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-3 Test of Hypothesis (or test o

- Statistical Hypothesis

?
ertion about a statistical population
tatistical Hypothesis. There arc two
. .q_“ -

¥ Statistical Hypothesis: Any statement or ass
or the values of its parameters is called a S

types of hypothesis —Simple and Composite. 107

X Simple Hypothesis: A statistical hypothesis which specifics ‘the population
completely (i.e., the probability distribution and all parameters are known ) is
called a Simple Hypothesis. - vi-"059
Examplel: Consider a normal(m,c) population. The hypothesis

H,:m=2,0=0.1 is a simple hypothesis. The point set consists of the single
point (2,0.1) in the parametric plane. ' | '

3 Composite Hypothesis: A statistical hypothesis which does not specify the
~ population compietely (i.e., either the form of probability distribution or some
parameters remain unknown ) is called a Composite Hypothesis. . N H

Example2: Consider a normal(m,cr) population. The hypothesis H,:m=2 is 2
nspecified, the point set consists of the

Ws29% =

composite hypothesis. Since o is u
© straight dine m=2.
f significance): A test of ‘hyﬁothcsis is a

rocedure which specifies a ‘set of “rules for decision” whether to ‘accept’ or
Nt =106

‘reject’ the hypothesis under consideration.

% Null Hypothesis: A statistical hypothesis which is set up (i.e., assumed) and
" whose validity is tested for possible fejection on the basis of sample
" observations is called a Null Hypothesis. It is denoted by H, and tested
against alternatives. Tests of hypotheses deal with rejection or acceptance of.
null hypothesis only. - N-H—'05 10 79 b

2 Alternative hypothesis: A statistical hypothesis which differs from the null

. hypothesis is called an Alternative Hypothesis, and is denoted by H;.The
alternative hypothesis is not tested, but its acceptance (rejection) depends on the 2
rejection (acceptance) of the null hypothesis. Alternative hypothesis contradicts
the null hypothesis. The choice of an appropriate critical region depends on the

- type of hypothesis, viz. whether both-sided, one-sided (right/left) or specified

_ alternative. ' N-H— 81

rd

¥ Test statistic: A function of sample observations(i.e., statistic ) whose computed
- value determines the final decision regarding acceptance or rejection of H,, is

" called a Test Statistic. .
% Critical Region: The set of values of the tést statistic which lead to rejection
“of the null hypothesis is called Critical Region of the test. The probability with

which a true null hypothesis is rejected by the test is often referred to as
, “Size” of the Critical Region. ' N W —796
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G‘comclrically,n sample x,,x,,......., X, of size n is looked upon as just a
noint x, called Sample point, within the region of all possible samples, called
the Sample Spucc(W).Thc critical region is then defined as a 5uhscl(u-’) of
those sample points which lead to the rejection of the null hypolhc:;is.
1

Level of significance: The maximum probability with which a truc null
hypothesis is rejected is known as Level of Significance of the test, and is
denoted by a. :

In framing dcf:ision rules, the level of significance is arbitrarily chosen in
advance depending on the consequence of statistical decision.
~ Generally, 5% or 1% level of significance is taken, although other levels

0

Ry
,-\l'm

1 .
such as 2% of ;% is also used,

-

o o
t> Type I Error (or Error of First Kind): This is i i
3 ype . irst Kind): This is the error committed in
~N "\D‘% !'ejcctlng a null hypothesis by the test when it is really true. The critical region
% is so detcf'mined that that the probability of Type I error does not exceed the
9t level of significance of the test. A :

| %’_\oﬂ? Type II Error (or .Error. of Second Kind): This is the error committed in .
NS accepting a null hypothesis by the test when it is really false. The probability P
v 153 of Type II ermor depends on the specified value of the alternative hypothesis,
'¥E and is used to evalvating the cfficiency of a test. '

ﬁ\lk\.sf‘.jl,’ow.er of the test: The probability of rejecting a false null hypothesis is called
N ot power of the test. Therefore, Power is the probability of drawing a correct
conclusion by the test, when the null hypothesis is false. For a specified value
of the parameter consistent with the alternative hypothesis, :
Power=1 - Prabability” of Type II error.

_ 4_,‘\-—“‘5 Best critical region: A particular critical region which would minimize the
od probability of committing type Il error i.e., maximize the power of the test.
This critical region, if existent, will be called the best critical region and the
corresponding test the best test or the most powerful test at the given
significance ‘level.

