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13.1 INTRODUCTION

In the previous unit, we discussed the method of constructing the confidence
intervals for the population mean and the difference of two means. For
estimation of mean, we require measurable data or in other words, interval or
ratio scale of measurement such as weight, height, distance, time, income,
etc. But in many real-world situations, the data are collected in the form of
counts, or the collected data is classified into two categories/ groups according
to an attribute/ characteristic under study such as defective, non-defective;
male, female; educated, uneducated, smoker, non-smoker, etc. In such
situations, we consider the proportion of elements/individuals/units/items that
possess or do not possess a given characteristic or attribute instead of mean.
Therefore, to estimate proportion, we require the construction of the
confidence interval for population proportion.

In this unit, we shall discuss how we construct confidence intervals for
population proportion and difference of two population proportions.

This unit comprises seven sections. Section 13.1 introduces the need for
confidence intervals for proportions. Section 13.2 is devoted to the
construction and interpretation of the confidence interval for population
proportion. In Section 13.3, we discuss the need and construction of difference
of two population proportions. The concept of estimating sample size for the
estimation mean and proportion is explored in Section 13.4. The unit ends by
providing a summary of what we have discussed in this unit in Section 13.5.
The terminal questions and the solution of the SAQs/TQs are given in
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Tools You Will Need

The following terms are
considered essential
background material for this
Unit. If you doubt your
knowledge of any of these
terms, you should review
the appropriate Unit or
section before proceeding:

e Sampling distributions
of proportions (Unit 3).

e Basic concepts of the
confidence interval
(Unit 12).
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Sections 13.6 and 13.7, respectively. In the next unit, we shall discuss the
confidence interval for population variances.

Expected Learning Outcomes
After studying this unit, you should be able to:

+ describe the need for confidence intervals for population proportions;
+» construct and interpret confidence intervals for population proportion;

% construct and interpret confidence intervals for the difference of two
population proportions; and

% describe the estimation of sample size for population mean and

proportion.
13.2 CONFIDENCE INTERVAL FOR POPULATION
PROPORTION

There are so many problems in real life where it becomes necessary to obtain
the confidence interval for population proportion. For example,

e One may be interested in estimating the proportion of people who use
Facebook,

e A product manager may want to find the confidence interval estimate of
the proportion of defective items in production,

e A doctor is interested to estimate the proportion of the people who
recovered from COVID-19,

¢ An investigator may be interested in finding the confidence interval
estimate of the proportion of the people below the poverty line, etc.

In such situations, we require the confidence interval for population proportion.
Let us discuss how to construct the confidence interval for population
proportion.

We can obtain the confidence interval for proportion using the same
underlying rationale and construction approach as for mean which you have
studied in Unit 12.

Let X1, X2, ..., Xn be a random sample of size n taken from a population with
population proportion (P). Also, let X denote the number of observations/units/
elements that possess a certain attribute (successes) out of n observations of
the sample then we can define the sample proportion as

p= X <1
n
As you have seen the confidence interval of the mean depends on the
sampling distribution of the sample mean, in a similar way, the confidence
interval also depends on the sampling distribution of sample proportion. In Unit
3, you have studied that the sampling distribution of the proportion converges
to the normal distribution with mean P and variance P(1 — P)/n if

e nP>15and
e n(1-P)>15
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Note: If P is unknown, then we take sample proportion p in the conditions of
normality.

If normality conditions are fulfilled, then

R

n

And the quantity

Z=P'E’1;_PP)~N(0,1)

Jn

is approximately normally distributed with mean 0 and variance 1.

The probability density function of standard normal variate Z is given by

Since the distribution of Z is independent of the parameter P so we can take it
as a pivotal quantity, therefore, to construct the confidence interval for
population proportion, we introduce two constants zq» and z(1-a2) = — Za2 such
that

where zq is the value of the variate Z having an area of a/2 under the right tail
of the probability curve of Z as shown in Fig. 13.1.

