Cifv S so g 2Pt $9=3 13 bfies! T~ T U3 2 2711 12
TF(g 2T Rs. 23.2 932 Rs. 27.4 G N TGS 13 50 2SI 277 |

3w vgfiex f[pifo Caci= i PfHcers brem T0a QeTl $ e o™= A1
AR v Rpjfog T2afore sfeq eeg @b 3% &=y 2w
AfFNIo1F 12 A9 oIE ST o w1 23|
Symbolically,
0, -0

Coefficient of quartile deviation= =—=——
0, + 0,
Applying this to our illustration of four workshops in Table 3.1 the coefficients of
Q.D. are as given in Table 3.2.

Table 3.2 Calculation of Quartile Deviation

Workshop Workshop Workshop Workshop
A B C D
N 80 80 80 80
i = =40 —=40 =40 — =40
Location of Q, 3 2 3 3
0, 24543030 5 24.5+401_830x2 245+ 30730 5 5520230
=245+09 =245+1.1 =245+0.75 =245+0.75
=254 =25.61 =25.25 =25.25
N 80 80 80 80
i — —=20 —=20 —=20 —=20
Location of 0, 2 2 2 2 n
0, 25+ 287100 25,2016, 2054210, 55, B18,
22 14 10 16
=225+ .91 =225+.57 =205+2 =22.5+.25
-7 A — 71 N7 — M g — 7 78
) 3N 80
Location of Q, e 3x T 60 60 60 60
0, 265+90752,5 2654809 ,5  265.80°30,, 26.5+601_250x2
=265+1.14 =265+1.5 =26.5+1.67 =265+ 1.67
=27.64 =28.0 =28.17 =28.17
ile Deviati =0 27.64-2341 28-23.07 28.17-225 28.17-22.75
Quartile Deviation 3 3 3 5 —
423 493 5.67 542
—T—?Z.lz —T—?2‘46 —T—?—Z.EB —T—?—.ZTI
Coefficient of Quartile
o 27.64 -23.41 28-23.07 28.17-225 28.17-22.75
Deviation = 57764753 41 28 +23.07 28174225 28.17+22.75
-9
. =0.083 =0.097 =0.112 =0.106

G+
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Example 23: Calculate the mean deviation from the following data giving marks
obtained by 11 students in a class test.

14,15, 23, 20, 10, 30, 19, 18, 16, 25, 12.
Solution:

11+
2

= Size of 6th item = 18.

Median = Size of ! th item




Serial No. Marks | x = Median |

ld|
1 10 8
2 12 6
3 14 4
4 15 3
5 16 2
6 18 0
7 19 1
8 20 2
9 23 5
10 25 7
11 30 12
> ld|=50
- : _y|d]|
Mean deviation from median = -~
50
=— =4.5 marks
11
For grouped data, it is easy to see that the mean deviation is given by:
Mean deviation = 2/1dl
>/

Where,
|d | =|x—Median | for grouped discrete data.

| d|= M—Median | for grouped continuous data with M as the mid-value of

a particular group.
Examples 24 and 25 illustrate the use of this formula.

Example 24: Calculate the mean deviation from the following data:

Size of Item 6 7 8 9 10 11 12
Frequency 3 6 9 13 8 5 4

Solution:

Size Frequency Cumulative Deviations fld|
o) Frequency from Median
©)
|d|
6 3 3 9
7 9 2 12
8 18 1
9 13 31 0
10 8 39 1
11 5 44 2 10
12 4 48 3 12
48 60

5]

FACEI R B
109



G-t

FACEI R B
110

48 +1

Median = The size of 5 = 24.5th item which is 9.

Therefore, deviations d are calculated from 9, i.e.,|d|=|x—9 |.
o2 fld] 60 _

Mean deviation = Sf 4 1.25
Example 25: Calculate the mean deviation from the following data:

x 0-10  10-20 20-30 30-40 40-50 50-60 60-70  70-80

f 18 16 15 12 10 5 2 2
Solution:

This is a frequency distribution with continuous variable. Thus, deviations are
calculated from mid-values.

x Mid-Value )] Less than Deviation fld]
(c.f) from Median
ld|

0-10 5 18 18 19 342
10-20 15 16 34 9 144
20-30 25 15 49 1 15
30-40 35 12 61 11 132
40-50 45 10 71 21 210
50-60 55 5 76 31 155
60-70 65 2 78 41 82
70-80 75 2 80 51 102
80 1182

. . 80 . .
Median = The size of > th item

6
=20+—x10=
TR 24
d
and then, mean deviation _2/ll
>/
=12 = 14775
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SD =Y (X-M)?2
=VY x/ N
Where,
X =Individual score
M =Mean of the given set of scores
N = Total number of the sores

x = Derivation of each score from the mean

ST Ripifo 1 SD s Afkaieefz 9} 25 @32 freacaey #f@ie |
T OR IE & 91 2 @ 23 | @3 S/ S 79 roof mean
square deviation ¥ #f4b® @32 A6 %4 Sigma 7191 bfz® 4123
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=7 R (T TP RIS el : =
Reys e 1< Rpfe e s ea e sm g - el

=17 FIRIET (It SR AT TS Rpyfo e
R STt T Ryt e e 2 e s -

o=y 2/ N (2SN
Example 26: Compute the standard deviation for the following data:
11,12,13,14,15,16,17, 18, 19,20, 21.
Solution:

We first calculate the mean as ¥ = Y x/N = 176/11 = 16, and then calculate the
deviation as follows:

x (x—X) (x—X)?
11 -5 25
12 -4 16
13 -3 9
14 -2 4
15 -1 1
16 0 0
17 +1 1
18 +2 4
19 +3 9
20 +4 16
21 +5 25
176 110

