9.11. » CENTRAL LIMIT THEOREM ‘
The normal distribution which we have studied in previous chapter plays an impq Kt

role in statistics and probability. When sampling is done from a normal population, the meang of

the samples drawn from this population are themselves normally diSﬂ'ibuted: 1'3ut when sampling
is not done from a normal population, then the size of the sample plays a critical role. For smq])

sample size, the shape of sampling distribution will depend upon the shape of population frop
which it is taken. But as the sample size gets larger and larger, the shape of the sampling
distribution will become more and more like a normal distribution irrespective of the shape of
the population from which it is taken. The central limit theorem explains this sort of relationship
between the shape of the population distribution and sampling distribution.

Central limit theorem states that if from a population having mean p and standard deviation ¢,
a large number of random samples are drawn, then the distribution of sample means will he

approximately normally distributed.

9.12. » HYPOTHESIS AND ITS TESTING

Hypothesis : A statistical hypothesis is an assumption or statement about the value of a
population parameter which may be true or false. Such assumptions are made before any final
decision is taken about the population on the basis of sample information.

According to Prof. Morris Hamburg, “A hypothesis in statistics is simply a quantitative
statement about the population”.

Testing of Hypothesis. The method or procedure which enables us to decide whether a
hypothesis is true or false (on the basis of sample results) is known as Test of Hypothesis or Test
of Significance. The main purpose of sampling theory is to study these tests. By testing the
hypothesis, we can find out whether hypothesis deserves acceptance or rejection.

Procedure of Hypothesis Testing. We first set up a hypothesis. The hypothesis is a set
of inference that is drawn regarding the parameter of the population. For example, we may set
a hypothesis that the mean weight of students in a school is 60 kgs. This is an assumption about
the parameter (mean) of the population and is called the hypothesized value of the parameter.
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s P TYPES OF HYPOTHESIS
d There are two types of hypothesis :

() Null Hypothesis
®) Alternative Hypothesis

o181 Null Hypothesis

i 2 . . g the s i erence
C e

gponding populatiqn parameter value or between tw e .
known as hypothesis of no difference. 0 sample statistics. Null hypothesis is

A null hypothesis is denoted by H, and usually it i
any testing. For example, if we want to tesg whether thesza:;:n;fles:v?t?lf fntzgna;,t ;};z fll)rSt step of
g8 drawn from the populatmn. having mean p, then we set a null hyp%thezise (I'I?Ig«)'zlr(}iled
difference between e P o.pulatlon mean and sample mean is negligible or not si ioﬁ ot
Thus, our null hypothesis is Hy : p = p, (i.e. the mean of the population = mean of thegganflill?eg.

The reje:;tion of the nui‘l hypothesis inflicates that there is a significant difference between
the means and acceptance of null hypothesis indicates that the difference between the means is

not significant.
9.13.2. Alternative Hypothesis

Any hypothesis which contradicts the null hypothesis H, i ' '

-y ypothesis H , is called alternative hypothesis. It
: The two hypothesis Hj, and H_are such that if one is accepted, the other is rejected and

vice-versa.

For example, if null hypothesis H, is : p = p, then alternative hypothesis may be

(@ H,:p#pylie., p>pgorp<py

®) Hy:p>p

(¢) H,: p<py

9.14. » ERRORS IN TESTING OF AHYPOTHESIS

As we have learnt that null hypothesis (H) and alternative hypothesis (H,) are
complementary to each other. Thus either Hy is true or H, is true. Both H, and H, cannot be
true. Ideally, the hypothesis testing procedure should lead to the acceptance of Hy when H is

true and rejection of Hy when H, is false G.e., H,, is true). However, the correct conclusions are
not always possible and we come across certain errors which are called errors in hypothesis.

also
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There are primarily two kinds of errors.
2. Type Il Error

1. Type I Error 2 .
o [ errors are made whenwe reject the null hypothesis in testing a procedure it
f making such type of errors is usually denoted by Gree) almeou h
Tq,

it is true. The probability 0 o _
I errors are made when we accept the null hy P‘_)thesls In testing a procedure, althy
it is false. The probability of making such type of errors is usually denoted by Greek | etterl;:g

The following table will help in understanding these types of errors :
H, Rejected

H, Accepted

H, is true | Noerror (correct decision) [ Type I Error

H, is false | Type Il Error

9.15. » LEVELOF SIGNIFICANCE

In testing a given hypothesis, the level of significance is defined as the degree of significqp,
e

with which we reject or accept the given hypothests. In a hypothesis test, the significance level j
8

taken as o, which denotes the probability of making a Type I error i.e., probability of rejecting

the null hypothesis, although it is true.

Since 100% accuracy is not possible in taking decision over acceptance or rejection of
hypothesis, therefore level of significance is the maximum possible probability with which we
are willing to commit an error in rejecting the null hypothesis H, even when it is true.

.The level of significance is usually mentioned before a test procedure so that the resylts
obtained may not influence our decision. Generally, we take 5% or 1% level of significance.

A §igniﬁcance level of 5% indicates that the probability of rejecting the null hypothesis
tbough it is true is 0-05 i.e., we run the risk of rejecting a true hypothesis 5 out of every 106
times. By accepting the null hypothesis at 5% we run the risk of making a wrong decision about
5% of the time i.e., our decision will be correct upto the extent of 95%. |

By testing at 1% we seek to reduce the chance of makin j
ting . ‘ g a wrong judgement as th
element of risk is reduced to 1% in this case and so our decision will be correct upto the exteni

of 99%.

No error (correct decision)ﬁ

Remark : A significance level of 5% implies that if the same s i i
ampling method is used for di
samples, then 5% of the samples drawn will not include the population pgaﬁetgnt

9.15.1. Confidence Level

] Eds:;a.i.;istlics, confidence level .refers to the percentage of all possible samples that can be
t }11(5;3;:) o ftulllc ude thl.e true popul_at.lon parameter. For example, a 95% confidence level indicates
o of the samples drawn will include the population parameter while the remaining 5% of

the samples drawn will not include the population parameter
»,

Thus, if the confidence level is 95%. th igni 4
; , then the significance 1 is 5%. -
9.15.2. Confidence Interval S ;‘i

¥

It is range of values that contain the population parameter

A nﬁ . . =T
fhap s ;; % g?rsl;;mlt’::’dil [a, b] for the popu'latlon parameter with a 95% confidence level indicates
p awn, the population parameter falls within the confidence interval
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§ , TAILED TESTS OF HYPOTHESIS
9.16- gt Tailed and Two-Tailed Tests :

discusi;’g ﬁirl ilﬁrj‘r’plgtzisl;:‘i’:;{o ‘fheik whether the population mean (p) has a specified
calue Ho’ then 0 - H =K, and the alternative hypothesis may be

i) Hy 1B * Ho .l > Mg IS Bg)svon (1) Hotus>py or Gi) H,: p<p,

Jternative hypothesis in (i) viz,, | . ; _ :
g;:riatiue (both right tail and left taj)) o =g le, p> Moor pu< ) is called a two tailed

ative hypothesis in (i) ; . 2
The altern P n @) vz, H,:p> Mo 1s called a right tailed alternative.

R S A Raa 5
ik altemat:'we ypo eafus In (iii) viz, Heo: i< Mo is called a left tailed alternative.
The right tailed or left tailed alternatiyeg are call

Ift:he alte;‘rllafttl‘;zilllygozl}:ems H, in a test of a statistical hypothesis is two-tailed (i.e. both
right'tal.led e tfl % He e the corresponding test ig called a two-tailed test an;i -if the
glternat1ve M e81183 flln " test of a statistical hypothesis is one-tailed (i.e. either right-tailed
or leﬁ'tafﬂed 2 not_ o) then the_ corresponding test is called a one-ta'il'ed test ’%‘h the
glternative hy}?otheszs _plays @ very important role in deciding whether one tailed te'st (rlz'ls;zt or
Jeft) or @ two .tculed Zst is to be conducted. A two tailed test is appropriate when the null h oihesis
js some spemﬁed' value and the alternative hypothesis is a value not equal to th . fyp doat
ofnull hypothesis. qual to the specified value
9.16.1. Critical Region or Rejection Re gion

The set of values for the test statistic 7 i
44 3 t . . . .
el B ol ey region,a which the null hypothesis H, is rejected is

(i) In a two tailed test, there are two criti . {
bt ] : . 1cal regions (rejection regions) at « level of
significance and these lie equally in both the tails of the sampling distribution of means.

