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7 : LESSON 5

TESTING OF HYPOTHESIS

Introduction:-

In a statistical investigation the interest usually lies
i the assessment of the general ‘magnitude and the stufiy_of
variation - with respect to one Or more characteristics
relating to individuals belonging to a group. This group of
dividuals under study is called POPULATION (or)
UNIVERSE.

Professor Morris Hambury states that ‘a hypothesis
in statistics in simply a quantitative statement about a
population ‘it is an assumptjon that is made about
parameter values and then its vatidity is tested by statistical
technique which ultimately tell us whether the hypothesis is
corrett and is. sustained or whethcr it is false and is to be
rejected. |

| Sample and sampic size

N g, ® _ A finite subset of statistical individuals in a
B population is called a sawnple and the number of individuals
in a sample is ciuled the sample size. - |
Sampling Error:- - b )

For t:.]etermining population characteristics in stead
o! ciiumerating the entire population the individuals in th
samiple only are observed. Then the sample characterist; 5
are utilized to approximately determine or 'éstim'aatl's i
population. The error involved in such appl'oxihlat'e th'e
Lorown as sampling error T and is inherent o LB
in every sampling scheme. |

and unavoidable
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Parameéter and statistic:-

The statisticat constants of the populat-on.
 viz.,mean(p) variance o *are usually referred to as
parameters.

Population mean 1s denoted by p

Population variance is denoted by o”

The statistical measures computed from the sample
observations alone are called statistics.

Sample mean is denoted by ) —
Sample variance is denoted by 5

Unbiased estimate:
A statistic t = t(X1,Xz,-.-,Xn) , @ function of the

sample values xj, Xz , ...,Xa iS an unbiased estimate of the
population parameter 6 if E(t) = 6.

‘That is if E(statistic) = Parame.ter

Then statistic. 18 sand to be an unblased estimate ot
+ the parameter.

Standard Error:-

The standard deviation of the sampling distnbution
of a statistic is known as its STANDARD ERROR
abbreviated as standard error.

The siandard errors of some of the well-known
statistics, are given below,

where . nisthe sample size,

; v . . i
o~ 1s the population variance and
P is the population parameter and

Q=1-P; n, and.n, represent the s12¢
of two independent random samples
respectively drawn from the gu en
population (s)
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Coba. | Statisiie

| Sta‘mor '

_}~"| Sample Mean- X . o/4g
y “Observed sample NPQ/n
proportion ‘p’ "
3 | Samples.d: s :\"(’3 /2n) ]
74 Sample variance:sZ c \’(2/1)_

-5 | Sample-quartiles 1.362636/Vn
6~ | Sample median 1'~253:31 o/Vn
7 Sample coﬁ‘ela.tion | C1-p)/ V™

coefficient (r). . ' , .9’
8 Sample moment:Hs o QV96£I_1_ i .
9 Sample moment: H4 | ©C V96/n N

10 | Sample coetficient of | (V/¥2n) (1%

3 _
|| variation (v) (2v)/10%= v (2n)
P il Difference of two ,
sample ‘J.( G17/my) + (crzzlnz)
|| means (x, —x2) . . -
12 Difference of twO | V(o177 2m) ¥ (02°/2n,)
N sample s.d’s: (51-52) _—
lif// Difference of idkni v(-PlQl./nl) +
sarnp]c proportlonS: (PzQz)'an) |
. 1 (pr-p2)

H

Standard Error enables us to determine the probaple 1imits
within which the population parameter may be expected to

lie.

Tests of Signi'_ﬁcance:-

The study of the tests of significance -ep

2 i 2 1ables us to
decide on the basis of the sample résults, if
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‘) the deviation between the observed sample
- statistic and'the hypothetical parameter
value.
i) the devnatlon between two mdependem
sample: statistics; -

Null Hypothesis:-

For applying the test of significance we first set up a
hypothesis — a definite statement about the. population
parameter. Such a hypothesis, which is a hypothesis of no
difference is called null hypothesis and is usually denoted
Dy Ho. This null hypothesis presumes that" there is no

difference beétween sample statlstlc and the parameter
value.

Having set.up the null hypothesis, we compute the
probability that the deviation between the observed sample
statistic and the hypothetical paramcter value might have °
occurred due to fluctuations. of sampling. If the deviation
comes out to be significant null hypothesis is rejected at the
particular level of significance adopted. If the deviation is
not significant, null hypothesis may be retained at that
level. :

Alternative hypotheSIs - Any hypothesw which 1is

_ e, e
. ———

complementary to the null hypothesis is called an
alternative hypothesis, usually denoted by H,.

For example : If we want to test the null hyps othesis
- that the population has a specified mean po., (i.) Hg: 1w = po

then the alternative hypothesis could be =
(1) Hy: p # uo that is p > pgor p < po
(1) H: > g
(i) H 2 p'< o
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L
ative hypothesis in (.i) is known as Two-
d the altematives iy (ji) and (iii) are
tailed and lefi " 1a35]ed -altematives

The altern
lailed ajtemative ap
known as Rigm
respectively.

Errors in Sampling 2 There are two types of errors in -

sampling
Type | error:

Type 1l error: A
Tt s, accept Hovhen Hyis e

If P Reject Howhen it 1s true} E {Reject Hy/ Ho) = @
And p{Aceept Ho when it is wronoy = p {Accept

Hy/Hl} =P .
Then o and p are calied the sizes of type | error and type 11

error respectivel-

Reject Ho when it is true.

Critical Region 3ndﬂiewﬂ of Tig“iﬁ‘!a;‘;ce;_ _
A region 1n € SAMPIE Space § \hich amounts to
refection of Ho is termed as CRITICAL. REGION ‘OF

REJECTION. 3

e critical region and-if ¢

tatistic based op g . t (X1 X25 civens Xn)

andom sample of

If o is th
is the value of theé S

size n, then
t e o Ho) =a, P (i
P( ) . (_CO)/HD)z.ﬁ

where o , the ;Omplementary of ®, is Calle the acceptance

region.

~ Thepr obabili t);lt]}z;t.?oll']an.d OM Value of the statistic t
_belongs to the ¢ritical. TegIoN Is knowy ;o the level of
significanc2.
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| * “The level of signilicane usualiy employed 1 ivsiaig
of hypothesis are 5% and 1%. If the sample size 1s less
than or equal to 30 then it 1S cal'ww;::p/f;un1d iothe
sample size is greater than 30 then it is called Targe sampie.

Tests of significance for la.rge samples:-

_ For large values of n, we apply the normal test.
- which is basedupon the following fundamental property i
the normal probability curve.

