PRACTICAL APPROACH TO MATHEMATICAL
STATISTICS

STATISTICS 111 (PROBABILITY)

In order to discuss the basic concept of probability some ideas and incepts of
mathematical theory of sets are necessary.

A set is then collection of objects. Sets are usually designated (denoted) by capital
letters i.e. A, B, C, D, etc. in describing which objects are contained in a set A,
Three methods are used.



e

e W




RACTICAL APPROACH

1O MATHEMATICAL

STATISTICS

JRNDIDIAMAKA OZOFOR Ph. D




Published 2006 by

GOD'S WILL PRINTS ENTER.

#12 Udoji Street Ogui New Layout, Enugu.
Phone: 08065818580, 08073505717.

© DRNDIDIAMAKA OZOFOR M. (Ph.D)

[SBN:978-2473-71-5

ALL RIGHTS RESERVED
No part of this publication may be reproduced, stored in a
retrieval system or transmitted in any form or by any
means, electronic, mechanical, photocopying, recording or
otherwise, without the prior permission of the Author or
Publisher. ’

-




STATISTICS IIL (PROBABILITY)
In order to discuss thé basic concept of probability SCme
|deas and incepts of mathematical theory of sets are necessary.
A set is then collection of objects. Sets are UsWaily
designated (denoted) by capital letters ie. A, B, C, D, et¢. In
describing which objects are contained in a set A, Three methiods
| We may list the members of A for example A =
{1,2,3,4}describes a set consisting of positive integers 1,23
and 4 (we used chain pracket to denote our set).
B.  We may describe the set in words, example, We may say
that the sets A consisting of all real numbers between 0 and
1 inclusive. ,
C. To describe the set in A, we may simply write A=(x/

0<x<1} ie. A is the set of all x’s where x 152 real number,

If every member the set A is also a member of the set B, we
say that A is a subset of B, and this is written as AcB or BoA (B
contained a) that is, every ‘member of A is also @ member of B, A
similar interpretation is given to BcA.

Three types of sets are Universal (L) empty (©) and subget,

Two sets A and B are equal if and only if (iff) AcB and
BcA.eg A= {123},B= {1,2,3}. And this is expressed as A =
B. For every set A we have @<y, Once a Universal set hasheen
defined, then every set A defined with respect to W AVS.

THE COMPLEMENTARY SET
The complementary set Alor A° or &) of A is the set consising of
all elements not in A. A= {x/x eA}




Suppose that A and B are any two sets we define C as th
Union of A and B, sometimes called the sum of A and B, j
C= {x/xeA or xsB Or xeA&B}

We write this set ag C = AUB, thus C consists of g]
elements which are jn Aorinb or in both A and B sometime,
called the product of Aand Bifp = {x / xeA and XeB} we writ

this as D = AMB. Thus D consists of g]] elements which are j
Aand in B,

CARTESIAN PRODUCT (3R0 OPERATION)

We define AXB as the Cartesian Product of A and B which

is the set AXB = {(a,b)/ agB} is a set of g elements such that a is
inAandnip B.

Thus, the Cartesian Product AXRB is the set of all ordered

pairs where the first element belongs to A and the second element
to B.

Example A={1,2}
B ={3,4)
AXB = {(1,3), (1,4), 2,3), (2,4)}

VENN DIAGRAM
Definition: A graphic device known as a Vepp diagram can he
used to a considerable advantage when we are combining sets ag
indicated above, In each of the diagrams below, the shaded regjon
~ Iepresents the set under consideration,
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A'= A* (Complement of A

SAMPLE AND POPULATION

A sample is the subset of the population sometimes an
Investigation is conducted to collect information about the
characteristics of the population. This investigation is called a
survey. If information is collected on every member of a
population, the survey is known as Census. If only some members
of the population are considered, the survey is called a Sample
Survey, and the method used to select the sample is called
Sampling. A sample shduld be a good image of the whole
population and values of sample characteristics should be as close
as possible to those of the Corresponding Population
characteristics. To achieve these properties, a representative



of the sample,

That is EVery member of the bopulation has an equa
chance of being a member of the sample, some chance device musy
be introduced in the selection of members of the population, Fo
instance, some chance procedure jg introduced when names: ar,
drawn from a box or when a coin is tossed to determine whether a
particular member of the population enters the sample, The choice,
of the sample is most conveniently done from 4 list of the marks
called sample frame. E.g. A Register.

