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Lecture-34
Hypothesis Testing of Proportions-I

Hello friends, | welcome you all in this session, as you are aware in previous session we were
discussing about hypothesis testing and we have seen several methods of testing hypothesis, one
of them was critical value approach, the other one was P value approach and we have seen other
approaches as well. So in previous session we were discussing about this question wherein the
standard deviation of population is unknown.
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Example: Two-Tail Test
(6 Unknown)

The average cost of a hotel room in
New Delhi is said to be Rs168 per
night. To determine~if this 1s true, a
random sample of(25 hotels is taken
and resulted in an X of Rs 172.50
and an S of Rs.1540. Test the

appropriate hypotheses at o= 0.05. R0 1o
— geieinidies =R

(Assume the population distribution is normal) %
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So this is the case which we have seen in previous session, so average price of hotel room in
Delhi is 168, when a sample of 25 hotels were taken, the average was 172.5 and sample standard
division was 15.4. So we tested the hypothesis that alpha is equal to 0.05 and we framed then
hypothesis that the then hypothesis that the price is 168 and alternate hypothesis is not 168 is not
it. This what we have framed in previous session.
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Example Solution: Two-Tail t Test
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+ ois unknown, so

use a t statistic —

+ Critical Value:

:{:t w Do not reject Hy: insufficient evidence that true
20025 mean cost is different than Rs 168

NFTEL ONUINE
. i) CEMIFICATION COUESE

And this how we worked out, this example, 50 statistics which we have which we have got over
here is 1.46 and stable value is at 24 degrees of freedom is not it, because this is a case of t-test
why t-test because sample standard deviation is the population standard deviation is unknown
and sample size is less than 30 right. So we are using t-distribution over here and the value of t at
24 degrees of freedom is 2.0639 right so + and - 2.0639.

And our calculated value is in this range which means non rejection region, so that is why will
not reject null hypothesis and what is our null hypothesis, let the average price per room in Delhi
is 168. So will say yes this statement is true or this assumption is true right. This what we have
seen in previous classes. You can find out the solution using P value approach in fact using excel
sheet right.
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Example Two-Tail t Test Using A p-value from Excel
. ——— R ——
+ Since this is a t-test we cannot calculate the p-value without
some calculation aid

* The Excel output below does this:
1 Tost for the Hypothesis of the Mean L)\

Intermediate Carculalions
Standard Error of the Mean $ 308 =BESORT(BE)
Degrees of Freedom 24 =861

oSt Statlstic 146 =(B7-84)811
Two-Tal Test
A Lamee Cracal Vaie 20830 = TINV(BS B12)
p-value Upper Criical Vakn 20830 <TINV(BS,B12)
So do not reject Hy prvabie CO1STHTOISTIABSB11812.2)
. S Da Not Reject Nul Hypothesis - =IF{818<B5, "Reject nl nypothesis”
e = Do not rejct null nypothess’)
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So here P values is 0.157 which is more than alpha, so will not reject null hypothesis, we reject
null hypothesis if P value is less than alpha is not it, but in this case we will use more than alpha
will not reject null hypothesis.
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Connection of Two Tail Tests to Confidence Intervals |

s For X 1725, 8= 1540 and n - 25, the 95"s confidence interval for pis

1725 - (2.0639)VI54/ 25 to 172.5+(2.0639)~/154/ 25

|C]
166,14 17886
- . [E—
w  Swce his mteral contains the Hypothesized mean (168), we do not reject the null hypothesis at o« = (.05
e e
—_—
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Now this one more way in which you can take a call whether you need to reject or you need not
reject null hypothesis and this is known as is a confidence level or confidence interval approach.
Now in this case since we know sample mean, sample standard deviation, sample size in
confidence level, then we can easily calculate confidence interval. So this sample mean + P

under root of s divided by n.



So you will get upper limit as 178.86 and lower limit as 166.14. Now you to check whether your
hypothesized population mean, which is 168 rupees, does this fall in this range, no yeah it is in
this range right. Since the interval contains this hypothesized mean 168 is in between these 2, is
not it. So will not reject null hypothesis, otherwise we would have rejected the null hypothesis.
(Refer Slide Time: 04:47)

Example Two-Tail t Test Using A p-value from Minitab
—#\

One-Sample T

Test of mu = 168 vs not = 168

N Mean StDev SEMean  95%Cl
25 17250 1540 308 (166,14, 178 86) 146(0.157

p-value o So do not reject Ty
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So there are multiple ways in which you can test any hypothesis in fact this is just for example |
have taken this slide, this is an output from Minitab software for this question. So you will find
all these details in output like this. So you have got sample size mean standard deviation,
standard error of mean, these are our limits right 166 and 178 right, this t value and P value. So
we are interesting in p value only right, so P value is less is not less than alpha in fact P value is
more than alpha so we will not reject null hypothesis.
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s
One-Tail Tests