If X ~N@m.o)then Z =X-p = X - E(X) ~ N1
: o VV(X)

The significant values of Z at 5% and 1% levels o
significance for two-tailed tests are 1.96 and 3%
respectively. In al[‘probability we should expect a standaidd
normal variate to lie between + 3

| Compute the test statistic Z under Ho.  Thus for .
‘two-tailed test if |Z| > 1.96 then Hp is rejected at 5% levo]
of significance: Similarly if |Z] > 2.58, Hp 1s contradicted
1% level of significane and if |Zi< 2.58. H, mav he
accepted at 1% level of significance. : '

: For a single-tailed test (Rigit tail or left tail) we
compars the computed value of |ZI with 1.645 ( at 3%
level) and 233 (at 1% level) and accept or reject H

accordingly.’- - T

Procedure for Testing of Hypothesis *
1) Null hypothesis: Set.up the Null hypothesis H-
,f:Z)_ Alternative hypothesis: Setup  the Alternative

hypothesis H;. This will enable us 10 Jecdy
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whether We “"fed te§l-\ I [ﬁght-or left)
tegl OF I\"'O'Ial ki
- o : Choose ¢
anlﬁcance : . €a y
of s13 () dependmg.On' vtfpmppatp levet
- = Teliability of

3) Level
. c
of significa®
the estimates. :
. Compute the te

'4) Test Stalistic Z = t- E(t)
S.E(t):

nder 1y

usion: W€ compare the ¢q Puteg
?) Conclu:;lict)ﬁ-the Sigmf?f(:‘ant v?lu?(tabu]ated‘v’ih;e (;fZZ
at the given ! .
af 21 = % . Ren the aull hyDDthesis may

be accepted
o 2l > Za then they,
- tt]hfé level of significance
rejected at the

ance for single proPOI’tion:
mber of successeg i -
r;?ty P of success for each t:}ia h’l-]z:]'gs.{w;[h
= .- ther,
E(X) = nP . . an";lu:gX)‘T e Where Q < 1-P is
the probability of 12 P, nPQ) ' o
n
For largen, X~ et

o= X'_EX = X - np—\.
Thatis, 4 VV’(}_(%—) % N(B,l)

oply the normal test.
cain a

Test of signific

If X is-the :
constant probab

and we ,
groblem% are rice eaters apqg the r_estp%ple in

Maharashtra. 5v e assume that both Tice re wheat
we

Ahg

ra w i
eaters.” Can S heat are
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equally, popular in this slate al 1% level o
sighificance? : - -

Sohition™ Given, h=1,000,
' " X= humber of rice eaters = 540

p= s*xmple prOpomon of rice caters
=X = 540 =0.54
. n 1000

Null hypothesis: Hy: Both rice and wheat are cqually
popular in the state so that
-P population proportion of rice eaters in
-Maharashtra - '
P=05 and Q= 1P =05

il

(Alternative hypotheis: H,: P # 0.5 (two-tailed tes! test)’
Test Statistic : under HO, the test statistic 1s ‘

Z=p=-P ~ N(O1) | (since n is large)
%PQ/n . S

= 0.54 - 0.50. 2599
0.5 x 0.5/1000 —

Conclusion:. The significane or critical value of Z at 1%
level of significance for two tailed test is 2.58.

Since computed value of Z = 2.532 is less than 2.58, it
is not significant at'1% level-of significance.. Hence the
null hypothesis is accepted and we may conclude that
rice and wheat are equally popular in Maharashtra state.

Test of significance for Difference of proportions:

Suppose we want (o compare two distinct
populations with respect to the prevalence of a certain
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- members. Let Xi.X; be

the number of persons possessing the given altribute A

in random samples of sizes M and 1“3 from the two
populations respectively. “Then sampi€ proportions are

attribute, say A, among tl

given by . |
p=X,  and pzﬁi%?
n .2 .
- 1FP, ,a:nd P, are population proportions, then
E(p1) =Py, E(p))=P2 , V(P = ’E"%' » Y(p2) =P,0Q,
l n 2

Z= _(m-—‘ 2' -E I:_LQ;_) - N(_O,])
V(p;-pz)

Under the null hypothesis - Ho: P,=P2,

The test statistic for the differenc® of 'Pfoportionls.is
~ N(0,1)

Z = pp—Pb2
' &Q(l/m + 1/n3) y

iased estimate of the

Under Hy: P=P, =P, an unb
0 1=F2 n both the samples ig

population proportion P, based ©

given by
N
P = 0y p1+nzp2 ""-.\:"— ‘MZ ‘
Il|+n2 i

n +n2

Problem 2:- Random SamPle‘S, of 400 men ang 600 .

women were asked whether they wouid like to have 5
flyover near their fesidence- 200men and 325 wome

‘were in favour of the proposal- Test the hypothesis 1,

propositions of men and women " fa"Wg of the
proposal, are same against that they are not at 5/3\!eve1. -

N

Solution:- ‘
" Null hypothesis: Ho: P1=F2 =P (say) o/

s int . ‘ ’,/
: _ / e



4

L
-

N

© There is no significant Jilfzizce Dbenwecn
- >pinions ‘of men and svomen a3 lar as propasal Of
Ayover i5 concemed.

thie

Alternative hypothesis: Hy: P2 Py (two-taled)
Given  .m=400, X qumber of men favouring the
- aposal =200

: na=600. X»* number of women favouring !
proj.wsal =325 '
Tt-retore,

Pl 7 prOporlion of nien favounng thee

proposal in the srmple
¥y = 200-=0.5
-_,_..-—'7

N 400
pPR-—= ortion of men favounng Ly
% P, .« sample

J X_: """__3__2_5_ = (0.5"

~"h. 600

Tesi stativtic: Since samples are lar ue, the teo. stansuc
und~r the null hypothese, HO 1s:

VA B ~ N(O.1)
N A '
- JP Q(1/n+1/n2)
p o= mprtmpy =XiEXp 7 2001525 = u.525
nytng ny kN2 400+600
o) N .
Q =, 1-P =0475
_,.-“' v .
Z= 0500 1548 _  __.. = : - 209

/{? 0,525 « 0.475 = (17306 = 1 o0
g N gl e R



g e ‘» 5 vyt e ?'Q ‘h 1 Voo i
Corcusion: Since (<1 - =07 which is tesg livan |

it is not significant at 3% level of significane
Hp may be accepted at 5% level of significane o -
"may conclude that, men and ‘women do not oo
significantly as I:Cga"ds proposal  of flygye, i,
concermed. -

Y0,

(_Testof éignfﬁcar}tie for single mean. ]