Thus, in a two tailed test, if the significance level is 5%, then the rejection region will be
equal to 0-05 o.f area:, equally splitted under both tails of the curve as 0-025 of area. and the
acceptance region will be equal to 0-95 of the area, equally splitted on each side of pH’ as 0-475
of area [See fig. 9.1]. From the table of areas under the normal curve, we observe thaot area of
0475 on the left of uH corresponds to — 1.96 < Z < and area of 0-,475 on the right of uH
corresponds to 0 <Z < 1.96. Thus the acceptance region for two tailed testis—1.96 <7 < 1-96‘: e °
|Z] <1-96 and the rejection regionis Z <—1.96 and Z > 1.96 ie., |Z| >1.96. The vz_alu; + 1-96 i.s,
called the critical value of Z at 5% level of significance for a two tailed test. )

Acceptance region

ot
O

—1-96 Z=1-’96'“ S
ld'b 0-025 of area

0-025 of area
Fig. 9.1 (Two Tailed)
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9.10 A o e e = ~r€!
i) Inarighttailed test, the critical region (rejection region) at o level of significay,
i : ety

entirely in the right tail of the sampling distribution of means.

A ; : t, if the significance level is 5%, then the rejection region w;j
Thu’3é)l5rl ?'srge};t‘:ilcieeg :ﬁz right tailgI;nd the acceptance region will be 0.95 of the are;l I:)ef
equ_al 0 25 f(::he area is on the right side of uHjand 0-50 of the area is on the left giqe of u,H
wh1cl§ 0-9 2? From the table of areas under the normal curve, we obserye that area of (.45 01(1’
ilslzerigi.t s‘idt.e of uH, corresponds to 0 < Z < 1.65. Thus the acceptance region f91: right taileq tont
is Z < 1.65 and the rejection region is Z > 1-65. The value 1-65 is called the critical valye of Z at
5% l;vel of significance for a right tailed test.

Gii) In a left tailed test, the critical region (rejection region) at a level of significan e lieg
entirely in the left tail of the sampling distribution of means.

Thus, in a left tailed test, if the significance level is 5%, thEI"l the.rejection region wil] he
equal to 0-05 of the area under the left tail and the acceptance region V\fln be 0-95 of the area, of
which 0-50 of area is on the right side of the uH, and 0-45 of the area is on the left side of uH,
[See fig. 9.3]. From the table of areas under the normal curve, we observ? that area of 0-45 op
the left side of uH corresponds to — 1-65 <Z < 0. Thus the acceptax?ce region for lgﬁ tailed test
is Z > - 1.65 and the rejection region is Z < — 1-65. The value — 1-65 is called the critical valye of
Z at 5% level of significance for a left tailed test.

The following figures show the acceptance and rejection regions for one tailed test at 59
level of significance :

Ce ljag

Acceptance region Acceptance region

Rejection Rejection
o A
885 regio region -
of area 1 1 of area
Z=165 N 0.05 0057 Z=-165
ko of area of area pHO
Fig. 9.2 (Right Tailed) Fig. 9.3 (Left Tailed)

Proceeding in the similar manner, we can find the rejection and acceptance regions at 1%
level of significance.

The critical values of Z at a level of significance are denoted by Z . The critical values for
two-tailed and one-tailed (right tailed and left tailed) tests at 5% and 1% level of significance are
given in the following table :

Table 1: Critical values of Z

Level of significance (o) 5% 1%

Critical values for two-tailed tests | Z, | =196 'Zal = 92.58

Critical values for right-tailed tests Z =165 Z =233

Critical values for left-tailed tests Z =-165 Z =-2.33
o

g ==
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Testing of Hypothesis aboyt Po
gd7- known Using Critical Valyes (Z
is test is based on the norma] p ili
lg‘halnce of various statistical megag
. ific ;
sigh 7-test is useful for‘compan?lg the mean of sample with 1},
ormal population in case of large sampleg
the

e hypothes;
. , when the Soer 1yp e_snzed value of me
a4 procedure of testing a hypothesis using this tegt 1s as gj

(iii) Choose a suitable level of significance

, if it is not gj
then we generally choose 5% Jeve] of s

% 1 8lven in a problem. (If not given,
1gnificance),
(i) Calculate the value of the tegt statistic Z

by using :
Z=%"H
o

—_—

vn
where X =sample mean
Ho = hypothetised value of populatién mean
G = population standarq deviation
n = size of the sample,
(v) Compare the calculated valye of the test statistic Z with Z,i.e., the critical value of Z
at o level of significance,

The rejection or acceptance of nul] hypothesis ¢
(@) One tailed (right tailed) test :

@) fZ> Z , then reject the null hypothesis Hjat o level of significance.
) IfZ <Z , then accept the null hypothesis Hj at a level of significance.
(6) One tailed (left tailed) test:

an be determined as follows :

() IfZ <Z , then reject the null hypothesis H at o level of significance.
G)IfZ>7Z « then accept the null hypothesis Hj at o level of significance.
(¢) Two tailed test :

@) If |Z| > Z_, then reject the null hypothesis H

o at a level of significance.
@)If |Z|<Z

» then accept the null hypothesis Hy at o level of significance.
EXAMPLE 1. Consider the following hypothesis :

H,:n=35

H :p+35

of 81 items is taken whose mean is 37-5 and the population standard deviation is
othesis at 5% level of significance.

Solution. Here x =375, Ho=35,n=8lando=5

A sample
5. Test the hyp
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o alternative hypothesis H,, we observe that two tailed tegt -

: X = Wy
The test statistic Z is given byZ=—5—

Jn

Z— 375—35= _2_£x9=45

J81
The critical value of Z for a two tailed test at 5% level of significance (i.e., Z,) is 1.og
Clearly, 45> 1961i.e., |Z| >Z,. :
Hence, the null hypothesis H is rejected.
EXAMPLE 2. Test the following hypothesis at 1% level of significance :
H:p,=60
H, :p<60
A sample of 100 is taken with X =58 and the population standard deviation is 16,

From the nature of th ble

b

Solution. Here X =58, p,=60,n =100 and o = 16
From the nature of the alternative hypothesis H_, we observe that left tailed test is suitable

o=
The test statistic Z is given by Z = !
Jn
58-60 -2 20
= = — 10 == = - 1 25
- I —Fe= ~"16 16

The critical value of Z for a left tailed test at 1% level of significance (i.e., Z)is-233
Clearly, - 1.25>-2.33 i.e.,Z > Z,.

Hence, we accept the null hypothesis H,,.

EXAMPLE 3. The surveyers claimed that in the state of Delhi, there has been increase in
the average size of the plot since the past five years. The previous study reported a mean size of
175 sq. yards with a population standard deviation of 130 sq. yards. A sample of 25 plots is taken
and a sample mean of 250 sq. yards is obtained. Is the evidence enough to support the claim of the
surveyor at 5% level of significance.

Solution. Here, x = 250, Ho=175, n =25 and o =130

Let us define null hypothesis H,, : Mean size of the plot = 175 sq. yards
and the alternative hypothesis H, : Mean size of the plot > 175 sq. yards

[ Itis claimed that there is an increase in the average size of plots]

From the nature of the alternative hypothesis H, we observe that right tailed test is
suitable.

The test statistic Z is given by Z = ~_H0

e
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,ﬁfs‘mﬂw ATITC . 9.13
250 175  75x5
7 = —_M_ = 130 =2.88
5 J25

tical value of Z for a right tailed test at 5%

g cri ;
ElearlY» 0,88 > 1:65i.e., 2> L,

nce, We reject the null hypothesis Hj and accept the alternative h
H?ze of the plot is greater than 175 sq. yards which supports the claim
si

level of significance (t.e.,Z,)is 1-65.

ypothesis H  that
of the surveyor.

