
Point Estimation

mth_150

Mean of the Sampling Distribution



Data Distributions  vs  Probability Distributions



51
62
66
71
37
72
45
59
66
44
58
40
53
39
61
33
69
46
76
77
21
71
69
58
80
51
30
72
28
29

1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

Population Size: 1000

MU : 49.762

SIGMA : 18.005148

VAR  : 324.185356

Number of intervals:

10
20

 -> 33

 -> 5

0.7

20 ->n
p  ->

3.287275

3.220661

51.103333

300

30

52
50
53
46
47
49
49

Number of Samples:

Sample. Size:

Mean of Sampling 
    Distribution:

Standard Deviation of
Sampling  Distribution:

Standard Error:
  (Calculated)

S A M P L E

Sampling Distribution (Means)

4

52
50
53
46
47
49
49
46

The Sample Means -> 18.595513
15.903806
15.67009
15.656881
16.690902
15.841891
17.821916
16.828752

<- The Sample Standard Deviations



Sampling Distribution of the Means

The Central Limit Theorem:

      The Sampling Distribution (of the Means) -
                 •   is normally distributed
                 •   its mean is approximately equal to the mean of the population
                 •   its standard deviiation is not equal to the standard deviation of the population,
                             but is equal to the "standard error"

Need not 
       be normal, BUT ...



Confidence Interval of the mean
   ( Inferencing process )

A study is conducted concerning the blood pressure of 60 year old 
women with glaucoma.  In the study 200 60-year old women with 
glaucoma are randomly selected and the sample mean systolic blood 
pressure is 140 mm Hg.  The standard deviation of the blood pressure of 
the population is known to be 20 mm Hg.  Can you be confident that the 
true mean systolic blood pressure among the population of 60 year old 
women with glaucoma is 140 mm Hg ?  How confident can you be?



Confidence Interval of the mean
   ( Inferencing process )

A study is conducted concerning the blood pressure of 60 year old women with glaucoma. In 
the study 200 60-year old women with glaucoma are randomly selected and the sample mean 
systolic blood pressure is 140 mm Hg.  The standard deviation of the blood pressure of the 
population is known to be 20 mm Hg.  Calculate a 95% confidence interval for the true 
mean systolic blood pressure among the population of 60 year old women with glaucoma. 



Confidence Interval of the mean
   ( Inferencing process )

SAMPLING DISTRIBUTION 
OF MEANS

POPULATION

Your sample  ------>

137.230

140

   0.95
200
  20

142.770

A study is conducted concerning the blood pressure of 60 year old women with 
glaucoma. In the study 200 60-year old women with glaucoma are randomly 
selected and the sample mean systolic blood pressure is 140 mm Hg.  The standard 
deviation of the blood pressure of the population is known to be 20 mm Hg.  
Calculate a 95% confidence interval for the true mean systolic blood pressure 
among the population of 60 year old women with glaucoma. 

140



Sample Mean
140

Example:

The distributions of the sample mean for a population mean of 137.230 — ends up with a tail probability 
of 2.5% above 140,  and the distribution of the sample means with a population mean of 147.770 — has 
2.5% below the sample mean 0f 140.

Upper
147.770Lower

137.230



Taking Samples



Uses Standard Normal

Uses Standard Normal

Uses Student's-t

Uses Chi-Square

One Sample Estimation



Uses Standard Normal

Uses Standard Normal

Uses Fisher-Snedecor

Two Sample Estimation

Uses Student's-t

Uses Student's-t



0.26
0.53
0.33
0.3
0.4
0.46
0.56
0.4

Sample Proportions

0.41212
Number of Samples:

3000

30
Sample. Size:

0.4172 0.42

1
1
0
1
0
0
0
0
0
0
0
1
1
1
0
1
0
0
1
0
0
1
1
1
0
1
0
0
1
0

10000Population Size:S A M P L E

Sampling Distribution (Proportions)

0.090297

0.089866

M
M
F
M
F
F
F
F
F
F
F
M
M
M
F
M
F
F
M
F
F
M
M
M
F
M
F
F
M
F
M



50.139354
40.854378
40.14447
51.957822
39.483876
37.136646
50.005794
49.620606
48.061152
42.12024
45.10785
38.363178
44.653002
46.88913
42.063444
52.687092
36.915522
51.785448
42.025668
43.664568
33.141576
36.107358
48.406518
33.544932
44.348748
57.001152
50.11818
41.519814
61.420284
40.501656

1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,1
9,0

Population Size: 1000

MU : 44.626928

SIGMA : 5.826846

VAR  : 33.952129

Number of intervals:

10
20

 -> 45

 -> 6

.3

23 ->n
p  ->

1.504485

15.083921

36.954871

1000

15

20.283375
31.545476
39.478775
42.33725
31.877711
51.759638
53.923496

Number of Samples:

Sample. Size:

Mean of Sampling 
    Distribution:

Standard Deviation of
Sampling  Distribution:

