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The second important phase  of statistical
hypothesis  testing, Here decisions

paramelers on the basis of sample i

testing procedure can decide whe
effective in curing a particular dj

inference is the
are made about the population
information, For example, hypothesis
ther (i) a new medicine is really

sease (ii) one educational procedure is
better than other etc. The difference between estimation and hypothesis

testing is that in estimation parameter values are unknown and are
obtained from sample information while in hypothesis testing parameters
values are hypothesized and are checked on the basis of sample
information whether they are true or false,

-Descrlbastaﬂsﬂca] hypothesis and hypothmstgsting
Dlﬁeﬂanﬂm between null and alternative hypuﬂmsls, simple and l:ﬂl'npuslte :
e - hypothasis.
N Foh‘hul_ata‘nullgmi é!tumaﬂvehypnﬂiesia

s Remg nize the uiements involved in hypothesis testing: test statistic, rejection
: and non-rejection regions, critical values, one tailed test, two tailed test, type-!
g_,‘im 4 andtype—ll errors, level of significance, decision rule and conclusion.

‘Apply the test of hypothesis about mean. of a normal population (known a.nd
 unknownstandard deviation)

_Applythe test of hypothesisabout population proportion (large samp le).

2 "Applythntestoihypotheslsabontﬂ:e difference between means of two normal
p-u_pulat[ons (known/unknown standard deviations).

y Appl]r the. test of hyp-uthesis about the difference between proportions of two

Hypothesis is an unproved claim or assertion or assumption which
acts as a starting point in a research irrespective of ils probable
truthfulness or falsity. Hypothesis may be non-statistical or statistical. A

statistical hypothesis is a testable claim about one or more parameters of
empirical distributions.
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1] Hyp_p[haéixtegting

A statistical method that uses sample data to accept or reject a
hypothesis about a parameter is called hypothesis testing.

?.!.2_'.I’_'_1'_|.r|uplc-'steps involyediin‘hypothesis testing

Hypothesis testing procedure mainly involves the following six steps:

pnpuf a.tlons (large nmpl ). Step i. State the null and alternative hypothesis.
: ) Step ii. Choose an appropriate level of significance.
Step iii. Decide about test statistic.
Step iv. Compute test statistic value.
. : Step v. Obtain critical values for test statistic from respective
i 4 _ tables.
o P : "i‘; Step vi. Make a decision.
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7.1.3  Definitions of key terms

: i If a medicine is given to a f i
. ; ew patients of a particul
II- disease to cure them and the 1:neq:'li-:'pI . g

It is a claim about parameter. It is tested for possible rejection but it is claimed that it has no effwm:rl:a:n:: !adthe dﬁm
under the assumption that it is true. It is denoted by Ho. and hence discontinued. This is Type-T error. ey
. ii. To fail an intelligent student.
m iii.  To punish an innocent person,
is also a claim about parameter which is accepted if H, g M When a good player is not played in the cricket match. -
rcjecled. It is denoted by H,_ It may be directional or non-directional. & Tosmiectriat i

| : The probability of committing type-1 error is denoted by & ie.
“ ) e = p(reject Hy/Hy is true)
When all parameters of a distribution are well specified under the e oo

hypothesis it is called simple hypothesis. For example in case of normal ' L

distribution if Ho: = 5,0 =235, it is simple hypothesis because all parameters

values are well specified under Hy.
When all parameters of a distribution are not well specified under i. lf the meicine. has adverse effect and is claimed to have good
the hypothesis it is called composite hypothesis. For_example for normal Jeffect and the treatment is continued. This is type-error.

ii. To pass a dull student.

iii. To release a guilty person.

iv. To allow a non-deserving player in the cricket match.
v. To accept a bad item, -

distribution Ho: = 5, 0°<25 or He p <5, o* =25 or Hy: 4= 5,0
unknown etc. are composite hypothesis because in the' first two cases
values are not well specified and in the third case all paranmtn:rs are not

considered. The concept of simple and composite hypothesis\is applicable !
to both Hy and H;. The probability of committing type-Il error is denoted by £ ie.

= p(accept Hy/H, is false)
" \

Two types of erors are possible in making a decision |about 2
hypothesis. (i)  Type-lIerror is more serious than type-I error.

“ (ii) @ and f have an inverse relation ie. if ome increases the

“To reject a null hypothesis when it is true, it is called type-1 error” i s

(iii)  Both @and fcan be decreased by increasing n.