EXERCISE 9.1&

ped?

consider the following hypothesis :
L Hy:p=46
H,:p=46
A sample of 49 items is taken whose mean is 48-6 and the population standard deviation is 8. Test
the hypothesis at 5% level of significance.
g, Test the following hypothesis at 5% and 1% level of significance :
H:p, =72
H,:p>72

A sample of 144 is taken with X = 74 and the population standard deviation is 14.

g, Asample of 400 male students is found to have a mean height of 67-47 inches. Can it be reasonably

regarded as a sample from a large population with mean height of 67-39 inches and standard
deviation of 130 inches. Test at 5% level of significance.

4. The mean of a certain production process is known to be 50 with a standard deviation of 2-5. The
production manager has claimed a decrease in the production process this year. A sample of 12 items

is taken, which gives a mean value 0f48.5. Is the manager’s claim valid. Test the manager’s claim at
1% level of significance.

ﬁ ANSWERS —

1. Z = 2:275; Null hypothesis H, is rejected

2. Z=1.71; Null hypothesis H,, is rejected at 5% level of significance and accepted at 1% level of
significance

3. Z=1-231; Null hypothesis H is accepted 4. Z =-2:0784; Null hypothesis H, is rejected.
9.18. » STUDENT’S ¢-TEST

The sampling theory for large samples is not applicable in small samples because when
samples are small, we cannot assume that the sampling distribution is normal. So we require

a different technique for testing small samples, particularly when population parameters are
unknown.

In the year 1905, Sir William Gosset developed a test called £-test for testing small samples
and published his discovery under the pen name Student. Thus this test is also called Student’s
t-test. This test was based on ¢-distribution and so it is also known as Student’s ¢-distribution.
Itisused when the sample size is less than 30 and the population standard deviation is unknown.
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If (x,, Xgy «eves x,} is any random sample of size n drawn from a normal Populatiy, ..
mean p and variance o2, then the test statistic ¢ is defined by N wity H
pu Bk
s "

In

n
where X = 2 Z x; is the sample mean
n

i=1

1

n
and S%= 3 Z(x,- — x)? is the unbiased estimate of population variance o2,
i=1

1< &
If s2 is the sample variance, then s% = s Z(x,— -x)?

i=1
g2 o g2 §2
= 2 n-1 n n-1
: s .
\/; o1 «(2)
Thus, the test statistic ¢ = x é B can also be defined as ¢ = x; H [Using (2)

\/; n-1

where s is the sample standard deviation.

The test statistic ¢ follows Student’s t-distribution with probability density function f (¢)
given by

v+1

2) 2
f(t)=C[1+t—] ,— <t <o, where
v

C = constant required to make the area under curve equal to unity

and v=n -1 isthe number of degrees of freedom.

The t-distribution has been derived mathematically under the assumption of normal
distribution.
9.18.1. Degrees of Freedom

The degrees of freedom refers to the number of values which have the freedom to vary. It ‘
is denoted by v and it is an integral part of inferential statistics. For example, if 30 students are
to be seated in a classroom containing 30 seats, the first 29 students have a choice to sit at any
of the 30 seats, but the 30th student is left with only one seat i.e., the first 29 students are free

to vary as regards their sitting position but the 30th student cannot vary. Hence the degrees of
freedom = (30- 1) = 29.

Thus, the degrees of freedom refers to number of logically independent values which have
a freedom to vary in computing a statistic.

Remark : For a sample with n observations kl, X9y Xgseeeery X,, the sample mean ¥ has n degrees

of freedom and the sample standard deviation has n — 1 degrees of freedom (since
sample standard deviation depends on mean) :
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W L oPERTIES OF t-DISTRIBUTION
9 9. | 4 'I",: probabﬂity density function of a ¢-distribution is given by
- e
. v+1
1 2y
fO)=Cl1+—
v
e observe that f(¢) =—f(t) and therefore the ¢-distribution curve is symmetrical about
the line t = 0
t=0
: 4
Standard norma o o _
distribution ~ t-distribution for v = 15
t-distribution for v =5
o)
Fig. 9.4

9. The variable ¢ of ¢-distribution lies between — « to + .

As the number of degrees of freedom increases, the ¢-distribution curve moves closer
and closer to the standard normal distribution curve as shown in fig. 9.4.

4. The mean of the ¢-distribution is zero.

5. The variance of the ¢-distribution is greater than 1, but approaches 1 as the degrees of
freedom and the sample size becomes large. Thus, as the sample size increases, the
variance of the t-distribution approaches the variance of the standard normal distribution.

6. If degrees of freedom is infinite i.e., v = oo, then the ¢-distribution curve and normal
distribution curve are exactly the same.

7. The t-distribution has proportionately greater area in its tails than the normal
distribution.
9!19.10 The t-table

At-table is a table showing probabilities (areas) under the probability density function of
the ¢-distribution for different degrees of freedom. The ¢-distribution values or ¢-values have
been tabulated for various levels of significance o viz., o = 0-10, 0-05, 0-025, 0-01, 0-005 and
degrees of freedom (v) = 1, 2, 3,......, 29. This table is appended at the end of this book.

From the ¢-table we can obtain the values of ¢ with v degrees of freedom at o level of
significance. This value is denoted by t,(a), wheret (a)issuchthat P(|¢]| >¢ (o) = a.

The ¢t-distribution has different values for each degree of freedom. When degrees of freedom

is 30 or more, then probabilities related to ¢-distribution are approximated using the normal
distribution table.

Reading of #-table : If we have to find the value of ¢ at 5% level of significance
(ie., & = 0-05) with 9 degrees of freedom i.e., we have to find #,(0-05), then we locate the value
Which is at the intersection of the column headed by 0-05 and the row of 9 degrees of freedom (d.f.).
From the t-table, we observe that £,(0-05) = 1.833,

bl
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LICATIONS OF ¢t-DISTRIB o o

9.20. I’t hAP :ection we shall discuss the following two applications of t-distributiy, .
n ls -~

tont fa random sample i.e., to test if the q,
L e cantly O e hypothetical value of the population meg(
ajlcso called one-sample ¢-test. | |
9. To test the significance of the difference between means of two independen -
. This is also called two-sample t-test.
9.21. » TEST OF SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEAN OF A RANDOW
SAMPLE AND POPULATION MEAN
Consider that a small random sample {x;, X5, Xg;----, x,) v\.rith. sample size 7 and megy, % e
drawn from a normal population. To determine if there is a significant d.ifference between th;
sample mean and the hypothetical value of population mean, when population standarq devi ation
(o) is not known, we proceed as follows :
1. Define the null hypothesis H : There is no significant difference between the sample

mean (X ) and the population mean (p).
and the alternative hypothesis H, : There is a significant difference between the sample meq,
(x ) and the population mean (p).

pl(j m(;a
an (), Thi, is

pleg.

2. Calculate the test statistic ¢ by using ¢ = i

n-1
where x¥ = sample mean, p = population mean (or hy pothetical mean of population)
s = sample standard deviation, n = sample size
3. Find the value of |¢| and compare this value with the table value of ¢ with v = (n— 1
degrees of freedom at o level of significance i.e., £ (o).
(@) Ifthe calculated value of |#| < table value of £ (a), then accept the null hypothesis
H, (i.e., difference is not significant) at o level of significance.

(@) If the calculated value of |¢| > table value of ¢, (o), then reject the null hypothesis

H,and accept the alternative hypothesis H, (i.e., the difference is significant) at o
level of significance.

The following figure exhibits the acceptance and rejection regions at o level of significance.

Acceptance region

Rejection region

Rejection region
/2 >

al2

= tv(a) o} tv(a)
Fig. 9.5

A
Remark : For a two-tailed ¢-test, the table value of % is taken for o.. Thus at 5% significance level
i.e.,for o = 0-05 and v =9, the table value of t4(0-025) should be taken.This is so because

b7} a
at a level of significance, 2 of area is located in each tail of the curve (Ref. fig. 9.5).
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5 NFE gidence Intervals for Population Mean
g nfidence interval for population mean () with 95% confidence level (i.e., at 5% level

ce) s g’lven by

" s
xx r———n—-l

/jft ,(0:05) and x + ns_ t,(0-056) are called 95% confidence limits or
jence limits at 5% level of significance.
confid®

Th conﬁdence interval for population mean (n) with 99% confidence level (i.e., at 1% level
e

fsigﬂlﬁcance) 18 glven by

0

s
1fn.—l

5 __¢,0-01) and x+Ltv(0-01) are called 99% confidence limits or
fn 1 -‘}n—l

confidence limits at 1% level of significance.

