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Pearson Arab World Editions — Business & Economics

The Arab world’s location between three continents ensures its place at the
centre of an increasingly integrated global economy, as distinctive as any business
culture. We think learning should be as dynamic, relevant and engaging as the
business environment. Our new Arab World Editions for Business & Economics
provide this uniquely Arab perspective for students in and of the Arab world.

Each Arab World Edition integrates cases, companies, research, people
and discussions representing the diverse economic, political, and cultural
situations across the nations that span the Arab world, whilst retaining
the quality, research, and relevant global perspectives of the world’s
leading business thinkers.

We hope that you find this edition a valuable contribution to your teaching or
business studies. We aim to set a new benchmark for contextualised learning
with our adapted and new titles, and hope that they will prove a valuable
contribution in the success of students and teachers along each step of their
business programme.

Supplementary support includes PowerPoint slides, instructor manuals, test bank
generators and MyLab online tutorial and homework systems.

Titles span a range of subjects and disciplines, including:
Management — Robbins & Coulter

Strategic Management: Concepts and Cases — David

Economics — Hubbard & O’Brien

Principles of Marketing — Kotler & Armstrong

Principles of Managerial Finance — Gitman

Marketing Management — Kotler & Keller

Organizational Behavior — Robbins & Judge

Human Resource Management — Dessler

Introductory Mathematical Analysis for Business, Economics and
Life and Social Sciences — Haeussler

To find out more, go to www.pearson.com/middleeast/awe
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TABLE 6.5
Grade Distribution

FIGURE 6.1

Population
Distribution

SAMPLING DISTRIBUTION 26 1
OF THE MEAN

The variance of the sample means is
1.04/2
= 0.52

where 1.04 is the variance o of the population. The variance of the sample means is
equal to the variance of the population divided by the sample size n: o2/n.
Characteristics of the sampling distribution of the sample are:

The meun of the sumple Mmeuns is

Py = W1 6.1
The variunce of the sumple Meuns is

o2 = o’/n 6.2
The stundurd devidtion of the sumple meuns is

o =0/Vn 6.3

The spread in the distribution of the sample means is less than the spread in
the population because of the sample size. As n increases the variance of the sample

means decreases.
Using the data of Table 6.2, we obtain the grade distribution displayed in

Table 6.5.

Grade Frequency PX)
1 1 0.2
2 1 0.2
3 2 0.4
4 1 0.2
Total 5

The shape of the population distribution is displayed in Figure 6.1.The distribu-
tion of the sample means given in Table 6.4 is displayed in Figure 6.2.
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FIGURE 6.2

Distribution of the
Sample Means

FIGURE 6.3

Frequency
Polygon of Sample
Means
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If we compare these two distributions, the sample mean distribution tends
to be more bell-shaped and similar to the normal curve. Figure 6.3 displays the fre-
quency polygon of the sample means. Indeed, the curve is near bell-shaped.
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In the next section, we will see that the distribution of sample means becomes
more bell-shaped as n increases.

An important result is the following. If we sample from a normal distribution
with mean w and standard deviation o, the sample mean has a normal distribution
with mean p. and standard deviation o/\/n. So the standard deviation of the sample
means is 1/V/n times the size of the standard deviation of the population distribution.

The fact that the sampling distribution of X has mean p indicates that, on aver-
age, the sample mean is equal to the population mean.The distribution of X is cen-
tered on the parameter () to be estimated, which makes X a good estimator of .

If the sampled population is not normally distributed, what is the distribu-
tion of the sample means? As previously stated, Formulas 6.1-6.3 hold: Py = 1 and
oy = of \/n.For large random samples, the shape of the sampling dlstrlbutlon of the
sample mean approaches a normal distribution. This result is formally stated as the

central limit theorem.

THE CENTRAL LIMIT THEOREM

The result that we just stated — that the sampling distribution of X tends to the
normal distribution as the sample size increases — is one of the most important
results in Statistics. Most of the time, the population from which the samples are
selected is not normally distributed. In such situations, the shape of the sampling
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distribution of X is inferred from a very important theorem called the central limit
theorem.

/

CENTRAL LIMIT THEOREM

If sumples of size h are drawh randomly from da populdfion with
Mmeun p und stundard deviution o, the sumple Meuns X dre upfroxi-
mately hormually distributed with meun p and stundard deviation
a/V/'n for sufficiently lurge sumples (h = 30), regurdless of the shupe
of the populdution distribution.