Steps in test of sigmificance: _ .
(1) Set up the “Null Hypothesis” H, and the “Alternative Hypothesis” H, on

the basis of the given problem. The null hypothesis usually specifies the
values of some parameters involved in the population: H, (6=6,). The

alternative hypothesis may be any one of the foilowing types: H, (9#90].

H,(0>86,), H,(6<86,). The type of alternative hypothesis determines 2

whether to use a two-tailed- or one-tailed test (right or feft tail ). 2
(2) State the approprj st statistic” T and also its sampling distribution, -

when the null Kypothesis is true. In large sample tests the statistic

z=(T-6,)/S.E.(T), which approximatcly"folln\ifs‘Shﬁdnrd Normal - ;

Distribution, is often used. In sjnall sample tests, the population is assumed
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to be Normal and various test statistic!

Normal, Chi-square, r or F distributior cxactly.
o' the test, i
imum probability of committing s

(3) Select the “level of significance” a
given problem. This represents the ma:
Type 1 error, i.c., of making a wrong ‘lecision
in fact the null hypothesis is truc. Usnally, 2
significance is used (If nothing is mentioned,

(4) Find the “critical region” of the test at the ¢
This represents
rejection of the null

or both tails of the distribution, dep:nding on whet
or both-sid d. The arca in tl
t be equal to the level of significance

hypothesis is one-sided
the critical region’) mus

one-tailed test, @ 0p

the sct of values of he test stat
hypothesis. The critical region always

pears in one (tail and for a two-tailed te

arc used which follows Standard

f it is not specified in the

by the test procedure when
5% or 1% level of

use 5% level.)

hosen level of significance.
istic which lead to
appears in one
her the alternative

1c tails (called ‘size of
o . For a

o
st — appears
2 ppe

in cach tail of the distribution. 7 he critical region is
T>T,, or T<T, . when H (0+6,)

T2T,
TSh,

where T, is the value of T such that the

(5) Compute the value of the test statistic
the null hypothesis. In large sample tests,
unknown they should be estimated fro
(6) If the computed value of test statistic

H,”; otherwise “do not reject H,”. The dec

otherwise of H,
with the critical value (i.e. boundary

region).
(7) Write the conclusion . If H,
not - consistent with the assumption that the

hence H, is not te
any evidence agalnst the
to be true".

is rejected, the

Parametric space: Let I —
univariate population. Then the ordered” k
(6’,,92,............,9,,) can be looked upon as the

k -dimensional spa
P, ={(6,,8y-rrrers b )

numbers. Then the or

a point in B and is called a parame

which is a statement regardin
H:0ecA where 4 is a specified subset O

is made after a comparison of the com
value of the appropriate critical

nable”. If H, is not rejec
null hypothesis and

ce.The parametric space denoted b
) 91,6,,......-...,6',éR},where R i

dered k-tuple (856
fric point
g thc unknown parameters can be
f A.

when H,(0>6,)

when H,(0<6)

area -to its right is a.
T on the basis of samp
I séme parameters remain

m the sample.
T lies in the critical region,

le data and

“reject

ision regarding rejection of
puted value of T

interpretation is : “ the data ar¢

null hypothesis is true and
ted, “the data cannot provide

hence H, may be accepted

,8, be the unknown parameters of a
-tuple of real numbers

co-ordinates of a point in a
y P,is defined by

s the set of real _.

.m0, ) denoted by 0 represents

and a statistical hypothesis H
described as
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Simple and composite hypotheses: If I, be the parametric space
corresponding to the unknown paramelers 3y 0,y vnrieisn 0, of a univariate
A where

ls called 2 simple

H is gaid to be

population then a hypothesis described by I 0e
8 = (6,6, y) aNd A is nonempty subset of By,

hypothesis if A contains exactly onc element otherwise
composite hypothesis.

Test of signlﬁcnncc(Snmmaq*)':
A1) Large sample tests( Approximate):

® Test for a specified proportion: H 'p=p,

The sampling distribution of the statistic z & —Po g nom\al(O.l)-
?‘
Po4o

\ n

{f)  Test for.equality of two proportions: Hg: pl=Pz

The sampling distribution of the statistic z=- 4 "_‘!_J L is normal (0,1),

11
mom

where p=——L-—3-—n‘p V.o
Aty 3
(iiiy Test for ‘specified mean : Ho: 4=/

The sampling distribution of the satistic z=>—2 is. normal(0;1)

=
In

I — e YT 21(0.1
and the sampling distribution of the statistic z= is normal(0,1)-

ir

Gv) Test for equality of two means: Hy:th =

" The sampling distribution of the statistic z= ho % is normal(O,l).