EXAMPLE 1. An industry produces iron rods with mean thickness 0-025 025 cm. A random
sample of 10 rods was found to have mean thickness of 0-024 cm with a standard deviation of
0-002 cm. Test the srgmﬁcance of difference between the mean tiilckness at 5% level of significance.
[Use t9 (0 05) =2-262]* [CBSE Sample Paper 2024] - .

Solutlon Here, population mean (u) = 0-025 cm, sample mean (x) = 0-024 cm,
sample standard deviation (s) = 0-002 cm and sample size (n) = 10.

Define the null hypothesis H,: There is no significant difference between the sample mean
(x) and the population mean ()

an
Jfsi8” ﬁc

. £,(0- 05)} , where s is the sample standard deviation.

XL

. £,(0- 01):| , where s is the sample standard deviation.

and the alternative hypothesis H_ : There is a significant difference between the sample mean
(x) and the population mean ().

The test statistic ¢ is given by ¢ = x;u
n-1
iy o 0-024—0-025=_0-001><3=_1_5
0-002 0-002
J10-1
= |t] =15

—

* Note: Fora two tailed test, table value of /2 is taken for o.. Here the given value 2-262 infact corresponds
to ty (0-025) in the ¢-table.
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The test statistic ¢ follows Student’s ¢t-distribution withv=n-1=10-1ie,,9 degrees of

freedom.

We now compare the calcu
freedom at 5% level of significance i.e., ty(0-05),

Clearly, 1:5 < 2:262 i.e., calculated value of |¢ | <table valfle of 4 (0-05).

Thus the null hypothesis H,is accepted at 5% level of significance.

Hence, there is no significant difference between the population mean and sample megqp, at
5% level of significance. |

EXAMPLE 2. A factory produces PVC pipes with mean inneir (iizameter of 4 cm. A sample f
17 pipes gives a mean inner diameter of4-02cmanda s.tan.dard deviation of 0-09cm.Is the differens,
in the value of means significant ? Test at 5% level of significance. [Use t,;(0-05)=2.79 0

Solution. Here, population mean (p) = 4 cm, sample mean (x) = 402 cm

sample standard deviation (s) = 0-09 cm and sample size (n) =17

Define the null hypothesis H,,: There is no significant difference between the sample mean,

(%) and the population mean ()

and the alternative hypothesis H_ : There is a significant difference between the sample mean
() and the population mean ().

lated value of |t| with the table value of ¢ for 9 degreeg

which is given to be 2.262. of

x —
The test statistic ¢ is given by ¢t = . &
‘ . n-1
4-.02-4 0-02x4
: = = =0-889
= =709 " 0.09

J17-1

The test statistic ¢ follows Student’s -distribution with v=n —1=17 — 1 i.e.,16 degrees of
freedom.

We now compare the calculated value of |¢| with the table value of ¢ for 16 degrees of
freedom at 5% level of significance i.e., t,6(0-05), which is given to be 2:120.

Clearly, 0-889 < 2-120 i.e., calculated value of |¢| < table value of t,6(0-05)

Thus the null hypothesis H, is accepted at 5% level of significance.

Hence, there is no significant difference between the sample mean and the population
mean at 5% level of significance.

EXAMPLE 3. A publishing company launched a new book and distributed it to the retail
shops for selling it. Before an advertisement campaign, the mean sales per week per shop was 180

books. After the campaign, a sample of 26 shops was taken and mean sales per week was found to
be 192 books with standard deviation 18. Can you consider the advertisement campaign effective

at 5% level of significance ? [Use t,,(0-05) = 2.060]
Solution. Here, population mean (u) = 180, sample mean (¥) = 192,
sample standard deviation (s) = 18 and sample size (n) = 26



?1ethe population mean ()
-)an

(¥ the a1t,ern:alt;ive hypothesis H « - Thereis a significant differ

3‘:) ond the population mean (p).
(% _

. . . X —
The test statistic ¢ is given by ¢ = - H
n=q
192-180 12x5
= t= 18 e 18 =3-333

26 -

7

The test statistic ¢ follows Student’s ¢t-distribution with v = , 1=26-1i.e., 25 degrees of
freedom.

We now compare @he.calculat.ed value of |¢| with the table value of ¢ for 25 degrees of
freedom at 5% level of significance i.e., ty5 (0-05), which is given to be 2-060.

Clearly, 3-333 > 2:060 i.e., calculated value of |t| > table value of ¢, (0-05).

Thus tl.ne r_mll hypothesis H,, is rejected and the alternative hypothesis H, is accepted at
5% level of significance.

Hence, there is a significant difference between the population mean and the sample mean
and therefore we can conclude that the advertisement campaign is effective.
EXAMPLE 4. A random sample of size 16 has mean 65 and the sum of squares of the

deviation taken from mean is 256. Can this sample be regarded as taken from the population
having 68 as mean. Test at 5% level of significance . [Use t,;(0-05) = 2.131]

Solution. Here, population mean (u) = 68, sample mean (¥) =65, L(x, —x)? = 256 and
sample size (n) = 16

1 s 256 256
Weh 2 = L y(y, —5)2 = 256 =f _4
ehave s i (x; - ) e = ¢ ie

Define the null hypothesis H,: Thereis no significant difference between the sample mean
(¥) and the population mean (u)
and the alternative hypothesis H, : There is a significant difference between the sample mean
(x) and the population mean (p).

The test statistic ¢ is given by ¢ = x;“
n-1
= t=85-68 _ 3 f5--243.87=-2.90
R 4
J16 -1
= |t] =290

The test statistic ¢ follows Student’s ¢-distribution withv=n—-1=16-11.e., 15 degrees of
freedom.,
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are the calculated value of |t] with. thg table value of ¢ for 15
S el ficance i.e., {5 (0-05), which is given to be 2:131 deg’ees of

freedom at 5% Jevel of signi
d value of |t| > table value of ¢,,(0-05)

Clearly, 2:90 > 2.131i.e., calculate
Thus the null hypothesis H, is rejected and alternative hypothesis H_ is accepted g
%

level of significance. .
gnificant difference between the population mean and the sample e

Hence, there is a si _
and therefore we can conclude that the sample is not taken from the population having gg
as

mean.
ctrical items makes electric tubelights an clai

EXAMPLE 5. The manufacturer of ele "
his tubelights have a mean life of 26 months. A random sample of 6 such tubelights fibe ¢ het

following values :
Life in months : 24, 26, 30, 20, 20, 18.

Can you regard the manufacturers claim to be valid at 1% level of significance ?
[Use t, (0-01)=4.
Solution. Here, population mean (n) =25 k )=4032)

x; 138
sample mean (x ) = —;L rwe 23 and sample size (n) =6

Define the null hypothesis H,,: There is no significant difference between the sample meay,
(x) and the population mean (p)
and the alternative hypothesis H, : Thereisa significant difference between the sample meap,
(x) and the population mean (p).

Calculation of s :
; X - % (x;— x )
(x =23)
24 1 1
26 3 9
30 7 49
20 -3 9
20 -3 9
18 -5 25
Zx; =138 Z(xi—f)2=102

_ [ -3%) 102
s'r= 5 =V17=4.123

The test statistic ¢ is given by ¢ = Xa i
s

n-1
iy ;= 23-26 -2 '
4123 4123 2236=-1085 = |t|=1.085

6-1
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' e test statistic ¢ follows Student’s t-distribution with v = n=1=8-1ie. 5 degrees of
m.
eed(:Ne now compare the calculated value of |t

with the table value of ¢ for 5
o atal% level of significance i.e., t5(0-01), w S
0

hich is given to be 4.032.
Clearly, 1.085 < 4:032 1.e., calculated value of |t| <table value of ts(0-01).