Putting the value of Z, in the above expression, we get

p-P
Pl-z {——X<7 =1-a
al/2 P(1—P) al/2

n

For a large sample, we can estimate the variance P (1 — P) /n by p(1 — p) /n,
therefore, putting p(1 —p)/ nin place of P (1 — P) /n, in the above expression,
we get

p-P
p(1-p)

n

Pl —zy5 < <Zgp |=1-a

Now, for converting the above interval for the parameter P, we multiply each

p(1-p)
n

term by and then subtract p from each term in the above inequality,

we get

p(1-p /p 1-p
P{—p—zq/2 %s-PS—p+zw2 —(n )]=1—0(

We multiply each term by —1 in the above inequality, then we get 81
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) Since by multiplying
1- 1-
P{p+za,z,/p( - P) >P> p—zq,m/p( - p)}ﬂ—a —1 the inequality

becomes reverse

We can rewrite the above expression as

/ 1- / 1-
P[p—zq,2 p(np)sPSp+zq,2 p(np)]:1_a

Hence, (1 — a) 100% confidence interval for population proportion is given by

A concise expression for the interval is

p(1-p)

PE£Zyp

where the — sign is taken for the left endpoint (lower limit) and the + sign for
the right endpoint (upper limit).

We can also construct lower and upper one-tailed confidence intervals as
discussed above by taking z, in place of zy,. Therefore, we can get the (1 — a)
100% one-sided confidence intervals for the population proportion as follows:

p(1—p)}

Lower one-sided confidence interval = | -, p + z,

n

Upper one-sided confidence interval = | p -z,

p(1—p),OOJ

n

The following example helps us to construct the computation of the confidence
interval for population proportion in real-life situations.

Example 1: A laptop company takes a random sample of 500 households in
order to estimate the percentage of all homes in a metropolitan city that have a
laptop. It turns out that 300 of the 500 homes in the sample have a laptop.
Create a 95% confidence interval for the true proportion of the households
who have a laptop in that city.

Solution: Here, we are given
Sample size (n) = 500
Number of households that have a laptop (X) = 300

Therefore, we can calculate the sample proportion of the households that have
a laptop as
_X_ 30 46
n 500
For computing the confidence interval for population proportion, first, we check
whether the conditions of normality are fulfilled or not as

np =500x0.6 =300 >15 and
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n(1—p):500><(1—0.6):500><0.4=200>15

Since the normality conditions are fulfilled, therefore, we use the following
(1 —a) 100% confidence interval for population proportion:

For the 95% confidence interval, we have zq» = Zo025 = 1.96 (from Table I).

Thus, we can calculate the lower 95% confidence limit as

fp 1-p /0.6 1-0.6
p—ZG/Z ¥:06—196X %

=0.6-1.96x0.022=0.6 -0.043 = 0.557

Similarly, we can calculate the upper 95% confidence limit as

1- 6(1-0.
p+za/24/p(Tp)=o.6+1.96x,/w

=0.6+1.96x0.022=0.6+0.043 =0.643

Thus, the 95% confidence interval for the proportion of all households that
have a laptop in the city is 0.557 < P < 0.643.

Interpretation

The laptop company is 95% confident that the proportion of households that
have a laptop lies between 0.557 and 0.643.

After understanding how to obtain the confidence interval for proportion, you
can try the following Self Assessment Question.

SAQ1

The administration of a university proposed a new scheme for the promotion of
the teachers at the university. A statistical faculty of the university wants to
estimate the proportion of teachers that are in favour of the new scheme of the
promotion. He randomly selected 100 teachers from the university and
obtained 32% of the teachers were in favour of the scheme. Create a 99%
confidence interval for the true proportion of the teachers who are in favour of
the new scheme. Also, comment on whether the new scheme would be
implemented in the university or not.

After understanding the construction of the confidence interval for the
population proportion, let us discuss the same for the two groups in the next
section.