@ ‘
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The probability of type-I error which we are ready 1o tolerate j,

making decision about Hp is called significance level (S.L). It is denogeg

by @ ie. @ = P(reject HyHo is true). The higher the significance
levl we use for festing a hypothesis, the higher the Probability of
rejecting Ho when it is true. Usually, it is suggested to keep & < 0,05,

A function of sample data is called statistic. When a statistic i
used to test a hypothesis, it is called test statistic or decision rule. It helps
us in the decision whether to accept or reject Hp. The choice of teg
statistic depends on the hypothesis under question. Commonly used test
statistics are Z, 1, x> and F.

The value of test statistic is said to be statistically significant if it
falls in the rejection region and as a result Hp is rejected. On the other
hand, value of test statistic is said to be statistically insignificant if it falls
in the acceptance region and as a result Hy is accepted.

All possible values of a test
statistic are divided into two
" mutually  exclusive groups. The
group of values which lead to the
acceptance of Hy is  called
acceptance region (AR) for the test.
The group of values which would e :
lead us to rejection of Ho is called rejection region (RR) or critical region

for the test. The values which separate the (AR) and (RR) are called
critical values and are obtained from the tables of respective test statistics.

A T NAT EFAD.C Al

‘T?iree types of symbols [>, <,
hypothesis H; When the symbols [>, <]
whole rejection region of size o lies o
sampling distribution as shown below,

#] are used in the alternative
are used in H,, it means that the
nly on one tail of the concerned

li

1 1
I. i
i

r

i

It is called one-sided rejection region and the test is called one-
sided or one tailed test. On the other hand when the symbol [#] is used in
Hy, it means that the whole rejection region of e~ '
size © is equally divided; @/2 lies in the right
tail and @/2 lies in the left tail of the concerned -
sampling distribution, as shown in the figure. _~
It is called two sided rejection region and the |
test is called two-tailed test. :

. ” )

hypothesis about Mean (g} of a
alf Bopulation [when a’is known]

i. Generally Hy and H, can be set in three different possible forms as
follow:

a) Ho: = iy b) Ho: 1= ©) Ho: u< 1o
Hy: i # jy Hy: < i Hy: > o
[Two tailed test] [Left tailed test] [Right tailed test]

7 Unit7: Hypothesis TestiAg
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ii. a=0.01 or 0.05 etc. Unit-7:

isT
-l We may interpret it as that s le data is i i
X- . p mp 1s in the support of Hy that is wh
ili.  Test statistic to be used is Z = —ji , which follows N(,13 we age acoepting H. E - j
ia ’ O ERamMpIE T
& gL
when Hy is true. . I euS—
: | : . An clectrical firm manufactures light bulbs that have a length of
iv.  Calculation of Z value from the given data. : life that is approximately normally distributed with a mean of 3123:151;:3
v. Critical region: and a standard deviation of 40 hours. Test the hypothesis that g = 812
“ ) hours against the alternative u # 812 hours if a random sample of 36
The critical region depends on H,. bulbs has an average life of 800 hours. Use a 5% level of significance.
For case (a) two sided critical region | Solution: !
is used as; i Null hypothesis Hy: u=812
Reject Hp if

Alternative hypothesis Hy: u#812
ii. Significance level a=0.05

ZE—Zonor Z2Zon.
For case (b) one sided critical region is

il gt ifi.  Test statistic to be used here is;
; 5 X-u
RB_]ECI Hyif 7= ;
o/n

iv. Calculation: Givenn =136, X =800, 0 =40
For Case (c) one sided critical region is

800-812 -12 -12x6

sed as; Hence Z = = = =-1.8
o 40/36 40/6 40

Reject Hy if

v. Critical region:
Z2Za
| Here the test is two sided, so 0/2=0.025 Now 05 — 0.025 = 0.4750

Where Z is computed value of Z-test search this value in the body of the area table of standard normal distribution
and Zyp or Z, is table value. which correspond to Zyn = Zogs = 1.96.
vi. Conclusiou:- _ Thus reject Hy if Z < - 196 or

If the computed value of Z falls in the acceptance region, accept Z = 1.96.
Hy, otherwise reject Hp. Remember that acceptance of a hypothesis does
not mean that it is really true.
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vi.  Conclusion:

As computed value of Z = — 1.8 falls in the acceptance region
therefore, we accept Hp i.e. mean life of the bulbs produced by this firm jg
equal to 812 hours.

A random sample of 25 hens from a normal population showed that the
average laying is 250 eggs per year. The company claims that the average
laying is 285 eggs per year with a standard deviation of 25 eggs per year,
Test the claim of the company against the alternative that average laying
mlesslhanzsﬁeggsntu 0.05

ii. a=0.05

ii. Test statistic: As n = 25 is small but ¢ is known, therefore, we use

. X—u
test statistic for gas Z=
» aIJr_a

iv. Computation:
Givenn=25, X=250,0=25
250-285 =35

T A L B

v. Critical region:

Given o = 005 since we
have one tailed test, so 0.5 - 0.05 = |
0.4500. Make inverse use of area |
table we have Z; = Zygs = 1.645 ie.
reject Hp if Z calculated is less than
or equal to —1.645.

