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Learning Outcomes 
After studying this chapter, you will 

 Understand the importance and basic principles of estimation. 

 Be able to calculate interval estimates for a variety of parameters. 

 Be able to interpret a confidence interval from both a practical and a 

probabilistic Viewpoint. 
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 In real life calculating parameters of populations is prohibitive 

because populations are very large. Rather than investigating the whole 

population, statistical methods used to produce statistical inferences 

about a population based on information from a sample derived from 

that population.  

 Statistical inference: is the procedure by which we reach to a 

conclusion about a population on the basis of the information 

contained in a sample drawn from that population. 

 

 There are two procedures for making inferences: 

Estimation 

Hypotheses Testing 
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6.1 INTRODUCTION 



 Suppose that: The  administrator of a large hospital is interested in the 
mean age of patients admitted to his hospital during a given year. 

 

 It will be too expensive to go through the records of all patients admitted 
during that particular year.  

 He consequently elects to examine a sample of the records from which he 
can compute an estimate of the mean age of patients admitted to his 
hospital that year. 

 

 Suppose that:  A physician in general practice may be interested in knowing 

what proportion of a certain type of individuals, treated with a particular drug, 

suffers undesirable side effects. 

 

 The population consists of all those who ever have been or ever will be 

treated with the drug. 

 Deferring a conclusion until the entire population has been observed 

could have an adverse effect on her practice 

 

 These two examples have implied an interest in estimating, respectively, a 

population mean and a population proportion 

 

3/9/2017 

STA 231: Biostatistics                                        

Dr. Ahmed Jaradat, AGU 3 



 To any parameter, we can compute two types of estimate 

  A point estimate 

  An interval estimate   

 A point estimate is a single numerical value used to estimate the corresponding 

population parameter. 

 An interval estimate consists of two numerical values defining a range of values 

that, with a specified degree of confidence, most likely includes the parameter being 

estimated. 

 

 The Estimate and The Estimator: The estimate is a single computed value, but the 

estimator is the rule that tell us how to compute this value, or estimate. 

 For example:  is an estimator of the  population mean, . The single numerical value 

that results from evaluating this formula is called an estimate of the parameter .  

 

 Examples of point estimators 

The  sample mean,       is the best point estimator for the population mean .  

The  sample variance, S2 is the best point estimator for the population variance 2 . 

The sample proportion,    is the best point estimator for the population proportion p. 

 In general the point estimator of the population characteristic (parameter) is its 

corresponding sample characteristic (statistic). 
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X
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 Suppose researchers wish to estimate the mean of 
some normally distributed population.  

 

 They draw a random sample of size n from the 
population and compute      , which they use as a point 
estimator of .  

 Because random sampling involves chance, then  

     can’t be expected to be equal to . 

 The value of      may be greater than or less than . 

  It would be much more meaningful to estimate  by 
an interval. 
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6.2 Confidence Interval (C.I.)  

for a Population Mean:  

x

x
x
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Mean, , is 
unknown 

Population Random Sample 

I am 95% confident 
that  is between 
40 and 60 

Mean    

       = 50 

Estimation Process 

Sample 

x

Interval Estimation 
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The (1-)100 % Confidence Interval  (C.I.) for  

 We want to find two values L and U between which  lies with high 

probability, i.e. 

     P( L ≤  ≤ U ) = 1- 

 (1-) is called the confidence coefficient (or confidence level) 

 

 When,   

   = 0.01,   then  1-  = 0.99 

  = 0.05,   then  1-  = 0.95 

       = 0.10,   then  1-  = 0.90 
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 Estimating the Population Mean when the Population 
Standard Deviation is Known 

 

 How is an interval estimator produced from a sampling 

distribution? 

 To estimate , a sample of size n is drawn from the 

population and its mean     is calculated. 