If x;, (i=1,2,....0)is 2 random sample of size  from"
- ith mean uand variance o, thang e

. ion wit ‘ )
a normal 'population d normally with mean p ang

sample mean is distribute

- B
ol . . n).
.-ariance o’/n, i.e., x~N(H1,9 /n)

Thus for large samplcs the standard nonpa] varniate

corresponding to x is:

z =0/qx;1

il hypothesis Ho, that the sampje },6
4tion with mean p and Variance g

¢ difference between the sample

under the nu
been drawn from a popul
i.e., there is no significan

mean (_x)and population meaq (1) the test statistic ( for

large samples), is: ,
- x-p_~ N(O,)
Z = b,
o/vn

of 900 members has a meaq 3,4
‘the sample fiom a large popy[ation
4. 2.61 cms? 1f the populatigy ;s

Froblem 3: A sample’
cms and‘gg.,d,Q-Bl cms. 1s
of mean 3.25cms and S-
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hormal and its' mean is unknowp. find the 95% and 98%
fi ducxal limits of true mean.

Solution: Null Hvpothesis(Hp) : The sample has been
drawn from the population with mean p=3.25 cms and S.D.
c=2.61"cms.

“Alternative Hypothesis: Hy: p ;E 5.25 (Two-tailed)

- Test Statistic: Under Hy, the test'statistic is Z = X _- ~ T‘I((-).l)
. . a/n

Here we are given: x=3.4 cms, n=900 cms, p = 3.25 cms
and o = 2.61 cms |
Therefore _

Z=340-3.25 = 0.15 x30 =1.73
: 2.61/ V900 2.61 "
Since | Z | < 1.96, we conclude that the data don’t
provide us any evidence against ‘the null hypothcs:s (Ho)
which may, therefore, be accepted at 5% level of
significance.

95% fiducial hmits for the population mean are:

96 ( o/¥n) = 3.40 +0.1705 i.e..3.5705 and 3.2295

—

98% ﬁducxal limits for p are gwen by:

[ f_.____--j

+2.33(o/n) = 3.40 +0.2027 i.e, 3.6027 and 3.1973

T e i
Problem 4:. The guargmeteed average life a certain type of
‘electric light bulbs is 1,000 hours with a standard deviation
of 125 hours. It is decided to sample the output so as to
ensure that 90 per cent of the bulbs do not fall short of the
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d

cuarantced average by more than 2.5 per cent. What must

be the minimum size of the sample"

Solution.  Here p = | 000 hours. o = 125 hours.

Since we do not want the sample mean lo be less
% han the guarantesd average mean(p = | ,000) hy more than

YAy we should I:_'\L

X > 1,000 - 2.5% of 1,000 =>x > 1,000 - 25 = 975

Let n be the given sample size. Then

Z = x- pu ~N(O,1), since samf)le is large.
o/Vn. .

x --u >975—-1,000 =-Vn/5

We want Z =
o/vVn "~ 125/n

According to the given condition : P (Z > - 's/nIS) 0 90
P(O<Z<\/n/5) 0.40-

= Vn/5=1.28

n=25~»(l .23)2 = 41 (u4pprox).

Q‘_T;_'g_s,g_gj Significance for Dg__f_ferer_lce of Means. x; be the
ean of a sample ofsnze n, _ T

from a population with mean p, and variance o,% and let xz
be the mean of an independent random sample of size nz
from another population with m®s» p, and variance o5°

Then, since sample sizes are large-

—

~ N(p,. ,°/ n)).and R N(uz, 622/ ny)
108.



Also X, . x2 being the difference of two mdependani

normal variates is also a

normal variate. The value of Z (S.N.V) comespondmng to x,

. given by:

;- Z:.:—.( X1- ‘(2)—_1_3( ;_1__-‘;'_\_3 ~ NP

SE:( x3 - X2)

Under the null hypothesis, Ho : gy = u:, 1e.. there s
no signiﬁcam difference between the sample mcans, we 2l

E{ E:- “x2) = E( X)) - B( X2) = pi- p2 = 00 V0 x- o)
V( X;) -+ V( Xz)

2
=g,%/n +07°/ma

the COV&]‘!&JICC term vanishes, since the sample means
X, ~ X2 are independent.
Thus under Hp : p1 = M2, the test stausuc beconics
(for large samples),

= Xi= X2 ‘“"‘N(O,l)
‘10']2'/!]1'*'0'22/1'12

i’ s
Problemn 5: The means of two single large :.JmpL:, o
1,000 and 2,000 members are 67.5 inches and 636 nchc:
reSpectlvm the samples be regarded as drawn irom
the same popylation of standard deviauon 2.5 wmches’

—_—_

( Test at 5% lcvcl of signifinance.) i ;

Solution. In usual notations we are given.
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ty = I.D{)D’ n2=2,000.

X1= 67.5 inches x,= 8.0
nrhes .

Null hypothcsis‘ Ho: pjy=pm,and o =25 inches, i.e.. the
samples thave beer. drawn from the same. population ‘of

~wandard deVialiQn 2.5 inches.

ANEMative Hypothesis; H, : py # p ( Two — tailed)

Test Statistic. Unge; Hy. the test statistic is:

Vo Z(1/n1+1/m2)}
Now 2 = 675-680 _=-5.1
2.5 x ¥(1/1000 +1/2000)
Conclusion:-

Since

alid | Z | > 3, the value is highly
significant anq- y, reject the null hypothesis-and conclude
that samples are

: certainly not from the same -population |
with standard dey;aion 2.5

Problem 6:- p, , survey of buying habits, 400 women

. oSen at random in super market ‘A’ located

>€Ction of the city. Their average weekly food
expenditure is Rg 250 with a standard deviation of Rs. 40.