The second part of the theorem is an extremely strong result: it states that we
can assume that X follows an approximate normal distribution regardless of the
shape of the population from which the sample was drawn, provided the sample is
large enough, say 30 or more. For example, if we repeatedly sampled from a popula-
tion that is exponentially distributed, the resulting sample means X would follow a
normal distribution and not an exponential distribution. However, the real advantage
of the central limit theorem is that sample data drawn from a population that is not
normally distributed or from a population of unknown shape can also be analyzed
by using the normal distribution because the sample means are normally distrib-
uted for sufficiently large sample sizes.

The idea that the distribution of the sample means from a population that is not
normally distributed will converge to normality is illustrated in Figure 6.4.If we take
the right-skewed distribution for example, as the sample size increases, the distribu-
tion becomes more bell-shaped.
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As the sample size increases, the standard deviation of the sample means
becomes smaller and smaller because the population standard deviation is being
divided by larger and larger values of the square root of n.The benefit of the central
limit theorem is a practical version of the z-score formula for sample means:

6.4

ExXAMPLE 6.1

Suppose that during any hour in City Center Mall in Doha, the average number
of shoppers is 664, with a standard deviation of 33.What is the probability that
a random sample of 64 different shopping hours will result in a sample mean
that is

a) less than 655?

b) greater than 670?

¢) between 660 and 669?
Solution

For this problem,we have @ = 664,06 = 33,and n = 64.
a) We compute the z-score:

655 — 664
= 22T o8
“ 33

V64

Next, we use the standard normal table of Appendix C:

P(Z <—2.18) = 0.5 — 0.4854

= 0.0146
b) We compute the z-score:
670 — 664
= ———— =145
Y 33
V64

Next, we use the standard normal table of Appendix C:

P(Z > 145) = 0.5 — 0.4265
= 0.0735
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¢) We compute the z-scores:

660 — 664
7= e = =0T
N
669 — 664
= DT 9g
2 33
64

We use the standard normal table of Appendix C:

P(600 = X = 669) = P(—0.97 = Z = 1.21) = 0.3340 + 0.3869
— 0.7209

There is a 72.09% chance of randomly selecting 64 hourly periods for which the
sample mean is between 660 and 669 shoppers.

EXAMPLE 6.2

Assume that patients at Frantz Fanon Hospital in Blida, Algeria, stay an average
length of 4.8 days, with a standard deviation of 1.7 days. Dr. El Mahdi selects a
sample of 46 patients.

a) What is the probability that the average length of stay does not exceed
5.2 days?

b) If the sample size had been 14 patients instead of 46, what further assump-
tion would have been necessary to solve the above problem?

(Continued)
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Solution
a) Since the sample size 46 is greater than 30 we can use the central limit
theorem; the sample mean is approximately normally distributed:
p =48 ¢ = 17,andn = 46, X = 5.2
52 — 4.8
= — =1
z 17 63
V46

b) Since the sample size 14 is less than 30, we cannot apply the central limit
theorem. To solve the problem we need to assume that the population of
the lengths of stay is normally distributed.

P(X = 5.2) = P(Z = 1.65) = 0.9484

THE SAMPLING DISTRIBUTION OF THE SAMPLE MEAN

We enter the populdtion meun und population standard deviation in cells C5
and Cé respectively. The sumple size his entered in cell F3. The stundurd deviu-
tion of the sumple meun is automuticully culculuted in cell G6. Probubilities ure

computed in cells C9, F9, und 19.

sl B s Bl Bl E | F i G ] ! o )
1 Sampling ution of the Sample Mean
2 Example 6.1
3 oknown Sample Size 64
4 Population Distribution Sampling Distribution
& Mean 664 Mean 664
76| St. Deviation 33 St. Deviation  4.125
7
8 l % P(X<x) X P(X>x) x1  P(x1sXsx2) x2
9 | 655 0.0146 670 0.0729 660 0.7212 669

REVIEW PROBLEMS

6.1 The manager of Shifa Showroom, a
branch of Al Jazirah Vehicles, a Ford
dealer in Riyadh, finds that the four
salespersons have sold 0, 1,3,and 4 cars
respectively in the past week. List the
number of cars sold by two salesper

sons selected randomly with replace-
ment for all possible samples of size two.

6.2 Consider Problem 6.1.

a) Compute the sample mean of each
sample of size two.
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