13.3 CONFIDENCE INTERVAL FOR DIFFERENCE
OF TWO POPULATION PROPORTIONS

In the previous section, we discussed how to construct the confidence interval

for the population proportion. There are many situations where someone is

interested in finding the interval estimate of the difference of two proportions of

an attribute in two different populations or groups. For example, 83
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¢ An analyst wishes to estimate the difference between the proportions of
alcohol drinkers in the two cities,

¢ An economist interested in estimating the proportions of literates between
two groups of people,

o A researcher wants to estimate the decrease in the proportions of
consumption of tea after the increase in excise duty on it,

o Aresearcher wants to estimate the difference in the proportion of
taxpayers in two countries, etc.

In such situations, we require the confidence interval for difference of two
population proportions. Let us discuss how to construct it.

Suppose we are interested in constructing a confidence interval of difference
between the proportions of two different groups, say, Population-I and
Population-Il and P1 and P, denote the proportions of an
attribute/characteristic in both populations, respectively. To construct a
confidence interval, suppose we draw two independent random samples of
sizes n4 and n2 from these populations, respectively. Also suppose X1 and Xz
represent the number of observations or elements possessing the attribute
under study, respectively. We can calculate the sample proportions ps and p-
as

X X
py=—and p,= =2
Ny n,
As you have studied in Unit 3, the sampling distribution of the difference of two

sample proportions follows normal distribution when

e nP;>15,n(1-P;)>15 and

e nyP,>15,n,(1-P,)>15

Note: If P1 and P, are unknown, then we take sample proportions ps and p- in
the normality conditions.

If conditions are fulfilled, then

Pi(1-P) Py (1-P,)
Ny Ny

P1—P2~ N(P1 - Py,
Hence, the variate

7= p1_p2_(P1_P2) ~N(O, 1)

\/P1(1—P1)+P2(1—P2)

n ny

follows a normal distribution with mean 0 and variance 1. The probability
density function of standard normal variate Z is given by
1 7
f(z)= e?2 ; —w<z<wo
®)
Since the distribution of Z is independent of parameters (P1— P2), therefore,
we can take it as a pivotal quantity.

To construct the confidence interval, we introduce two constants zq, and
Z1-a2 = — Zai2 SUCh that
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where zq; is the value of the variate Z having an area of o/2 under the right
tail of the probability curve of Z as shown in Fig. 13.2.

|
1
1
|
Now, by putting the value of Z in the above expression, we get E
i

(1-a)100%
confidence
interval

p1—p2—(P1—P2) <

\/P1(1—P1)+P2(1—P2) °

ny n,

Z=-z,, Z=0 Z=z,,
For large samples, we estimate the variance of (p1— p2), that is,

P1(1_P1)+P2(1_P2) by p1(1—p1)+p2(1—p2) Fig. 13.2
Ny N2 Ny n,

Therefore, the confidence interval for (P1— P2) would be

(p1—p2)—(P1—P2) <z

\/p1(1—p1)+p2(1—p2) =5

N Ny

Pl —zy0 < =1-a

We now convert this interval for (P1— P>) as discussed in the previous section.
Hence, the required (1 — a) 100% confidence interval for the difference of two
proportions is given as follows:

[(m_p2)_zu/2\/p1(1—91)+92(1—92) ,(p1—p2)+za,2\/p1(1_p1)+p2(1_p2) }

N ny N ny

We can also construct lower and upper one-tailed confidence intervals as
discussed above by taking z, in place of z.. Therefore, we can get the (1 — a)
100% one-sided confidence intervals for the difference of two population
proportions as follows:

p1(1—p1)+p2(1—p2)
N Ny

Lower one-sided confidence interval = | o, (p;—p, ) + zq\/

1—p1)+p2(1—p2)
N4 Ny

, 00

Upper one-sided confidence interval = | (p; —p, )+ z(]‘\v/p1 (

When p: is greater than p1 then we take (p2 — p1) in place of (p1— p2)

Let us take an example to implement of the above formulas to obtain a
confidence interval for the difference of two proportions in real life.