The names in the frames are numbered. Tickets of pieces o
paper of the same coloyr and size which are equal to the number i,

sample by pooling numbered tickets out of the box, we have g
choice after each draw of either Teturning the ticket to the for the
next draw or leaving it out of the box. The firs; method is called
sampling with replacement while the secon method s called
sampling  without replacement. Thus, in sampling  with
replacement, the number of every ticket drawn js noted and the

hand. if sampling is withoyt replacement. each ticket drawn is not
but back into the box before the drawn. The above method of
obtaining a random sample by drawing number tickets from a box
is known gs Lottery Method because it is the method used tq



qclet'.it:le winners in lotteries. However, the lottery draw must be
labourious especially when -the population is large. A more
‘convenient method of obtaining random sample is by using table
of random numbers.

PROBABILITY SAMPLING USING TABLE OF RANDOM
NUMBERS

To obtain a random sample using table of random numbers
we proceed as follows:

Suppose that we wish to draw n = 4 different days at
random from a population of N = 365 days in a year. Since N =
365 is 3-digits number, we number the population units, that is,
(the day in a year) using 3-digits as follows:

001, 002, 003, -........ 009
010,011,012, ......... 356

The above random numbers corresponding to the given
population units are called sampling numbers. We then begin to
read digits in three along each row of a table of random numbers;
we may start from any row. It is not necessary to start the starting
row but it is better to vary the start row each time the table is used.
We accept numbers in the range 001, ... 356.
$1772_T4690_42331 2904446621 62898

sample Nos 042, 331, 290, 162.
and reject all numbers outside this range and the numbers that has
already been chosen until the required sample size n = 4 is
obtained. Suppose we go column wix
S17372 7] 464
240133
_459] 39
3051 86
0351 85
6491 37
1561 30




-

Samples Nes 240, 305, 035, 156,

3, the, cat, dog, bit, red, blue, hen, ate, mad. n=5 N=1qgp
a, the, cat, dog, bit, red, blue,

Sample Ne 01,02, 03, 04, 05, 06, 07, 08, 09, 10.

5117712 7 | 4640
24 {03 3 213491
45193 |9 60173
30158 (6 012133
03 158 {5 719353
64 193 7 013355
15163 |0 614759
09 |44 |3

21 |63 |1

91 [09 |7 Sample Nos
50153 )2 =03, 09, 07, 08, 06




cat ate blue hen red

00 ~J ~1 W B oL O

4L, Chose a random sample with replacement of size 10 from the
two letters H,T.

{1i. Close a random sample without replacement of 4days from the
30 days of November.

{v. Select without replacement 4 letters at random from the 26
letters of the English alphabet.

3. The table below gives the heights in inches of 99 male
students in certain university.

Height: 60 — 62 63 - 65 66 —- 68

Freq: 5 18 42
Class mark: 61 64 67
Height 6071 7274

Class mark: 70 73

Freq: 26 8

(8) Using table of random pumbers, select 30 random samples of 4
students each without réplacement from the table of heights given
above.