~ For 400 women Shoppers chosen at random in super market
‘B’ In ?“mh?" S€ction of the city, the average weekly food
expenditure is Rg 220with a standard deviation of Rs. 55

Test at1% leve] of significance whether the average weekly

food expenditure of the two populations of shoppers are
equal. -

Solution: [n the ygyal notations, we are given that
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m =400, - |xi=Rs.250, s1=Rs. 40
n; =40(), : 'Xz'—'RS. 220, ; S;:':RS.. 53

Null hypothesis: Hojui = Ho2. i.e., the average weekly
food expenditures of the two populatidns of shoppers are
equal. :

‘Alternative hyp®thesis: H,: 1,7} . (Two tailed)
Test Statistic:- Since samples are large, under Hy, the test
statistic is : - -

Z=_x1- x2 ~ N(0.1)
\J(cs_lz/m + G5°/M3)

Since o, and -0y, the _population standard deviations are not
known, we can take for large

samples 6y = s, "and Gyl = s, and then Z is given by :

x1 - x2 =| 250 -220 =8.82
N(si¥/m +s22/mp). | V{(40)*/400 + (55)*/400}

Z

I

Conclusion: Since | Z | is much greater than 2.58, the null
hypothesis is rejected at 1% level of significance and we
conclude- that the average: weekly expenditures of two
populations of. shoppers .in markets A and B differ
significantly. '

Test of Significance for the Difference of Standard
deviations: - e
f s, and s; are the standard deviations of two
independent samples, then under null hypothesis,

Ho: o1 = o3, i.e, sample standard.deviations don’t differ
significantly, the statistic:

| 'Z =_s;_~- 53 ~ N(O,}) for large samples
- S.E(s1-53)
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-~ o wa diffcrences of
But i1 <o of arzs samples, thie S.E. of i1

(&

- the saiepie stzudard deviations is given by -

_“Therefore Z = g = A . .~ N(O,l')
; %]2/21‘1]'*'0'22/2!‘12)

" s les
o)’ and o;” are usually unknown and for large d.a.n msaI;] v}’e
- use their estimates. given by’ the correspondi’s Pig:
_variances. Hence the test statistic.reduces t0

Z=5_- 5 | ~ N(0,1)
'\I(S.| 2/ 2D|+52;/2n2j :
Problem:-7

Random samples drawn from two countries give the
following data relating to the heights of adult males:

Mean height (in inches)% 67.42 67.25
'\ /2 Standard deviation (ininches) 2.58 250
:\ ,©% Number in samples 1,000 - 1,200
(1) Is thf: differenice between the means Slgmﬁcgnt,?
) Is ‘the difference between the standarg
. deviations significant? ‘
" Solution:- ' -

In usual notations, we are given:

m=1000 . x=6742 inches s)=2.58 inches,
nz=1200 X;=67.25 inches  s5;=2.50 inches
g T
0 =5).=2.58, 6y=52=2.50

%
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) Hoo pi=pa, i.e., the saniple meaps do noi dificl

| significantly |

H,: w5 a0 (Two tuiled)

Under the Nu,ll_hypmheSLs H{Lthe test statisuc s
Zs= x1 - x2 -\ ~NOD

\ Visi*/ny +s2*inz) )

) s O A 00,2 = 1.30
V{(2.58)%/1000+(2.50)7/1 200!

|

Conclusion: Since |. Z | <1.96, null hypothesis may be
accepted at 5% level of significance and we may conclude
that there is no significant difference between the samplc

mearns.

11) Under Hp: that there is no significant difference
between sample-standard ceviations,
Z =_s, - sz \~ N(O,1) for large samples
S.E(s.-szL

e ———

_ —

K;;('S‘l_—:z)=\1(012/2n1+622/2n2) =\f( T;’2 521/2,]:) fl

If 6, and o, are not known and 6, =5, , 0> = s5.

S.E.(s1-52) = \]{’(2 53)1/(2 X ]000) + (2 50)° 42 x l’um
— 0.07746 ‘ :

Hence Z = 258 - 250 = 1.03
0.07746

. Conclusion: Since | Z | < 1.96, the data don’t provide u-
any evidence against the null hypothesis which muayv be
accepted at 5% level of signiiicance:.  Hence the sanph

standard deviations de not differ significantly
113



_ai-square Test:.

In eenera! ; 3 . |

| was “IE X (i =1,2,...,n) are.n .mf.i.E?Pe“d_F';t
pnormal  vanates With means ul and yariaDCes o0i”,
( i =1 t21""n), then ” L M 4

- = "w_._,_,.-'-'-" b T
e i i (\}J = r‘ - f'i\ "\5‘
il | :

. ') “t
(Xi-u

2, , |
ol chi-square variate with n degrees @
!k G ) LI .

"-

S

f freedom.

%

]

hich make up

. The number of dom (d.f)
freedOiit A=-2)

the up the statistic(y?
and is usually denote

independent -variates W
) is known as degrees of

APPLICATIONS OF cH1.sQUARE DISTRIBUTION
X" — distnbution hag , fivrh Tiribier oF applications in

statistics, SOMe of Which are enumerated below:

(i? qu et 1f the hypothetical value of the population:
variance is 6° = og* (say).

(ii/)/l% test the ‘goodne'ss of fit’.

\
(111) To test the independence of attribntes:

(wTo test. the homogeneity of independent
estimates of the POpulation variance. |
(v) To combine yarjous "prc'obabilit-ics'Obt"“inf"cl om

independent experiments 1o

BIVE A Single test of significance.
(v? To test the homogeneity of independent
estimates of the population

A

correlation cqefficient.
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Inférences About a Population Variance. P
] . v J\? ’Fu;\ |
Suppose.-we want to test if a random sample x;, (1 =

1.2.3.....,n) has been drawn from a normal population with
- - - 2 - 2
a specitied vanance o~ = oy~ (say)

Under the null" hypothesis that the populat:on
variance is o° = oy, the statistic

751
9

|

[ ]

) - - , — 1 o
LT=2 En:_,i)f =1 Yxit - (Yxi ) |=n
1. Bg " Go” n

follows chi-square distribution with (n-1) d.f

By comparing the calculated value with the tabulated
value of %2 for (n-1) d.f at certain level of significance
(usually 5%), we may retain or reject the null hypothesis.

Problem 8 :-

It 1s belived that the precision (as measured by the
variance) of an instrument i$ no more than 0.16. Write
down null and alternative hypothesis for testing-this belief.

Carryont the test at 1% level given 11 measurements of the
same subject on the instrument:

2.5, 2.3, 2.4, 2.3, 2.5, 2.7, 2.5, 2.5,
2:0, 2.7, 2.5
Solution.

Null-Hypothesis Hy: 6> = 0.16

Alternative Hypothesis H; : c’>0.16
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PGy

P o ;1\,/ RS
cOMPUIH Al\i;__l:g_\_’ARIANC;,
X ¥ZR) .
55— X | (X- X
73— —2.01 0.0001
74 221 0.0441 __|
,fﬁb/ 532011 1. 00121
AT TN 55 021 0.0441 "
- 5001 | 00001 _
98 55019 | 00361
g —— ¢ ———0.01 [ 00001
e 56 09 [ 00081
g Tl | 00081
—5 5 —219 | 0.0361
— =21 | 00001
X =2.51 '
i (X - X)y*=0.1891
\ —

) aull hypothesis Hy: o2 -
Under the P82 02" — 0.1891 -_0 0.16, the test statistic 1S

2 -
Cx =S S1g = 1-182

.2 distribution ' ’
whmhfollowsx w“hdl n~]—1]_-1—"10

ula ted value of
oalue 23.2 0 XZ for I%df at ]o
not significant: t. Henc€ Ho may he 5
that the datd are CONSISIENT iy
precision of the mstrument 15 0.16.