Thus, the null hypothesis H, is accepted at 1% leve] of significance,

Hence, there is no significant difference between the sam
therefore the manufacturer’s claim is valid at 19
d

=N A Bl

; g g
2 St Ak
Ay, ST T

. 9.21
fra

ple mean and population mean,
level of significance,
EXAMPLE 6. The lifetime of electric bulbs for q random sa

mple of 10 bulbs from q large
m the following data
con$

Bulb : 1 20 8. 41 & 6§ |7 1819 1o
Lifetimeinthousandhours: 4-2(4.6|3-9(4-1|5-2/3.8 3.914.3

4-4\5.6
Determine whether we can accept the hypothesis that the average lifetime of bulbs is
4 thousands hours. Test at 5% level of significance. (Use t,(0.05) = 2.262]

: UEE T
Solution. Here, population mean (u) = 4, sample mean () = =%i - 44

—Ll=""_-4.4
10 10

and sample size (n) =10

Define the null hypothesis H,, : There is no significant difference between the sample mean
(5) and the population mean () :

and the alternative hypothesis H o+ Thereis a significant difference between the sample mean
- (%) and the population mean ().

Calculation of s :
| % X~ X (x;— x )?
(x =4-4)

4-2 -02 0-04
46 02 0-04
39 -05 0-25
41 -03 0-09
52 08 0-64
3-8 -06 0-36
39 -056 0-25

4.3 -01 001
44 0 0

56 1-2 144

Tx; =44 Z(;-x)? =312
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_%°% [3.12 e
3 \/E(x.n X) =‘f1 - f0-312 =056

0
—_—r X -
The test statistic ¢ is given by £ = —

n-1

sl e 46%5:34 ) 00%523 ey
o
The test statistic ¢ follows Student’s ¢-distribution withv=n—-1=10-1ie, 9 degree, of
freedom.

We now compare the calculated value of |t|_ wi-th 1_:he table value of ¢ for 9 degreeg i
freedom at 5% level of significance i.e., t4(0-05), which is given to be 2:262.

Clearly, 2143 < 2.262 i.e., calculated value of || < table value of £4(0-05),
Thus the null hypothesis H is accepted at 5% level of significance.

Hence, there is no significant difference between the sample mean and population mean,
and therefore we can accept that the average life time of the bulbs is 4 thousand hours.

EXAMPLE 7. A random sample of 26 values taken from a normal population has a meqn, of
160 cm and the sum of squares of deviation from the mean is 2450 cm?. Is the assumption that
the population mean is 165 cm valid or not ? Test at 5% and 1% levels of significance. Also, obtain
the 95% and 99% confidence limits. [Use t,;(0-05) =2-060 and t ,,(0-01) = 2.787)

Solution. Here, population mean (p) = 165, sample mean (x) = 160, sample size (n) = 26
26
and ) (x; - %)% =2450
i=1

1« . 2450
2= = . -x)2 = "—"—=94.23
s n,-zzl (x; = x) 26

=% §=4/94-23 =9-707

Define the null hypothesis H; : There is no significant difference between the sample mean
(x) and the population mean (p)

and the alternative hypothesis H, : There is a significant difference between the sample mean
(x) and the population mean (p).

The test statistic ¢ is given by = — ; a

n-1

5 ,_160-165 _ 5x5
T 9707 T 9.707

V26 -1

=-2.575 .
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. ﬂ;pEBENT N 0.23
The test gtatistic ¢ follows Student’s t-distribution with v = (n — 1) = 26 — 1 i.e., 25 degrees
edom-

of compare the calculated value of |¢| with the table val f
“!:;0;% and 1% levels of significance. Al A e
0 \
At 5% jevel of significance : We have ¢,,(0:05) = 2-060. (Given)

Clearly 2.575 > 2-:060 i.e., calculated value of |¢| > table value of ¢, (0-05)

Thus the null hypothesis Hy is rejected and the alternative hypothesis is accepted at 5%
ofsignificance

Hence, there is a significant difference between the sample mean and population mean
assumption that population mean is 165 cm is not valid.

jove!
d therefore our
The 95% confidence limits (i.e., at 5% level of significance) are :

L) 8 S
,/n -1 Jn-1

97070 060 ' and 160 + 20

tos(0-05) and X +

t25 (0 = 05)

160 - x 2-060

L€

160 — 3-999 = 156-001 and 160 +3-999 = 163-999.
At 1% level of significance : We have t,,(0-01) = 2:787. [Given]
Clearly, 2-575 < 2787 i.e., calculated value of |¢| < table value of ;5 (0-01)

Thus the null hypothesis His accepted at 1% level of significance.

Lew

Hence, there is no significant difference between the sample mean and population mean
and therefore our assumption that population mean is 165 cm is valid.

The 99% confidence limits (i.e., at 1% level of significance) are :

_ s L s
x - t-x(0-01) and x + t,-(0-01)
=) 25 1 25
ie., 160 — 21501 x2.787 and 160+ 9404 x 2-787
Le., 160 —5-411 = 154-589 and 160 + 5-411 = 165-411.

———————) EXERCISE 9.2 ——

1. Consider the following hypothesis :
Hy:p= 200
H,: p # 200
A sample of 17 items gave a mean of 210 and standard deviation 50. Test the hypothesis at 5% as
well as 1% level of significance. [Use t,4(0-05) = 2:120, ¢,5(0-01) = 2.921]

2. An auto industry is making a bearings of engine with mean diameter of 0-7 inch. A random sample
of 10 parts gives a mean diameter 0-742 inch with a standard deviation of 0-04 inch. Is the difference

in the values of mean diameters significant. Test at 5% level of significance. [Use t4(0-05) = 2-262]
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3. A machine is designed to produce insulating washers for electrical deviceg With me
0-080 cm. A random sample of 26 washers was found to have a mean thicknegg °f0'0;n thickne,
standard deviation of 0-005 cm. Test the significance of the difference betweep the me 5 8
of significance. [Use ¢

IS

ang at thh a

4. A machine produces washers of thickness 0.50 mm. To determine whether the Maching ;,

working order, a sample of 10 washers is chosen for which the mean thickness i 0.53 in Prope,
standard deviation is 0.03 mm. Test the hypothesis at 5% level of significance whethe, ;llm ang g,
is working in proper order. [Given ¢,(0-05) = 2-262] [CBSE Sample Pa:;l:ch-
02
12.'1 and the Btand 4]
1457 I et at h
[Use £4(0-01) - 1%,
6. The average annual labour turnover of industrial units in a large industria] areg
A sample of 9 industrial units taken at random gives the average annyg] la
300 employees with a standard deviation of 30 employees. Examine the signific
between the average turnover at 5% level of significance. [Use t5(0.05)

7. A random sample of size 16 has 53 as mean. The sum of the squares of the deviatj
mean is 135. Can this sample be regarded as taken from the population having 56
5% level of significance. '

5. For a random sample of size 10 from a normal population, the mean ig
deviation is 3:2. Is it reasonable to suppose that the mean of the populatio
significance level.

is 320 em
bour t,

= 230g)
0ns takey from
STMean ? Teg ,

t
[Use ¢,,(0.05) 213

8. Asample of 10 copper wires drawn from a large lot have the following breaking strength (in kg Weight

678, 572, 570, 568, 572, 578, 570, 572, 596, 544

Is the assumption that the mean breaking strength of the lot is 578 kg valid. Test a

t 5% leve] of
significance.

9. The 1.Q. scores of a random sample of 14 boys taken from a population were found to be :

70, 120, 110, 101, 88, 83, 95, 98, 107, 100, 128, 90, 82, 86

Is the assumption that the mean 1.Q. of the population is 100, valid or not. Test at 5%

level of
significance.

