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Normal Distribution



Sampling Distribution

• A sampling distribution of the mean is the distribution of all 

possible sample means if one selected all possible samples of a 

given size. 

• According to the Central Limit Theorem, the Sampling 

Distribution is centred around mean and the standard deviation 

(standard error) is given as:

௫



Application

Suppose a large cellular phone company in wanting to meet the needs of cell 

phone users hires a business analytics company to estimate the average number of 

texts used per month by users in the 35-to-54-years-of-age category. The analytics 

company studies the phone records of 85 randomly sampled users in the 35-to-54-

years-of-age category and computes a sample monthly mean of 1300 texts. This 

mean ( ), which is a statistic, is used to estimate the population mean ( ), which is 

a parameter. Suppose the population standard deviation ( ) is 160. What is the 

monthly average number of texts sent by the target group in the population?

• Do we know the ?

• But we know that is normally distributed around 

• We use this property to estimate the 



Application



Application

• How much confidence do I need in my estimate? (Managerial Decision)

• Suppose 95% confidence

• For alpha = 0.05  Confidence interval = 100(1 - )%

• Find z 𝛼/2 from standard normal table / excel [=NORM.INV(0.025, 0, 1)]

• What does this mean: If 100 samples are selected and a 95% confidence interval 

is constructed around each, 95 such samples will contain 

• What if you want to be more confident about your estimate?



From to 
• Estimating population mean from sample mean 

• We know that the sample mean ( ) is normally distributed around population 

mean ( ):

• Rearranging:

• Since it is possible that error in estimation can be on either side:

• This is the confidence interval of the estimate.



Interval Estimates
• A point estimate is a statistic taken from a sample that is used to estimate a 

population parameter

• A point estimate is only as good as the representativeness of its sample. 

• If other random samples are taken from the population, the point estimates 

derived from those samples are likely to vary. 

• Because of variation in sample statistics, estimating a population

parameter with an interval estimate is often preferable to using a point 

estimate. 

• An interval estimate (confidence interval) is a range of values within which the 

analyst can declare, with some confidence, the population parameter lies. 



Application
• A survey was taken of U.S. companies that do business with firms in India. One of the 

questions on the survey was: Approximately how many years has your company been 

trading with firms in India? A random sample of 44 responses to this question yielded 

a mean of 10.455 years. Suppose the population standard deviation is 7.7 years. 

Using this information, construct a 90% confidence interval for the mean number of 

years that a company has been trading in India for the population of U.S. companies 

trading with firms in India. 

• A study is conducted in a company that employs 800 engineers. A random sample of 

50 of these engineers reveals that the average sample age is 34.30 years. Historically, 

the population standard deviation of the age of the company’s engineers is 

approximately 8 years. Construct a 98% confidence interval to estimate the average 

age of all the engineers in this company. (Use finite correction factor)



Application

The owner of a large equipment rental company wants to make a rather quick 

estimate of the average number of days a piece of ditchdigging equipment is 

rented out per person per time. The company has records of all rentals, but the 

amount of time required to conduct an audit of all accounts would be prohibitive. 

The owner decides to take a random sample of rental invoices. Fourteen different 

rentals of ditchdiggers are selected randomly from the files, yielding the following 

data. She uses these data to construct a 99% confidence interval to estimate the 

average number of days that a ditchdigger is rented and assumes that the number 

of days per rental is normally distributed in the population. 

Data: 3, 1, 3, 2, 5, 1, 2, 1, 4, 2, 1, 3, 1, 1 (Number of days each ditchdigger was used)



What if is not known?

• Estimating confidence intervals for t-distribution

• Excel Formula: = T.INV( , n-1)

• Example = T.INV(0.05, 5) = -2.015

# Note that excel give values from -



What if is not known?

• Use t-distribution instead of normal distribution

• Assumption: Population is normally distributed – However t-distribution is 

relatively robust to this assumption (can be used despite some violation of 

assumption)

• Every sample size has different t-distribution

• For large samples t-distribution approximates normal distribution

• Formula:

where s is the sample standard deviation



Distribution

• A ratio of variances follows a ଶ distribution if the population from which the 

values are drawn is normally distributed.