UbRc]
EACEN R IRl

_ 10 _ n5 =
o=\ =410 =3.16 13




Example 27: Find the standard deviation of the data in the following distributions:

X 12 13 14 15 16 17 18 20
4 11 32 21 15 8 6 4
Solution:
ﬁﬁ Since for calculation of X, we need ¥ frand then for 0 we need ¥ f (x - ¥)2, the
calculations are conveniently made in the following format.
x f f d=x-% & &
12 4 48 -3 9 36
13 11 143 -2 4 44
14 32 448 -1 1 32
15 21 315 0 0 0
16 15 240 1 1 15
17 8 136 2 4 32
18 5 90 3 9 45
20 4 80 5 25 100
S£100 > fx 1500 Sfd* 304

Here, x=Y#/3f =1500/100=15

and o= —Zfdz
\ 37

304
= iy = V304 = 174

Example 28: Compute the standard deviation by the short-cut method for the
following data:

11,12,13,14,15,16,17, 18,19, 20, 21
Solution: Let us assume that 4 = 15.

x'=(x—15) x?

11 —4 16

12 -3 9

13 -2 4

14 -1 1

15 0 0

16 1 1

17 2 4

F-STLFIE ST 18 3 9
19 4 16

114 20 5 25
21 6 36

=11 yx'? =121




Another Method

If we assume A as zero, then the deviation of each item from the assumed mean is
the same as the value of item itself. Thus, 11 deviates from the assumed mean of
zero by 11, 12 deviates by 12, and so on. As such, we work with deviations without
having to compute them, and the formula takes the following shape:

2

X X

1 121
12 144
13 169
14 196
15 225
16 256
17 289
18 324
19 361
20 400
21 441
176 2,926

o= XX 3x ’
N N

2:
2926 176
(2226 176 [266 =256 = 3.16
1 T 266 - 25

Combining Standard Deviations of Two Distributions

If we were given two sets of data of N, and N, items with means %, and ¥, and
standard deviations 0, and 0, respectively, we can obtain the mean and standard
deviation ¥ and 0 of the combined distribution by the following formulae:

_ N+ Ny

C N, +N,

=l

md o = NG? + N, G + N (X —%))? +N, (X —x%,)2
N+ N,
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Example 29: The mean and standard deviations of two distributions of 100 and 150
items are 50, 5 and 40, 6, respectively. Find the standard deviation of all taken
together.

Solution:
Combined mean,

o = MiF N, 100 %50 +150 x40
N, + N, 100 + 150
=44

Combined standard deviation,

_ NG+ N,03 + N(F %)+ N (X -5
N, + N,

_ [100 x(5)% +150 (6) +100 (44 —50)* + 150 (44 — 40)*
100 + 150
=7.46.

Example 30: A distribution consists of three components with 200, 250, 300 items
having mean 25, 10 and 15 and standard deviation 3,4 and 5, respectively. Find the
standard deviation of the combined distribution.

Solution:
In the usual notations, we are given here
N, =200,N,=250,N,=300
¥, =25,%,=10,x;=15
For the combination of three series the formula will be:
N\X, + Ny, + N3%,
N+ N, + N,

200 x25+250 x10 + 300 <15 12000 _ 16
200 + 250 + 300 750

and,

N,67 + N,03 + N;02 + Ny(F -5,)°
+ N, (F-%) + N (K -%)°
Ny + Ny + N;

_[200 x 9+ 250 x 16 + 300 = 25 + 200 x 81 + 250 = 36 + 300 < 1
200 + 250 + 300

=4/51L73=7.19
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For Table 3.1, the relative dispersion would be,

Workshop 4 = 9 WorkshopC = 23
25.5 25.5

15 15
Workshop B=— WorkshopD = ——
25.5 25.5

An alternate method of converting an absolute variation into a relative one
would be to use the total of the extremes as the standard. This will be equal to
dividing the difference of the extreme items by the total of the extreme items. Thus,
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Difference of extreme items, i.e, Range

Relative Dispersion = ;
Sum of extreme items

The relative dispersion of the series is called the coefficient or ratio of
dispersion. In our example of weekly earnings of workers considered earlier, the
coefficients would be,

Workshop 4 = I WorkshopB = 15 _15
21+30 51 17+32 49
Workshop C= 23 2 WorkshopD = SR )
15+38 53 19+34 53
ATICIA AT 932 =Pyt :
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Table 3.3 Distribution with the Same Number of Cases,
but Different Variability

No. of Students

Class
Section Section Section
A B C

0-10

10-20 1
20-30 12 12 19
3040 17 20 18
40-50 29 35 16
50-60 18 25 18
60-70 16 10 18
70-80 6 8 21
80-90 11
90-100

Total 110 110 110
Range 80 60 60
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M, A x

Positive Skewness Symmetry

M, M,
Negative Skewness

Fig. 3.1 Skewness

O AR :

Gy 2fSTIAC AR Gl A9 G2 GO FHCR SPTTOIe
e et FCT 9 TFUR AT TS AT I SRl [P 2P FCA |
b TR AT TS AT FH R S 992 O AT g 0=y ¥ |

e b e ARy afotaasres SicAfwe Aol w1

PON

(a) Pearson’s Coefficient of Skewness

X-M, 3(x M)

S S

PSk =

It may have any value, but usually it lies between—1 and +1.
Ilustration 1: If for a given data it is found that
x =10, Mode =8, s=4, we have

v _
psk=""Mo _10-8_ 5
S 4




(b) Bowley’s Coefficient of Skewness
BSk: Q3 _Ql _2Md
0, -0

Its value lies between —1 and +1.