N=99 n=30



Solution: 60-62 63~65 66—68 69-71 - 72-74}

61 64 67 170 73
Sampling Nes 01 -05  06-23 24-65 66-91 92"
-99
S/N | Sample Nes S/N | Sample Nes
i 51 24 45 30 1 42 83 52 25 ]
2 03 64 15 09 2 81 95 51 57
3 21 91 50 07 3 77 29 95 79
4 |27 82 54 65 4 10 36 97 09
5 08 39 62 53 5 85 48 79 62
6 |74 23 60 02 6
7 |79 03 04 56 7
8 91 17 22 60 8
9 |64 73 21 34 9
10 |05 67 04 90 10
' S/N | Sample Number | Corresponding Heights |
"1 |51 24 45 30 67 67 67 67 =
2 103 64 15 09 61 67 64 64
3 |21 91 50 65 64 70 67 64
' 4 [27 85 54 65 ° |67 70 67 64
!5 108 38 62 53 64 67 67 67
6 177 03 93 58 70 61 73 67 :
. 7 158 93 63 44 67 73 67 67
i 8 ;63 09 53 13 67 64 67 64
. 9 198 18 39 54 73 64 67 67
| 10 126 81 25 29 67 70 67 67
P11 127 32 96 60 |67 67 73 67
" 12 157 70 06 85 67 70 64 70
13 .19 71 22 64 64 70 64 67

14 196 47 82 43 73 67 70 67




2 T8 136 16 70 89 . 167 70 70 70

™16 146 34 01 21 67 61 61 64
‘ 7193 33 47 63 73 61 67 67
§ |11 74 54 08 64 70 67 64
9 147 39 11 43 67 61 64 67
59 79 40 02 167 70 67 61
20 91 73 33 167 70 70 67
33 55 59 01 |67 67 67 61
57 80 96 76 161 10 73 70
-~ [T24 128 49 54 71167 61 67 70
2% 152 06 77 16 67 64 70 170
2% |42 83 52 75 67 70 67 67
27 181 95 51 57 |70 67 73 10
28 171 29 95 19 |70 67 73 10
29 |10 36 97 09 64 61 13 _64
(30 |85 48 79 62 |70 671 70 67

| 1

2(11) Question: Chose a random sample without replacement of 4
days from the 30 days of November.
=30

n= 4
November days 1, 2,3 45 6, 7, 8, 9,10
Sampling Nos 01, 02,03, 04, 05, 06, 07, 08, 09, 10
Nov. days Conts 11,12,13,14,15, 16,17, 18,19,20
Sampling Nes 11, 12,13, 14, 15, 16, 17,18, 19, 20
Nov. days conts 21, 22,23, 24, 25, 26,27, 28, 29, 30
Sampling Nos 21,22, 23, 24,25, 26, 27, 28,29, 30

The Sample Numbers to be obtained column wix. From lst
column.

Sample Nes corresponding days in
November

1 24 24th Tuesday




2 30 30th Monday

3 03 o 3d Tuesday
4 15 15th Sunday

Samples 24", 30t 3t 5t

2(iv) Select without replacement 4 letters gt random from the 2
letters of the English Alphabets,
n=4, N=26¢
Alphabets A, B, C, D,E F G, H, I
Sampling Nes 01, 02, 03, 04, 05, 06, 07, 08, 09
Alphabets K, L, M, N, o, P, Q, R,
Sampling Nes 10, 11, 12,13, 14, 15,16, 17, 18
Alphabets S, T, U, vV, W, X Y zZ
Sampling Nes 19,20,21,22, 23 6.
Sampling numbers to be obtained row wise from the Tab}
of random Number,

)
~
)
L

Sample Nos, Corresponding letters
- 1 12 L
16 P
20 T
19 . S
Samples are L,P,TS
DEFINITIONS

In our present context, S represents the Universal set *
described earlier.

When you toss a cojn once the possible outcomes is § =
{H,T}, and for a dije § = {1,2,3,4,5,6}.



Let Si denote the sample spaces of the following random
" pxperiments (or trials).
Ei (any experiment whose outcome can not be predicted is
called a random experiments)
Ey: Toss a die once and observe the number that turns up.
8i={1,2,3,4,5,6}.

-

E;: Toss a coin four times and observe the total number of heads

(H) obtained.
§;={0,1,2,3,4}

By A light bulb is manufactured. It is then tested for its life
length (in hours) by inserting it into a socket and observing the
time (t hrs) that elapses before it burns out.

S4: [t/120} or S4: {t /0<t=<c0}.

Es: A lot of 10 items contains 3 defective. One item is chosen after
another without replacement until the last defective is obtained.
The total number of items removed from the lot is counted.