 By CLT, if n is large (n>30) then,   is normally 

distributed (or approximately normally distributed),   

 thus: 
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 We know that 

 

 This leads to  

 

 

 

 This leads to the relationship  

 

 

 

 It follows that (1-)100%  confidence interval for  is   given as 

 

 

 

  

point estimator  (reliability coefficient)*(standard error) 
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Interpreting Confidence Intervals 

 Probabilistic interpretation 

In repeated sampling, from a normally distributed 

population with a known variance, (1-)100% of all 

intervals of the  form                   will in the long 

run include the population mean  . 
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True parameter 

If the study was 

carried out 100 times, 

100 results in 100 CI 

were got, 95 times of 

100 the “true” value 

will be in that interval. 

But it will not appear 

in that interval 5 times 

of 100. 

 Practical Interpretation of 95% C.I 

When sampling is from a 

normally distributed population 

with known variance, we are 

(1-) 100 %  confident that 

the single computed interval,   

                  , contains the  

population mean .   

 

The quantity                is called 

precision of the of the estimate 

(or the margin of error). 

n
σ
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Confidence Level  /2 1-/2 Z1-/2 

0.99 0.01 0.005 0.995 2.575 

0.98 0.02 0.010 0.990 2.330 

0.95 0.05 0.025 0.975 1.960 

0.90 0.10 0.050 0.950 1.645 

0.80 0.20 0.100 0.900 1.285 

Commonly used confidence levels  
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The (1-)100 % Confidence Interval  (C.I.) for : Two Cases 

A.Sampling from normal population 

1. When the variance is known and the sample size is large or 

small,  then (1-)100 % Confidence Interval (C.I.) for   is given by: 

 

 

 

2. When variance is unknown and the sample size is small (n<30), 

then (1-)100 % Confidence Interval (C.I.) for   is given by: 

 

 

 

 

 Where S is the sample standard deviation 
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B. Sampling from Nonnormal Population and n is large (n>30) 

 

1. When the variance is known, then (1-)100% Confidence Interval 

(C.I.) for   is given by: 

 

 

 

 

2. When the variance is unknown, then (1-)100% Confidence 

Interval (C.I.) for   is given by: 
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Example 6.2.1 Page 167:  
 Suppose a researcher, interested in obtaining an estimate of the average level of 

some enzyme in a certain human population, takes a sample of 10 individuals, 

determines the level of the enzyme in each, and computes a sample mean of 22. 

Suppose further it is known that the variable of interest is  approximately normally 

distributed with a variance of 45. We wish to estimate  . (=0.05)  

Solution: 

 We need to construct a 95% confidence interval 

 Sampling from normal population with known variance 

 variance = σ2 = 45, n=10,  

 =0.05→ /2=0.025, 1-/2=0.975 

 Z (1- /2) = Z 0.975 = 1.96 (Table D) 

 95%confidence interval for  is given by:  

 

                                                                       (17.842, 26.158) 

 

 Conclusion: We are 95%  confident that the true average level of  enzyme is 

between 17.842 and 26.158. 
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Example 
 The activity values of a certain enzyme measured in normal gastric 

tissue of 35 patients with gastric carcinoma has a mean of 0.718 and a 
standard deviation of 0.511. We want to construct a 90% confidence 
interval for the population mean.  

 

Solution: 

 We need to construct a 90% confidence interval 

 Sampling from Nonnormal population with unknown variance  n=35 

(n>30,large) 

 Standard deviation = s = 0.511,  

 =0.10→ /2=0.05, 1-/2=0.95 

 Z (1- /2) = Z 0.95 = 1.645 (Table D) 

 90%confidence interval for  is given by:  

 

                                                                           [0.576,  0.860] 

 Conclusion: We are 90%  confident that the true average values of  

enzyme is between 0.576 and 0.86. 
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The t- Distribution 
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t 0 

t  (d.f. = 5) 

 t (d.f. = 13) 

Standard Normal 
(t with d.f. = ) 

Note:  t           Z  

as  d.f  increases 

If a random of sample of size n (n small) is drawn from a normal population with 

mean  and variance 2 (both unknown). If      is the  sample mean and S is the 

sample standard deviation, then the quantity 

 

                                       i.e., t has the t distribution (student’s t distribution) 

with (n-1) degrees of freedom (df) 

  

 
 
 
 

x
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 Properties of t-Distribution 

1. It has mean of zero. 

2. It is symmetric about the mean. 

3. It ranges from - to . 

4. Compared to the normal distribution, the t distribution is less peaked in the 

center and has higher tails. 