. ol o
moh
The sampling distribution of z= xz—x - is normal (0,1).
S 4S5
no M

(v)  Test for Goodness of Fit: H,:(dntn support theory)

. o=t
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1
The sampling (Iistrlbutlon of the statistic y” = 2-(1"—:;{")'—{5 2’ distribution

’

with n—1 degrées of freedom.

(2) Smnll sample tests (Exact):

(i)  Test for n'spccmed mean for a normal population: H,: i = s,

X — I,

The sampling distribution of the statistic z = % is a normal(0,1)
Jn

e —

And the sampling distribution of the statistic ¢= x'—S‘u % is t-distribution with

n-1
n—1 degrees of freedom.

M)  Test for the equality of two means: Hy: 4 = /4

: e x - ’
The sampling distribution of the statistic z=—=4 3 is normal(0,1).
o) Oy
+..._._...
\'m n

~And the sampling distribution of the statistic ¢ = xx_ '1 is ¢-distribution .
' ' S, (—+— ~
noom

! S! + 1
with n, +n,—2 degrees of freedom, where 5t =%

- (i)~ Test for equality of two means (for correlated pairs): H,:u =u,

The sampling distribution of the statistic = is a ¢- distribution with

d
)
n=1
n-1 degrees of freedom, where d=x-y

—ayt

(iv)y Test for oquality of two standard deviations ( s, i, are unknown):
H,:0,=0,. . —
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2 ‘ . Vit 141 y,
s . F distribution %
=3(s>5,) is 2

52

The sampling distribution of the statistic F

with degrees of freedom (n,—1,n, ~1).
Note: This a right tailed test.

\\,\U"'{ Chi-square test of goodness of fit: A very powerful test for testing thpowen
o significance of the dtscrcpancy between the theory and expcnmcnt was e
by Prof. Karl Pearqon in 1900 and is known as “Chi-square test of goodnes

of fit".

If f,(i=1,2,....,n) is a set of observed( experimental) frequencies and

e (i=l,2, ........... ,n) is the corresponding set of cxpcctj:d(thcorctical or
hypothetical ) frequencies, then Karl Pearson’s chi-square, given by:

x =-Z[(f ) } (Zf Ze] follows chi-square distribution with

Im) =] j=)

(n-1) degrees of freedom.

9 Qi. How a statistical hypothesis is.to be tested ? :
®. Usmg the followmg steps ('systematic way ) we test a statistical

hypothesis,
(1) Null 'xgggwsus Set up the null hypothesis Hr
(2) Altemative hypothesis; Set up the altemnative hypothesis to use a single-

tailed (nght or left) test or two-tailed test.
3) L&ycl of sggr_nflcgncg, Choose the appropriate level of signifi cance(a)

depending on the rehablhty of the estimates and pcrrmsmble risk. This is
to be declded before sample is drawnie., @ is fixed in advance.

t—E(t
(4) Test stafistic or test cr;tcnon Compute the test statistic z= ()

se(f)
under the null. hypothesis.
(5) Conclusion: We compare the computed value of z in step4 with the
significance value z, at given level of significance ‘a’

" If |f<z, ie.,if calculated value of z(in modulus value)is less
then z, we say it is not significant. By this we mean that the difference -

t—E(f) is just due to fluctuation of sampling and the sample data do

not provided us sufficient evidence against the null hypothesis which
may therefore , be accepted.

If lzl>z ie., if the computed value of test statlst\c is grater than the

critical significant value, then we say that it is significant and the null

- hypothesis is rejected at level of significance « or, confidence
coefficient 1-¢.

' \X;,c,} Q2. Given ‘the popuiation density function f(x 9)= e ™,0< x <®,0>0.The
= null kypothesis H;:6=2 against the one sided alternative H,:6>2 will

Pagc 6 of 28
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be tested on the following procedure. /7, should be rejected If a aample

point x drawn from the populatibn Is greater than or equal to 6. Find the
probability of Type 1 error and the power of the fest,

@ . Here the probability of type 1 error is P(X 26| H,)=P(X 26|0=2)
where X is the population random variable,

L)

Now P(X 26]60=2)= [2edx

6

A
= lim I2e"'dt

A=sm

12

So the required probability of Type 1 error ish e™.
Again the probability of Type 1I error is equal to
P(X <6|H))=P(X<6|6>2)

6 .
= J.Gc“e"dx where 8>2
o { o
Pswex =1—(1—-e‘“)=e"" where 6> 2

3. Let p denote the probability of getting a head when a given coin is
tossed once. Suppose that the hypothesis H,:p=0.5 is rejected in favour
of H,:p=06 if 10 trials resulf in 7 or more heads. Calculate the N
prababilities of Type I and Type II error. N 06 B
© . Here the -probability of Type I error is equal to P(X 27|H,) where X

is the random variable denoting th%_' number of heads in 10 independent tosses
of the given coin. “ -
Now under H,:p=0.5, X has binomial(10,0.5) distribution.

