14.8.3
Estimation and Hypothesis Testing with Excel

In this worksheet we shall use the data input in Worksheet 15.8.1, Merlin1.xls, as our population. We shall again calculate its summary statistics, and then use it as a population from which to provide a random sample. From this sample we shall estimate the population parameters and then test various hypotheses about that population, (conveniently forgetting that we actually know the true values for the population!).

8.3.1
Open Excel and input your file, Merlin1.xls, saved in Worksheet 15.8.1.  If you have not saved the data turn back to that section and type it in.

With your cursor in the worksheet  File / Open and select Merlin1
8.3.2
Calculate again the summary statistics for all the ages:


Tools / Data analysis / Descriptive Statistics. / Input range A3:A63  


Tick Labels in first row and Summary statistics.  Widen column I to read the terms.






[image: image1.emf]Ages (years)

Mean 37.75

Standard Error 1.424885

Median 39

Mode 34

Standard Deviation 11.03711

Sample Variance 121.8178

Kurtosis -0.37558

Skewness 0.042648

Range 47

Minimum 17

Maximum 64

Sum 2265

Count 60


· Make a note of the mean value. 




. 37.75. . .  . . .  . . .

8.3.3
Take a random sample of 10 cases:


Tools / Data analysis / Sampling / Input range A4:A63 / Method Random / No. of samples 10 / Output range C4


Label column Age Sample in C3 
8.3.4
Test your sample for normality: (Excel does not offer a normality test so a histogram will be used as an indication.)


Type the numbers 20, 30, 40, 50 and 60 into D4:D8 to set as the bin range.

Tools / Data analysis /Histogram / Input range  C4:C13 / Bin range D4:D8 / Output range C15 and ask for Chart output
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· Does your histogram look reasonably normal?
Not easy to tell with a small sample
 

(Unless it seems a long way off normal, assume normality. If it seems very skewed take a new sample.)

8.3.5
Find a confidence interval for the mean of all the ages: (Don't use the function wizard as this uses 'z' instead of 't' in the calculation giving an incorrect result.)


Tools / Data analysis / Descriptive statistics / Input range C4:C13 / Summary statistics and Confidence level for mean. 

	
[image: image3.emf]AgeSample

Mean 29.88888889

Standard Error 3.545123585

Median 25

Mode 41

Standard Deviation 10.63537076

Sample Variance 113.1111111

Kurtosis -1.798400679

Skewness 0.457788955

Range 27

Minimum 19

Maximum 46

Sum 269

Count 9

Confidence Level(95.0%) 8.175069641


	
[image: image4.emf]AgeSample

Mean 29.88888889

Standard Error 3.545123585

Median 25

Mode 41

Standard Deviation 10.63537076

Sample Variance 113.1111111

Kurtosis -1.798400679

Skewness 0.457788955

Range 27

Minimum 19

Maximum 46

Sum 269

Count 9

Confidence Level(90.0%) 6.592327591






Make a note of your sample mean (Note: samples differ)                           . . . . . . .. . . . . 


Despite Excel's description this result is not the confidence interval but the half interval on either side of the mean, ts/(n. If your result is 'c' then your confidence interval is 
[image: image5.wmf]c
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Calculate your interval:   29.9 ± 8.2 =  21.7 to 38.1
· Does this interval include the mean age found in Task 8.3.2?

. . . . .Yes . .


Repeat, changing the confidence level to 90%. 


Label these outputs AgeSample and compare the two intervals.



29.98 ± 6.6 = 23.3 to 36.5             More confidence in the wider interval
8.3.6
As Excel does not offer a one sample t-test the sample cannot be used to test for the value of the population mean. This is assumed to be within the 95% confidence interval found in the last task.

8.3.7
Insert a new column. Type 1 in rows 4 to 33 and 2 in rows 34 to 63, (see Task 8.2.4). Label the column Sex. We shall assume that the first 30 employees are male and the last 30 female. 


Take two new samples of 10 (see Task 8.3.3 if uncertain), one for the males and one for the females and store the data in the next two unused columns. Label these columns MaleAge and FemaleAge respectively. 
8.3.8
Calculate separate confidence intervals for the males and females and see if they overlap.


Produce summary statistics for each sex separately, as in Task 8.3.5. Label the outputs MaleAges and FemaleAges respectively.