Standard Error:
  (Calculated)

S A M P L E

Sampling Distribution (Variances)

4

20.283375
31.545476
39.478775
42.33725
31.877711
51.759638
53.923496
31.952861

<- The Sample Standard Deviations 8.363754
13.007628
16.278886
17.457565
13.144624
21.342842
22.235099
13.175611

<-     (n-1)s^2)
       -------------

          VAR



38.74143
43.872575
47.267935
46.36969
42.915405
42.476595
39.808655
48.183385
42.586495
41.43956
44.89463
43.013315
46.302685
41.77489
43.06863
50.35646
48.2664
50.414525
40.88248
40.74122
47.52037
40.720565
44.422945
42.30853
51.88333
52.57869
47.945695
34.611375
39.758985
44.457065

1,7
2,49
3,139
4,215
5,219
6,190
7,115
8,41
9,21

Population Size: 250

MU : 46.000152

SIGMA : 4.948392

VAR  : 24.486585

Number of intervals:

10
20

 -> 45

 -> 5

.3

23 ->n
p  ->

2.212988

1.649528

4.961796

1000

5

6.561738
7.992086
3.893813
1.46403
7.47968
4.272528
4.364102

Number of Samples:

Sample. Size:

Mean of Sampling 
    Distribution:

Standard Deviation of
Sampling  Distribution:

Standard Error:
  (Calculated)

S A M P L E

Sampling Distribution (Standard Deviations)

4



0.199306
0.799585
0.374885
0.200966
0.509928
0.277578
0.469981
0.09826
0.452332
0.066416
0.045135
0.126353
0.7608
0.344967
0.251028
0.225529
0.013588
0.115985
0.054288
0.182661
0.396463
0.087557
0.015068
0.038997
0.479995
0.041018
0.008685
0.094236
0.073575
0.157372

,1,1,1,2,2,2,1,1,1,1,1,1,1,1,2,1,3,1,1,1,2,2,1,1,2,2,1,1,1,1,1,1,1,2,1,1,3,2,1,2,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,2,1,2,1,1,1,1,1,1,1,1,1,1,1,1,2,1,4,2,1,1,1,1,1,3,2,3,1,1,1,1,1,1,2,2,1,2,1,1,1,1,2,2,1,1,1,1,1,1,2,4,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,2,2,1,1,1,1,1,2,1,2,2,2,1,1,1,1,2,2,1,1,2,1,1,2,1,1,1,1,1,1,1,1,2,3,3,1,1,1,1,1,1,1,1,1,1,1,3,2,1,1,2,2,1,1,6,2,1,3,1,1,1,1,1,1,1,1,1,4,1,1,3,2,1,4,2,1,3,1,1,1,1,1,2,1,3,1,1,1,1,1,2,1,1,1,2,1,1,2,1,1,1,2,1,1,1,1,3,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,1,1,1,3,1,1,2,1,1,3,1,4,2,3,1,1,1,1,1,2,2,1,1,1,1,1,1,2,1,3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,5,1,1,1,1,1,1,2,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,2,1,2,2,1,1,1,1,1,1,1,2,1,1,1,1,1,2,2,1,2,1,1,1,1,1,1,1,1,2,2,1,1,2,1,5,1,1,1,2,3,1,1,2,3,1,1,3,1,1,1,1,1,1,2,1,2,1,5,1,1,1,1,1,1,1,3,1,1,1,1,1,1,2,1,1,1,1,1,2,1,3,1,1,1,1,1,2,2,1,1,3,1,1,1,1,1,1,2,2,1,1,2,1,1,1,2,1,2,1,1,1,1,3,1,1,1,1,1,2,1,1,2,1,1,2,2,1,1,2,1,1,1,1,1,1,2,1,1,1,1,2,1,2,1,1,1,1,1,1,1,1,2,1,2,1,1,1,1,3,1,1,3,2,1,1,2,1,1,1,2,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,2,1,2,2,1,1,1,1,1,1,1,2,1,2,1,1,2,2,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,1,2,1,1,1,1,1,1,3,2,1,2,1,1,1,1,1,2,1,2,1,1,1,1,1,2,1,1,1,2,1,1,2,1,1,1,3,3,4,1,2,2,1,1,1,1,2,1,1,1,1,1,1,2,1,1,2,1,1,3,1,4,1,2,1,1,1,1,1,1,2,1,1,1,1,1,1,3,1,2,2,1,2,3,3,4,2,1,1,3,1,1,1,1,1,1,1,2,1,1,2,1,2,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,1,1,2,1,1,1,1,3,1,2,1,1,2,1,2,1,1,1,4,1,1,1,3,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,12,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

Population Size: 200

MU : 0.249429

SIGMA : 0.227932

VAR  : 0.051953

Number of intervals:

10
20

 -> 13

 -> 12

.7

25 ->n
p  ->

0.101934

0.216379

0.427265

1000

5

0.185286
0.674138
0.187998
0.201304
0.229787
0.439457
0.244715

Number of Samples:

Sample. Size:

Mean of Sampling 
    Distribution:

Standard Deviation of
Sampling  Distribution:

Standard Error:
  (Calculated)

S A M P L E

Sampling Distribution (Ranges)

RANGE : 1.316969

4



24
30
25
29
28
29
19
24
20
20
30
17
22
22
31
28
24
22
18
18
32
18
24
12
24
21
32
24
22
23

1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

Population Size: 250

MU : 23.32

SIGMA : 5.26665

VAR  : 27.7376

Number of intervals:

10
20

 -> 23

 -> 12

.3

23 ->n
p  ->

0.588829

0.679632

22.09

100

80

22
22
22
22
22
22
21

Number of Samples:

Sample. Size:

Mean of Sampling 
    Distribution:

Standard Deviation of
Sampling  Distribution:

Standard Error:
  (Calculated)

S A M P L E

Sampling Distribution (Medians)

4

MEDIAN: 27.7376



36.51148
56.493076
44.084968
50.9434
33.950008
56.521324
37.062232
28.480732
39.570604
31.385284
55.552012
46.692712
56.993404
54.878548
49.71148
49.136824
36.419488
33.088516
39.8482
30.484648
28.644292
41.374252
48.348112
32.380396
51.758872
44.530192
46.30036
56.730352
17.359504
45.257368

1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

Population Size: 2000

MU : 43.113896

SIGMA : 12.061344

VAR  : 145.476019

Number of intervals:

10
20

 -> 43

 -> 12

.3

23 ->n
p  ->

5.520577

42.785

1000

5

37
50
51
48
30
50
34

Number of Samples:

Sample. Size:

Mean of Sampling 
    Distribution:

Standard Deviation of
Sampling  Distribution:

Standard Error:
  (Calculated)

S A M P L E

5.393997

90%
95%
98%
99%

4

-1.96 1.960 0.937



Normality  ?



Estimating the mean

-1.645211 1.645211

R E S E T

z t

( using standard normal and Student's  t )



Student's t Distribution

 ->

 ->



Estimating the mean

-1.960395 1.960395

R E S E T

z

( using population proportions  )



Estimating the variance

0.5543 15.0863

 ->n

R E S E T



Sampling Distribution of  Variances

Distribution

( population must be approximately normal )



Calculating the sample size

R E S E T

2.326785



Estimating the difference between two means

-1.746297 1.746297

z t

( Using standard normal and Student's t )

R E S E T

equal
unequal



Estimating the difference between two proportions

z

( Using standard normal distrinution )

R E S E T



Estimating the difference between two means

-2.145327 2.145327

t

( interactive or "matched" pairs )

R E S E T

228
201
179
89
82
142
72
152
92
166
214
174
124

148
132
155
140
114
122
122
193
112
104
118
160
108

80
69
24
-51
-32
20
-50
-41
-20
62
96
14
16

Clear Data Tables



Sampling Distribution of  the Ratio of Variances

Fisher F-Distribution

( population must be approximately normal )



2.417401
1.254599
-1.402392
0.058052
-0.479472
-1.168586
0.744208
0.895157
-0.036039
1.95389
-1.037205
-1.328507
-0.389185
0.155823
1.617077
-0.225923
0.467678
1.025888
1.642418
-2.07677
0.654639
1.474918
1.157719
0.08018
0.57763
0.489703
-2.475835
-1.250752
3.625756
0.844421

,1,1,1,1,1,1,1,1,3,1,1,1,1,1,1,2,1,1,3,1,1,2,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,2,1,1,1,1,1,1,3,1,1,1,1,1,3,1,1,1,1,1,1,1,1,2,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,2,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,2,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,2,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,2,2,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,2,1,1,1,1,1,2,1,1,1,1,1,1,1,2,1,2,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,2,1,1,2,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,2,1,2,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,2,1,1,2,1,1,1,1,1,1,2,1,1,1,1,1,1,1,4,2,1,1,1,2,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,2,1,1,1,1,1,1,1,1,1,1,1,1,3,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,3,1,2,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,2,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,2,1,1,2,2,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,3,1,2,1,1,1,1,1,1,1,1,2,1,1,1,2,1,1,2,1,1,1,1,1,2,1,1,2,1,1,1,1,2,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,1,1,1,2,1,2,1,1,2,1,2,1,1,1,1,3,1,1,1,1,1,2,2,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,2,1,1,1,1,1,1,1,1,1,1,2,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,2,2,11,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

Population Size: 500

MU : 0.003518

SIGMA : 1.420359

VAR  : 2.017419

Number of intervals:

10
20

 -> 23

 -> 12

.3

23 ->n
p  ->

0.635204

0.349142

0.09

1000

5

0
0
1
0
1
0
0

Number of Samples:

Sample. Size:

Mean of Sampling 
    Distribution:

Standard Deviation of
Sampling  Distribution:

Standard Error:
  (Calculated)

S A M P L E