S less than thc tabu}a'leﬁ
l'fWel of significance, it is
Accepted and we conclude

the hypothesis that the

~ Problem 9:-
. that c =

Test the hy pof oth¢? 515 10
- random sample © of siz€ 50 from a

ITlogi‘v’en that s =15 for @8-~
I'mal population.
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xi=3 [fized’
| et

wiion

Null Hypothe:,sis, Ho: 0 =10

We are givenn=50,s= 15

Therefore x* =ns’ = 50 x 225 =112.5

\\ the test statistic’jsZ = V2 z -V¥2n -1~ N (0. 1) 3

N AS——

e D T
=15-9.95
= 5.05.

Ay -

Since |- Z | > 3, it is significan! at all levels of
significance and hence Ho is rejected and we conclude
that o # 10:

Goodness of Fnt Test:
A very powerful test for testing the

significance of the . discrepancy between theory and

experiment was given by Prof. Karl Pearson in 1900

and is known as “Chi-square rtest of yoodness of fir”. It
enables us to find if the deivation of the experiment
from theory is just by chance or is it really due to tne
inadequacy of the theory to fit the observed data.

If i (@(i=1,2,....0) is a2 sei of observed
frequericies and el (i=1,2,...,n) is the conesponding set
of expected frequencies, then Karl Pearson's chi-square

is given by:
i=1

foll_ows chi-square distribution with (n-1) d.t.
Sttt b ST



.. :oorule:

) ? Accept H, ifxzsxzu(n-l)andrcject HO if
£ = X a(n-1) where.y ° is the calculated value of ¢hi-
square obtained on using (*) and y 2, (n-1) is the -
tabulated value of chi-square for (n-1) d.f and level of
significance a.

Problem 10: The demand for a particular spare part in a
factory was found to vary from day-to-day. In a sample
study the following information was obtained:

Days: - Mon  Tue Wed ™ Thu Fri . Sat
No.of parts '
Demanded: 1124 1125 i110 1120° 1126 1115

Test the hypothesis that the number of parts
demanded does not depend on the day, of the week.
( given: the values of chi-square.significance at 5,6,7
d.f respectively 11.07, 12.59, 14.07 at the 5% level of
significance) -

Solution:

Null Hypothesis, Hp ‘is the number of parts demanded
does not depend on the day of the wezk. Under the null
hypothesis, the expected frequencies of the spare part
demanded on edch of the six days would be:

L (1/6)(1124+ 1125+ 1110 + 1120 + 1126 + 1115) = 1120
N

CALCULATIONS FOR y *

Days ' Frequency TE=e) ] QL;j
Observed Expected | &
(fi) (e | A ol
{ Mon | 1124 1120 16 | 0.014
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[(Tues| 1125 1120 |7 25 [o0.022

- | Wed | 1110 1120 | 100 | 0.089 |
| Thu 1120 1120 0 0

* | Fd 1126 1120 36 | 0.032

Sat 1115, |° 1120 || 25 | 0.022

Total | 6720 | 6720 0.179

X2 =2(fi—¢) = 0.179
Ci

The number of degrees of freedom=6-1=5
. The tabulated %2 0.0s for 5-d.-f. = 11.07

Since calculated value of %2 is less than the
tabulated value, it is. not significant and the Bull hypothesis
may- be accepted at 5% level of significance. Hence we
conclude that the numbcr of parts démanded are same over
the 6 — day period.

Problem 11:-

The following figure show the dlstnbutlon of digits
in numbers - chosen, at random from a telephone
directory: |

Digits: 0 1 2 3 4 8 6 7 8 3 Total
Frequency' 1026 1107 997 966 1075 933 1107 972 954 8S3 10,000

-

TES! whether the dlgﬂs may be taken to occur
equally,ﬁequently in the directory.

Solution:

Null hypothesis : digits occur equally frequently in the
directory.
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l I” hypothes; d frequency for
Under ey S1s, the expecte qu

each of lhc.dsglls 0,1,2,.. 9 s 10,000/10 = 1.000. The
value of X2 is computed ag g1 ,ws. .

CALCULATjoNS FOR 2
g Py — ey | Gy
Observed | Expegiag ) &)
-__#'_-_(fi)- _ (&) Ci
—5 | 1026 | o0 | 676 | 0676
gl Al 1000 11449 | 11.449.
g L W 9| 0.009
—5 | 2% 1 100p 1156 | 1.156
P, i 100 5625 | 5.625
A __1000 4489 | 4.489
| ——1 1107 | 1oon
6 000 | 11149 [ 11.449
7 _ e 1000 784 0.784 .
8 00 1296 1.296
—— 853 10060 :
r_j_,_,____—m 500, ﬁ,i_.oﬁgg 21609 [21.609
[ Total | — ——9,000 58.542

The numbe

2 =2hi-e)? _ 533540

€

r of degrees of free dom =

10-1=0

2
The tabulated X2 o0s or9d. £ < 1 ¢ 59

e 3’5:’?:?3 h‘;alue Of 42 is much greater than
the mbuu;[;esis Fhons 17 Ef;:)y lsigniﬁozmt and we reject the

. ; C i . - . -
null hYP distributed in the direUdc that the digits are not

Ctory.



Exercisc

1) The fcllowing tgble gives the number of aircratt
accidents that oecurred durlug the. seven days of ihe
week. Find whether “the accidents are ummrml

dlstnbtl.ted over the week:

"Days : mon tue wed - thu fnsat 'Sta
‘No. of . -
Accidents: 14 18 12 " 15 14 34

2) Adieis thrown 60 times with the following resulis

Face : 1 2 3 4 5 5
Frequency: 8 7 12 8 14 11

‘“Test at 5% level of significance if the die 1s unbiased.
assuming that P(x2> 11.1) = 0.05 with 5 d.f.

3) 200 digits are chosen at random from a set ot tables
The frequencies of the digits were:

Digits:. 0 1 2 3 4 5 .86 7 8 3
Frequency:18. 9. 23 21 16 25 22 20 21 15

Use %2 test to assess the correctness ot hy pothun that
the digits were distributed 1n equal numbers in the tabic,
given that the values of X2 are respectively 16 9. 13 _‘:
ard 19.7 for 9, 10 and 11 degrees of Trcedom al §°
level of significance.