	
[image: image6.emf]MaleAge

Mean 41.5

Standard Error 3.232646

Median 43

Mode 34

Standard Deviation 10.22252

Sample Variance 104.5

Kurtosis 0.871701

Skewness -0.9209

Range 34

Minimum 20

Maximum 54

Sum 415

Count 10

Confidence Level(95.0%) 7.312753


	
[image: image7.emf]FemaleAge

Mean 41.8

Standard Error 3.362539

Median 41

Mode 50

Standard Deviation 10.63328

Sample Variance 113.0667

Kurtosis -0.08707

Skewness -0.37884

Range 36

Minimum 22

Maximum 58

Sum 418

Count 10

Confidence Level(95.0%) 7.606591





Calculate each 95% confidence interval as in Task 8.3.5.



41.5 ±7.3 = 34.2 to 48.8

41.8 ± 7.6 = 34.2 to 49.4
· Do the intervals overlap? 






. . . .Yes . . 

· What does this mean?

The population mean ages could be the same. .

8.3.9
Carry out a Two sample t-Test to see if the males and females in the whole population have the same mean ages. In order to decide which test to use the variances of the two samples must be compared for equality.


Tools / Data analysis / F-Test Two-sample Variances / Variable ranges for male and female samples respectively.




[image: image8.emf]Variable 1Variable 2

Mean 41.5 41.8

Variance 104.5 113.0667

Observations 10 10

df 9 9

F 0.924233

P(F<=f) one-tail 0.454246

F Critical one-tail 0.314575


· State value of p(F<=f) one-tail                                                                0.454 . . . . . . 

If this value >=0.05 the two variances are not significantly different, that is, they are equal; if < 0.05 they are unequal. Select the next test accordingly.

Tools / Data analysis / tTest for Two Samples assuming (Un)Equal variance / Variable ranges for male and female samples respectively / Hypothesised difference 0 / Alpha 0.05.








[image: image9.emf]t-Test: Two-Sample Assuming Equal Variances

Variable 1Variable 2

Mean 29 39.2

Variance 108.4444 212.6222

Observations 10 10

Pooled Variance 160.5333

Hypothesized Mean Difference 0

df 18

t Stat -1.80012

P(T<=t) one-tail 0.044312

t Critical one-tail 1.734064

P(T<=t) two-tail 0.088624

t Critical two-tail 2.100922


The P(T(t) two tail is the probability of there being no difference between the population means. 

· State this value.







. . .0.089 . . .

· What do you conclude?

         The population means could be the same 

8.3.10Save this updated file as Merlin3Gr.

8.3.11Copy the data into an unused Worksheet and save as Merlin3.
PAGE  
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_1208515660.xls
Merlin