Example 2: A medical researcher speculates that smoking may contribute to

wrinkles around the eyes. In an observational study, the researcher enrolled

120 smokers and 230 non-smokers. Based on a standardised wrinkle score,

the researcher discovered that 85 of the smokers and 102 of the non-smokers

had noticeable wrinkles around their eyes in the sample. Construct a 99%

confidence interval for the true difference that would exist between these two

groups in the population. 85
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Solution: Here, we are given that
n, =120, X, =85, n, =230, X, =102

We can calculate the sample proportions for both groups as

o =21-8 g7
'“n, 120

o, =22-102 ¢ 44
2"n, 230

For computing the confidence interval for population proportion, first, we check
whether the conditions of normality are fulfilled or not as

np;=120x0.71=85.2>15
ny(1-p;)=120x0.29 =34.8 > 15
n,p, =230%0.44=101.2>15

N, (1-p, ) =230x0.56 =128.8 >15

Since the normality conditions are fulfilled, therefore, we use the following
(1 —a) 100% confidence interval for the difference of two population
proportions:

{(m‘pz)—za/z\/p1(1n_p1)+p2(1_p2) ,(p1—p2)+zq,2\/p1(1n_p1)+p2(1_p2> }

1 ny 1 ny

For the 99% confidence interval, we have z.» = zo005 = 2.58 (from Table I).

Thus, we can calculate the lower 99% confidence limit as

1- 1-
(p1—pz)_za/2\/p1( p1)+p2( P2)
Ny ny

0.71x0.29 . 0.44 < 0.56
120 230

= (0.71 —0.44) —2.58 x\/

=0.27-2.58x0.053=0.133

Similarly, we can calculate the upper 99% confidence limit as

1- 1-
(p1—p2)+za/2\/p1( p1)+p2( P)

=0.27 +2.58 x0.053 = 0.406

Thus, the 99% confidence interval for the differences between these two
proportions in the population is 0.133 < Py — P> < 0.406.

Conclusion

Notice that this 99% confidence interval goes from 0.133 to 0.406. Since the
interval does not contain 0, so we say that the difference seen in this study
was "significant."

If you have followed Example 2, you would certainly be able to do the following
Self Assessment Question.
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§4Q2

After examining a sample of 150 buyers, a product marketer has concluded
that 70% of a group of buyers will purchase a product if they see a print
advertisement. The marketer also thinks after the study of 200 customers that
85% of consumers can make purchases from digital ads as they are more
successful. In order to estimate the difference between the success rates of
the two distinct advertising campaigns, compute a 95% confidence interval.

So far, you have become familiar with the main goal of this block. The
discussion of the whole block centred on the theme of estimating some
population parameters of interest. To estimate some population parameters,
we have to draw a random sample. A natural question may arise in your mind
“How large should my sample be?” In the next section, we will discuss it.

13.4 ESTIMATING SAMPLE SIZE

In most of the research, where we have to draw inferences about the
population parameter on the basis of a sample, the question asks “how large
should my sample be?” And this is a very important question which is
commonly asked. From a statistical point of view, the best answer to this
question is “take all observations of the population”. It means if possible
‘sample’ the entire population, that is, study all units of the population under
study because by taking all units of the population, we will get all information
about the parameter and we will know the exact value of the population
parameter which is better than any estimate of that parameter. Generally, this
is impractical to take the entire population to be sampled due to economic
constraints, time constraints and other limitations. So the answer, “take as
large a sample as you can afford” is best if we ignore all costs because as
you have studied in Unit 1 of this course the larger the sample size smaller the
standard error of the statistic/estimator that means less uncertainty.

When the resources in terms of money and time are limited then the question
is “How to find the minimum sample size which will satisfy some
precision requirements?” In such cases, we should require first the answers
to the following three questions about his / her requirement about the survey:

1. How close do you want your sample estimate to be to the unknown
parameter? That means what should be the allowable difference between
the sample estimate and the true value of the population parameter? This
difference is known as sampling error or margin of error and is
represented by E.