Statistics - XII

vi. Conclusion:

Since our calculated value of Z lies in the
themfm,wemject Hp and accept H,.

rejection  region,

Past records show that the average score of students in statistics is
57 with standard deviation 10. A new method of teaching is employed
and a random sample of 70 students is selected. The sample average is 60.

Can we conclude on the basis of these results, at 5% level of significance,
that the average score has increased?

rSr.dgtion nﬂjh—“
i, Hop=517
Hy: pi>57

i a=5%=005

iii.  Test statistic: since ¢ is known, therefore, test statistic for p in this
case is

>¢|

o'.-'\f-

iv, Calculation:  Given that n =70, X =60, o= 10, therefore,

60-57 =(3}Jﬁ
10/70 10

V. Critical region:
As we see in H;, we need to
use one-sided test to the right.
‘Here & = 0.05 (from the area
table of S.N.D, we have

Za=Zoos = 1.645).

=

=251




Hence reject Hy if Z = 1.645.
vi.  Conclusion:

We see that Z = 2.51 lies in the rejection region, so we relagt B,
and conclude that the average score has increased.

721 Procedure for hypothesis testing about: when g is Uiknowy

[ large sample]
When o is unknown but n = 30, then central limit theorem allows
us to consider sampling distribution of X as appmxi:nme[y normal wi

mean ju and SB =%. Hence the test statistic is Z =
H

X-u .
, m Le. onlyg jg
replaced by S. All other steps of hypothesis testing procedure are exactly

" The daily yield for a local chemical plant has average 880 tons for
the last several years. The quality control manager would like to know
whether this average has changed in recent months. She randomly selects
50 days from the computer database and computes the average and
standard deviation of the n = 50 yields as X = 871 tons and § = 21 tons
respectively. Test the appropriate hypothesis using = 0.05

T R )

i Hy: =880 versus Hy: u+ 880
ii. a=10.05

iii.  Test statistic;

Hﬂndisnntknnwnbutn=50islarge.snweusez=——Tf—
S/n

as test statistic for 4.

%ﬁs‘ 4 :ﬂr—.s_'. - 3 A.l.ﬂa.

Statistics = Al

iv. Calculation: =

_ 871-880
21/ 550
V. Rejection region:

=-3.03

For two-tailed test we use /2 =
0025 so 05 - 0025 = 04750 which |
corresponds to Zgn = 1.96 in the area table
of SN.D. We will reject if Z < — 196 or |
22196

vi. C{mcll;siﬂn:
Since Z = -3.03 falls in the rejection region, therefore, we reject Ho.

sdure’ for hypothesisiiesting” about 2 when o is unknown
[ismall: sample]

i a) Hy: pt = g versus Hy: u#
b} Ho: it = iy versus Hy: 1>t

c) Hy: it = iy versus Hy: it <ty
il. Choose a=0.01 or 0.05 etc.

iii. Test statistic:

When o is unknown and  # < 30, then =
test statistic to be used for p is

X-u
sin
with v = n — 1 degrees of freedom,

t= which has tdistribution — A
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where a5

5= Fj Z{.ri-if
n-1

iv.  Calculation of t-valoe.
v. Critical region:
For case (2)
Reject Ho if 1 S~ Loz OF L Z Larziny
For cane (b)
Reject Ho if 1 2 Ly
Frr case (c)
Reject Fy if 1 5 ~tugn
Where 1 is computed value of (-statistic and fen ) OF fuyy, s table value,

vi. Comelusion:

=g

A rample of 12 jars of butter was taken form a lot, each jar being
labeled % ounces net weight. The individual weights in ounces are 7.3,
14,15, 80, T4, 82, 80, 7.6, 7.6, 7.5, 7.5, and 7.7. Test whether these

values are consistent with a population mean of 8 ounces. Assume that
the weights are normally distributed.

i Hig pie=8
Hy e 8
i, s 0,05

M Tent matistic 1o be used in this case ist= X-

Mo,
=n-1df
5‘.-"1,,’; withv=n

o ':’H'ﬁlstks-ﬁir By m—— TN Unit-7:
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Testing

jv.  Calculation:

Givenn=12, ¥ x=91.7, ¥ x¥* = 701.61, fzz'f-:?%:‘?ﬂ
C . n

I 5 e (Z2)'] [ 1 (o17y
S-\Jn—l[z n l_\lml[-’m'm 12 ]

= ‘ﬁ[u_sﬁgz] =028

7.64-8 (~0.36)412
Hence t= = T
028112 0.28

V. Critical region:

R&j&ﬂf Hp if t € — tazqm O I 2 la2iv)
whereas from t-table 6.1, we have

fanm = foos,02-1) = fooes.an = 2:201
vi, Conclusion:

As 1 = —4.45 falls in the rejection region, therefore, we reject Ho.