Ss: = {3,4,5,6,7.8,9,10}

E¢: Items are manufactured until 10 non-defective items are
produced. The total number of manufactured items is counted,
what is Se: {10, 11,12 ...}

An event A with respect to a particular sample space S
which associated with an experiment € is a subset of the sample
space. Thus, both @ and S are events themselves. Also, an
individual outcome is an event.

E = Toss adie once

Lo
S =*{12,3,4,5,6)
l
A = {24,5)
= {1,3,5}

DS

-



Sco
Consider the following events A;; o
Aj: = An even number in one toss of the die = {2,4 6}

Az Two heads (H) occur in four tosses of a fair coin a {2}.
HTTT, HHTT, HHHT, HHHH

THHH, TTHH, TTTH,.TTTT

THTH, HTTH, HTHT. _
A; = No defective items in the manufacture of items on
production '

line = {0}

A4 = life length (t hrs) of a bulb Is less than 3hrs = {t/0<t<3}

MUTUALLY EXCLUSIVE EVENTS

Two events A and B are said to be mutually exclusive i

they cannot occur together. We express this by writing AnNB = ¢
Tossing a die and give birth.

RELATIVE FREQUENCY
Suppose that an experiment E is repeated n times. Let A be
an event associated with an experiment E. also let n(A) be th
number of times that the event A occurs among the n repetition
(trials). Then A) = n(A) is called the relative frequency of the
event A in the
n
The relative frequency f(A) has the following important
prosperities.
(i) It is between zero and 1 0<f(A)<1.
(i) F{A) = 1 if and only if (iff) A occurs every times
among the n repetitions.
(iil)  F(a) =0 iff A never occurs among the n repetitions.



Uy Asn— o, S8 p(A). Whete P(A) is the probebility
v that A occurs. '
p(A)measures the likelihood of the occutrence of the event

I:ROBABIL[TY‘ :

§ is the sample space of an experiment E and A an event of

pat in S, then the probability of A is given by P(A) = {A)
n

ere n(A) is the of in A and, n(S) = total number of possible
come of E- '
» pumber of outcomes in S.
probability of obtaining

fExample: A die is tossed once what is the

an even number?
Solution: let A= event of obtaining an even pumber i

n one toss of

falr die.
8= (123,456} n(S)=6.A= (24,6} n&)=3-

p(A)=nA) 3 =1
aS) 6 2
(9) Hens’ eggs have mean mark 60 grams with std. dev. 15gm and
th mass less than

a distinction may be taken as normal. Eggs Wi
4Sgm are classifl nder are divided 1t0 standard

ed as small the reme
and large and ould occur with equal freq.

it is desired there sh
guggest the mass at which division should be made. Correct to the

neat est gm. K‘ \

_45




(10) The weight X of bars of soaps made ip a factory are norm

distributed laist week, 62,% of the bars weighed less thari 90,50
and 4% weighed more than 100.25gm. Find (i) the'mean [E(x)]
(ii) The variance V(x) of the distribution of weights,

(iii) Find the percentage of bars of soaps which would be expects
to weigh less than 88gms.

COUNTING METHODS
In calculating probabilities, it is essential to be able to work
n(s) and n(A) as straight forwardly as possible. For this purpo
knowledge of permutations and combinations is very helpful,
develop the ideag by stating methods or theorems and by giving

MULTIPLICATION PRINCIPLE

If two operations A and B are carried ¢
an dif there are different ways of carring out operation A and,
different ways of carring out operation B, then the combineff,
operations A and B may be carried out in a x b ways (differe
ways).

A&B

L

a xb
Example: A toy manufacturer makes a wooden toy in two
The top part may be coloured red, white or blue, and, the botte
part may be coloured brown, orange, yellow or green.

OW many differently coloyred toys may be produced? -



Red white blue
M
< Top __J

__ Bottom )

Brown orange yellow green

Bolution: There are 2 operations.