Then under H, we have P(X =x)="¢,(0.5)"(1-0.5)"" for x=0,12,.....,10
So P(X 27|H,)="¢,(05)" (0.5 +°¢,{0.5)" (0.5) + ¢, (0.5)’ (0.5)' +°¢,0 (0.5)"
| 1 | ‘
7 =0.172

<r

9

Hence the probability of Type I error is equal to ;—1-
4

Now the probability .of Type two error is equal to P(X <7|H|)
=1-P(X=7|p=0.) | -

" Again under H,: p»=06, X has binomial (10,0.6) distribution.
So P(X=7|p=0.6)

="¢, (0.6)" (0.4)’ +° ¢, (0.6)" (0.4)" +° -cg (0.6) (0.4)' +°° ¢, (0.6)"

Page 7 of 28
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‘“L\/Q‘C.A drug is given to 10 patients and (he incre

=3Txl707

. SID h
Hence the probability of Type T error is 1-0.382=0.618.
ments in blood pressarc

were recorded to be 3,6,-2,4,-3,4,6,0,0,2.Is it reasonable (o yelicve that
the drug has no effect on the change of blood pressure ? Test at 5%
significance level, assuming the population to be normal ,For 9 degrees of

freedom P(f>2.262)=0.025. .

—e— s
© . Here the change d=x-y in the blood pressurc arc given i.c., « is the
final blood pressure after administering the drug and y is the initial blood
pressure. We are required to test whether the mean blood pressure bds changzd
ie, M =M, N2

ul is: The null hypothesis is H,:u, = 4, ie., mean blood pressure
has not changed. . :
gl.x‘qmativc Hypothesis; The alternative hypothesis is H,:p, # p,ic,mean
blood pressure _has changed after the stimulus.

=0.382

Test statistic; The suitable test statistic is given by fu dz whose sampling
’ S
n-1

e
-

distribution under Hy is a ¢-distribution witli_-(n-l) degrees of freedom.
sl of sighifigance; We are to test the null hypothesis 8t 5% level of

signifi jcance. ) T A i
Critical region: Since the alternative hypothésis is ‘two-sided , the critical region
is given by lt]ktw, at 5% level of significance. From the given data for 9

f freedom ¢ =2.262.
_dcgrccs 0 0396“

Acceptance region

Critical region

{=-2.262 5 1=2262
. R -
Computation: for the given data, n=10, ».d,=20, Zd,’ =130. '\ :
- &
o S
Page 8 of 28 w :
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< 20
Therefore, d === =2 and S’:@_27=|354_9
, © 10

Thus f=—= =7

onclusion: Si
Conclusion: Since the calculated value 2 is not in {r:[(>2.262}, it is not

ililﬂlﬁc(;ant. We therefore cannot reject H, and conclude that
e drug has no effect on the change of blood pressure”.

5 Before an increase in excise d ‘
, uty on tea 400 people out of a sample
\J/ﬁf 5(;0 were found to be tea-drinkers. After an increase in duty 400 ’
people were tea-drinkers in a sample of 600 people. Test at 1% level of

 significance decrease in the consumption on tea. Given P(U >2.33)=001;
U being a standard normal variate. _ SR
©. We have n, = 500 n,= 600
ﬂg_os

p,=sample; propomon of tea-dnnkers before increase in exercise duty= 200

"sample propomon of tea-dnnkers after increase in excrclse duty—-;—gg=0.67 |

ﬂ):ggthcms The null hypothems is Hy:p =p, i€, there -is-no s:gmﬁcance
dlﬂ’crcnce in the cofsumption of tea before and after the jncrease in exercise

duty.
ve hypothesis is H :p > Pz i.e., there is a

Akgpggxg_ﬂmﬂl—ﬂ&me alternati
the consumption of tea ‘after increase in the excise duty.

significant decrease in
Test _statistic: The suitable test statistic is given by u=- 2 Ip whose
. 1
L)
‘ , n o

P~

sampling distribution under g is a standard normal distribution, where
_mpthpy 400+400 _ 8 8 and g=1-p= 1_8= 3.
n+n ~ 500+ 600 1 11 11

| hypothesis at 1% level of

ificance: We are to test the nul

Level _of significance.
o sl redl the alternative hypothesis is one-sided, the critical region
given data

Critical region: Since
is given by %0 at 1% level of significance. From the

=2.33.