2. The next question is, what do you want the confidence level to be so that
the difference between the estimate and the parameter is less than or
equal to E? That is, 90%, 95%, 99%, etc.

3. The last question is, what is the population variance or population
proportion as may be the case?

When we have the answers to these three questions then we will get an
answer of the minimum required sample size for estimating mean and

proportion. 87
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In this section, we will describe the procedure of determining sample size for
estimating population mean and population proportion.

Estimating Minimum Sample Size for Population Mean

For determining the minimum sample size for estimating the population mean,
we use a confidence interval. As you have seen in Section 12.4 of Unit 12 that
the confidence interval for the population mean depends upon the nature of
the population and population variance (o?) whether it is known or unknown so
the following cases may arise:

Case |: Population is normal and population variance (0?) is known

If population variance o2 is known and the form of the population is normal
then we know that (1 — a)100% confidence interval for the population mean is
given by

We can write the above expression as

(0) S (e)
P[—Zd,2ﬁ<x—p<zu,2ﬁ}=1—d

Since the normal distribution is symmetric, therefore, we can concentrate on
the right-hand inequality for simplicity as

X-p<z

o
a/2 ﬁ
This inequality implies that the largest value that the difference X —p can

assume is z

A
a/2 \/ﬁ
Also the difference between the estimator (sample mean )_()and the
population parameter (population mean ) is called the sampling error so

S o
E=X-p=2z4,—
al2 \/ﬁ
After solving this equation for n, we get
2 2
n = Za29
E2

2 2
o
It means that at least n = —Z“/zz units should be taken randomly from the

population to estimate the population mean.

When population size N is finite and sampling is to be done without

N-n

replacement then finite population correction is required, therefore, we

take

o [N=n

After solving the above equation for n, we get

E=z
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2 2
he Nzg,,0
E?(N-1)+2z450°

Case II: Population is non-normal and population variance (¢?) is known

If we do not know the form of the population or it is not normal and the
population variance o2 is known, then by central limit theorem we know that
the sampling distribution of the mean is approximately normally distributed as
sample size increases. So, the above method can be used to determine the
minimum sample size. Once the required sample size is obtained, we can
check whether the sample size is greater than 30 or not and if it is greater than
30, we may be confident that our method of solution was appropriate.

Case lll: Population is normal or non-normal and population variance (0?)
is unknown

In this case, we use a value of sample variance (S?) to estimate the population
variance but S? is also calculated from a sample, and we have not taken a
sample yet. The most frequent methods for estimating o?are as follows:

1. A pilot or preliminary sample may be drawn from the population under
study and the variance computed from this sample may be used as an
estimate of o2.

2. The variance of previous or similar studies may be used to estimate o2,

3. If the population is assumed to be normal, then we may use the fact that
the range is approximately equal to six times of standard deviation i.e.
o = R/6. This approximation requires only knowledge of the largest and
smallest value of the variable under study because the range may be
defined as

R = largest value — smallest value
Let us discuss how to find the minimum sample size for population proportion.

Estimating Minimum Sample Size for Population Proportion

The method of determination/estimation of the minimum sample size for
estimating population proportion is similar to that described in estimating the
population mean. So, the formula for the minimum sample size is given by

ne z52P(1-P)
= —E2
where P is the population proportion and E = p — P is the sampling error or
margin of error.

When the population is finite of size N and sampling is to be done without

N _: is required sothe sample

replacement then finite population correction

size
L___NzgpP(1-P)
E*(N-1)+2z45P(1-P)

Here, the sample size is dependent upon the population proportion, and it is

89
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generally unknown so the most frequent methods for estimating P are as
follows:

1. A pilot or preliminary sample may be drawn from the population under
study and the sample proportion computed from this sample may be used
as an estimate of P.