6

4) A sample of 15 values shews that the s.dis © 4 5,‘
this compatible with the hypothesis that the sam
is from a normal population with s.d 3%,

-5) Test the hypothesns c = 8, given that s=lu. tor 2
random sample of s:zc 51 from a normal popuiahion
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RS e Hyd el 00

o Cpirteriis
5 ‘c,! X rgnslr:r_ Under HO, the test statistic is
. L.l — t(n-l‘

Vs’/(n-1)

, < i 2 '
where X and 8% are tg pe computed from the sample
values of 1.QQ. s '

Calculagion for sample mean and s.d.

;f) — (x-x) (x- x)*
20 739.84

- 120 | ™53 510.84
0 sl TR 163.84
101 38 14.44
88 . 3 84.64
L —201.64

N - 484

8 .1 08 B 0.64
107 _| 98 ~96.04
100 | 33 7.84
Total 972 [ 1 1833.60

Hence n= 10, ‘X =972/10=97.2 and S = 1833.60/9 =
203.73

| t] =1972-100] =0.62
v203.73/10

Tabulated toos for (10-1) j.e., 9 d.f for two-tailed-testis
2262 ' '
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Conclusion: Since calcutated t is less than tabuiated t0.05
for 9-d.f., HO may be accepted at 5% level of significance
and we may conclude that the data are conststent with the
 assumption of mean 1.Q. of 100 in the population. '
The 95% confidence limits within which the mean
[.Q. values ofsamples of 10 boys wilt lie are given by:

 X*tgos S/¥n = 97.2+2262x4.514 = 107.41
and 86.99 . .

Hence the required 95% confidence interval is
(86.99, 107.41}

Problem 3: The heights of 10 males of a given locallty are
found to be 70, 67, 62, 68,61, 68,70, 64, 64,66 inches. Is it
reasonable to believe that the average height is greater than

64 inches? Test at 5% significance level assuming that for
9 degrees of freedom P (t>1.83) =0.05

Solution: Null hypothesis, Ho: p = 64 inches.
Alternative hypothesis: H1: p >.64 inches

-Calculations-for sample mean and s.d.

X 70 67 62 68 61 68 70 64 64 66 | Total
(X--;) 4 ] 4 2 5 2 4 -2 -2 0 0
(x- ;)2 16 1 16 4 25 4 16 4 a4 ¢ 90
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T Tx i o= S80/10 = 66

S2=1. Tx x) _-.-=9_Q,Z9=10.

T (n-1) .
Test Statistic: Under-Hy, the test stal;is_tic iS:
t = X - Q1 =66-.—6.£_I=2'
VS?%/n - N10/10

which follows student’s t-distribution with 10-1 .==-9.d'.f:._
Tabulated value of t for 9 d.f. at 59, level of significance
for single(right) tailed test is 1.833.

Conclusion: Since calculated value of t is greater than the
tabulated value , it is significant. Hence HO is rejected at
50 level of significance.and we conclude that the average

height is greater than 60 inches.

¢-test for Difference of Means:

Suppose we want tortest if two independent samples
x; (i=1,2,...n) and yj, (G=1,2,... nz) of sizes n and n, have
been drawn from two normal, populations with means px

and py respectively.

Under the null ‘hypothesis (HO) that the samples
have been drawn from the normal populations with means
px and py and under the assumption that the -population
variance are equal, i.e., o’ =0y’ = &” (say), the statistic

l“”‘f‘; - y) - (ux - py)
' Sﬂ/(l/nl + 1/n2)
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.. Where x =(1/m) Y «
' i=1

Y ‘“(1/112)2 Y,

1=1
S?=_1__ r_(\. xY + S(y,- ¥r
n‘+nz ‘2 1 ) J

- - g . S—— : . . =
is an unbiased estimate of the common population vanance
o?, follows Student’s distribution with (n,+n> -2 ) d.f.

Palred t-test for Difference of Means:
Let us now consider the casc when 1) the

sample size are equal, i.e, m;=ny=n aird 1i) the two samples
are not independent but the sample cbservations are paired
tégether,.- .e., the pair of observations (x,y,) (1=1,2,...n)
corresponds to the same (ith ) sample unit. The problem 1s
to test if the sample means differ sigrificantly or not.

Here we consider the increments, d, = x, - v,

(i=1,2,...n) .'

Under the null hypothesis, H, that increments are
due to fluctuations of sampling;, the statistic:

o

t=
/Nn

n

- Where C Ty . _—
- d = (/o) Xd and 8* =_1 ¥ (d- &)
i~ ; (n-1) 1

follows student’s t-distribution with {n-1) d r
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"-d on WO dlelS A and B

Gain in Weight
:7c; 32. 30, 34, 24, 14_..:'7 24 30, - 1. 35.
3

Diet A .
_14, 22. lo 47 -;l 40 'IO 12 5. ]& 2' 35. ,‘9 *32

Diet B: 4.

Test, if [hB tWO diets dlffel Slgmf'cantly as rcga_rds
their effect on increase in weight.

Solution:

A[[grnative hWOthe‘s'iS' HI: Hx # Iy (two tailed)

Null hypothesis, Ho: py =

r.__-/Dxet A : Diet B

i X | x) (x- X)z___' ’y | (y- y).| - }'}2
_-—3-:2"’_‘-_—__4 16 34 4 16
S5 |4 16. 47 17 | 289 |
52 16 . 40 10 | 100
—30 |2 21" 3 2 xJ
T2 9 335 E 25
T 7 18 | 17 [ |
B 33 5| 25
L—M,...--—-— -—--3._9_ -1 !
e L 130 l

My, i.e., there is no
mean incrcasc in weight




X =(336/12) = 55, 'Y= (450/15)=30 N
S = | Y (X - x )+ b3 Geie y)
nj+n; 211 J ‘-)
- =.7.1.'é

m=12 > -112?15
Under nuj} hypothcsi'S(Ho):

L= -_____.(;- ;) ~tnt+n2-2
S N(1/n; + 1/ny)

T =28 .30 = -0.609
V71.6(1/12 + 1/15)°

_Tabulated to.os f:Ol' (12+15 - 2)-= 25d.f. 1s 2.06

Conclusion . Since calculated | t | is less than tabulated
HO may be accepted at 5% leve' of significance and w

- may conclude that the two diets do not differ significantl‘
as regards. thejr effect on increase in weight.

e B

-

Problem S: -'Samples of two types of electric bulbs were
tested for length of life and following data were obtained:

. _ Type Type Il
Sample No. .m=8 nz=
Sample meaps - x1=1234 hrs. x,=1036 hrs.