• Unlike the t-distribution, a ଶ distribution lacks robustness, i.e. it is very 

sensitive to violation of assumptions.

• ଶ distribution is non-symmetric and also varies by value of sample size and 

degrees-of-freedom

• ଶ statistic: ଶ ௡ିଵ ௦మ

஢మ

• Where, ଶ ∑ ௫ି௫̅ మ

௡ିଵ

• Degrees of freedom: (n-1)



Distribution



Population Variance
The Labour Statistics data on the hourly compensation costs for production 

workers in manufacturing for various countries show that the average hourly wage 

for a production worker in manufacturing is Rs. 217.8. Suppose the business 

council wants to know how consistent this figure is. It randomly selects 25 

production workers in manufacturing from across the country and determines that 

the sample standard deviation of hourly wages for such workers is Rs.11.2. Use this 

information to develop a 95% confidence interval to estimate the population 

variance for the hourly wages of production workers in manufacturing. Assume 

that the hourly wages for production workers across the country in manufacturing 

are normally distributed. 

Estimate population variance using variance of sample data.



Population Variance
The Labour Statistics data on the hourly compensation costs …

• 𝑛 =  25, 𝑠 =  11.2, α =  0.05, χ଴.଴ଶହ,ଶସ
ଶ = 39.3641, χ ଴.ଽ଻ହ,ଶସ

ଶ = 12.40115

Confidence Interval of estimated variance:

𝑛 − 1 𝑠ଶ

χ஑/ଶ,௡ିଵ
ଶ  ≤  σଶ  ≤  

𝑛 − 1 𝑠ଶ

χଵି ஑/ଶ ,௡ିଵ
ଶ

25 − 1 11.2ଶ

39.3641
 ≤  σଶ  ≤  

25 − 1 11.2ଶ

12.40115

76.48 ≤ σଶ  ≤  242.76

With 95% confidence the Business Council can conclude that the variance in the hourly wage 

rate is between 76.48 and 242.76

=CHISQ.INV(𝛼/2, df)

=CHISQ.INV(1- 𝛼/2, df) 



Application

44 cm 47 cm 43 cm 46 cm 46 cm 

45 cm 43 cm 44 cm 47 cm 46 cm 

48 cm 48 cm 43 cm 44 cm 45 cm 

A manufacturing plant produces steel rods. During one production run of 20,000 

such rods, the specifications called for rods that were 46 centimeters in length and 

3.8 centimeters in width. Fifteen of these rods comprising a random sample were 

measured for length; the resulting measurements are shown here. Use these data to 

estimate the population variance of length for the rods. Assume rod length is 

normally distributed in the population. Construct a 99% confidence interval. Discuss 

the ramifications of the results. 



Sample Size
Suppose an analyst wants to estimate the average monthly expenditure on bread by a family in 

Amritsar. She wants to be 90% confident of her results. How much error is she willing to tolerate 

in the results? Suppose she wants the estimate to be within Rs. 10 of the actual figure (error) 

and the standard deviation of average monthly bread purchases is Rs. 40. What is the sample 

size estimation for this problem? The value of z for a 90% level of confidence is 1.645.

𝑧 =
𝑥 − μ

σ/ 𝑛

This can be simplified as:

𝑛 =
𝑧஑/ଶσ

𝑥 − μ

ଶ

The denominator 𝑥 − μ is the extent of error that the analyst is willing to tolerate

Thus, 𝑛 =
ଵ.଺ସହమ∗ସ଴మ

ଵ଴మ  =  43.29 or a sample size of 44 will be required.

How would you reduce the sample size?



Application

Suppose you want to estimate the average age of all Boeing 737-600 airplanes 

now in active domestic circuit in India. You want to be 95% confident, and you 

want your estimate to be within one year of the actual figure. The 737-600 was 

first placed in service about 23 years ago, but you believe that no active 737-600s 

in the domestic fleet are more than 20 years old. How large of a sample should 

you take? 

Note: is not known. In such cases it can be approximated as = (1/4)Range = 5