		Ages of a sample of employees at Merlin plc

		Ages (years)						Sex		MaleAge		FemaleAge										Bin		Frequency

		35		21		24		1		47		50								AgeSample		20		2

		42		41		46		1		42		58										30		4

		41		20		60		1		52		50						Mean		29.8888888889		40		1

		24		19		60		1		20		40						Standard Error		3.5451235852		50		3

		34		21		25		1		49		41						Median		25		60		0

		44		25		22		1		34		22						Mode		41		More		0

		40		34		41		1		44		32						Standard Deviation		10.6353707557

		45		41		50		1		54		34						Sample Variance		113.1111111111

		64		22		37		1		39		41						Kurtosis		-1.7984006794

		39		46		27		1		34		50						Skewness		0.4577889548

		54						1										Range		27

		20						1		MaleAge								Minimum		19

		21						1										Maximum		46

		41						1		Mean		41.5						Sum		269

		39						1		Standard Error		3.232645975						Count		9

		33						1		Median		43						Confidence Level(95.0%)		8.1750696406

		25						1		Mode		34

		34						1		Standard Deviation		10.2225241501								AgeSample

		47						1		Sample Variance		104.5

		40						1		Kurtosis		0.8717007831						Mean		29.8888888889

		46						1		Skewness		-0.9208954129						Standard Error		3.5451235852

		34						1		Range		34						Median		25

		49						1		Minimum		20						Mode		41

		54						1		Maximum		54						Standard Deviation		10.6353707557

		37						1		Sum		415						Sample Variance		113.1111111111

		20						1		Count		10						Kurtosis		-1.7984006794

		52						1		Confidence Level(95.0%)		7.3127532323						Skewness		0.4577889548

		27						1										Range		27

		37						1		FemaleAge								Minimum		19

		50						1										Maximum		46

		32						2		Mean		41.8						Sum		269

		27						2		Standard Error		3.3625387234						Count		9

		60						2		Median		41						Confidence Level(90.0%)		6.5923275907

		40						2		Mode		50

		41						2		Standard Deviation		10.6332810866

		19						2		Sample Variance		113.0666666667

		22						2		Kurtosis		-0.0870741327

		46						2		Skewness		-0.3788390295

		41						2		Range		36

		34						2		Minimum		22

		50						2		Maximum		58

		18						2		Sum		418

		32						2		Count		10

		40						2		Confidence Level(95.0%)		7.6065910429

		47						2

		39						2		F-Test Two-Sample for Variances

		40						2

		58						2				Variable 1		Variable 2

		36						2		Mean		41.5		41.8

		34						2		Variance		104.5		113.0666666667

		33						2		Observations		10		10

		23						2		df		9		9

		23						2		F		0.9242334906

		46						2		P(F<=f) one-tail		0.4542462997

		45						2		F Critical one-tail		0.3145749061

		37						2

		17						2

		52						2

		29						2

		36						2





Merlin

		20

		30

		40

		50

		60

		More



Frequency

Bin

Frequency

Histogram

2

4

1

3

0

0



		20

		30

		40

		50

		60

		More



Frequency

Bin

Frequency

Histogram

2

4

1

3

0

0




_1208515714.xls
Merlin

		Ages of a sample of employees at Merlin plc

		Ages (years)						Sex		MaleAge		FemaleAge										Bin		Frequency

		35		21		24		1		47		50								AgeSample		20		2

		42		41		46		1		42		58										30		4

		41		20		60		1		52		50						Mean		29.8888888889		40		1

		24		19		60		1		20		40						Standard Error		3.5451235852		50		3

		34		21		25		1		49		41						Median		25		60		0

		44		25		22		1		34		22						Mode		41		More		0

		40		34		41		1		44		32						Standard Deviation		10.6353707557

		45		41		50		1		54		34						Sample Variance		113.1111111111

		64		22		37		1		39		41						Kurtosis		-1.7984006794

		39		46		27		1		34		50						Skewness		0.4577889548

		54						1										Range		27

		20						1		MaleAge								Minimum		19

		21						1										Maximum		46

		41						1		Mean		41.5						Sum		269

		39						1		Standard Error		3.232645975						Count		9

		33						1		Median		43						Confidence Level(95.0%)		8.1750696406

		25						1		Mode		34

		34						1		Standard Deviation		10.2225241501								AgeSample

		47						1		Sample Variance		104.5

		40						1		Kurtosis		0.8717007831						Mean		29.8888888889

		46						1		Skewness		-0.9208954129						Standard Error		3.5451235852

		34						1		Range		34						Median		25

		49						1		Minimum		20						Mode		41

		54						1		Maximum		54						Standard Deviation		10.6353707557

		37						1		Sum		415						Sample Variance		113.1111111111

		20						1		Count		10						Kurtosis		-1.7984006794

		52						1		Confidence Level(95.0%)		7.3127532323						Skewness		0.4577889548

		27						1										Range		27

		37						1		FemaleAge								Minimum		19

		50						1										Maximum		46

		32						2		Mean		41.8						Sum		269

		27						2		Standard Error		3.3625387234						Count		9

		60						2		Median		41						Confidence Level(90.0%)		6.5923275907

		40						2		Mode		50

		41						2		Standard Deviation		10.6332810866

		19						2		Sample Variance		113.0666666667

		22						2		Kurtosis		-0.0870741327

		46						2		Skewness		-0.3788390295

		41						2		Range		36

		34						2		Minimum		22

		50						2		Maximum		58

		18						2		Sum		418

		32						2		Count		10

		40						2		Confidence Level(95.0%)		7.6065910429

		47						2

		39						2		F-Test Two-Sample for Variances

		40						2

		58						2				Variable 1		Variable 2

		36						2		Mean		41.5		41.8

		34						2		Variance		104.5		113.0666666667

		33						2		Observations		10		10

		23						2		df		9		9

		23						2		F		0.9242334906

		46						2		P(F<=f) one-tail		0.4542462997

		45						2		F Critical one-tail		0.3145749061

		37						2

		17						2

		52						2

		29						2

		36						2
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_1208687751.xls
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		Ages of a sample of employees at Merlin plc