[Use t,5(0-05) = 2-160]
10. Ten students are selected at random from a college and their heights are found to be 100, 104, 108,

110, 118, 120, 122, 124, 126 and 128 cms. Can you claim that the mean height of the students of
college is 110 cm. Test at 5% level of significance. [Use £,(0-05) = 2.269]

11. A random sample of the heights of 10 students from a large number of students in a school have
mean height of 5-6 ft. with a standard deviation of 0-75 ft. Find (i) 95% and (ii) 99% confidence limits
for the average height of all the students of the school. [Use £5(0-05) = 2:262 ; to(0-01) = 3-250]

— - ANSWERS _

1. |t]| =0-8; No significant difference at both 5% and 1% level of significance ‘

2. [t| =3-15; difference is significant 3. |t| =5 difference is significant
4. |t]|=3;No 5. |t| =2-32;Yes
6. |t| = 1-885; no significant difference 7. |t]| =4; No
8. |t] =1-488; Valid 9. |t] =0.716 ; Valid
10. |¢| =194 ;Yes 11, (i) 5035 ; 6-165 (ii) 4.788 ;6413



TEST OF SIGNIFICANCE OF THE DIFFERENC | 5
o NDEPENDENT DOMSANELES E BETWEEN THE MEANS OF TWO

independent random samples {

LetthetWO p X1 Xy Xgyeeny X, d

and 7y with means x and ¥ and standard defrlati ) and {y,, Yor ¥3»
5 same normal population. To determine if there g
, sample means X and y, we proceed as follows :

..... s Yut of
on s, and 8, respectively, be drawn
a sugmﬁcant difference between the

1. Define the null hypothesis H: There is no significant difference between the means of
0 Samples
und the alternative hypothesis H, : There is a significant difference between the means of two
samples-

9, Calculate the test statistic ¢ by using ¢ = e 3

s’i+i
- ny ng

X - nyn i i
or t= Y x 12 where S (combined standard deviation) = e WL
S n, +ny n,+ny, —2
Here, the test statistic ¢ follows Student’s ¢-distribution with v = n, +n,—2 degrees of
freedom.

3. Find the value of |t| and compare this value with the table value of ¢ for
v =(n, + n, — 2) degrees of freedom at o level of significance i.e., t (o).

(@) If the calculated value of |¢| < table value of t,(a), then accept the null hypothesis

H,, (i.e., the difference between the mean of two samples is not significant) at o level
of significance.

(@) Ifthe calculated value of || > table value of ¢ (o), then reject the null hypothesis H,,

and accept the alternative hypothesis H, (i.e., the difference between the mean of
two samples is signiﬁcant) at o level of significance.

Mo

2 2 2
“Remark : We have s; =n—1; (x; —x)" and s, —nz Z (yi -y

i=

nlslz + NgSg : i=1 =1

i —\2 an o2
J = (x; —%)" + =)
S=

n,+ny—2 ny+ny—2

—_-[_5,0 LVED EXAMPLES_

EXAMPLE 1. For the following data, examine if the means of two random samples differ

significantly at 5% level of significance : [Use t,5 (0-05) = 2:060)
Size Mean Standard deviation
Sample I : 10 200 1;)
Sample Il : 17 220
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Temes  [10% (10)% +17x(8)*
ny sy g - =0
S = —"—1-'_"7’:-:—2—- 10 + 17

Solution. Here 7,

1000 + 1088 _ (2088 _ /33752 =9.14
=\~ 25 26

There is no significant difference between the Meang of

Define the null hypothesis H, :
two samples . o .
and the alternative hypothesis H : Thereis a significant difference between the Meang of
two samples.

By o TR
The test statistic ¢ is given by = """ ny + g
200-220 [10x17 WLt N
= T SRS 914 V27 T 914
= |t| = 5942

The test statistic ¢ follows Student’s ¢-distribution withv=(n;+n,-2)=(10+17-2),
25 degrees of freedom.

We now compare the calculated val
freedom at 5% level of significance i.e., g5

Clearly, 5942 > 2:060 i.e., calculated value of || > table value of ¢, (0-05).

Thus, the null hypothesis H, is rejected and alternative hypothesis H_ is accepted at 5%
level of significance.

Hence, there is a significant difference between the sample means of two random samples,

EXAMPLE 2. The mean of 1.Q.’s ofa group of 18 students from one area of a city was found
to be 95 with a standard deviation of 10, while the mean of 1.Q.’s of a group of 12 students from
another area of a city was found to be 100 with a standard deviation of 8. Test whether there isa

significant difference between the I.Q.’s of two groups of students at

(1) 1% level of significance (1) 5% level of significance.
[Use t,q (0-01) = 2-763, t,4 (0-05) = 2.048)
Solution. Heren, =18, x=95,5, =10 and n, =12, y=100, s, =8

- ns” +ngs,”  [18x(10)° +12x(8)?
o n1+n2—2 a 18+12-2

ue of |t| with the table value of ¢ for 25 degrees of
(0-05), which is given to be 2-060.

1800 + 768 2568 R
=\[ 28 _J 2 2:98

Define the null hypothesis H;, : There is no significant difference between 1.Q.’s of two
groups of students.
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4

; ernative hypothesis H,, : There is a significant difference between 1.Q.’s of two
e
ﬂ‘d th Ofstudents'

;rouPS stic ¢ is given b t=§—_ix L0
The test statistic £ 18 81 y S ok P
__95-—100)( 18x12 5 ’ ’216_ 5 49,685 ~1.808
5 = "9.58 18 +12 9.58 30  9.88.. .

t statistic ¢ follows Student’s ¢-distribution with v = 18 + 12 — 2 i.e., 28 degrees of

=
The tes

m. _

” pow compare the calculated value of |¢| with the table value of ¢ for 28 degrees of
“:: ot 1% and 5% level of significance.

0

At 1% Jevel of significance : We have #,4(0-01) = 2.763. (Given]
Clearly, 1.398 < 2-763 i.e., calculated value of |#| < table value of ,5(0-01).
Thus, the null hypothesis H, is accepted at 1% level of significance.

Hence, there is 10 significant difference between 1.Q.’s of two groups of students at 1%
level of significance.
At 5% level of significance : We have t,,(0-05) = 2:048. [Given]

Clearly, 1:398 < 2:048 i.e., calculated value of |¢| < table value of #,5(0-05).
Thus, the null hypothesis H, is accepted at 5% level of significance.

Hence, there is no significant difference between 1.Q.’s of two groups of students at 5%
evel of significance.

EXAMPLE 3. The following information was obtained related to the sales of a product in
two shops in Delhi and Mumbai :

Delhi : x=35|Zx,=40 | £x° =275 | n; =12
Mumbai: | y=5 y; =48 | 2y,°=235 | n, =10

‘Is'there a evidence of significant difference in the sales in Delhi and Mumbai. Test at 5%
level of significance. [Use t,, (0-05) = 2-086]

2 2
) n.s," + nys
Solution. We have S? = 11 2

n+ng—2
2_ 1 =2 gl £
Now, s,°= — Z(x; —X) and s,  =—2ZXZ(y; - )
n ny
= —2
n, + ng — 2 )
v I(x; -x)’ = Ex,'z - 2% Zx; + x2
v — 3 .2 — 9% r =2
82 N (Exiz ke nlfz) + (Zyiz s n2y2) lez 2x .—nzlx + fil:
ny +ng — 2 =Xx;° -2n,x% + n,x
L =in2 = nli 2
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275 - 12X (3-5)*1+ (235 - 10 x (6)°]

12 +10 - 2
 275-147+235-250 118 565
- 20 = 20

= S=.5-65=2377

Define the null hypothesis H,: There is no significant difference between the sales ip
Delhi and Mumbai.
and the alternative hypothesis H,: Thereisa significant difference between the sales ip, Delh;
and Mumbai.

e e ot g (I T
The test statistic ¢ is given by = —¢ ny +ny
,_385-5 [12x10
e - 2.3717 {12+10

15 120 _ 19 . o34-_1.477
2-377 22 2-377
— |t] =1.477
The test statistic ¢ follows Student’s ¢-distribution with v =12 + 10 - 2 i.e., 20 degrees of
freedom.

= =

We now compare the calculated value of |¢| with the table value of ¢ for 20 degrees of
freedom at 5% level of significance i.e., ¢,,(0-05), which is given to be 2-086.

Clearly, 1.477 < 2:086 i.e., calculated value of |¢| < table value of¢,,(0-05).
Thus, the null hypothesis H, is accepted at 5% level of significance.
Hence, there is no evidence of significant difference in the sales in Delhi and Mumbai.