Uopr !
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ai

T‘l--

ceeptance region

0 Critical region
Computation: From the givéll data, u = 0.80-0.67 =4.820529
ixi(_‘l_+_}_
11 11600 500

Conclusion: Since the calculated valuc 4.820529.is. much greater than 2.33, it is

~ highly significant at 1% ‘level of significance. Hence we reject the null
hypothesis A, and conclude that there is a significant decrease in the
consumption of tea after increase in the excise duty.

;c;"; Q6. The: heights of 10 males of a normal populaﬁon‘ are found tc be

. .~70,67,62, 67,61,68,70,64,65,66 inches. Is it reasonable to believe that the

" average height is gréiitér than 64 inches ? Test at 5% slgnlﬁcance level.
Assuming for 9 degrees of freedom P(r>l 83)=0.05.
© . Null_Hypothesis: The null hypethesis is H,:u=64 i.e., the average height
is equal to 64.
Alternative Hypothesis: The alternative hypothesis is H,:u>64 i.e., the average
height is greater than 64.

. PR U :
- Test statistic: The suitable test statistic is given by :=f—s-;—‘ whose sampling

n

distribution under H, is a ¢-distribution with n—1 degrees of freedom.

Level of significance: We are fo test the null hypothesis at 5% levcl of
s:gmﬁcance

Critical region: Since the alternative hypothesis is one-sided, the critical region

is given by 121, at 5% level of significance. From the given data for 9
degrees of freedom ¢, =1.83.

-

Page 10 of 28
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Acceptance region

o t=1.83

Critical region

.Computation: #=10, ¥=sample meai=66 inches, s.—.Jle"j(x,-f)’ =3.055
n—

I=]

“Therefore, ¢ = x—p_66-64 =2.0702

s .3
: o o .
“Conclusion: As the calculated value of ¢ is greater than toos 5 it is significant

.at 5% lcvelr of significance. Hence .we reject the null hypothesis H, and
.conclude that the mean height is 'grcatgr than 64 inches.

\,Q'? The welghts(in kg) of 10 stucicntx taken at random from a college are
\.67,65,66.4,72.1,68.9,76.5,80.1,73.4,78.4 and 763, while the population

.standard deviation is 5.02. Test the hypothesis at 5% significance level,
_that the general students have the welight greater than 70 kg.( assuming
.that the population of weights of the students is normal). Given

i P(U>1.645)=0.05. '

. ©. Here the population of weights of students is normal.

‘Null Hypothesis: The null hypothesis is Hy:m=70 ie., the general students
.have the weight 70. '

- Alternative Hypothesis: the alternative hypothesis is H :im>70 ie.,the general
students have the weight gréater than 70.

-

whose sampling .

"Test_statistic; The suitable test statistic is z = ~
Jn

- distribution under H, is normal{0,1).

. :Level of significance: We are to test the null hypothesis at 5% level of
:Significance.

Critical region: Since the alternative hypothesis is one-sided, the critical region
is given by=u2u,,; at 5% level of significance: From the giveri data
g =1.645. S A

\ Page 11 of 28
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Acceptance region

u=1.643 = Critical region
Computation: Here n=10, 0 =5.02.

T= 62465+ 66.4+72.1468.9+76.5+80.1+73.4+784+763 =71.91
10 '

Therefore, u = J10 (751321—70)
Conclusion: Since the calculated value of u is not In {1:u21.645}, therefore

we accept the null hypothesis H, and conclude the general students did not
have the weight greater than 70kg.

=1203

A ‘ ' | 2 ' lly
8. The wages of a factory workers are assumed to be norma
‘Hi{gistrlﬁilt'ad ‘vgvﬁb” mean m and varlance 25.A random sample of 25
workers_gives the total wages equal to 1250 units. Test the hypothc.?ls 7
m=52 itgalhsi the alternative m=49 at 1% level of significance. Given

1 -2.32 _3‘_ ~
that - j e 3du=0.01
JZJ:

-

©. Here the population standard deviation ¢ is known.
Null Hypothesis: The null. hypothesis is H,:m =52

Alternative Hypothesis: The alternative hypothesis is H,:m=49

- e Jn(¥-52)
Test statistic: The suitable test statistic is given by u=———— whose
sampling distribution is normal (0,1).