* In many cases, the alternative hypothesis focuses on a
particular direction

lower tail below the mean of 3

This 1s an upper-tail test since the o
alternative hypothesis is focused on the
upper tail above the mean of 3
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Let us look at some more points about hypothesis testing, we know that the sign of alternative

hypothesis will decide whether you would be using two-tailed test or one-tailed test is not it. So
let us look at this example where your null hypothesis is mean or whatever it is let say average
number of TV sets in Indian homes is greater than or equal to 3 and the alternative hypothesis is

less than 3.

So this is the case of lower tail test or left tail test right, since an alternative hypothesis is focus
on lower tail, we know the mean of 3 right, similarly the other way around right, so we
alternative hypothesis is that mean is more than 3. So you can have this yes lower-tail test and
upper tail test right,
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Lower-Tail Tests

Hipnzl
Hip<3

w There 15 only one

critical value, since the
rejection area is n -:.“_"H
.

only one tail

|
Reject I, ' Dot rejest 11,
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Cntical value
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So this is lower tail test example, so this is lower tail test it means like that it is one-tail test right
because there is only no rejection reason. So you need not have two critical values right you just
need 1 critical value either of p or z whatever it is right. So there is only one critical right and this
IS your rejection region right this region, this is rejection area right and this one is non rejection
area. So this is how you can have distribution for lower tail test right.

(Refer Slide Time: 07:16)

ey, ||| mm—
Upper-Tail Tests Xﬁ |

Hyepsd
Hip>3

s There s only one

critical value, since the
rejection area is In

only one tail

m Do not reject 11, Reject L,
_ P
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’ ¥TROORKEE

L ONUNE
CEATIFICADON COUSE

This is an upper-tail test example so again there is one critical value which is wither z value or P
value from table which we will find out right and this is your mean O right this is your
standardized skill right and this is your broad scale right, so this is a case of a upper tail test or

this also known as right tail test right, right tail test is not it.
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Example: Upper-Tail t Test
for Mean (o unknown)

A phone industry manager thinks that customer monthly cell phone
bills have increased. and now average over Rs 52¢ per month. The

company wishes to test this claim. (Assume a normal population)

Form hypothesis test:

H,:277222729292
el 7

H : 99999999
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Now let us look at this question, a phone industry manager thinks that customer monthly cell
phone bills have increased and now average over 52 per month, in fact this is 52 for simplicity
you can just avoid 520 right. So and now, average over 52 per month. The company wishes to
test claim. Now the company has worked on the average monthly bill of different customers.

And now the company thinks that average bill is no more than 52 rupees per month, so what kind
of hypothesis test would be specially alternative hypothesis would be, so this is a case wherein a
null hypothesis is that the average or the monthly cell phone bill is 52 rupees or alternative
hypothesis test is more than 52 rupees right because it is written in the question itself, what is the
question the phone industry manager thinks that customers monthly cell phone bills have
increased is not it.
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Example: Upper-Tail t Test
for Mean (o unknown)

A phone industry manager thinks that customer
monthly cell phone bills have increased, and
now average over Rs 528 per month. The
company wishes to test this claim. (Assume a
normal population)

l"\s (&")/

h
Y4

Form hypothesis test:

< H,: (16)526 ) the average is not over Rs 526 per month

Hy:p>520  the average is greater than Rs 520 per month | =
(i.e. sufticient evidence exists to support the
manager’s claim)
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So this is this point will give you an idea about whether alternative sign would be greater than or
less than right, so this is a case of an upper test or right tail test right. So in fact you have all
these values are 52 right you can just keep for calculation purpose right, so this strike 52 rupees
right. So you have got alternative and null hypothesis. In fact you can refine your null hypothesis
because in the question what we have said that the company is trying to find out whether the

average cell phone bill is more than 52 or not or it has gone up beyond 52 or not.

so though there is a possibility that the monthly phone bills would have gone down but since as |
said hypothesis is a is something which researcher is trying to prove. So here the manager of the
company or any other person is trying to prove his alternative hypothesis. So he is testing
whether monthly bill has gone up or not. So there is no need of infact writing less than our there
in fact if you have written like this.
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Example: Find Rejection Region

(continmed)

Suppose that ¢.= 0.10 is chosen for this test and n = 25.