		Ages (years)										Bin		Frequency
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_1208517491.xls
Merlin

		Ages of a sample of employees at Merlin plc

		Ages (years)						Sex		MaleAge		FemaleAge										Bin		Frequency

		35		21		24		1		47		50								AgeSample		20		2

		42		41		46		1		42		58										30		4

		41		20		60		1		52		50						Mean		29.8888888889		40		1

		24		19		60		1		20		40						Standard Error		3.5451235852		50		3

		34		21		25		1		49		41						Median		25		60		0

		44		25		22		1		34		22						Mode		41		More		0

		40		34		41		1		44		32						Standard Deviation		10.6353707557				t-Test: Two-Sample Assuming Equal Variances

		45		41		50		1		54		34						Sample Variance		113.1111111111

		64		22		37		1		39		41						Kurtosis		-1.7984006794						Variable 1		Variable 2

		39		46		27		1		34		50						Skewness		0.4577889548				Mean		29		39.2

		54						1										Range		27				Variance		108.4444444444		212.6222222222

		20						1		MaleAge								Minimum		19				Observations		10		10

		21						1										Maximum		46				Pooled Variance		160.5333333333

		41						1		Mean		41.5						Sum		269				Hypothesized Mean Difference		0

		39						1		Standard Error		3.232645975						Count		9				df		18

		33						1		Median		43						Confidence Level(95.0%)		8.1750696406				t Stat		-1.8001245804

		25						1		Mode		34												P(T<=t) one-tail		0.0443119909

		34						1		Standard Deviation		10.2225241501								AgeSample				t Critical one-tail		1.7340635923

		47						1		Sample Variance		104.5												P(T<=t) two-tail		0.0886239817

		40						1		Kurtosis		0.8717007831						Mean		29.8888888889				t Critical two-tail		2.1009220369

		46						1		Skewness		-0.9208954129						Standard Error		3.5451235852

		34						1		Range		34						Median		25

		49						1		Minimum		20						Mode		41

		54						1		Maximum		54						Standard Deviation		10.6353707557

		37						1		Sum		415						Sample Variance		113.1111111111

		20						1		Count		10						Kurtosis		-1.7984006794

		52						1		Confidence Level(95.0%)		7.3127532323						Skewness		0.4577889548

		27						1										Range		27

		37						1		FemaleAge								Minimum		19

		50						1										Maximum		46

		32						2		Mean		41.8						Sum		269

		27						2		Standard Error		3.3625387234						Count		9

		60						2		Median		41						Confidence Level(90.0%)		6.5923275907

		40						2		Mode		50

		41						2		Standard Deviation		10.6332810866

		19						2		Sample Variance		113.0666666667

		22						2		Kurtosis		-0.0870741327

		46						2		Skewness		-0.3788390295

		41						2		Range		36

		34						2		Minimum		22

		50						2		Maximum		58

		18						2		Sum		418

		32						2		Count		10

		40						2		Confidence Level(95.0%)		7.6065910429

		47						2

		39						2		F-Test Two-Sample for Variances

		40						2

		58						2				Variable 1		Variable 2

		36						2		Mean		41.5		41.8

		34						2		Variance		104.5		113.0666666667

		33						2		Observations		10		10

		23						2		df		9		9

		23						2		F		0.9242334906

		46						2		P(F<=f) one-tail		0.4542462997

		45						2		F Critical one-tail		0.3145749061

		37						2

		17						2

		52						2

		29						2

		36						2
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_1208515688.xls
Merlin