Level of significance: We are to test the null hypothesis at 1% level of |
significance,

Critical region; Since 49 <52, the alternative hypothesis is left-sided and

therefore, the critical region is given by w<-w,, From the given data we
have Up ey =2.32.

Page 12 of 28
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"Acceptance region

Critical region h=-2.2 0

Computation: Here n=25, o =425 =35 .

1250___50.
5

Now, X =

J25(50-52) _

5
Conclusion: Since the calculated value of u is not, in {u:u<-2.32}, therefore
H,:m=52 is accepted at 1% level of signiﬂcancc

So the computed value of u is gwen by u=

" .~Q9. A random sample of 9 experimental animals under a certain diet give
the following incresse in weight:

Yox, =45 ; ) x"=279

~where x, (Ibs)denotes the increase in weight of the animal. Assuming that

the increase in weight is normally distributed as normal(u,c) variate, test
H,:pu=1 against H,:u#1 at 5% level of significance. Given

P(t>2.306)=0.025 for 8 degrees of freedom.
© . Null Hypothesis: The null hypothesis is Hy:u=1

Alternative hypothesis: The alternative hypothesis is H,:pu#1
‘Test_statistic: The suitable test statistic is t=—{@ whose sampling
distribution under H, is a f-distribution with n- -sl degrees of freedom

: II_zcﬁL_Qf_ng[ﬁgngu ‘We are to test the null hypothesis at 5% significance
Critical region; Since the alternative hypothesis two-sided, the critical region is  —

given by szo_'m at 5% significance level. From the given data #,,,, =2.306
for 8 degrees of freedom.

Pﬂgc 13 of 28
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ey, Acrieplance ngl’ﬁ"

t=-2.306 0 - 1=2.306 . Critical region

Computation: Here n=9 . ¥ = Z_x,_ =

-_—x$
9 9.
——Zx -x? ——x279 25=31-25=6
PGl or, 3=LE
8 4
2 Vox(5-1) 8
Then the value of ¢ is =—==4.619
hcn e 36 7=
Conclusion: Since 4.619€ {f:[f|22.306}, H,:u=1 is rejected at 5% level of
significance.

/Q10. Two types of chemical solutions A and B are tested for their pH
values, and the following results are obtained:

No. of sample ~ Mean pH Standard deviation
Chemical 4 | 6 752 ..~ - 0.024
Chemical B . I : 749 _ 0.032

Using 0.05 significance level determine whether the two types of solutions
have different pH values.[ Given P(f>2.26)=0.025,where ¢ is a student -
t variate with 9 degrees of freedom.

©. Here we assume that pH values of chemical 4 form a normal

population with mean m, and the pH values of chemical B form a normal
population with mean m,.

Null Hypothesis: The null hypothesis is=H, :m, =m,

Alternative hypothesis; The alieative hypothesis is Hm #m,

Page 14 of 28
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Test statistic; The suitable test statistic is given by =

sampling distributi :
pling distribution under H, is a t distribution with n 4 n, ~2 degrees of

freedom, where ? - "131: +”:Sz’

L S

L_EJ‘L.._B.J_LQ_(*C el ot signi cance: We are to tes vel of
sonifi . iypothesis at 5% |

f?nulcal rogion; Since the altemnative hypothesis Is both-sided, the critical region
is given by [f|> 1,0, at 5% significance level, From the given data 1y, =2.20
for 9 degrees of freedom.

Acceptance region

Critical region

- Computation: Here n, =6; n,=5,x=1752,x=749, §,=0024, 5, =0.032.
" The value of s is 0.030869 and therefore the value of ¢ is
7.52= 7?.4.9 — =1.60496.

0.030869\i-é+é

 Conclusion: Since 1.60496 ¢ {¢:]|>2.26} and therefore H, is accepted at 5%

. significance level and conclude that it is not reasonable to believe that the two
" “types of solutions have different pH values. —

_. 2 1. Of 400 mangoes selected at random from a large population, 53 V- 09 oy
/ “were found to be bad.Test at 1% significance level that on the average e

o

10% of the mangoes were bad. Giver - I chdx=0.005.

V27 35

Page 15 of 28

Scaﬁnéd withEémSééhner



\}\popululion is bad. If X be l]u: random vari o
Z'mangoes in a random sample of 400 mangoes then
¢4 distribution.