Operation (1) = colouring the top = can be done in 3 ways

Operation (2) = colouring the bottom => can be done in 4 ways.
Operation 1 AND 2 can.be done in 3x4ways = 12 ways.

Therefore 12 differently coloured toys are possible.

PERMUTATION (ARRANGEMENT)

Each of the ORDERS in which n distinct object can be
arranged is said to be a permutation or an arrangement of the n
objects 1,23=>n=3.

Arrangements 123, 132
213, 231  six arrangements
312, 321

Exemple 1: A company’ codes its customers by glven to each
customer an eight (8) character code.

The first 3 characters in this code are the letters ABC in any
ORDER and the remaining fire are the digits 1-5 in any ORDER.
Bach letter and each digit can occur only once in each customers
¢ode. How many customers can the company code in this way?



Solution: There are 2 operations.
Operation (1) fixing letters tothe bode'=>6 ways ~ -
Operation (2) fixing digits to the bode = 5x4x3x2x1 = 5!
For a complete code requires that operations 1 AND 2 must
done.

Number of ways of performing operations 1 AND 2 = 6 x 120
720.
=> No of possible customers = 720.
Example 2: There are ten people employed in the service of
company, a particular job requires 3 people to be assignedf*
specific parts abc of the job, together with a superior only 3 of
10 employees are qualified to supervise this job. In how m
ways can a team of 4 employees be selected and allocated to t}
specific parts of the job if (i) those qualified to supervise may al
be included as ordinary members of the team.




Interval Estimation
When a parameter like the mean |
unknown, we estimate it from the samy
with sample mean X. |
One will really be lucky if X = p and in
vase there is no way knowing if X = u sin
i is not known. The estimate X is called
point estimate. |
In order to give one a wider chance in th
estimation of an unknown parameter,
sometimes estimate an interval within whic
we think the unknown parameter lies.
Even when the interval in 3 has bee
obtained there is still a chance that it will ng
contain the parameter in question. |
We often obtain an interval and from thy
facts available, we give the level o
confidence we have in the interva
containing the unknown parameter. -
If our level of confidence is 90%, we have
90% confidence 1nterval i



6. The 100(1-0)% confidence interval for the
population mean  is given by
XtZippox
a is called the devel of significance.

005 7 005

a/2_+7 ‘ a/2
iy
Z a2 Zaf

7. The 100(1-0)% confidence interval from
population P is :

P+Zun \IE -
n _ if sampling is with
replacément or from infinite population.

Or _l_)_ +Z af? -N
E \ E-l if sampling

without replacement

Example: 100 students in a University have a
| mean height of 1.85m. If the s.d of the population
i of students is 0.4m obtain (i) 95% (ii) 99%

!
i




confidence interval estimate for the unk

mean height p.
Solution
(1) 96% confidence interval
95=100(1-0)% @=0.05
Confidence interval = C.I
X+ Z4n Ox

=1.96
7 'ﬂ\}
il T

0.05
Z a2
. ox=0 = 04 =4 =004

Yo J0O 10

1.85 + 1.96x 0.04

1.85 + 0.08

1.85 + 0.08 or 1.85—0.08
(1.77,1.93) -

Cl

. Tests of Hypothesis
1.  What is an hypothesis: -

2. Null and alternative hypotheses: Null
hypotheses usually written Ho,



A\ |
.

WY
.

hypotheses of no difference or no effect etc.
Any other hypothesis different from the null
is called the alternative hypothesis, written
H;.

Population parameters are usually not
known, we often make claims about them
and test such claims.

The test of hypothesis is a body of
procedure which enables us to either accept
or reject the null hypothesis with a view to
either accepting or rejecting them. |

Test Statistic: This is a function whose
value can be..calculated from sample
observation and on the basis of which we
either accept or reject the null hypothesis.

Type I and Type II errors:

Type I error: - We encounter type I when
we reject an-hypothesis that we should be
accepting,

|



Type 11 error: - We encounter type II erro
when we accept a false ‘hypothesis th

should reject.