Illustration 2: If for a givendata O, =2, 0, =8, M, =5

sk =LA T2, _B*273
0 -9 8 2

(c) Kelley’s Coefficient of Skewness
1
KSk = F, _5(])10 +Fy)

where P, P, and P,, are the 10th, 50th and 90th percentiles of the data.
(d) Method of Moments

If p1,, p, are moments about the mean we have the coefficient of skewness

2
Bi="3=ni/o"

-3
2

Sometimes, we define the coefficient of skewness as follows:

0.¢. CADET WG MFEEE Ao
sieced, AfPRAl Igge @R @A

At ceTdiea:

AR IRVET PR (JP (@e12fbq AL FHa AT
ebO9T TR Rl T =F P e [qelis siuec
AR TR I F1 2 2PPore “AfPRAI FIN2 W (43 & 2 1 92
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Fig. 3.2 Frequency Polygon
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Example 31: Calculate relative frequency from the below table:

Class Interval Frequency

25—35 7

35—45 9

4555 2 oot
55—65 7

65—75 3

75—85 2

Solution: This example shows that the sum of all relative frequencies in a distribution
is 1.

Class Interval Frequency Relative Frequency Explanation
2535 7 0.14 5=0.14
3545 9 0.18 - =0.18
45—55 2 044 etc.
55—65 7 0.14
65—75 3 0.06
7585 2 0.04

Total 50 1.00

The concept of relative frequencies is useful in sampling theory. It can also
be used to compare two frequency distributions with unequal total frequency with
the same series of class intervals as in the following example.

Example 32: Compare the following frequency distribution.

Class Interval — f, fy
10—20 5 12
20—30 10 24
30—40 6 30
40—50 3 19
50—60 1 15

Solution: The following table shows the comparison:

Class Interval A A Rel. Freq.f, Rel. Freq. f,
1020 5 12 020 0.12 F-SFIE STIET
20—30 10 24 040 024 123

30—40 6 30 024 0.30
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40—50 3 19 0.12 0.19
50—60 1 15 0.04 0.15
Total 25 100 1.00 1.00
A direct visual comparison of two frequency distributions can be made by drawing
their frequency polygons.
Example 33: Draw frequency polygons for the relative frequency distributions
given in Example 3.2.

Solution: The following is the frequency polygon for the relative frequencies as
mentioned in Example 3.2.
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Gl T2sifon Siget 1 fGa 512eifS stRelices gl AR ©icq
Ay T | 329 N A - 1.00 TCF + 1.00 5 412 72aifoq
RICE G I - 1 5o Gl 72O FRAICE W + 1, X[ A S 2T
FSIC 7 HLeTH W04y 7250 SS9 ACACR | AZAMCE B2 A a2
EISIIRSRIBICERICAR I RICEd

T ST OCAT S (T LN, 2 G I BICHS (A
X @32 Y BT T SATCP FPAGes FCeT AT G2 ¥ TOCI3 AN
2CIACF | (32 Scaltagram 9 Scatterdiagram (o1 14D Sigofs
TR AL G0 ARG X &2 FCF 92 TeTR (U A S 5&T Y
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Y Bivariate 04 (3 | 1 T, SR 100 & ArFRE 927 see
AR, O TH©T (X) G2 3G (Y) OIRR 2fofl iRl mfosfeia
PIN(X,,Y,)

Weight in pounds (X)
80-89 90-99 100-109 110-119  120-129 130-139 140-149 150-159 f

¥

62-63 ' 1
1 4 4 2 1
60-61 | [ [ [l | 12
4 10 2 3 2 1
58-59 [ L Il 1 Il I 22
=
w
@ 3 10 9 4 3 2 1
£ 96-57 1 R o AT [ 1 Il I 32
=
; 2 3 5 5 2 2
£ 5455 [l e { il [l [l 19
@
I
1 2 6 2
52-53( | 1= | I Il 11
50-51| | | )2 3
i 4 10 |28 30 12 10 8 2 100

Fig. 4.1 A Scattergram Showing Paired Heights and Weights of 100 Students
&S 100 &= iRl BIIE Tl G2 S& S SAE(PrS
AT | 4JTIF TR 9P IR S 120 pounds €32 60 38 7731 |
I GG I 2O TOI BLE SZS F41 2CACT | BT STt o263 TS
fafSx Fmc SRfge 4 2007 | €A HRG Brifer qca0g @3 I |
T B P 1 A0 I 86 120 - 1290 pounds €32 60 - 61
3fae o1 | 2ffSfl 100 T IR Bii2ee B thIca i T8y Trbor ¥ae
See 2folay FA0R fx AR TR AEF S Afol seew
FRAIC IR ST 1T 1T 2 SR SN 2ATCS fy B 2ffol
TSIl A AR AL W T T | fy BT @< fx A AfeB3
100 (319 RER1f 37227y | 571 Gifer ofellq “19 2ifolb FCra SAfrear=




T 91 2T 92 TR SBo@ 23 | F551F - TR 729ifS (6Re Jice
AR |

100 & 73 fRrFIFE Srool U2 ST 0K (AR T FIo
T Figure 4.2 Go3I(7® 391 30T |

3G (X) B8 FrFIRIR 91T Tl @ gid1 fHIe 23 @32 Ssoor
(Y) A RrFRTe 57T ead 38 7-1 At 27 | KI9REs @7 a1 @
S Al TR T S 2CACR | 9 Cie (A9 SiFES 2007 A0
SR (e fer 2t T F11 A | 93 95 R TG TO5T AT
IR @1 91 YO S AT 27 | 93 (RICP2 AOTRS 3l =1l 20
23 | FoTaH *b3ers! 2ifSinfag TS S e (R2© &3+ b9 4.3 28 X @
Y 1o goyRied 1l @92 @b @ q1l [ e i g [pifow
5T A T 20 AT | Jrad 2Tl fSTAfg iRl oy taa 27 X
Y 9 ZS3faH T, @32 b 9T T AP AN L AT

i“/ﬁ. igi\‘ﬂ. ANB TR 2|
80-89 9099 100-109 110-118 120120 130-138  140-149  150-158 1,
6263 4 1
80-61 1 4 N T |- 12
o //*\\*
56-59 4 10// 2 / 2 1 22
£ ]
2 5657 3 10 9 3 2 1 2
2
=
E 5455 = 5 5 2 2 19
‘o
I