EXAMPLE 4. Two laboratories A and B carry out independent estimates of protein content
in a mixture made by a firm. A sample is taken from each batch, halved, and the separated halves

are sent to the two laboratories. The protein content obtained by the laboratories is recorded
below :

Sample No.: | 1 | 2 |3 | 4|5 |6 |7 | 8|9 | 10
Lab. A : 5|16 |5 |3 |7 |8 ]|10| 4| 4 8
Lab. B : 106 |6 |7 | 8|7 |8| 9| 3 6
Test whether there is a significant difference between the mean protein content obtained by
the two laboratories A and B, at 5% level of significance. [Use t,, (0-05) =2-101]

Solution. Define the null hypothesis H : There is no significant difference between the
mean protein content obtained by the two laboratories A and B.

and the alternative hypothesis H, : There is a significant difference between the mean protein
content obtained by the two laboratories A and B.
_ _ZXx; 60 __Zy; 70

Here x=—+=—=6 and =—=T7
n; 10 i n, 10
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We now compute the values of ¥ (x; - x)2

and X (y; - 3)2 from th :
' e foll .
e i X — % (x, — £) — oOWing tables :
xl' - " yi y e 5,‘ ( -9
(x =6) (_' Yi=¥)
= 1 =1 G-
0 3 5
6 0 0 6 o 1
b -1 1 6 _1 :
3 -3 9 7 0 5
7 1 1 8 1 .
8 2 4 - " .
4 -2 4 9 9 4
4 -2 4 3 _4 -
8 2 4 6 -1 .
24,= 60 20y -2 =44 || 35,=70 Z(y; - 5)? =34
o gz X = D + Xy, - 5)?
’ ny+n, —2
44 + 34 78 78
82 T T —— = _ =9,
= 10+10-2 18 — S=y1g=208
The test statistic ¢ is given by ¢ = £y s |-l
S ny +n,
Ln t=6—-7 10)(10_-_ 1 100— 1
2-08 |10 + 10 2.08V20 308 2 24=-1077
= |t] =1.077
The test statistic ¢ follows Student’s t-distribution withv=10+10-2i¢,, 18 degrees of
freedom.

We now compare the calculated valu

e of |¢| with the table value of
freedom at 5% level of significance i.e., ¢

t for 18 degrees of
18(0-05), which is given to be 2:101.
Clearly, 1.077 < 2-101 i.e., calculated value of |t| <table value of t,5(0-05).

Thus the null hypothesis H, is accepted at 5% level of significance.

Hence, there is no significant difference between the mean protein content obtained by
the two laboratories A and B.

EXAMPLE 5. The marks obtained by two groups of students in an examination are as
follows -

Group A:|31|38|26|34(32|18|24(26(30|31|21|25

Group B: |44 (24|33 |10(16 |37 |40)|37|26|43(40)|21|23|19|22

Examine the significance of difference between the mean marks of students of the two groups
at 5% level of significance. [Use t,,; (0-05) = 2-060]
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Solution. Define the null hypothesis H,, : There is no significant difference |

mean marks of students of two groups Ctweep, the

and the alternative hypothesis H, : There is a significant difference between th

e
of students of two groups. Mea

nmarkﬂ
Lx;, 336 Ly, 435

Here, n, = 12, n, = 15, i’z—n—=—-1—é—=28 and §=n—=1_5=29
1 2

We now compute the values of  (x; — X ) and £ (y; - 5)* from the following tableg .

X, X -x (x; - %)° Yi Y=y %
(% = 28) (y =29) Y

31 3 9 44 15 "
38 10 100 24 -5 %%
% -2 4 33 4 16
32 4 16 16 -13 169
18 -10 100 37 8 64
24 -4 16 40 11 121
26 -2 4 37 8 64
30 2 4 26 -3 9
31 3 9 43 14 196
21 -7 49 40 11 121
25 -3 9 21 -8 64
Zx, = 336 z (x; - x)? 2 =4 36
=356 19 -10 100
22 = 49

Ty, = 435 Z(y; —¥)?* =1620

_Xx -®° + 3y - 356+1620 1976
ny +ng -2 T 12+415-2 25

1976
= . J—— =8-89
- =y
The test statistic ¢ is given by ¢ = —2 x |12
S nl +n2
28 -29 [12x15 1 ’180 1
B 2 889 \12+15  8.89Y 27 “—8_89X2-58=—0-290

— |t] =0-290

The test statistic ¢ follows Student’s ¢-distribution with v = 15 + 12 — 2 i.e., 25 degrees of
freedom.

Now, S2
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We oW compare the calculated value of |t| with the
e

AR . table value of ¢ for 25 d f
at 5% level of significance i.e., ¢,,(0.05), which is giv cgrees o
om

en to be 2.060.
Clearly, 0-290 < 2-060 i.e., calculated valye of || <table valy

eoft, (0-05).
Thus the null hypothesis H; is accepted at 59

level of significance.
Hence, there is no significant difference between the mean marks of two group of students.

H EXERCISE 9.3&

For the following data examine if the means of two random sam
1.

ples differ significantly at 5% level
Size Mean Standard deviation
Sample I: 6 40 8
Samll:le II: 5 50 10 [Use ty (0-05) = 2-262]

9. The sales in shops of two towns for a new product gave the following result :

Town Mean Sales Variance Sample Size
A: x =587 312=5-3 n=>5
B: y=61 322=4-8 ng =17
Is there a significant difference between the sales in shops of town A and B ? Test the hypothesis at
5% level of significance. [Use t,, (0-05) = 2.228]
3.

The mean produce of wheat samples of 10 fields is 145 kg per acre with a standard deviation of
42 kgs. The mean produce of another sam

ples of 17 fields gives a mean of 128 kg per hectare with a
standard deviation of 39 kgs. Is there a si

gnificant difference between the mean of two samples. Test
at 5% level of significance. [Use t,, (0-05) = 2.060]
4. In a test attempted by two groups of students, the following marks were obtained -
First group: 18 20 36 50 49 36 34 49 41
Second group: 29 28 26

35 30 44 46
Test the significance of difference between the mean of the marks secured by the students of the
above two groups at 5% level of significance.

[Use £,4(0-05) = 2.145]
The heights (in inches) of 6 randomly chosen sailors are : 63, G'f, 69, 72, 75, 74.

The heights (in inches) of 10 randomly chosen soldiers are : 61, 62, 65, 66, 69, 71, 70, 71, 72, 73.

Examine if there is a significant difference between the average heights of the sailors and soldiers
Test at 5% level of significance. [Use t,, (0-05) = 2.145)

The weights (in kg) of workers in the factories of two cities is as given below :

[ City A [ 59 [48 [ 49 | 46 | 66 | 69 | 74 [ 42 | 68 [ 56 [ 72
| City B: |55 [ 50 | 49 | 66 | 62 | 68 | 71 | 74 | 64 | 75

78 |72 |70 | 71|65

Is there a significant difference between the mean weights of the workers in the factories of two
cities ? Test at 5% level of significance.

[Use t,, (0-01) = 2.787]
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7. Two types of drugs were used on 5 and 7 patients for reducing their weight,

8.