Example 7.6

A manufacturing company making automobile tire claims lh;t ‘the
average life of its product is 35000 miles. A random sample uf 1 :ﬁ
was selected and it was found that the mean life Was 34000 miles with a

standard deviation s= 2000 miles. Test the hypothesis Ho: g = 35000
against the alternative Hy: ¢ < 35000 at &= 0.05.
Solution:
i Hg: pt= 35000
Hy: < 35000

)




. = U
1ii. Test statistic:

_X-u
siNn’

t v=n—1df

iv, Calculation:

. 3400035000 _ ~1000 _
2000/16  2000/4

v, Critit_;al region:
T8 30
Reject Hy if 1 < — tayy) b —

Whereas as from t-table

L) = toosii6-1) = foos, 5 = 1.753 oo

vi. Conclusion

As t =-2 lies in the rejection region, so we reject H,

Procedure for testing hypothesis about differen
populations means (4 — /&) when rrf and U;ari:-kno._

The samples are randomly and independently selected from the
two normal populations. The formal testing procedure is explained below:

i. (@ Hem=mor th—=0
Hy: ph # 1k or fy - 16 #0
®)  Ho:pn S oor py - <0
Hy:ph> 1t or pty -t >0
©  Homzp or y—ppn20
Hymm<ph or M- <0
Level of significance is decided ag 0.01 or 0.05

ii,

N o N P =) g,,g_;;_;Eiﬂ_

iii.  Test statistic to be used in this case is

(X~ %.) -~ )
Z= ~N :
JG_;-[-'_G: (0, 1) under Hy,
noon

iv.  Z-statistic is computed from the given data,
v, Critical region:
For case (a) in H,

Reject Hy if
ZE—Zpnor Z2Zp

For case (b)

Reject Hy if
227,

For case (c)

Reject Hy if
Z=<-2Z,

vi. Conclusion:

Hy is rejected when computed
value of Z falls in the rejection region. —Ta

Example 7.7

To see the effects of a certain sleeping pills on male and female,

two independent samples were taken and the following data were
recorded.

sample size ny=36 m=6t
sample mean ol |uiy ..—._3.‘?5_.':"-- 60 -'ji..—?:'-.'f,z'j.-;.‘-':,
population variance ~ . [igf =9 il o B T

=h

~ Unit-7: Hypothesis Testing



Test Hy: f) = i against Hy: g # fp at 5% significance level,

)
~ N(0,1) approximately,

=1 472
() Ho: i = jt; means that g5 — o =0 L
Hy: i # I ' Rest of the procedure for testing Hy is same,
G) @=005 _ Bxamplers
(iii) ‘Test statistic that summarizes the sample information i, To determine whether car ownership affects a student's academic
) ) (X, -X ) (ﬂi —#) achievement, two random samples were drawn from the students. The
this case is grade point average for the m = 100 car owners had J?l= 254 and
§/=0.40 while for the n; =100 non-owners of cars, X, =270 and §2=0.36.
. Do the data present sufficient evidence to indicate a difference in
(iv) Calculation: _ | the mean achievements between car owners and non-owners of cars? Test
) using a=0.05.
{B .75-725)-0 1.5 o o e
=2683 = e ion:
e 0559 ) 5 _ Solution
36 64 5 wZ Let g4 denote mean of car owners and /5 demote mean of non-owners of
-1.96 ] 1.96 ! cars, then
(v)  Critical region: i H?; h—-=0
iy =0
Reject Ho if Z < — Zp or Z 2 Zay Whereas Zon = Zooos = 1.96 AT
ii. c=0.05
(vi) Conclusion: iii.  Test statistics:
As Z = 2683 falls in the rejection region, therefore, we Sinceo;, o;are not given but my, n; are large, so Z-statistic will be
reject Hy and conclude that effect of sleeping pill on male and X\ -X,)-(m-1)
female is different. ofthefom  z=\X z,) :
! . J_.L.+_..L
7.2.4 " Procedure for testing hypothesis abiont (¢ — [ . il
o; are unknown but sa mple sizes are iu;‘ge, el Bk iv. Computations: Substituting values into the formula we get
| : —— 2.54-2.70)-0
When ofand olare unknown, then for m, m; > 30, they o A (—{ﬁ eiee
% 2 2 . e i e
ﬁ"mﬂiﬂdb}f'slmdszmpmmejy. The test statistic Z in this case is 100 ' 100
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V. Critical region:

iv. Computation of t-statistic value.
V. Critical region:

Reject Hoif Z2ZmorZ |
- £—Zgn where Zyn = 1.96 : ‘

For case (a)

vi.  Conclusion: Reject Hy if t. < -t 0rt
= — 1.84 is lying in the tance region. H
We see that Z 184 Js: lymg 30 Ehe Aecop ¥ s For case (b)
:  Hp cannot be rejected.