5253 | 1 2”‘%5/4 2 1

50-51 1 / 3
1, / 10 26 30 12 10 § 2 100

Fig. 4.2 Graphic Representation of the Correlation between
Height and Weight in a Group of 100 students
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29O 2= *7 (0) PICR CARICAF A A AN [
OIS I CACF SICA 70 BT A | 2T G5 +1.00 2 O X I
Jfate Seifos Y @9 3@ e T BRI -1.00 T T T OLTX
G et SHATSS B Y G 2 FCS MCF | 9 TS 2T FL B
(PSR D SR X 92 Y G [0 T O S A0 |
8.9, 725ifog &l

Telfoq fifen o St St ez o AREfe «3e e
ST SRR 20 AP SAICAR CHICR AN 02 AR 2M(F IFFN I
AR ICACR TR IR PR (I A CHIF AP A G2 PICHCG
2y MCT F& FACOR [ WY G35 W78 TRCEma {12y (aemig
PIE IR P I TACS AT S G TR KO0 Ny G BT
TR 1 TACS AT 193 72407 [6g 7l 0 ofet 51 297 -

8.9.5. TAIGTF TICIG 724l :

T ififgfore S vl be1 X @92 Y Tifpe @2 Sigeifes
TR AR 4y M 1 S0 30T ACF 492 93 5T o0 (3R
T4 20 A | BT LR FHIG Uni modal 583 SHRCTST @fer
I T AP G2 AR S C2CIE - T AR O H2M= fiq
3T AT | 32 Pearson’s NS AT | ARGSRW I IR @RS
THFYE 955U ALY FRAOT AZo= (AL 17 oS qeaez oS
TSI TCTS “1afo 30eT | bt 1 7R fofere w41 23|

S) SRATE 2 (AT TR ol T2l ol :- T2 N (e
3 T ) TG 2T SR FI5T TR TG AR 02 0T [
A AT 2T 1 G2 ST H e g @ (g IR P A1 -

- N Zxy—-2x.2y
T vee @ [ vty

(4.1)




in which

x = Deviation of the X measures from the assumed mean

y = Deviation of the ¥ measures from the assumed mean.

93 ]9 (3 IR TSI 11 & RrwiRi &y X @92 Y 96 bt

o

f=eT® 9% (AT (ATTTE TICTG AT 9o A7 |

X: 45 55 56 58 60 65 68 70 75 80 85

Y: 56 50 48 60 62 64 65 70 74 82 90
Using formula (4.1) for the data in Table 4.1

11x1403=-2x6

r..=
P JIx1414-(2)*][11x1650—(6)*]

=0.92

T I ST AR GeTO] G FPRIRPIC r I ST (RIS eas

AR - S 2T AT |
= NZXY:EX.ZY _ 42)
Y JINEX? —(2X) ] [NEY? - (5Y )]
Table 4.1 Calculation of Product Moment Correlation from
Ungrouped Data when Deviations are taken from Assumed Mean

X Y x v x? »? xy
45 56 -20 9 400 81 180
55 50 -10 -15 100 25 150
56 8 9 -17 81 289 153
58 60 -7 -5 49 25 35
60 62 5 3 25 9 15

65 (AM) o4 0 -1 0 1 0
68 65 (AM) 3 0 9 0 0
70 70 5 5 25 25 25
75 74 10 9 100 81 ]
80 8 15 17 225 289 255
85 %0 20 25 400 625 500

I2=1414 %2=1650 Zxy=1403
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3. R ©2) (A PIIRPIE 729007 2% W+ T2 N @
P12 1 WA 2 G2 7 TP I07! o191 T sAr e A=, 9%
FRCATE SICEN 2E0 26 X992 Y TSI e G2 I3 FIGIREN (o 41|

FIBIHEN TS A CATS (R 3 59218 91 A0S AT -

NXfxy — X Sy

T, = = = 5 - (4.3)
Y JIVEAY - (60021 INER - (56)°]

93 9 (I I SN Fig 4.3 28 FIOREANCE 1 FI09
AR

Mathematics (x)

1213 14-15  16-17  18-19 2021 22-23 2425  f ¥ vy W hy
35-37 A A% | 2 |+3 | 6 [18| 6
32-34 R 9 |[+2| 18 |36 | 6
{-3) {-2) (=1) {0} 1}
29-31 31 42 6 o8 41 18 | +1 | 18 | 18 |-12
26-28 AL @ T ] Y ] s [0 o o | o
= .
3 23.95 32“' g1m ‘26|25 55|1| c“w‘ ‘1| 19 ~1|-19 19 27
s 8] 6 4 2
B 2022 | 3" | 2] M| ¥ 7 | -2 |14 |28 | 42
I
S| 5 B 13 18 30 9 2 | 8 9 |19 | 69
4]
X -4 -3 -2 -1 0 +1 +2
x| -20 | -24 | -26 | -18 0 9 4 | -5
5 0
w2 | B0 | 72 52 18 9 B | 239
oy | a2 12 12 1 0 6 6 69

Fig. 4.3 A Scattergram Showing Paired Scores of 85 Students on the Tests
of Mathematics and General Science