Decision

| Accept

Reject

H, True | No error

Type 1
error

H, false | Type 1l
error

No error

Level of significance: The level a is the”

probability of committing error of Type L. a"-}

is usually chosen to be small.

8 One Tail and Tailed Tests: Consider the testg

of hypothesis of the mean L,

population with a known standard deviatiof

4]

(ii) The hypothesis may be any of the followin

pairs

of a norm

He:p=po Hop=4Ho Hp: p = Ho
Hpyp>po Hirp<Ho Hi: p # Ho

3
i
2



(iii) The test statistic Z = X-y, X = sample mean
_o/Nn n=sample
Consider Hy: u =,
VS Hi:p>fi
= X >
X-1p>0

Test Of Hypothesis

+ (1) Hypothesis

(2) Level of Significance

(3) Test statistic

' (4) Critical point — rejection region
- (5) Decision

Example: The manufacturer of a certain drug
¢ claims that it is 90% effective in curing malaria
for a period of 2 months. In a sample of 400
~ persons the drug provided relief for 320 persons

Test Hypothesis
Hy: P=09
Vs H] : P<0.9

Solution: This is a test of Hypothesis about a
proportion.



Let P be the proportions in the population
who get relief after taking the drug. - . |
1.  State the hypothesis Ho: = 0.9
. Hp: < 0.9
2.  Level of significant=0.= 0.05
3. The test statistic for proportion Zis

Z =Pp-P P~= Sample estimate |
pa n = Sample size
\ns

4.  Critical point = -1.645
5. Calculate Z¢c = B-P P=320=4

&

on
1
o
—
L X
[yl
<o

- 6.67

6. Decision
/\
e

' Since Zc = 967<-1.645, we reject Ho that P =09

i



Example; The breaking strength of cables. made
by a manufacturer has a mean of 1000kg and std
dev of 100kg. by a new technique in the process
of it, is claimed that the mean breaking strength
has been increased. To test this, a sample of 100
cables was examined. If the mean breaking
strength of the sample is 1050kg, can we support
the claim at 2%4% level of significance?

(1) State the Hypothesis Hq: p

Solution: This is the test of hypothésis about the ‘
mean p '

(1) State the Hypothe51s Hy: p=1000
H;: p>1000

(2) Level of significance = o = 0.025
(3) Test is a right tail test
The test statistics for means p is
Z = X-Uy X sample mean
o/\n n sample size

(4) Critical point = 1.96 600



475
g 0.475
Calculate the value .. & = X-u
o/\n
z — 1050—1000 = 50x10 = 500 .
100 100 100 = 5«%
V100

7. Decision simce Zc = 5>1 96 we reje.ct
Null hypothesm that p = 1000kg

. Solution: Let p be the mean b.s. of t’
population -

Test Of Difference of Means of Two Populations With KnoWl

Variance
1. We have two population A and B



A has an unknown mean i and a known s.d. oy
" B has an unknown mean p;and a known s.d. o».

2. The hypothesis of interest are
Ho:pi=p .
Hi: > 2

Ho:pi=p :
3. %rocedu_re: take a sample of size n; from A; the average is
N .
Take a sample of size n, from B, the average is X;.
If p>pe
pr-pe>0
A12> A
axi %2 >0

4, The test statistic

#=X,-X; where . - gl - ol
cX;-X; - oX;-X; = m ng

5. The hypothesis above imply a right tail test.

"

Zo

If the level of signifidance is o, we look for-2o, the critical point
such that the shaded area above is .

6. Decision: Reject Hy if- Z¢ > Zo from the table.



o P OSSibilities - B
qy  Hp: pi = H2 () Hp: pry=H2 . ms<H2
Hp: o = B2 . He TESIVEETE e

X, >
+ 0 * 0
o1 > <0 1
Example

Students in 2 class were divided into two groups A and
and taught by two different methods. In the end, the
examination was given to both groups. The fifty students in 4
obtained an average of 68% while the fifty in B obtained
average of 70%. If the two groups have a common s.d. of 4%,
the claim that the performance of the groups is the same.
Solution:

A has mean i and s.d. O1-
B has mean p2 and s.d. o2.
o= 01 T 4%

(1) Hep =¥
Ho: w1 F 42
(2) Level of significance &= 0.05
(3) Test statistic: Ze= Xi- Xz Wwhere

oXi - 3-(-2 O'-}_(.l - X
4. Test is a two 1ailed test.