3 2 2 5 ST P % 73
Procedure for testing hypothesis about (/4 = th) When Oy = g,

‘ — ¢ but unknown [small samples] For case (c)
When population variances are unknown and samples are of small Reject Ho if 1c 2 ta.
A size then the following assumption are made to use a two-sample t-test. .
i
] () The sampled populations are normal. vi.  Conclusion.
(i)  o?and o} are assumed to be equal but unknown
(iiiy  The samples are drawn randomly. Example 7.9

for testi is given below:
Procedure for testing Hy is gi An examination was given to two classes of 8 and 10 students

i (a)  Hop-pa=0 versus Hypy—th#0 respectively. In the first class mean grade was 95 with a standard

i S deviation of 6.8556, while in the second class, the mean grade was 97
B Beprsihel: veau Hihojed with a standard deviation of 5.4772. It is assumed that the two classes of
| (c) Ho: ph— <=0 versus Hy gy >0 students are normally distributed having identical variances. Is there a
& ioni H ¥4 = .
g ii.  Choose a=0.010r0.05 etc. significance difference between the mean grades? Test at &= 0.01
1&
iii.  Test statistic to be used in this case is : Solution: |
' (X, -X,)-(4- ] i. Hy =t versus Hiom#th
l={ : 2) ( #I] .Which has t-distribution with v= n|+n3—2 af:
. Jl+l i =00l
"N\mom

iii. Test statistic:

3 waNOTEND A E‘
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As 6?and o2 are unknown and ny,nz are small ,therefore, test statistic to be

used here is r=(x'-x:‘}-(ﬂl_%) withv=n+nz-2d.f

Jl 1
By
L

Given that ny =8, n2= 10, X, = 95, X,=917, si=47, s5=130

iv. Calculation:

Now
(=)t +(n,-1)s3 _ [(8-1)47+(10-1)30
= mtm-2 8+10-2
3 ’M=6,lz !
16 '
5-97)-0 -
H'Dﬂmf {9 ) = 2 =—G.63

930
il 2
8 10
. V. Critical region:

Reject Hp if 1< — fon, oOr
t > lary, Whereas ton, =
too12s 8+10-2 = fo.00s, (16) = 2.92

vi. Conclusion:

Our calculated value of t falls in the acceptance region, so We
accept Hp.

s Unit-T: Hyﬁniﬂéikt;;‘ﬁ-,,?"'
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The following two samples are drawn from the normally
distributed population with identical but unknown variances.

Sample 1: 70 68 63 60 59 57 53 51 50 49 46 45
Sample2: 75 72 70 50 48 43 52 50 46 45

Test the equality of means at o = 0.05 level of significance.
Solution: :

i Ho: i =12
Hy: ph #a
ii. o=0.05
i f-test statistic to be used here is
z I={fl_f1}_(lul_lu1]

- with v=mn+ n; -2 degrees of freedom
iy J—+——' :

mnomn
(iv)  Calculation:

For sample-1:

m=12, Y= 671, Y} = 38275, X,= 5592

(5. (z:xl)*}

1
m-1| n

-
5=

; 2 2
671
o (m-1)s?=%.2 -&:—)ﬂwsﬁ% =754.9167

For sample-2:
np=10, ¥ x,= 551, X2 = 31707, X,= 55.1

@
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3 Statistics - XII'
3 Unit -7: Hypothesis T
= A (Zx) , ii.  Choose a=0.01 or 0,05 etc. |
n,— l n, : iti.  Test statistic to be used in this case is 'i
_P-p : f
Or{n, )si=s 2 (}_xz] i (55!} (551) _ 13469 Z*F N(0.1) under H, when n 230
R, n
Now iv.  Calculation:
(I'l., 1]31 +{n1—l)51 _ ﬁ54.9167+1346.9 Y. Critical region according to H, is
Sp= mm—2  \  12+10-2 stated a3 |
(a) Reject Hyif Z<—ZonorZ2Zn
8167
% % ~1025 () Reject Hyif Z> Zy
H _(5592-551)-0_ 082 0, () Reject Hyif Z<~2Zq
et 1095 L 1 4.3888 vi.  Conclusion.
2710 : | Example7.11

v. - Critical region: A producer of orange juice claims that 35 percent of all orange
juice drinkers prefer its ‘product. To test the- claim, a random sample of
200 orange juice drinkers was taken at random and it was found that only
tany = lToosn24102) = fo02sa0) = 2.086 ' 62 of them preferred the producer’s brand. Test the producer’s claim at

vi.  Conclusion: five percent level of significance. _

We will reject Hy if 1 <t Of > o2, Where as

As our computed value of r lies in the acceptance region,
therefore, we accept Ho.