8.9.3. Fraaicaa grs s srmfeg szafs

PIE FARIS FRCACE 7287 72O AT | fb Pt
& G 7297 FZE NS Ao @32 @b Pyl bfes waray | @3
70 IRTS 27 T4 O] EPF AT SaEH I A, T
S SIS ARV TR0 T 2 27 1 AW o 5T 72271 30



G 0L b R ARS ZCAACF |
s g IRRIcR g Mo PRI 9= 2efeq Agsis
GRREEIRS RIS

63 D>

(4.4)

I AT 25RO 2= [ F919 &y 10T FEmdicng X
G2 Y T RO FA1 33 1 10Re 4.2 9 2 G REFFE (18T 72 (r 8Tt

e -
Table 4.2 The Calculation of Rank Difference Correlation

Students Rank assigned by X~ Rank assigned by Y D D?
A 1 2 -1 1
B 5 3 2 4
C 4 5 -1 1
D 6 4 2 4
E 3 6 -3 9
F 2 1 1 1
G 7 7 0 0
H 9 8 1 1
I 10 9 1 1
J 8 10 -2 4

ID?>=126
Using formula (4.4)
o=1- 6- 26
10(100-1)
=0.84

8.9.9. i @2 R fycsifo s szeafe

G SR T FCACR TR el @ R T8 ICay
29 Wl FACS 20 | TN ACETH AT G5 BT N0y 2IfR1f it
(9 fgfoy a1 Ao vrer Wy (e 96 S eARm T A |
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e b o2 2e7 qib St Row w1 Tuizge 203 93 53w
AR RMyeicag aenet sl s1gee Jfa @3 AEes Sfocece
KT 1 SN B130R AT PRI 2« bet sifaerfere zex | g ot
fon 51 o Ao Sfetaree ar AMGE SehmierE TReetd
HRReE F90e 21T 33w ARERS e sitas faceibe s Retae
G e SO @92 g WA ARG Sreaes g92 AGe
PAABOL A HHF B IO A

T2 b (AR v ©itel fiow w1 2030z O1fb 737 Freiieeica
g, ST o Rees il s72efe a2 30 A | FreiResi
Ao fg 2Tl Srrege 261 73 - 32T, &t - 3o Toyfu|

STOMH] AR TRHCT AR OFca b @3 [Reeiw

fateibe 2ofo Te R e
fgrpiibes s12eifoq svamre feicar 7l 247-
M, -M
_r e P4
= e (4.5)
in which
M_ = mean of the group in the 1st category usually the group showing

superior or desirable characteristics.

= mean of the group in the second category.

= proportion of the entire group in category 1.

M,

0, = standard deviation of the entire group.

p

q = proportion of the entire group in category 2.
y

= height of the normal curve ordinate dividing the two parts, p and q.

93 ACF AR I S oo AmEer TSR [T 50
WS @ OB M (0T @32 TR 50 MR I Sad Mo
AR O TIEI IO (01K 4.3 T AT O (AT =7 400 A1 |




Table 4.3 Calculation of Biserial Correlation for the Data Grouped into a
Frequency Distribution

Achievement test Students answering Students answering Total
Scores 50 per cent or more less than 50 per cent
of the items of the items

correctly correctly

(Group I) (Group II)
185-194 7 0 7
175-184 16 0 16
165-174 10 6 16
155-164 35 15 50
145-154 24 40 64
135-144 15 26 41
125-134 10 13 23
115-124 3 5
105-114 0 5 5

N, =120 N, =110 N =230

M , the mean of the group of students answering 50 per cent or more of
the items correctly (N, = 120) has come out to 156.75 ad Mq, the mean of the
group of students answering less than 50 per cent of the items correctly (N, =
110) to be 144.05. The standard deviation, for the whole group & = 230) is 16.81.

There are 120 or 0.52 of the sample in group I (p = 120/239); and 110 or
0.48 in group II (¢ = 110/230). Assuming a normal distribution an arbitrary cut is

imposed at the point 0.52 below the mean, as shows in Figure 4.4. The height of
the ordinate y, as read from the normal table is 0.3984.

Il Group

Mean

Fig. 4.4 Graphical representation of the areas covered by groups I and Il
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Using formula (4.6)

_ 156.75-144.05 » 0.52x0.48

"bis 16.81 0.3984
=047
In many situations, a more convenient formula for biserial r is
M, -M
_ e Tt P
s~ o » B (4.6)
in which

M, = mean of the entire group.

M , o, p and y have the same meaning as in formula (4.5). Using formula
(4.6) in tﬁe above example, we have:

P 047

The formula for computing the point biserial correlation (rpbis

M, -M —
rpbis = . x pq (47)

o

is

in which

Mp’ Mq, 6, p and g have the same meaning as in formula (4.5).

93 99 (4.7) F G2 FCE @ TF AR &30 TER 15 G

PRI STSIHIT o R R 11 T | STORTF e T97 32 Afe’
iRy efolh oM #facafrre (v afSirar o (bR 4.4 e otz 1 799
it owis S@ief @2 0 Il el SFo Ty |

M , the mean of the group of students passing the item (N, =9) is got by

adding their total scores on test and then dividing the sum by 9 and M , the mean
of the group of students failing the item (N, = 6) is got by adding their total scores
on test and then dividing the sum by 6.