Cehdimet @

The critical point .5 -05=450

- 1.96 and 1.96

5. Calculate the test statistic

Ze =X - X,
O'X|-X2

=68-70 = 2 =25
08 08

6. Decision: Since -2.5<11.96

-~

ol + o)
ng np

16 l+_!§
100 100

Test of Difference of Proportion

b, 12
A B

PPy

1. There are two populations A and B.

Let P, be the population of units in A with a certain characteristic.
Let P; be the population of units in B with a certain characteristics.

2. Our interest is on the claim that there unknown proportions are

equal.

3. We take samples of size n; and n; from A and B respectively;



-

Let P, and P, be the sample estimates of Pyand Py

4. The Hypotheses of interest -
Ho : P[ = P2 =P
H, :Pi <Py

5. The Test Statistic
%= P-P where oP1-P2 = pq (1 + 1
oP = Pz 1 I

Since the small Pp is unknown we calculate it as follows
P=nP; + mP,
ny +ng
We obtain the critical point-Zo for a given level 05a.
7. Take a decision to accept or reject Hy.

If-£c > %o

Reject if-Ze <Zo. .
Example: Two groups of patients A and B suffer from a cert
disease. A drug is given to group A while nothing was given
group B which now acts as the control group. There are 1
patients in each ‘gp’. After a time, it was found 80 in A and 70
B recover from the disease. At (i) 5% (ii) 1% < of S. 1
Test the hypothesis that the drug helps t cure the disease.

Solution: Let p; be the proportion cured in the population A
Let p; be the proportion cured in the population B
n; =100, np = 100 '

P =38 =4
100 5

P= mP, +nP

n+m x



B =70 =007
100

#0 = 0.8 -0.70 100x.8 + 100x1.7

100+ 100

where o n; +n, =pq ’g_ + 1)
1 1

Hy: By = P, 80+70 150 3
Hp: <P > P, 200 200 4
=P=% =75
q=1-% = %=125
L.05a = 0.05
Test statistic 08-07 = _.1_ [%(%X1/100 + 1/100) .
. 0.061 0.061

The critical point#o = 1.645 = 0.061.
6. Decision

Since Zc = 1.64 < Zo = 1.645, we accept HO that the
population estimates of the patients P, that are cured in A is equal
to the population estimate of patient P, that are cured in B.
therefore, the drug has effect.
Example: A sample of 200 bolts from factory A and 100 from
factory B were taken. The number of defectives were 20 for A and
15 for B. at (1)5% (2) 2%2% L.O.S,, test the claim that the two
factories are the same.



REGRESSION

1. Here we discuss the relatlonshlp between two vanables x

Y.
Relationships could be CASUAL OR ASSOCIATIVE

2. In trying 0 nderstand the relationship between X and Y
often plot the |
Scatter Diagram v

(1)

prES

§ A

3)

T iy




3. When a particular trend; say linear, is observed from the scatter
"diagram, the next step is to fit that trend: ‘that is, we obtain the

equal for the trend.

4. Fitting approximating linear

1. Fitting by eye. Having plotted thé graph we may fit by eye, the

I' line or the trend line.

Y

The equation of the line above is given by

Y=Y = Y2=¥i
X—=Xi X7~ X1

y=mx + c.

5. Uses Of The Trend Line

(1) As a record of data

(2) For estimation -
(3) For forecasting - °*

Observations
Example: On X and Y are as follows

X |1 i3 14 J6 18 {9 |11

| 14




Y 1315 |8 5 " T 15116 |

-

i) Draw the scatter diagram

(i) Fitalinebyeye

(iii)  Obtain the equation of the line
(iv) Find Y when X is 10.
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Y-Y1 < Y2 Y1
X —=Xi X2 = X1
= mx+C



WhenX is 10, yis 14.