i. Hy: p= 35% =0.35

“7.2:6 l’mwduru of testing hypothesis' about population pro ortion'p

Hy: p#0.35
[!1r}_u sample]
b : e oot ii. a=0.05

For large n, (n 2 30), and the hypothesis testing procedure is OU
e boow: il Test statistic to be used here is Z=" ;:
i (@) Hoep=p Versus Hi:p# mo :J—"'

) Hoeps m versus H:p > po iv.  Calculation:

© Hepzp versus '

Hip< po

ﬁﬁ T T e T T J o, A aFancaas aam o BER R l@ o




ik RN e S -?'B"!I‘-“

Given that p=0.35, g= 1 -p =1~ 0.35=0.65,n.=200, X =62,

X 6
B Pt t03E,
= 200
031-035 _ o
(0.35)(0.65)
200

e RN R T
v.  Critical region is statedas: | | .

Reject Ho if Z < ~ Zop o1 Z L
2 Zap where Zan = Zoosz = | _,
Zcp_m:lgﬁ

vi. conclusion:

SN0 ol )

As Z =— 1.19 falls in the acceptance region, therefore, we accept
Hpi.e. we do not reject producer’s claim is correct.

Procedure for ftesting hypothesisi about

population proportions (p;-p;){1arge sample] :

The testing of hypothesis procedure in this case is given below.
M) Hepi-p2<0 (¢) Hopi-p220
Hy:py—-p2>0 Hy:pi-pa<0

i (@) Hepr—p2=0

Hip—-p2#0

. i Choose an appropriate level of significance. -
ili.  Z-testisused where as

z=(Bi=P:)(p— r,)

1 Exnmple"?.]z

Statistics - X1l

V. Critical region is constructed according o pmm
H, as;

Case (a) Reject Hy if&s-zdzmzcgzm
i.e.

Case (b) Reject Hyif Z. > 7 e
Case (c) Reject Hyif Z.<—Z,ie.

V. Conclusion.

A soap-manufacturing factory produces two hrands of

spap. A
sample survey was conducted and it was found that 56 users out :? 200
preferred brand “A” and that 30 users out of 150 preferred brand “B”.
Test the hypothesis that sale of brand A is at least 10% greater r.hm brand
B at 5% level of significance.

Suiluﬁon' . > _|'
Let p denote the pmporuon of brand-A users and ke denote the
proportion of brand-B users.
i. Hy: pi—p2=0.10 -
Hy: py - p2 <0.10
i @=005
iii.  Test statistic:

From H, we see that p), p; and they are unknown therefore -they

- are estimated by p,and P, respectively. The test statistic to be used is;

~ N(0,1) under H,.
bid, , Py
m o n z=(Pi=P)- ({" =2, ~ N(0,1) under H,,
A Pﬁl.,.fl‘f_z_ ]
iv . Calculation: n, n,
D I S e DT P = T P



iv. Calculation:
Here n; =200, X,=56
n=150, X, =30

So
Py =i—'=%=ozs  G=1- p=1-028=072
P, =i~’-x%=mz Ld,= 1-p,=1-02=08
e J (0.(209;)2(?);2}2 _1;3;)[:0.3) i [I{{)]:toszs T
200 150

V. Critical region:

Reject Ho if Z-calculated value is fo o o
less than — Z,= —1.645 ;

vi.  Decision:
As computed value of Z falls in |-
the acceptance region, so we accept Ho.l2

The records of a hospital show that 52 men in a sample of 1000
men versus 23 women in a sample of 1000 women were admitted because
‘of heart disease. Do these data present sufficient evidence to indicate 2

higher rate of heart disease among men admitted to the hospital? Use & =
0.05.

Let p; denote the proportion of men with heart disease and P2
denote the proportion of women with heart disease,

e . - [ J_E-.SB_.hlm_ A R A.lﬂa :

Statistics - Al

i Hepi=pr orpi-ps<0
Hipi>ps  orpi—-pi>0
ii a=0.05
iii Test statistic:
From Hy we see that py = p, but unknown. So it is better to use a
pooled estimate . for the unknown value of the proportion. The

estimated test-statistic to be employed here is Z = (P—B:)~(p—py)

ey
Pl t=+=)
o
iv. Calculation:
Given n 1= 1000, X, =52, B =21 = 15—2- = 0052,
n .
. 23
»= 1000, X7 =23, =2 =" =(|
" i b n, 1000 %
Now ﬁ"zn,,ﬁﬁn,ﬁzt 52423 _ 75 ~0.0375
© my+n, 100041000 2000
And §_=1-p,=1-0.0375=0.9625
0.052-0.023)-0
Hence Z= ( )1 > =341
; ; —
\]({) 0375)(0 9625)[ 1000 1[)0{})
V. Critical regiomn: ' '