Table 4.4 Calculation of Point Biserial Correlation between the
Total Test Score and an Item Score

Students Total Test Score Item Score
1 25 1
2 23 1
3 18 0 ﬁ
4 24 0 ﬁ
5 23 1
6 20 0
7 19 0
8 22 1
9 21 1
10 23 1
11 21 0
12 20 0
13 21 1
14 21 1
15 22 1
Sums 323 9
201
M = —=2233
p 9
M o= 122 _5033
q 6
Mt = E:21.53
15
o, = 1.82
9
= —=0.60
P 15
and q = £:0.40
15

Assuming a normal distribution, an arbitrary cut is imposed at the point 0.60
below the mean, as shown in Figure 4.5. The value ofy at the point of dichotomy
as read from the Normal Table is 0.386. F-SLJT m@

139
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0.40 —»

Group: Group passing
failing the item the item

Mean

Fig. 4.5 Graphical Representation of the Area Covered by the Groups
Failing and Passing an Item

T obis — %_5033 x A0.60 x 0.40

1.8
=0.54

An alternative formula for computing the r,, . is
M,-M,
g

p
s = < @8)

t
in which
M,, M, p and y have their usual meanings.

Using formula (4.8) in the above example we get:

22.33-21.53 y ’ 0.60
. =
pbis 1.82 0.386

=0.54

8.9.8. TEGICF AT 932 FI3 Raifoa s

CBRICFTRIPT 725 1, ROAT LTS T3 GFE ST CAHCET
O TS L& b1 1 A1 CH IR SAfneicatsy g Socag Fhaveia s
WS [Fo@ | SHIRRemss 90 T, ASN WA R 3fa «3e
Ao ST T4 BB 72 ey o 2 | ool 9fee
TS AR AT T op I AT AT New w9 @I 932 SR
140 e R ers A RS T e




T MBI 5o 1 [ Aplo @3 27 1T ©itd SAfieew fefere
FSRPSIT I WP 7S S @I D HCT Ty 7290 N 119
Gy 313 RIS o3 51 23 | SHIZReHS! - SR A 50 T 9678 50
G WREE 1R (ACF (T GFh [FCT TOIT &2 341 27 | T@IMIoR
TOACST APTO AT C@IMIS! 7T = W Ol FA0F g 1 Sl
Grely 13 721 e 1 23 | QU QIR 5o 92 20 AT |

The formula for computing the tetrachoric r is

r = COS 7180%( BC (4.9)
! JA4D ++/BC '
in which

A, B, C and D represent frequencies in the four-fold table as shown in th
Figure 4.6.

X-Variable
Totals
B A
Y-Variable LSetin)
D C (C+D)
Totals (B +D) (A+C)

Fig. 4.6 Schematic Representation of Four Fold Table for the Calculation
of Tetrachoric Correlation

To illustrate the use of formula (4.9), consider the data in Table (4.5) to study
the relationship between social adjustment and vocational adjustment of 100
secondary school teachers of a particular district.

5]

FSLII SN
141



G-t

F-SII ST

142

4.6.

Table 4.5 Calculation of Tetrachoric Correlation between

Vocational Adjustment and Social Adjustment

Socially well
adjusted

Socially poorly
adjusted

Totals

Using formula (4.9)

Vocational Adjustment

Vocationally Vocationally
well poorly
adjusted adjusted

24 36

(B) (A)

28 12

(D) ©)

52 48

(B+D) (A+C)

AD-BC

B J(A4+B)(C+D)(B+D)(A+C)

in which

Totals
60
(A+B)

40
(C+D)

ms[ 180°x /24 x12 }

36x28 ++/24%12

cos 62° approx.

0.47

The formula for computing the ¢-efficient of correlation is

(4.10)

A, B, C and D represent frequencies in the four-fold table shown in Figure

The computation of ¢-coefficient from the following data collected on the

basis of the responses of 100 students to the items 1 and 2 in a personality inventory
illustrates the use of the formula (4.10).



Table 4.6 Calculation of Phi-Coefficient Correlation between the
Responses to the Items 1 and 2 of a Personality Inventory

Item 1
No Yes
Yes 83 187
Item 2 (B) (A)
No 102 93
(D) ©
Totals 185 280
(B+D) (A+C)
Using the formula (4.10)
b= (102) (187)—(83) (93)
\J(270) (195) (185) (280)
=0.22
8.9.¢. NI RAAf® :

G 7RO S @2 F1 27 T S 96 57 76
R @R ©lte! ow | SHageae SIwel a3 o1& s 2t F40e 217 MeEw

Totals
270
(A+B)
195

(C+D)

465

THTCRE 72 G CHCR CHICHE 32 0 N0y P4 (W3 T | qb e

THICKE 9 T, 79, QTR I @R IS e e |

AN 240 fi={Care 77 27

S-N
C=\%~

in which

S = the sum of quotients

—5 (observed frequency in each {:Ell)2

(expected frequency in each cell)

N = the size of the sample.

@.11)
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Nationality of Individuals

To illustrate the use of the formula (4.11), we may compute the coefficient
of contingency to find out the relationship between nationality of the individuals
and the kind of music they preferred, from the data given in Table 4.7.

Table 4.7 Calculation of Coefficient of Contingency between the
kind of Music Preferred and Nationality

Kinds of Music Preferred

English French German Indian Totals
: (1) 2) (3) 4)
English 60 20 10 10 100
French (5) (6) (7) (8)
20 50 10 20 100
9 (10) (11) (12)
Germany 10 20 10 60 100
Indi (13) (14) (15) (16)
fdtan 20 20 50 10 100
Tools 110 110 80 100 400
Calculation of Quotient (S)
_ (60 =130.91
Cell 1 = T70%100 = "
400
20>
Cell2 = Tygy100 ~ 145
400
(50)°
Cell 15 = 205 =125.00
400
Cell 16 = _aoy =4.00
i TS T Y
400

§ = 13091 + 1455 + ...