= i \—
Reject H \%\
o e
a=0.10
|
Do not reject H, ! Reject 1,
0 1.318 <

[ Reject Hyif iz > 1318 |

Since this is a case of one tail look at value under 0,90 in ‘t’ table ’
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Let us say HO = 52 that is also equally correct right, but there is nothing around in writing less
than or equal to type. So this is a case of one-tail test and upper tail test or right tail test, so alpha
value is given which is 0.10 right, so this is your rejection region, this is your alpha, 0.10. So this
is 0.9 centre right this entire region is 0.90 ok, sample size is 25. So we need to calculate its t
statistics t value and t value is 1.318.

(Refer Slide Time: 11:57)
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And this is table value right ok, so since this is a case of t test and one-tail test, so you need to
look the value of t under 0.90 column. So this 0.90 column is this right, and let what degrees of

freedom 24 is not it, this is the value, this is 1.317 right, so is the point you need to keep in mind



that this is a case of one-tail test and finds 0.10. So you need to look at under column 0.90 right
ok. So t value you from table is 1.3178 right.
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Example: Test Statistic

Obtain sample and compute the test statistic —

Suppose a

n=25,

ith the tollowing results:
=531, andS =1
P

Then the test statistic 1s:
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And what is our calculated value calculated value is this, since we know that the mean is sample
mean is 53.1 and standard deviation is 10 right. These are of sample right, not a population right.
So you can easily find out the t statistics over here which is 0.55. Now you need to compare this
0.55 with critical value right with this value right. Now if you look at this question, now this is
what is your calculated value here is not it.
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Example: Decision

(continmed)

Reach a decision and interpret the result:

Rt|ul“l
a=0.10

Y

|
|
1318
tegar= 055 |

Do not repect 1,
1}

Reject

Do not reject H, since tgpyp = 0.55 < 131, there is not sufficient evidence that the mean bill
is over Rs 52




So is this in rejection region or non rejection region, so we calculated t values in non rejection
region, so will not reject null hypothesis, we will not reject null hypothesis and what was our null
hypothesis when the monthly cell phone bill is 52 rupees and we are not rejecting this right, it
means monthly cell phone bill is still 52 rupees is not it is not increase right So this how you can
conclude this particular question right.
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Example: Utilizing The p-value for The Test
Critical value
* Calculate the p-value and compare to o (p-value below
calculated using excel spreadsheet on next page)

ALY,

Donotrgiectll, | Rejetll,
0 Z,ort,

” 'y
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Now you can solve this same question using P value approach as well, we have seen this kind of
example earlier as well. So let us look the excel sheet calculation for this question.
(Refer Slide Time: 14:03)

Exgel Spreadsheet Calculating The p-value for The Upper Tail t Test

t Test for the Hypothesis of the Mean

[ Data | X
Null Hypothesis p= 52, - . \0
Level of Significance 0.1 ~ -
Sample Size 25 I’/%_ Pl' < '{)
Sample Mean 53 E:’ Zﬂ
Sample Standard Deviation 1DDEI_,9 \P £ /
Intermediate Calculatians \/
Standard Erree of the Mean 200 |=B&/SORT(BE)
Degrees of Freedom 24]-86.1 "
Llest statistic 0.55
Upper Tail Test
[Upper Critical Value I 138 =TINV(2'B5,B12)
pvalue | C o2937[ETDIST|ABS(B13)812,1)
Dia Not Rejact Mull Hypathesis |=IF (B18<B5, "Reject rull hypathests”,
Do nof rejest null hypothesis®)

—

. ¥1 ROORKLE




So mean of your null hypothesis this alpha is 0.10 sample size n is given sample mean is there x
bar and alpha is not it, this is your null hypothesis is not it, this is your sample standard deviation
S right. So just calculate first of all sample the standard error of mean then degrees of freedom
and t statistics by just writing this particular formula right in excel. So this 0.55 and then you can

easily calculate P value right.

So p is 0.29 alpha is 0.10, P is 0.2937 is alpha is P less than alpha no, so will not reject null
hypothesis, so do not reject null hypothesis, so the same question you can solve using excel sheet
as well right.

(Refer Slide Time: 15:10)

Ex. Given a sample mean of 83, and sample SD of 12.5, and a
SS 0f 22, test the hypothesis that the value of population mean
is 70 against the alternative that it is more than 70. Use SL of

Let us look at this particular question, given a sample mean of 83, so this sample mean X bar 33,
sample standard deviation is 12.5 and sample size of 22, test the hypothesis that the value of
population mean is 70 against an alternative that it is more than 70, what we have to test the
population mean is 70 against the alternative that it is more than 70 is alpha = 0.025. So what

kind of question is this.