Reject Hy if Z > Z, whereas Z= Zoos = 1.645
vi.  Conclusion:

Z = 341 falls in the rejection region, so we
reject Hp. This observed data indicates that the
percentage of men entering the hospital because
of heart disease is higher than that of women. 02

|
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Hypothesis is an unproved claim or assertion or assumption which g

as a starting point in a research irrespective of its probable truthfulness of

falsity.

A ‘statistical hypothesis is a testable claim about ome or more

parameter(s) of empirical distributions,

A statistical method that uses sample data to accept or reject a hypothesis

about a parameter is called hypothesis testing.

Null hypothesis is a claim about parameter. It is tested for possible

rejection under the assumption it is true. It is denoted by Hj

Alternative hypothesis is also a claim about parameter which is accepted

if Hp is rejected. It is tested for possible acceptance under the assumption

it is false. It is denoted by H,

When all parameters of a distribution are well specified, it is called

simple hypothesis.

When all parameters of a distribution are not well specified, it is called

composite hypothesis.

“chcc:'t a null'hypothesis when it is true” is called Type-I error.

“Accept a null hypothesis when it is false” is called Type-1I error.

The probability of Type-I error which we are ready to tolerate in making

decision about H, is called significance level

A function of sample data is called statistic. When a statistic is used to

testa  hypothesis it is called test statistic or decision rule.

The group of values which would lead us to acceptance of Hy or the par

where (1 — &) lies is called acceptance region (AR) for the test, '

The group of values which would lead us to rejection of H, or the part

. where (&) lies is called rejection region (RR) or eritical region for the
m .

. The values which separate the (AR) and (RR) are called critical values.

When the whole rejection region of size o lies on ope tail of the

- concerned samipling distribution, it is called one-tailed test,

* When rejection region of size o is cqually divided, o/2 lies in the right

4 lg11 and @2 lies in the left tail .of the concemed sampling distribution, it
is called two-tailed test.

R
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Unit-7: Hypothesis Testing

71 Write *T* for true and “F* for false in the following statement

; A statistical hypothesis is a statement about the value of a statistic,
,:: ;I‘nhe I::‘Ijl :ijj:]oti'!:sris is framed for possible rejection,
; statistical infe = > is i i
information to mje:;‘: g, e SO AR At
iv.  Anupper-tailed test occurs when Hy: HZ poand Hy: pr< g,
v. If a null hypothesis Hy: 4 = 50 is rejected at 1% level of significance,
it will also be rejected a 5% level of significance.

vi. When a true null hypothesis has been rejected, we say that Type-I
error might have been committed.

vii.  aand fhave an inverse relationship.
viil.  Hy: p1< 5 is a simple null hypothesis. £
ix. ~ When the sample size n increases the probability of rejecting a true
hypothesis decreases.
x.  Confidence interval estimate of a parameter is the same thing as
testing of hypothesis about the population parameter.
inithe suitableword'in the blanks.
A hypothesis is an about the parameter of a population.
. The hypothesis which is under test for possible rejection is called
hypothesis.
iii. A hypothesis contrary to null hypothesis is known as

iv.  The hypothesis Hy: 41> iy isa hypothesis. F
¥. Type error is more severe than type ____ emmor.

vi.  Probability of Type-I error is called

vii.  Level of significance lies between and ’
viii.  Critical region is also known as . ;

iX.  Astatistical testisa__. todecide about H. :

X. The number of independent values in a set of values is known as -

i. A hypothesis under test is:

(a) Simple hypothesis
{c) Null hypothesis

(b) composite hypothesis
(d) alternative hypothesis

— e — &@Immﬂ:n D-CAlEE
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iv.

vi.

vii.

viii.

Whether a test is one-sided or two-sided depends on:

(a) Alternative hypothesis (b)Composite hypothesis
(c) null hypothesis (d) Simple hypothesis
A wrong decision about H, leads to:
(&) One kind of error (b) Two kind of error
(c) Three kind of error (d) Four kind of error.
Level of significance is the probability of:
{(2) Type-I error {(b) Type-II error
(c) Not committing error (d) Any of the above
Degrees of freedom is related to:

(a) Number of observations in a set
(b) Hypothesis under test

{c) Number of independent observation in set
{d) confidence interval

As compared to normal distribution, the t-distribution is:

(a) Flatter {b) More peaked

(c) Symmetric (d) Negatively skewed.
Student’s t-test is applicable in case of:

(a) Small samples

(b) Large samples

(c) For samples of size between 5 and 29,

(d) biased samples
To test Hy: # = gy vs Hy: g > fiy when the population S.D is

known, the appropriate test is:

(a) r-test (b) Z-test

(d) Ftest.