4.00
= 606.21
N = 400

.+ 125.00 +



8.9.4, ARG 724l ;

b LT WX SO R@ 72911 291 (X b(eTd A F2RFY& Toy
AP 77 TG (T QORI b SRRFSIR T A Ao B |
G TR AT RERITIE Tl @32 SETR [CH) o (e w1l 209
T 9 B3 FA9 O IO G2 SHOR 0K SRR A1
QIR AT Tl o STafo 8 tre T 23 Fieet (e frwifefar 9p e ©f3
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SRR R EMCEIS]

W SEIF WOH HOR[CT IM MY THOT G7 SG(H JCKJ
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[WORBERIAZNG NI FI00 203 | T LSRG H25(0F (/e 267
TS ACR DT 2 RS QIT13 UF3 Feee] S S0 TH
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24lfS el e | 73l 297 -
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8.9.9. QYA 2eife

Y o AT ST berte GCer 724l N3 TaIe 27 9%
beTesfeTd NCKy IR 124 e 91 2 | R foel g1 72321 724190 e
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2
|- Oin (4.13)

To illustrate the use of the formula (4.13) we consider a problem of a
researcher who wishes to study the multiple correlation of self-esteem with
achievement-motivation and locus of control from the primary data given in Table
438.

Table 4.8 Means, Standard Deviations and Intercorrelations

1. Self Esteem (X)) 2. Achievement 3. Locus of

Motivation (X,) Control (X;)

X, =119.73 X,=11.26 X;=64.80
c,=19.64 o, =289 o, =705
r,=054 ry; =0.26 r; =037

The multiple coefficient of correlation is computed in the following steps:

L. Ci123 T Ulmm
=19.64 x 0.84 x 0.96
=15.84
in which
=1964andr = Y20 =28

\jl—r 12 V'l‘(54

(e]

=0.84
\,‘1—:’213_2 = \}1—(28)2
=0.96

Using formula (4.13), the multiple correlation is:

_({s. 84)
(19.64)°
=0.59
Multiple R of 0.59 indicates to what extent self-esteem (X, ) is determined
by the combined effect of achievement-motivation (X,) and locus of control (X;)

or to what extent self esteem is related to achievement-motivation and locus of
control taken together.



An alternative formula, for multiple co-efficient of correlation (R, ,;) which
is often more convenient to use than the formula (4.13) is:

R1‘23 — Jﬁzz +r|§ — 21 fi3 I3 (414)

2
1-r5;

Using formula (4.14) for the data presented in the Table 4.8, the multiple
correlation is:

R - (0.54)? +(0.37)> =(2) (0.54) (0.37) (0.26)
123 [l—{0A26)2]

_ ‘0324604 ~059
0.9324

which is same as computed with the formula (4.13).

With more than three variables, we may make use of method of Pivotal
Condensation, originated by Aitken (1937). If X| is the dependent variable (criterion)
and X,, X3, X, X,,...... X, are independent variables (predictors), the multiple
correlation coefficient is given by:

Ry x,x,X,..%,) = \lﬁz Mo +Bsfzte. +By (4.15)
in which
Fa—Fs F Fa—F, F . . .
B, = '21 123 2B, = '31 '22 2. etc. are the multiple regression co-efficients.
—ro —-ra

To illustrate the use of formula (4.15) let us consider a problem with five
variables, one criterion or dependent variable (X)) and four predictors or
independent variables (X,, X;, X, and X;). The criterion is the academic
achievement and predictors are variables of intelligence, creative thinking,
achievement motivation and socio-economic status.

The intercorrelations among the five variables, means and standard deviations
for criterion and four predictors are presented in Table 4.9.

5]

FSLII SN
147



A6H ST N0 ST, 9T G2 TN [pIfod &=y LTIy
i ae e (54e14.9 O Tog|ie w1 2eT)|

Table 4.9 Correlation Coefficients between Criterion and four
Predictors Alongwith Means and Standard Deviations (N = 400)

e I %, X v %

X, 1,000 548 304 199 252
X, 548 1.000 319 277 355
X, 304 319 1.000 394 377
X, 199 277 394 1.00 451
X, 252 355 377 451 1.000
M 433.94 4328 100.54 13.58 34.89
SD 103.13 14.07 18.31 6.92 12.59

The procedure, as explained by Aitken, requires the successive calculation
of differences between cross products. If the four cell values are as follows:

a b
c d

the difference between cross products is ad - be. In this case the cell value 'a' is
the pivotal element.

The steps followed in the calculation are listed as under alongwith
computations which are summed up in Table 4.10.

15 - : 2ROPT el N0 ST WG (o1 @32 SIS
[ 2T GIPA | MFESK v e A SHfeien Aze
TG G N o | Fergsel W[ TART© A T (BReT 4.10
em*o 231 U2 HFR THTE 4 § T@Sf e AL o) MRA @G 27 T
T P RN AL G2 X[ S A A 7L S 730 S |

191 - 3 ; o TR Nl e =y 1R (e T3 |

4190 : A G LN 9 AR & Fo SAMCA W04 “ALFT e
AN T , G AT I S IR P T 3T ToAi |
KACE P | 419 - 8 : FIT B O A A ew ofb S 1ew forare 29 3

148 T A SoAmI 7R 2o S @of $31 T, .898 | FeAEe @3




2 [T A 9 05 @D AR Gy G 2RSS/ ARy
I | “Fafoba a2 G 898 @ 2R &3l 7= (I 1.114 TR
R SAMAE @S S 1T F1 WOAE | IR B 93 S_XNE
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For 3rd row:
(1) (.394) — (.319) (.277) = .306
(D (1) =(.277) (.277) = 923
(1) (0) - (0 (.277) = 0
For 4th row:

(1) (377) = (319)  (.355) = .264
(1) (451) = (277)  (.355) = .353

(D D)= (.355) = -1
and for 5th row:

(1) (304) — (319)  (.548) = .129

(1) (.199) — (277)  (.548) = .047

(1) (0 -(0) (:548) = 0

Each row is summed to provide a check on the calculation. The result is a
reduction of the original 5 x 4 matrix of slab 4 to the 4 x 3 matrix of slab B.