-'bnftheequatlon =a+bx
X] i
Y = a+bx Y is dependent
» | Xis independent

-

Least Sqnart_e Estimate

A

1. Draw the scatter diagram. Suppose the trend is linear. AB is that
line which best describe the trend.

2.LetY=bo + by X be the equation of the llne for each point
(Xi,Yi) we obtam Di = (YA- V)



D; is called the deviation at the point (Xi,Yi); If we

the n-points, (X;",Y1), ..., (X, Y.) we obtain n-distribution.
DDy Dy '

The sum of these deviations is ¥’ D%. In the method of 1
square, we try to minimize this sum of squares of deviati]
observed that. , +

= Z YAi _ Yi)z

Y. (bo + by X; — Y)?

bo and bi are constants. On differentiating these equation w.r.t.
and by and equating each to zero we obtain two equation in tw
unknowns
m Zl(bo +biXi-Yi)=0
=
nbo+b 2 Xi-YY; =0
bo +bX-y=0 (1)
n
(i) lei (bo+b; Xi-Yi) = 0
=
boZXi+b1§]XiX 02
lﬁ

Equation 1 and 2 are called normal Equation. On solving them
for bo and bl we obtain.

bo = CVIEXD - QX)(;X‘Q
nyX> - X .
by = n¥XY - ¥XTY
ny X

- 2X)



Once b has been obtained we can obtain bo in the ff manner.
From equation ' '

bo+b X-Y=0
bo=Y-b,X.
For computation, we need the ff columns
L XYY XNy 777
L L 77
Time Series
1970 1 0 -4
1971 2 1 -3
1972 3 2 -2
1973 4 3 -1
1974 5 4 0
1975 6 5 1
1976 7 6 2
1977 8 7 3
1978 9 8 4
1979 100 9 5

The CentralMethod Of Least Squares
1. Sometimes X and Y have large values, They may be reduced in
size or made more consists.

2. One method of aclfieving this is the central method.

Letx=X-—E ’
Y=Y-Y

The least square line is Y = bo + b;X
Y =X )

Zx] X



‘It can be shown that 2X¥ = bi
Ly

In the central method above, We substitute X ad
appropriate. Theoretically, afly constant may be subtracted fo
example in the data below. '

x|101|105|107|11011
Y|91|39|92188|90

We may substrate 100 from X, i.e. X — 100 and 90 from Y ie. Y’
90 so that

x = X-100
_ y=y-90 when we use constants that are not X
and Y, we propose the line.
Y = bo+bhX

bo and by are estimated using formulae given earlier.
Example: The performance of ten students in Maths (X) and
statistics (Y) is given below.

x|7s|3o\9o|so|so\7o\95|60|s4 78
Ylso|70|ssl7o[9olso|9s|70|90|7

() Obtain the least square line of Y regressing on X using
the central method.”

(iiy  Estimate the score of a student in statistics if his score
in Maths is 65%.




(Solution | X | ¥ | x=XX|Y=yX| xy X
X=77 |75] 80 | +-2 0 0 4
Y=8 |8 ] 70 3 -10 -30 9
X' =70 [ 90| 85 13 2 65 169
Y'=85 | 60| 70 -17 -10 170 289
80 | 90 3 10 30 9
70| 80 -7 0 0 49
95 | 95 18 15 270 324
60 | 70 -17 -10 170 289
85| 90 8 10 80 64
751 70 2 -10 20 4
Total 0 0 775 1210

(1) Least square line

= ' 775] X
21

= 0.64x

Y-7 =064(X-%) = Y-80=064X-77)

=30.75 + 0.64X.

(ii) when X =65 Y =30.72 + 0.64 x 65

L

THE CENTRAL LIMIT THEOREM
Suppose that X is a r.v. with mean yu and variance o’ If X is the
mean of a random sample of size n chosen from the distribution of
X, then as n — oo the distribution of X — N (i, 6%/y).

-
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