(c) Chi-square

74
7.5

7.6

77

78

7.9

7.10

-?_.'&_..u“" -7

ix. Testing hypothesis Hy =10 vs Hy: 115 10 leads ¢
: "

(a) One sided left tailed test

(b) one sided right tailed test
(<) Two-tailed test (d) all of the above
X. Range of statistic-¢ ?é:
{a)=1to+1, () -0 to o
(c)0toes d)0to1
Define hypothesis,

statistical hypothesis and testing of hypothesis?

Explain in your own words (i) Hypothesis testing (iij Estimation. What
are the principle steps involved in hypothesis testing procedure?

Differentiate between:

(i) Null and alternative hypothesis,

(ii) Simple and composite hypothesis,
(iii)  Type-I and Type-1I Errors,

(iv)  Acceptance and rejection region.
Explain the following terms:

(a) Level of significance.

(b) Test statistic and test of significance.

(&) Small sample and large sample.

What do you mean by one-sided test and two sided test? Explain your
idea with diagrams? :

Describe the general procedure (steps) for testing hypothesis about mean
of a normal population when population standard deviation is known and
sample size is large.

A random sample of size n = 900 plants and its mean is computed which
is equal to 34 cm. Can it be reasonably regarded as a random sample
from a large population with mean 32 cm and standard deviation 23 cm.
Testing at ar=0.05.
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711

7.2

713

7.14

7.15

1.16

117

7.19,

Let J_{'= 15 be the mean of a random sample of 64 observations drawp
from a normal population whose variance is 100. Test Ho: 4 = 12 vergyg
Hy: pi> 12 at 5% level of significance.

If X= 42.6 is the mean of a random sample of size 36 taken from 4
normal population with a known standard deviation ¢ = 5. Test the nujj
hypothesis 4= 45 against the alternative i < 45 using 0= 0.05.

Test the hypothesis that population mean is 150 when n = 196, X 160,
S =60 using &= 0.05. :

A random sample of 49 college students showed an average IQ of X=
120.67 and § = B8.44. Test the hypothesis that the average IQ of the
college students is equal to 123 against the alternative that it is less. Test
at 5% level of significance.

Explain hypothesis testing procedure about mean of a normal population
when ois unknown and sample size is small.

A random sample of size 10 is drawn from a normal population gives X
= 20 and 5 = 16. Test the hypothesis Hy: # = 19.6 against H;: u > 19.6 at
a=0.05.

The nine items of a sample had the following values 45, 47, 50, 52, 48,
47, 49, 53, 51. Does the mean of the nine items differ significantly from
an assumed population mean of 47.57 Test at 5% level of significance.

. Describe. the procedure for testing hypothesis about the equality of means

of two normal populations when population standard deviations are
known and sample sizes are large.

A random sample of size n, = 25 taken from a normal population with a
standard deviation 0; = 52 has a mean X = 81. A second random
 sample of size n; = 36 taken from a different normal population with 2
standard deviation 0; = 3.4 has a mean X,= 76Test the hypothesis at

the 0.05 level of significance that f4, ~ /4 = 0 against the alternative
= ph#0. 2

BT =y O A‘iIE{EE'
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7.20 Independent random

7.21

7.22

1.23

7.24

7.25

Unit-7: Hypothesis Testing
: samples are  drawn frop o
populations, 1 and 2 respectively, tWo  quantitative
here: pectively. The sample data summary is shown

LN e
‘sample size” 7 0]
amy T

........

Do the data present sufficient evidence (o indicate that
population-1 is smaller than the mean for population-27 Use ar=(

the mean for
05

Write the steps used in hypothesis testing about equality of means of two
normal populations when 07 =07 =0"but unknown and sample sizes
ny, ny are small,

Test the hypothesis that the mean number of h]umw:rs per liter is the

same for foreign and domestic auto-mobiles on the basis of the following
summary of sample data: \

i S % R
Foreign automobiles . | 8.~ F5
Domestic automobiles A0 B |

Test at 5% level of significance.

Given the following sample observations

Xi 17 27 18 25 27 29 21 23 17

x> 16 16 20 16 21 17 15 20

Examine the significance of difference between the two population

means at gr=0.05

Explain the general procedure for testing hypothesis about population
proportion P for a large sample.

A random sample of 120 observations was selected from a binomial
population, and 72 successes were observed. Do the data provide
sufficient evidence to indicate that p is greater than 0.5? Use &= 0.05. *
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