So you should go step by step, so the first is you need to frame null hypothesis and alternative
hypothesis and you need to correctly formulate these 2 hypothesis then only you can take correct
decision. So what would be the null hypothesis, this is a case wherein what null hypothesis is



population mean is 70 right. So null hypothesis that mean=70 and it is now the alternative that is

now more than 70.

So H1 is more than 70 is not it, so this is a case of an upper tail test is not it, because the sign is
greater than type here. So this is an upper tail test like this is not it, this is your rejection region,
what about would you be applying t test or Z test, just think for a while we will be applying t test
or Z test in this question, when do we apply t test keep in mind, there are two conditions right,
first is in sample sizes when sample size is 30 or less than 30 and when standard deviation of

population is unknown.

These are the conditions for applying r test, in all other situations we apply Z test right, so here
you have been given sample standard deviation so population standard deviation is unknown,
sample size is 20, so will be using t test over here right.

(Refer Slide Time: 18:03)

Ex Given a sample mean of 83, and sample SD of 12.5, and a SS of 22, test the hypothesis that the value of
population mean is 70 against the alternative that it is more than 70, Use SL of .025,

Soltn: Ho= p=70, Hl=p>70
standard error = 12

The upper limit of acceptance region is (= 2.080 (at 21 DOF or under column 975 in  table)

calculated “t” value = (83-70)/ 2.66 = 4.878

Rcict‘l H, )

NL

)
1o not regect H, ! Reject I,

201
7 1878
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So standard error you need to calculate is s by root n, this is 2.66 since this is a case of an upper
tail test, you will be requiring just one critical value, so t value from table is under column 0.975
is this is not it.
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Ex Given a sample mean of 83, and sample SD of 12.5, and a SS of 22, test the hypothesis that the value of
population mean is 70 against the alternative that it is more than 70, Use SL of .025.

Soltn: Ho= p=70, Hl =p>70
standard error = 12,5/root 22 = 2.66
The upper limit of acceptance region is 1= 2.080 (at 21 DOF or under column 975 in ( Lable)

calculated “t” value = (83-70 )/ 2.66 = 4.878
y O
: Rcicct Hl

b

S =~

1o not reject H, Reject I,
70 - 1878
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Earlier what under which column we saw the t value in previous case, it was under 0.90 column,
because alpha was 0.10 here alpha is 0.025 ok. So, at what degrees of freedom right 21 degrees
of freedom let us look at this 0.975, 22 degrees of freedom which is this 2.079 right and this is
our table value right, critical table value and what is our calculated P value this 4.87 right. So

which is here in this rejection region.

So will reject null hypothesis is not it, what is null hypothesis that these the null hypothesis that
the population mean is 70. So we say that population mean is not 70 it is more than 70 why more
than 70 because the sample mean is 83 right. So this how you can work out questions on one tail
test.
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Hypothesis Tests for Proportions

Involves categorical variables
Two possible outcomes
~ Possesses characteristic of interest
- Does not possess characteristic of interest
Fraction or proportion of the population in the category of interest is denoted by 7

Binomial 1s correct distribution for proportions. As SS increases it approaches
towards normal

r (' NPTELONUNE
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Let us look at hypothesis testing for proportions. So for you have seen population mean,
population let us say variance and let us look at hypothesis testing for population proportion, in
fact when we talk about population proportion, in fact there are two possible outcomes. So we
are interested in the characteristics of a particular phenomenon and does not possess

characteristic of interest.

So you will have let us say probability of left handed in class is 40%, the other one would be
60% is not it or vice versa right. So fraction or proportion of the population category of interest
is denoted by pi, so here will say let us say in a class 60% students are right handed. So is it
pi=0.6 is not it or 80%, so pi=0.8 is not it. So binomial distribution is the correct distribution for
this type of proportion.
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+  Sample proportion in the category of interest is denoted by p

X number in category of interest in sample

n sample size

*  When both nmand n(l-r) are at least 5, p can be approximated by a
normal distribution with mean and standard deviation
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So we also know the test some increase sample size it appears towards normal distribution or the
distribution approaches towards normal distribution as we increase sample size. When you look
at this proportion, we need to calculate first of all sample proportionate right, so this X/n number
of categories of interest in the sample divided by the sample size, let us say if I say in a class of a
P 23 or left is right.

So what it would be 23/80 is not, so that will be P value when both nz and n*1-x are at least 5 P
can be approximated by normal distribution with mean this and standard division this right. So
this mean value and this is standard deviation of proportion right, we have already said what P is,
what is pi here pi is population proportion right, n is sample size.