Q{ 4

o sclected at random from the given
able denoting the number of bad

' .

as binamial (400, p)

@. Let p be the probability that n mang

(WPPPE= (FURZ TR N S STOR el ST
Here the observed value of X is v =53, ‘.'r:vli{’”'m“f:&f f,l.‘}l\,| fr:‘;n ;’-"VPF:H (ot
Null_Hypothesis: The null hypothesis is that /1, :p=0.1 5 ol
Alternative_Hypothesis: The altemative_hypothesis is that_p # 0.)
Test_statistic: The suitablo test statistic is given by(: V(_l'_f’ ) Whoch, O

; VPSP Ea AL
sampling distribution under #, is normal(0,1) if n is large. L2X
{’&AL%I—QLMB‘E’ We are to test the null hypothesis at 1% significance
ovel.

Critical region: Since the alternative hypothesis is both-sided, the critical region

is given by o> td, at 1% significance level. From the given data
té'_ms =2.58 . . g

Acceptance region

o

~ Critical region

Computation: Here v =53, n=400, p=0.1. So the value of y is =
- ' ! v - - = '
53-40 Bogyr  &Nw sy, pe ATR iagr

- == rD
y400x.1x(1-.1) 6 : 2= A 130D
D ——
.Qm«;_lmm Since 2.17¢{u:]u|>2.58},therefore H,. is accepeted at 1%3 &—féL y
significance level, . = 26,

Q12. Ip a sample of 700 males drawn from a lorgé city 400 are smokers
#nd in 2 sample 6f 900 males drawn from a large city 400 are:smokers.
< ‘ .
4

A
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Do s -
the two citjes dpffer significantly in respect of smoking among males ?
Test at 1% tevel of

;Ignlﬂcnnco. Given 7-—1‘. | e%dxz0.005-
v VOI3. Th 2 za'[s
. * A€ Mmeans of two large samples of 1000 and 2000 members are

: (67.5
})p/f\(f 67.5 and 68,0 Inches respectively. Can the samples be regarded as drawn

N lm"“ the same populntion ? The population standard deviatlon Is 2.5
- Inches. Test at 1% jeyel of significance . Given P(Z>2.58)=0.005.

©. Null Hypothesis: The null hypothesis is that H, :m, =m, .i.e., the two

means are equal,

- Alternative Hypothesis: The alternative hyﬁothcsis Is that H, :m, # m, i.e., the
. two means are not cqual,

—— __.-"- ’- iy

Test_statistic: The suitable test statistic is given by z= "‘I"‘_?m whose
‘ o L
_ : . n n
1, sempling distribution under H, is a normal(0,1). o
! - Level of significance: We are to test the null hypothesis 1% level of
. sigxﬁﬁcance. | §
Critical regjon: Since the alternative hypothesis is two-sided, the critical region

o 18 given by lu|>um, at 1% sigﬁiﬂ_i:a_:_lqe level. From the given data
Up o =2.58. '

Acceptance region

* Critical region

|

" Computstion: Here X =6%5, X, =68.0, 0=2.5, n =1000, ry =2000.

So the value of z is  67.5-68.0 =52,

1
25x, | ——p_1
V1000 * 2000
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#
’

/7 significance level if the two population have the same mean. [ For 18

y 13

¢ null hypothesis

Conclusion: Since —5.2e{u:\u\>2.58] therefore we reject th
and conclude that the means of the two p0pulmions are not equal at 1%

significance level.

32 Q14. A sample of size 10 is drawn from cach of the two normal
>” population having the varlance which is unknown, If the mean and
' varlance of the sample from the first population are 7 and 26 and those

of the sample from the sccond population arc 4 and 10. Test at 5%

degrees of frecdom P(r>2.10)=0.025 |

VQ15. Of 160 off springs of a certain cross between guinea pigs, 102 were
found to be red, 24 black and 34 white. Accordiug to a genetic model the

= |
@f'/‘p,robabilitics of red, black and white are 1, o
1

AT and 14 respectively, Test at
5% siguificance level if the data are consistent with the model, it being

given that P(2? >5.99)=0.05 for two degrees of freedom.

© . Null hypothesis is that “the data is_ consistent with the model”
The c.xpcctcd red, black and white guinea pigs are 90, 30 and 40
respectively. '

Obscr’vcdvdatn( o) 102 24 34

Expected data (f,): 90 30 40

(L=f) = 144 - 36 %
i _
PR CA AN T ST
1, 90 30 40

There are three types, degrees of
freedom=3-1=2

Since the calculated value of
2* i, 3.7 is less than the

tabulated value 5.99 at 5%
level of significance . the
conclusion is that the data is
consistent with the mode}.