2. The proportion of previous or similar studies may be used to estimate P.
3. Absence of any information, we may use P = 0.5.

After understanding the formulas for estimating sample size in the case of
population mean and proportion, let us take some examples of estimating
sample size.

Example 3: A consumer group wants to estimate the monthly electricity
consumption of households in a district. What sample size of households
should be selected and surveyed to estimate the mean monthly household
electricity consumption to within 1 kWh (margin of error) with 95% confidence?
Assume the standard deviation of monthly household electricity usage in the
district is 4 kWh.

Solution: Here, we are given that

E = margin of error = 1,

Confidence level = 0.95 and

Standard deviation (o) = 4

Also for 95% confidence, we have zq2 = Zo.025 = 1.96.

We can calculate the minimum sample size for estimating the mean monthly
household electricity consumption as

24 7
n= Z4/20

=" 3 _61.47~62

Hence, the consumer group should select a random sample of at least 62
households.

Example 4: The manufacturing company of a car wants to estimate the
proportion of people who are interested in a certain model of a car. How many
people should be randomly selected and interviewed so that the company can
be 90% confident that the estimate of the proportion of people who are
interested in that model will be within 5% (i.e. margin of error = 0.05)? Current
records indicate that the proportion of the same is around 0.20.

Solution: Here, we are given that

E = margin of error = 0.05,

Confidence level = 0.90 and P = 0.20

Also, for the 90% confidence, we have zy2 = zo 05 = 1.64.

We can calculate the minimum sample size for estimating the population
proportion of the people who are interested in that model as
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_Z%,P(1-P) _(1.64)°(0.20)(0.80)

=2 ( )2 =172.13~173
0.05

Hence, the company requires a random sample of at least 173 people.

You will be more confident to calculate the sample size when you try the
following Self Assessment Question.

SAQ3

A manufacturer of vitamin products wants to estimate the mean number of
milligrams (mg) of vitamin C, that is, inserted into a capsule by its capsule-
filling machine. To be 99% confident, how many filled capsules should be
selected at random from the process and tested to estimate the mean number
of mg of vitamin C in all capsules within a tolerated error of 0.1 mg? On the
basis of old records, a standard deviation of 0.2 mg is assumed.

With this, we are at the end of this unit. We now summarise our discussion.

13.5 SUMMARY

In this unit, we have discussed the following points:

e The need for confidence intervals for population proportions.

e Construct and interpret the confidence interval for the population
proportion

e Construct and interpret the confidence interval for the difference of two
population proportions when samples are independent

[(p1 _pz)izq/z\/p1 (=p) + P2 (1-P) ]

n ny,

e Estimating sample size for population mean
_ zﬁ,zoz
=
and proportion
o _ZapP(1-P)
= —E2
13.6 TERMINAL QUESTIONS

1. A sample of 200 voters is chosen at random from all voters in a given city.
60% of them were in favour of a particular candidate. If a large number of
voters cast their votes, then find 95% confidence intervals for the
proportion of voters in favour of a particular candidate.

2. The manager of a bank in a city would like to determine the proportion of

depositors who deposit at least 10 thousand rupees per week. The
91
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manager wants to be 95% confident of being correct to within + 0.10 of
the true proportion of depositors per week. A guess is that the parentage
of such depositors is about 8%, what sample size is needed?

13.7 SOLUTIONS/ ANSWERS

Self Assessment Questions (SAQs)

1.

Here, we are given
Sample size (n) = 100,

The sample proportion of the teachers who are in favour of the new
proposal

p=32%=0.32

For computing the confidence interval for the population proportion, first,
we check whether the conditions of normality are fulfilled or not as

np=100x0.32=32>15
n(1-p)=100x(1-0.32)=100x 0.68 = 68 > 15

Since the normality conditions are fulfilled, therefore, we use the following
(1 — a) 100% confidence interval for population proportion:

{P—Za/z\/@ » P+ Za/Z\/@}

For the 99% confidence interval, we have z.» = Zp005 = 2.58.