131




Sample s.d $1=36 hrs - .5,=40 hrs:

Is the difference in the means sufficient to _warrant
that type I is superior to type IT regarding length of life? -

Solution: .
Null hypothesis. Ho: px =y _j.e., the two types I

and T1 of electric bulbs are 1dentica].

Alrernative hvpothesis, H,: ux >py , i.e., type lis
superior to type Il

Test Statistic: 'Under Hy, the-test statistic is:

t = (x - '?’L ~taianz-2 =13
S V(1/m + Ung)
g : -

st =__1__|Z06- x) 4 3(y;- 97
ntnz-27) 1 .0

i ¥ ]

= .1 3x.36'2. . o 2]
ﬁ[ ( )+7x(40)]

=1659.08

t= 1234 - -103§_‘___“__ =9 30
V1659.08(1/8 + 1/7)

/
Tabulated value.of t for13.d.f at 50, level of significance .

.

for right (single)-tailed testis 1.77,
i
' e L.
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C’onclus;on Since calculated ‘t” is much greater than
tabulated t’, it is highly significant and Ho is rejected.
Hence thie two types of electric bulbs ch{fer significantly.
Further, sifice  x,1s much greater than x>, we conclude
- that type I is definitely superior to type 1l

2

t-test for testing the significance of an observed sample |
correlation coefficient

If r is the observed correlation coeffictent 1n
a sample of n pairs of observations from a bivariate nonnal
population, then Prof. Fisher proved that under the null
hypothesis, Ho: p = 0, i.e., population correlation
coefficient is zero, the statistic:

t=_r \!(n-?)
*J(lr)

f'Qllqws.Student's.t-distribution with (n-2) d.f

If the value of t comes out to be sxg,mhcam we
reject Ho at the level of significance adopted and conclude

[ 3 h ]

that p == 0 ,.ie., ‘r 1s significant of correlation in the
population.

1f t comes out to be non-significant, then Hg mayv be
‘accepted and we conclude that variables may- be regarded
as uncorrelated in the population.

Problem 6: a) A random san;ple of T Z7. -pairs 9l
~ observations from a normal population gave a correlation
cocfficient of 0.6. Is this significart of correlation n the
population? |



* Find the least value of r in a sample of I8 paj. of
_.\1hsm-anqns from 2 bi-vaniate  normal Population,
>I8nificant at 59, level of sjgnificance.

SO'lltion: a)

€ set up the null hypothesis, Ho: p = 0,_i.e.., the observeq
Mple correlation coefficient is not significant of -apy
“Orélation in the population.

Sa

Under Ho: t = r__ V(n-2) ~ten

e e —

V(1-r%)

t0.6v27.2 =375
V(1-0.36)

"abulated tg os for (27-2) = 25 d.f. is 2.06

Conclysion: Since calculated t is much greater thaﬂ the
(bulated t, it is siguificant and hence Ho is- discrediteq at
59 ’

° level of significance. Thus we conclude that " the

b) Here n=18. From the tables to,s for (18-2) = 16 d.f. is 217",
Under Ho: p =0,

t=_r1  V»n-2) ~te2) =te

Vo) '

Inorder that the calculated value of t is significant at 59/,
'®vel of significance, we should have |16 | >2.12
" Tn2) ) > 10.05 B Jr1. 25 e
: *«’(5-\1-"’))'; heth
r* > (4.493/20.493) = 0.2192 L
H o a A
e 1l >0.4682 LI Dhe
5 134 e ) %
- TS N



Problem 7:- .\ coefticient of cor.rclation 9_f 0.2:15 du;;h
from a random sample of 625 pairs of ob;;crvainons.d e
this value of r significant ? 1I) what are the 95% an %

confidence limits to the correlation coefficient in “the
population?

Solution: Under the null hypothesis Ho: p = 0, 1.e., the
value of r = 0.2 is not significant,

The test statistic is :
t= r° \/(n-Z) ~ t(n-2
V(1-r%)
t=0.2xVY(625-2) =5.09
V(1-0.04)

Since d.f=625 — 2 = 623, the significant values of t are
same as in the case of normal distribution, viz., tyos = 1.96
and tp,01=2.58. Since calculated t is much greater than these
values; it is highly significant. Hence H
and we-conclude that the sam
>f correlation in the population

o: p =0 is rejected
ple correlation is significant

5% Confidence Limits for P (population corrélation
coefficient) are :

r+1.96S.E() =r+1.96 (1-%)7 Vn

: A
=0.2:+(1.96 x 0.96 / V625 ) ()
=(0:125, 0:275) B R o
99% Confidence Limits for p are:
| 0-2£2.58x0.0384 =02 1 0099
s | =(0.101, 0.29
g R 13 )
_ 2 : 3 5 3
| B . ~o 34T
SRR N e S

1

- ; ~N o - \ L___
& | G A -



0

F-test for Equality of Two POpulation varjapces:

Suppose we want to'test 1) whether two jndépqndém

-samples x5, (i=1,2,...,01) andy;j, Ur‘],?-,-'..,ng), have been:

drawn ffom the normal populations with the same variance

o> or i) whether the two independent estjmates of the
population variance are homogeneous or not, | -

Under the null hypotheéis (Hg) that

. 2 2 2 5 . " s

3) ox ? = oy'=c", 1. the populatioy; yarjances are
equal, or

i) Two independent estimatés of the population

variapce are hOmMOBENeous, the gtsitistic F is
given by:

1
- |
|
\
i
A

F = Sx° \

| fl’f_}
n; o \
WhereSx’=_ 1 - ¥ {xi- X)° |
\, (D.|-1) 1=1 v
___________ e \
T nz !

are unbiased estimaies of the common

o’ obtained from the independent samples. a7q it fol
Saedecor’s F-distribution with (01, V2) d.f. where

- POPUla_tion ‘variance
lows

V1= -1 and v;=n,-1

Problem 8: Two random Sampl'ﬂs gave the followin :
resuits: . .
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Size: Sarmnpicmean Siui: ol squares of
' | Deviations trom e ine....

3 S 10 15‘%«‘" 90 *ﬁ’ A -“7“‘--‘)
2 912 14 42 108 / f o - %o
- N

Test whether the 'sarn_ples come from the same noimal
population at 5% level of significance..

[GW&H Foos{9,11)= 290 Foas -~(ll 9) =3.10 and
toos(zo) 2 086,

10.05(22) = 2.07)

Solution:

A normal population has two parameters, viz., mean
p and variance o?. To test if two inde pendent samples have
been drawn from the same normal population, we have to
test (i) the equality- of populanon mean, and (ii) the
cquality of population variances.