4191 -¢ : @S GLTZIK C, D 92 E SR & 2RS4 23|
Aol BCa, TR ey ML, 2ol Fyics R Aifss a5 fuces S
A 7T RS 23 | S2_1 SRR 1 G0 o3 e &fiey 3419 &=y, T
T SRR 7191 @fe C AR TFg IR AR T 29T 1.221
932 D TR 1.405 |
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Table 4.10 Aitken's Method for Computing Regression Coefficients

Check

(D 319 217 355 -1 0 0 0 0951
319 1 394 37 0 -1 0 0 1.090

A 277 394 1 451 0 0 -1 0 1122
355 377 451 1 0 0 0 -1 1.183
548 304 19 252 0 0 0 0 1303
(1.114) .898 306 264 319 -1 0 0 787
1.000 341 294 355 -1.114 0 0 876

B 306 923 353 277 0 -1 0 859
264 353 874 355 0 0 -1 846

129 047 057 548 0 0 0 781

(1.221) 819 263 168 341 -1 0 591
................... 1000321205 416_12210721
C 263 796 26l 204 0 -1 614
007 019 502 143 0 0 671

(1.405) 12 207 185 321 -1 425
1.000 291 260 451 -1.405 597

D 018 501 140 008 0 666
(0.496) (0.135) (-0.001) (0.025) - 655

Regression coefficients

The cell values in slab E are obtained from cell values of D as :
(1.000) (.501) — (.291) (.018) = 0.496
(1.000) (.140) — (.260) (0.018) = 0.135
(1.000) (.008) — (0.018) (.451) = —0.001
(1.000) (0) — (0.018) (-1.405) = 0.025

The four cell values in slab E are the condensation of the original matrix. These
are the multiple regression coefficients for predicting the criterion from the four
predictors.

By multiplying the correlations of predictors with the criterion by the
corresponding regression coefficients and using formula (4.15) the multiple
correlation coefficient (R) is obtained as:

R= JA548 x.496+.304 %.135+.199x—.001 +.252%.025
=0.565.
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Fig. 4.7 Scattergram Showing Non-linear or Curvilinear Relationship
between Two Regression Curves
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Table 4.11 Correlations Between Differentiating Traits

Tt A4 B C F G H I N 0 o, 0,
A 02 06 19 22 27 07 A1 05 17 -9
B 02 X 03 -07 32 .1 -1 .13 .02 .19 -1l
c 06 03 X -02 22 35 -23 -03 -38 26 -S51
F 19 -07 -02 X -29 27 -06 ~-I1 —25 —16 .08
G 2 32 2 -29 X 19 -0 25 -12 .13 =25
H 27 11 =35 27 19 X -1l 02 -25 18 37
1 07 -1l =23 —06 -03 .11 X 04 20 —10 17
N a1 I3 -03 -1l 25 02 04 X 04 04 08
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0 05 02 -38 25 =12 —-25 20 04 X —-12 .62
Q, A7 19 26 16 .13 A8 —10 .04 —-12 X -32
Q, -09 —-11 -51 08 =25 -37 A7 —.08 62 -32 X

AATATCS [V &3 77 Reaabs 7@ g e e Seom< v e
TEIGe @ foIeTCrTG @32 SR YIS 7o 9603 | Ol SRAME [Nz 35
FCL T, TLH 15 A SRAMP TG G i G5 CH AT |
T V @ 11 B 50y 6 B teifee Burt &3 2R e 739 7191 (4o
S Pl NICE TS | AN I -

If half the loadings of a factor fall below twice their standard errors
thus found, Vernon recommends rejection of the factor.

O, TAMT V SIS 27 92 TRAMTE ¥ 2T A
ARG TS TRAME [V 51E 72 91 27 2 7[=19@q 2102 (=ifee (it
4.12 T T | 1 27 -

Table 4.12 Factor Matrix (After First Reiteration)

Trait Factors
I i i w
A 22 46 28 -22
B 31 26 -20 .19
C .56 -23 25 17
F -.20 18 57 .19
G .56 26 -36 .14
H 47 19 A48 10
I -21 16 —10 =27
N 18 23 -22 -09
] —.58 58 -03 .07
Q, 43 02 .03 —.08
Q -.74 26 —18 13

A

g7 - X TSI 2fIS 3T S e e NeAitae e e
HY TORCAY FCACR | ACH G982 O SR IO SRAMHT
AR NE IR THCT e 1 SRS AGARS] SR
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The test correlations define a configuration of test vectors without a
reference frame. Since the factors are represented by the axes of this
frame it is necessary to locate a reference frame somehow in the test
configuration. Here we are to recognize a distinction between an arbitrary
orthogonal reference frame that is used for computing purposes and
the reference frame that should be used for scientific interpretation of
the factors. The arbitrary orthogonal frame is defined by the method of
factoring that the computer happens to use. In order to locate a reference
frame for interpretation, I used, at first, a statistical criterion which led
to the principal axes of the configuration; but I soon discarded this
solution in favour of a principle that I called 'simple structure'. The
principle of simple structure has been the cause of much controversy,
and it is not yet accepted by all students of factorial theory. The fact
that it very frequently gives a set of factors or parameters that can be
interpreted as meaningful in scientific context would seem to be an
argument in its favour, but even that result has been the object of
controversy. I have found that the best ways to convince a skeptic is
to let him work with the rotational methods on a problem in which he
is interested. As the reference frame begins to emerge in the rotational
work with successively clearer interpretation, he convinces himself the
power of the method.
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