5. It depends on the degrees of freedom (n-1). 

6. The t distribution approaches the standard normal distribution as (n-1) 

approaches . 

 

 Probability calculations for the t distribution 

 The t table provides critical value for various probabilities of interest. 

 The form of the probabilities that appear in Table E TEXT BOOK: 

P(t < tA, d.f.) = A 

 For a given degree of freedom, and for  a predetermined left hand probability A, the 

entry in the table is the corresponding  tA.  

 These values are used in computing interval estimates and performing hypotheses 

tests. 
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t (7, 0.975) 

0.025 
0.975 

t (7, 0.975) = 2.3646 

0.005 

t (24, 0.995) 

0.995 

t (24, 0.995) = 2.7969 

0.95 
0.05 

t (20, 0.05) = -1.7247 

t (20, 0.05) 



Table  E: Examples 

 t (40, 0.975) = 2.0211 

 

 

------------------------------ 

 t (200, 0.995) = 2.6006 

 

-------------------------- 

 If P (T(18) > t) = 0.975, 

 then t = -2.1009 

------------------------- 

 If P (T(22) < t) = 0.99, 

   then t = 2.508  
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0.005 

t (200, 0.995) 

0.995 

t (40, 0.975) 

0.025 
0.975 

0.975 
0.025 

0.01 

t (22, 0.99) 

0.99 



 Example 6.3.1 Page 174:  

Suppose a researcher, studied the effectiveness of early weight bearing and ankle 

mobilization therapies following acute repair of a ruptured Achilles tendon. One of the 

variables they measured following treatment was the isometric gastrocsoleus muscle 

strength.. In 19 subjects, the mean of the strength isometric (in newtons) was 250.8 with 

standard deviation of 130.9.  Assume that the sample was taken from an approximately 

normally distributed population. Construct a 95% confidence interval for the mean of the 

strength?  

 

Solution 

 We need to construct a 95% confidence interval 

 Sampling from approximately normal population with unknown variance  n=19 (small) 

 Standard deviation = s = 130.9,  

 =0.05→ /2=0.025, 1-/2=0.975 

 t (1- /2, 18) = t (0.975, 18) = 2.1009 (Table E) 

 95%confidence interval for  is given by: 

                                     

                                                                                        [187.709, 313.89] 

 Conclusion: We are 95%  confident that the true mean of  strength is between 

187.709 and 313.89. 
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 Interval length  

 

 

 

 The width of the interval estimate depends on: 

The population standard deviation, . 

  The confidence level, (1-). 

  The sample size, n. 

 Remarks 
1. Increasing the sample size decreases the width of the interval 

estimate while the confidence level can remain unchanged.  

2. There is an inverse relationship between the width of the interval 

and the sample size 

3. Increasing the confidence level produces a wider interval. 

4. To maintain a certain level of confidence, changing to a larger 

standard deviation requires a longer confidence interval. 

E2
n

z2L
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Sample Size Determination  

 

                                          sample size, 

 Estimating 2 :  

 Generally the variance of the population under study is unknown.  As a result  has to 

be estimated.  The most common sources of estimates for  are: 

1. A pilot sample which is drawn from the population and used as an estimate of  . 

2. Estimates of  from previous or similar studies. 

3. In a normally distributed population, the range is usually about 6 standard deviations 

so  is estimated by R/6. 

 Example: Exercise 6.7.4 Page 191 

For multiple sclerosis patients we wish estimate the population mean age at which the 
disease was first diagnosed. We want a 95% confidence interval that is 10 years wide. If the 
population variance is 90, how large should our sample be? 

Solution: 

 =0.05→ /2=0.025, 1-/2=0.975, Z (1- /2) = Z 0.975 = 1.96 

 variance = σ2 = 90, L=10    E=5   
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