Null hypothesis: The two samples have been drawn form
the same normal populton, i.e,

Ho: pi=pz and 0\’ = o-°
Equality of means will be tested ty applying t-test and
equality of variances Wlll ?e tested by applying F-test
Since t-test assumes 017 = o7%, we first apply F-test and then
t-test.

In. usual notatlons we are given:

. =10, . . Dp=12
'; ' | Xr—lb x2==14 S
2.(x1- Xl) =90, T(x2- x2)" = 108

SRR
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B tatvitated Foos (8,11)=

t-test.

5 G- X0 =90/9=10

Siz =
(ny-1)
s, LT (X2 - x2)) =108/11 =9 g5
(1nz-1)
2 _
Since Si° = S,°. under Ho: O1 — the test statistic ig

F = 5,%
S:

£ o g2 = 10/982 =1.018
S

9.90 sirice calculated F ig less thar,

tabulated F, it is not smmﬁcant mI:eEc;eanun hYpOthegls 0
equality of populatiof variances may ccepted.

Since 01> = 0,°, We Can & apply t test for testing Hy: p,

= Ny
= 12, agairist alternative hyPOthE:s}S

t-test: Under Ho™ : 1 =
' atistic 1s :

H," : pt = ps. the test st

}‘I —_ ( }.l X ) “"tnl+n2 2 ""tze

\’Sz( 1/m + I/HZ)

3 P ———— i p———— N e e S
--_“-. L e
e

g2 = Eﬁ(xu X1+ T x, - =53 |
| nH'm "2 13- :

where

| T e st g Siaymaniebif
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t=15- 14
v2.9(1/10+1/12) |

=0.742

" Since tabulated value t0.05 for 20 d.f. = 2.086. Since | t]
<t0.05,.it is not significant. Hence the, hypothesis H LM
= pz may be accepted. Since both the hypothesis, i.e., Ho' :
11 = jrz"and Ho: 0,2 = o,° are accepted; we may regard that
the given samples have been-drawn from the same norma

. population..

(\6

Problem 9: A correlation coefficient of 0.72 is obtained
from a sample of 29 pairs of observations.
)
1) Can the sample be regardzd as drawn from a

bivariate normal population in which true
correlation coefficient is 08{@
) J ! g

ii) Obtain 95% confidence limits for p in the light
of the information provided by the samzle.

Solution: i)° HO: There 1s -no significant diffcrence
hetween r=0.72; and p=0.80, i.e., the sample can be
regarded as drawn from the bivariate normal population

with p=03 Here

-,

e el
—

R \\— ]
l-z = (1/2) log . [(1+r)/(1-r\]j— 1.1513 log106.14 = 0.907
_..—"""f . - |‘ . :

5‘; = (1/2) loge[(1+p) / (1-p) ] = 1.513 x 0.9541 = 1.1

SE.(Z)=_ 1 _=1_ =0.19

J(n-3) J26
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Indeyp
Linaay .10 the Icr'_ t-u.ul lic is :

U s
__——"-""-"—-""‘ -_NOI
i/ N{n-3) kg

)= (0.907 - 1.100) = -0.985
0.19¢

Sinee | U | < 1.96, n is not significant at 5% levﬁlt}?f
blbmﬁtzm(:c. and Hp may be agcepit’ Flende B0
sample may pe refarded as coming from & bivariate

nor
W2l popularion wnh p=0.3

11)95% Confidence limits for p on the basts’ of the

mformatioy . hpphed by. the sample m-c g]VZn by:

lU|<1o0 & AR ! 1.96 x 0.196
6 => | z.¢ <|96\(1N{HJ))’ ‘ 7

e 1.291
0.523 < log o [(1+p}/ (1-0)] Z 2550

I!

£

a.u.sarssmg w[(1+p) / {1-p)] = LGl = A0
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%

UM‘M 9 sf- Al oL ShD) = 2.5k

i .,c'al-
. ;11’ }:”-;;)l .i“l'l\l !‘Jl.\.r 5. J) o

e oo ll
D*OIWQ \)gjﬁffw Y CW

Under the new systenm, test the i

8
AR R R E M G498 5) = & S5

p“ﬁQb ; 8.2

Haence, substituzing in (%) we get
0.48 <px0.86

Exercise _

1) Ten individuals are chosen at rainidom from a2 nonnal
population and their heights are found o Le 03, O3,
66, 67,68,69,70,70,71,71 inches. Test if the sample

belongs to the p(r"‘lilati(m whose mean heights is
606", [Gl\rnn to.0s= 2.62 for 4 d.f. j

-"A random sample of 8 cigarettes ut‘ a certamn orand
has an average nicotine content of 18.6 milligrans and
4 standard dewviation of 2.4 milligrems. Is this 1 line
Wwith the manufactucer’s zlaim. the average nicoline
Content does not excecd 17.5 mithgrams? Use a 0.0
level of significance and assiime ihe distriburion
Nicotine contents to be nm'mal

- K
(W

3)The average length of time for shilents to remster o1
Summer classes ar 3 certiun celje 8¢ has been S0 nunutes
with s.d of 10 minites. A new feisaation p;uu,uuu
using rriodern compmiting machines s s being tried. If.
randorr, sampie of 1% students had

an  average
registration time ot 42 minutes with <

sdoof 1y ininutes
vrpothesis thiat e

Pﬁpulanon mean has 6ot changad | singg .05 as ic ol



oYY You would yse Student’s  test 10 urtius .
-nether the tWo sets of observations

' 7,29,27,23,1'7] and f

’ (,5'20,17,1-5,21] Indicate samples drawn from

5) qu. independent samples of 8 and 7 items jables:
respectively had the following values of the varia %

Samplc l te 9 ll 13' Il 15 9' 12 14.'.'5"

Do the estimateg of population variance differ
signiﬁcantly? _ -

6) Five MeASurements of the output of two units hav
given the folio,

ving results (in kilograms of material pe E
one hour of OPeration)

Omitm. U101 147 137 140

UPitBi 146 145 137 197 141

normal population fegt a4 109, significance level if twc

populationg have the same variance, it being given
Foos (4,4) = 639 .

. Ny, !
7. In one "2MPle- of 10 observations from a normal
population,, the .

Sum of the squares of the deyiaiior, S, 0f
another Samplé of fpservations from another norma] 3

Population, the g} 27 the, squares of the devfations_of___\"'
the sample valueg from' the sample mean is 1Z20.5 %2
Examine whether th

; € two normal populations have the
Same variance. : _

—

b QMTmy Dh’gz o Troos &%h\w‘o”j