		Ages of a sample of employees at Merlin plc

		Ages (years)						Sex		MaleAge		FemaleAge										Bin		Frequency

		35		21		24		1		47		50								AgeSample		20		2

		42		41		46		1		42		58										30		4

		41		20		60		1		52		50						Mean		29.8888888889		40		1

		24		19		60		1		20		40						Standard Error		3.5451235852		50		3

		34		21		25		1		49		41						Median		25		60		0

		44		25		22		1		34		22						Mode		41		More		0

		40		34		41		1		44		32						Standard Deviation		10.6353707557

		45		41		50		1		54		34						Sample Variance		113.1111111111

		64		22		37		1		39		41						Kurtosis		-1.7984006794

		39		46		27		1		34		50						Skewness		0.4577889548

		54						1										Range		27

		20						1		MaleAge								Minimum		19

		21						1										Maximum		46

		41						1		Mean		41.5						Sum		269

		39						1		Standard Error		3.232645975						Count		9

		33						1		Median		43						Confidence Level(95.0%)		8.1750696406

		25						1		Mode		34

		34						1		Standard Deviation		10.2225241501								AgeSample

		47						1		Sample Variance		104.5

		40						1		Kurtosis		0.8717007831						Mean		29.8888888889

		46						1		Skewness		-0.9208954129						Standard Error		3.5451235852

		34						1		Range		34						Median		25

		49						1		Minimum		20						Mode		41

		54						1		Maximum		54						Standard Deviation		10.6353707557

		37						1		Sum		415						Sample Variance		113.1111111111

		20						1		Count		10						Kurtosis		-1.7984006794

		52						1		Confidence Level(95.0%)		7.3127532323						Skewness		0.4577889548

		27						1										Range		27

		37						1		FemaleAge								Minimum		19

		50						1										Maximum		46

		32						2		Mean		41.8						Sum		269

		27						2		Standard Error		3.3625387234						Count		9

		60						2		Median		41						Confidence Level(90.0%)		6.5923275907

		40						2		Mode		50

		41						2		Standard Deviation		10.6332810866

		19						2		Sample Variance		113.0666666667

		22						2		Kurtosis		-0.0870741327

		46						2		Skewness		-0.3788390295

		41						2		Range		36

		34						2		Minimum		22

		50						2		Maximum		58

		18						2		Sum		418

		32						2		Count		10

		40						2		Confidence Level(95.0%)		7.6065910429

		47						2

		39						2		F-Test Two-Sample for Variances

		40						2

		58						2				Variable 1		Variable 2

		36						2		Mean		41.5		41.8

		34						2		Variance		104.5		113.0666666667

		33						2		Observations		10		10

		23						2		df		9		9

		23						2		F		0.9242334906

		46						2		P(F<=f) one-tail		0.4542462997

		45						2		F Critical one-tail		0.3145749061

		37						2

		17						2

		52						2

		29						2

		36						2
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Merlin

		Ages of a sample of employees at Merlin plc

		Ages (years)										Bin		Frequency

		35		21		24				AgeSample		20		2

		42		41		46						30		4

		41		20		60		Mean		29.8888888889		40		1

		24		19		60		Standard Error		3.5451235852		50		3

		34		21		25		Median		25		60		0

		44		25		22		Mode		41		More		0

		40		34		41		Standard Deviation		10.6353707557

		45		41		50		Sample Variance		113.1111111111

		64		22		37		Kurtosis		-1.7984006794

		39		46		27		Skewness		0.4577889548

		54						Range		27

		20						Minimum		19

		21						Maximum		46

		41						Sum		269

		39						Count		9

		33						Confidence Level(95.0%)		8.1750696406
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		46						Standard Error		3.5451235852
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		54						Standard Deviation		10.6353707557

		37						Sample Variance		113.1111111111
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		52						Skewness		0.4577889548
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		Ages of a sample of employees at Merlin plc

		Ages (years)										Bin		Frequency

		35		21		24				AgeSample		20		2

		42		41		46						30		4

		41		20		60		Mean		29.8888888889		40		1

		24		19		60		Standard Error		3.5451235852		50		3

		34		21		25		Median		25		60		0

		44		25		22		Mode		41		More		0

		40		34		41		Standard Deviation		10.6353707557

		45		41		50		Sample Variance		113.1111111111

		64		22		37		Kurtosis		-1.7984006794

		39		46		27		Skewness		0.4577889548

		54						Range		27
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		39						Count		9

		33						Confidence Level(95.0%)		8.1750696406
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		40						Mean		29.8888888889
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		54						Standard Deviation		10.6353707557

		37						Sample Variance		113.1111111111

		20						Kurtosis		-1.7984006794

		52						Skewness		0.4577889548
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Merlin

		Ages of a sample of employees at Merlin plc

		Ages (years)

		35						Ages (years)

		42

		41						Mean		37.75

		24						Standard Error		1.4248847708
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