Thus, we can calculate the lower 99% confidence limit as

p—zam/@ ~0.32-2.58 % W

=0.32-2.58x0.047=0.32-0.12=0.20

Similarly, we can calculate the upper 95% confidence limit as

1-
oi2.,P0"P) 032, 012044
n
Thus, the 99% confidence interval for the proportion all teachers in the

favour of the new proposal is 0.20 < P < 0.44.
Conclusion

Since the statistics faculty has a 99% confidence interval estimate that the
true proportion of the teachers who are in favour of the new proposal lies
between 0.20 and 0.44 which does not include at least 50% of the
teachers, therefore, the new scheme of the promotions should not be
implemented in the university.

Here, we are given that

n =150, p,;=0.70, n, =200, p,=0.85

For computing the confidence interval, first, we check whether the
conditions of normality are fulfilled or not as
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n,p;=150x0.70 =105 >15

Ny p, =200x0.85 =170 > 15
n, (1-p,)=200x0.15=30>15

Since the normality conditions are fulfilled, therefore, the (1 — a) 100%
confidence interval for the difference of two population proportions is
given by

{(91 _pz)_quz\/p1(1—p1) + p2(1—p2) ,(p1 —p2)+2a/2\/p1(1_p1)+ p2(1—p2) }

N n, N ny

For the 95% confidence interval, we have zg» = zo.025 = 1.96.

Since p, is greater than p; then we take (p, —p,)in place of (p1 —pz).

Thus, we can calculate the lower 95% confidence limit as

1- 1-
(pz—P1)_Za/2\/p1( p1)+p2( P2)
n, n,

0.70x0.30 N 0.85x0.15
150 200

~(0.85-0.70)-1.96 x\/

=0.15-1.96x0.045
=0.15-0.088 =0.062

Similarly, we can calculate the upper 99% confidence limit as

1- 1-
(pz‘p1)+za/2\/p1( p1)+p2( P2)

=0.15+0.088 =0.238
Thus, the 95% confidence interval for the differences between these two
proportions is 0.062 < P1 — P, < 0.238.
3. Here, we are given that
E = margin of error = 0.1,
Confidence level = 0.99 and 0 = 0.2
Also, for the 99% confidence, we have zy» = zo.005 = 2.58.

The manager wishes to obtain the minimum sample size for estimating
the mean number of vitamin C so we have

_ 240°
- et
(2.58)% (0.2)?

:7 =26.63 ~27
0.1

Hence, the manager should select at least 27 filled capsules randomly from
the process. 93
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Terminal Questions-(TQs)

Here, we are given
n =200, p=0.60
For computing the confidence interval for population proportion, first, we
check whether the conditions of normality are fulfilled or not as
np=200x0.60=120>5 and
n(1-p)=200x(1-0.60)=200x0.40=80>5

Since the conditions are fulfilled, therefore, we have the (1 — a)100%
confidence interval for the proportion is given as:

For the 95% confidence interval, we have z.» = Zg.05 = 1.96.

Thus, we can calculate the lower 95% confidence limit for the proportion
of voters in favour of a particular candidate as

p(1-p)

P—2Zq

0.60(1-0.60)
200

=0.60-1.96 x =0.60-0.067 =0.533

Similarly, we can calculate the upper 95% confidence limit as

1-
D+ 2y @ ~0.60 +0.067 = 0.667

Thus, the 95% confidence interval for the proportion of voters in favour of
a particular candidate is 0.533 < P < 0.667.

Here, we are given that
E = margin of error = 0.1, confidence level = 0.95 and P = 0.08
Also, for the 95% confidence, we have zq2 = zo025 = 1.96.

We can calculate the minimum sample size for estimating the proportion
as follows:

. z2,P(1-P)
EZ
(1.96)7 (0.08)(0.92)

= ( )2 =28.27~29
0.1

Hence, the manager should require a random sample of at least 29
depositors.