(Refer Slide Time: 22:39)



Hypothesis Tests for Proportions

+ The sampling

distribution of p is Hypothesis
Tests for p

approximately  normal,
so the test statistic is a

Zgpxr value:

4 nw<§
or
n(l-m) <§

p-m \ ‘. >5
ZSTAT allid

r(l-7) \ N—"
o ra
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Let us look at the formula for this how to find out t statistics or Z statistics. So this is how you
should be calculating z statistics P-n divided by this nothing but standard deviation of proportion
mean same formula which is there in previous slide is not it. So P-n/standard deviation of
proportion ok. So this is the test statistic for proportion. Now will not be discussing this type of
hypothesis where in pi is less than 5 or 1 — nz is less than pi right. So these are different cases. So
we will look at only this particular case ok.

(Refer Slide Time: 23:43)

Z Test for Proportion in Terms of Number in
Category of Interest

*  An cquivalent form
to the last slide. but Hypothesi
in terms of the Ypoluesis
number in  the Tests for X
category of
interest, X: __=Jﬁ
X>5 X<5
and or
——\n\ >5 n-X<§

Not discussed
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In fact an equivalent form of the previous slide in terms of X variable X is this instead of P we
are writing X and instead of = we are adding nz right. So in fact this not of much use for you, but

you should be using this particular formula for solving questions.
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Ex: 80% employees are promotable. n=150, we
found only 70 % promotable. Company wants to
test at 0.05 SL the hypothesis that 80% of the
employees are promotable??.

p=.8,q=.2,n=150,p=0.7 and ¢=0 .3

Let us say there is a manager in a company and he is claiming that 80% of employees are
promotable in his company. So you want to test whether his claim is correct or not. So what you
have done we just took a sample of 150 employees and we found that only 70% of them are
promotable. So company wants to test it 0.05 significance level, the hypothesis this is that 80%

of the employees are promotable.

So first of all what you should do, we need to frame null hypothesis and alternative hypothesis.
The first is what is null hypothesis, how to frame null hypothesis. So what we have to test
company wants to test at this significance level that | would | did 80% of the employees are
promotable. So then | will that 80% employees are promotable right. So p=0.8, and this is your

null hypothesis and alternative hypothesis is not equal 0.8 right.

So this is a case of one tailed test or two-tail test you need to answer couple of questions before
solving this question. So is this a case of two-tail test or one-tail test, just look at this symbol
carefully, this is not equal to type so this is case of two-tail test right, so there would be two
rejection regions right and what about test statistics, we would be using t table or Z table. | have

told you in previous question when to use t test.



Here sample size is 150 right and there is nothing like sample standard deviation, so we will use
Z test over here right, because for applying t-test we need 2 conditions and those conditions are
not there in the question itself. So will use Z test right. So P is this 0.8 or you can caller it pi as
well right. So « = 0.8, this is 1-xt is -0.2 and this P bar right, this sample proportion right, this Q
bar right.
(Refer Slide Time: 27:24)
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Ex. R0% emplovees are promotable. n=150. we found only 70 %4 promotable. Company
wants to testat 03 81 the hypothesis that 80% of the emplovees are promotable

¢
7

pe8og-2on 050, p- Tand g -~ 3

Solution’ Tlorp 0.8 NH- that 80°s emplovees are promotable

HTp77S
T,

\.\‘lmlcnm of proportion = root of ( 8*.2) 150 = 0327
2= (p=pHoy SE of proptn
(7-8) 0327 - -3 06

table value at 93% 15 1 96 Reject
i

Reject
ety

025 025

0196 -

-1.96
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So since you know P and P bar are « and P bar you can easily calculate g and g bar right, so how
to proceed for this question, so this is your null hypothesis right, that 80% employees are
promotable, and they are not promotable in this, this is 0.8, 0.8 right, standard error of proportion
just calculate first this is under root of = into 1-n/n is not it, so this 0.0327 right. So when you

calculate Z value it comes out to be -3.06.

And table value will be what 0.05 significance level, the table value of Z or Z value would be
1.96 in of course £1.96. So you need to compare your calculated Z value with table Z value
which is in rejection region. So whatever the value calculated is now in rejection region, so you
reject the null hypothesis is not it. So rejection of null hypothesis means the employees 80%

employees are promotable.

No rejected that means either more than that percentage or employee are less than that

percentage are promotable. So in this session we have worked out couple of examples on



hypothesis testing on you know one-tail test and two-tail test and we have seen hypothesis

testing of proportion as well, so thank you very much.