The decrease in the weight (in pounds) after using the drugs for six months was ag followg -

Drug A: 10 12 13 i 14
Drug B: 8 9 12 14 156 10 9

Is there a significant difference in the efficacy of the two drugs? Test at 5% level of significance

The increase in ‘weights (in pounds) of 7 persons fed on diet A and 5 persons fed op diet J

B .
follows : 18 ag

Diet A : 12 15 11 16 14 14 16
Diet B: 8 10 14 10 13

Test whether diets A and B differ significantly as regards their effect on increase in wei

5% level of significance. (Use t,, (0.05) < ght at

2.228)

ﬁ ANSWERS N

8

1. |t| =1:66; No significant difference
2. |t]| =2-792; Yes

3. |t| = 1.023; No significant difference
4.
5
[
7

|t| = 0-571; No significant difference

. |t] =0-89; Yes
. |t| = 1.768; No significant difference

|£| = 0-735; No significant difference
|| = 2-39; No significant difference



g RENTIAL STATISTICS (1)
COMPETENCY BASED QUESTIONS

["co-,.-Flll in the Blanks—-Very Short Answer Type-Assertion

- 9.33

-Reason Based-Case Study Based Questions]

fype 1: Multiple Choice Questions
A random sample of mean X is chosen fro i : : _
g following is a statistic : ™ a population with mean y and variance o2.Which of the
(@) B ) x ¢) o

(d) none of these

- [CBSE Sample Paper 2023]
g, Standard deviation of a sample from a population is called a

(@) Standard error

(b) Parameter
() Statistic

(d) Central limit

data of average calories intake of sample students is presented

in a frequency distribution, which is called a 7

(@) Statistics

(b) Sampling distribution
(c) Parameter

(d) Population sampling

_ [CBSE Sample Paper 2023)
4. If Hy: u=p,, then for a right tailed test, H_ will be

(@) W#p, (B) p<p, € u>p, (d) none of these
5. The degree of significance with which we reject the given hypothesis is known as

(@) confidence limit (b) confidence interval

(c) level of significance (d) none of these
6. The critical value of Z for a right tailed test at 5% level of significance is
(a) 2-33 (b) 165 (¢) 1-96 (d) - 165
7. If the sample size is large, then the shape of sampling distribution is approximately equal to
(@) normal distribution (b) t-distribution
() binomial distribution (d) none of these

8. If x is the mean of a sample of size n taken from a population with mean p, then the estimation for
population mean is given by

=_ = E_u
@ ) 5 ©

Vn n "

(d) none of these

[CBSE Sample Paper 2024

9. For the purpose of t-test of significance, a random sample of size 34 is drawn from a normal
population. Then the degree of freedom (v) is
1

34 (b) 33

[CBSE Sample Paper 2023)

(a)



10.

11.

12.

13‘

14.

15.

16.

17.

18.

e 2 fogﬁk‘ &
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For a student ¢-test, the test statistic ¢ is given by :

x A tw-2H

aF- ®) = © t==— @ t=E

(@) ¢= n
iable t of the ¢-distribution is
The re:)nT)ofVﬂ" (b) (= oo, ) () -1,1) d) (1,2)
(@) (0,
n of ¢-distribution is

Th)e n;ea b) 1 (c) 2 (d) not defined
(a 3
If the calculated value of |t| <t,(), then the null hypothesis is

(@) rejected (b) accepted

(¢) cannot be determined (d) neither accepted nor rejected

[CBSE 2023)
If the null hypothesis is Hy: 1 = Iy, then the alternative hypothesis H_ for a left tailed test js
(@) H<iy (b) 1> Hy (€) pzm, (d) u=p,
If the sample size (n) is 28, then the degrees of freedom (v) is equal to
(@) 28 (b) 25 (c) 24 (d) 27
For testing the significance of difference between the means of two independent samples, the
degrees of freedom (v) is taken as
(@) n,-n,+2 (b) n,—n,—2 (c) ny+ny,—2 (d) ny+n,+2

[CBSE 2023)
The test statistic ¢ for testing the significance of difference between the means of two independent

samples is given by

lay P E= ) t=—ma=
+

Vs grfile ot

() t= =

,_.m

2 |
3|
e
e
0]
B}
|
S |-

A machine makes car wheels and in a random sample of 26 wheels, the test statistic () is found to
be 3.07. As per the t-distribution test (at 5% level of significance), what can you say about the
quality of wheels produced by the machine? (Use ¢,,(0.05) = 2.06)

(a) superior quality (b) inferior quality
(c) same quality (d) cannot say [CBSE Sample Paper 2023

Type Il. Fill in the Blanks:

19.
20.

21.
22.
23.
24,

A collection of objects, experiments, events etc. is called

Any finite set of statistical individuals drawn from a population for investigation is called

The number of statistical individuals contained in a sample is called

A measurable characteristic of population is called

A measurable characteristic of sample is called

In a hypothesis test, the significance level o denotes the probability of making ___ erTor.
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: osis which suggests ¢}, .
hypothOSIS w' BE at there is ne sign: . ‘ .y
) :nd the population parameter i callel 0 significant difference between the sample statistic

A hypothESis which contradictg the nu|) hypothesis is called -
. The sampling error can be reduceq by inc |

o reasing the
The critical region is also known g

8 whj
ich have the freedom to vary in computing a statistic is
[: very Short Answer Questiong ;
Y give the difference between Population ap

Briefly explain the various typeg of samplj
31. pefine parameter and statistic.
32' Staw Centra] limit theorem.
”l

d samp]e,
ng.

Briefly explain the errors in testing of hypothesis 9
What do you understand by leve] of significance ?
z:. Give four properties of t-distributjon,
7' write the confidence interval for the Population meap
: [V - Assertion-Reason Based Questions ;

3
Typé

In the following questions g Statement of Assertion

Reason (R). Choose the correct option from the follow;

(@) Both Assertion (A) and Reason (R) are t
Assertion (A).

with 959% confidence level.

(A) is followed by a Statement of
ng options:

rue and Reason (R) is the correct explanation of

() Both Assertion (A) and Reason (R) are trye b

ut Reason (R) is not the correct explanation of
Assertion (A).
(c) Assertion (A) is true but Reason (R) is false.

(d) Assertion (A) is false but Reason (R) is true.

1. Assertion (A) : The variance of a population consisting of four observations 1, 3, 5, 7 is 5.
I(x; — x)?
. |

9. Assertion (A) : Consider the following hypothesis test : Hy:p<25;H, :n>25

Reason (R) : Variance =

If a sample of 40 items is taken whose mean is 26.4 and the population standard deviation is 6, then
the value of test statistic Z is 1.48.

X — Yo

Reason (R) : The value of the test statistic Z is given by Z = e

"

ypo . i iation, n = i le.
hypothetised value of population mean, o = population standard deviation, n = size of the sample
i . - - 1
i.; rtion (A) : Critical values of Z for two-tailed tests at 5% and 1% level of significance respectively
3. Assertio :
= 1.960.
are|Z | =2-58 and |Z, | | - il
Re , (R) : The set of values for the test statistic Z at which the null hypothesis H, is rejected 1
ason :

known as the critical region or rejection region.
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4 Assertion (A)! If null hypothesis H, i8 ¥

(Le, W> P orp< 1)
Reason (R) : Any hypothesis W
(denoted by H,).

5. Assertion (A): From a population h
and standard deviation i

Reason (R) : The test statistic ¢ 18 given by t = s

1f.n—l

6. Assertion (A) : For the followin

L= g then the alternative hypothesis may he i

ELEMENTS OF APPLIED MATHEMATICg [y,
811y

u:u ’ “r,

hich contradicts the null hypothesis H is called alternative hypott
I(gHiH

aving mean 0.7, asample of size 10 is taken whose mean, is 0
a 0.04. Then the value of test gtatistic ¢ is 3.15. 142

g data, the combined standard deviation is 17.92.

Sls Mean Standard deviation
Sample I : 20 400
Sample 1T : 34 i

2
o ns,. + NyS; h
Reason (R) : Combined standard deviation = ——_—_—'h P where n,,n,and s,, s, are the sizes anq

standard deviations of two samples.

7. Assertion (A): The mean of ¢ distribution is 0.

Reason (R) : The ¢ distribution curve is symmetrical about the line ¢ =

0.

* _ ANSWER_S; h

Type I - Multiple Choice Questions:

1. () 2. (c) 3. (b) 4. (c)
6. (b) 7. (a) 8. (a) 9. (b)
11. (b) 12. (a) 13. (b) 14. (a)
16. (c) 17. (b) 18. (b)
Type II - Fill in the Blanks :
19. population - 20. sample 21. sample size
23. statistic 24. Typel 25. null hypothesis
27. sample size 28. rejection 29. degrees of freedom

Type III - Very Short Answer Questions:

37. [:_c:t < tv(0-05)]
Jn—l

Type IV - Assertion-Reason Based Questions:
1. (a) 2. (a) 3. (@)
5. (a) 6. (c) 7. (b)

5. (¢)
10. (d)
15. (d)

22. parameter

26. alternative hypothesis

4. (@)