Acceptance region

7' =599

Critical1

vQ16. A die was thrown 120 times and the frequencies of different faces
r -were observed to be the following: :

. L Face | 1 | 2 | 1 4 | 5 6 ;
[ Observed frequency | 25 | 17| 15 .| 23 -} 24 | 16
Page 18 of 28
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N

- Given P( yp> lhcq's that the die s fair usinp a significance level of 0.05.
' s I) 0.05 f‘"m for froedom.

. ©@.Null i
| Ypothesis is that the die i fair. Then the probability of each face is

= and
B the eXpected frequency g 120x6lz20 for each,

.IObscW:’;c; : 1 2 3 4 5 (]
' m(f) 25 17 15 23 24 16

Expected data 200 200 20 20 20 20
2
(J?-f.) ;25 9 25 9 16 16

- There are ¢ classes, d A
- of freedom=6-1=5. e
- Smce the observed value of
oxtie, S s less than the

; tabulated value 11.1 at 5%
~ level of significance, we

- cannot reject the null

- hypothesis at 5% level of

-+ significance. The conclusion
. is that the die is fair at 5%
< lsvel of signifilcance. (0]

Acceptance region

xi=111"

v le? The values of the variable x and the corresponding frequencies f in
\“~a sample of size 200 are given below:

IS 7 - I a5 [ 61 7 8 ]9]
:f{f]ls

_ 19 | 23 21 16 25 22 20 21 15
i Test the hypothesis that all. the values of x in the above are equally
* likely. [ P(x*>14.68)=0.10 for 9 degrees of freedom.]

©. Null hypothesis is that “the values of x are equal probable”. Then the

probability of each item is 1_16 and the expected frequency is 200_x1—10-_=20 for
- each.

i Observed data(f,): 18 19 23 21 16 25 22 20 21 15
.. Expected data (£,): 20 20 20 20 20 20 20 20 20 20
= (=) c4 1 9 1 16 25 4 0 1 25
_(fzf) 9,116 25 4 0 1 25
i T zo+2o+2o+2o+2o*2o+zoF20+2o 20~ +?
“ There are 10 types of values, degrees of freedom=10-9 .

- “}"l:9
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Ty, are uniformly distributed over (he week using 5% level of slgnificance.

\ /) D R _——

4 : ay Sun | Mon | Tues [ Wed [ Thurs Fri Sat
C‘R/:.-" No. of nccldents | 14 | 14 | 18 | 12 1| 15 | 14
/4 Given P(z‘>12.59)=0.05 for 6 degrees of freedom.

ldlpatiin 250y

Since the observed value
of y’ie, 43 is less than

the tabulated value 14.68

at 10% level for 9
degreos of freedom, we
cannot reject the null
hypothesis at 10% level of

Acceptance region

significance. The conclusion
is that the values of cqual O

probable.

/Q18. The following table glves the number of alreraft accldent that
occurred during tho varlous days of the week. Test whether the accldents

1 — o
1" =468 "= Critical region

©. Here wo set up the null hypothesis that * the accldent aro uniformly

distributed over the week”

Total number of accident in the week is 98.Therefore the mean accident is

98 .
98 _14.Thus the expected frequency of the accidents on cuch day is 14

7
under the null hypothesis. .
Day : Sun

Obséived frequency(f,): 14 14 18 12 1

Expe@ctcdrﬁ‘équency(f,): 14 14 14 14 14 14 14
(fo=1.) . 0 0 16 4 9 1 0
2
1 _ _(_Z.O_:L)———.P_. _0_. .l_q i+.-9.-+_L+_(}_=_39.=2_143
r=X SEVREVAETRNTARVARVARTIRT

1.
Degrees of freedom=Number of observation -1=7-1=6

100 =12.59 for 6 degrees

of freedom.(given) ?
Since the calculated value of
2% is much less than the
tabulated value, it is highly
in significance and we
cannot reject null hypothesis.
Hence we conclude that the

accidents are uniformly
distributed over the week.

Mon Tues Wed Thurs Fri Sat

15 14

Acceptance region

e —————— PR e Yy,
Py VPV W o N T S

Page 20 of 28

S "
owee! i N+ G Dao—  Statictical Melols
() De & Cen ~ Stabihes

2
z =125 Critical reg

1

on

Scanned with CamScannéJr



