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11.4 Testing the Difference Between Two Population Means: Independent Samples

· Compare the means of 2 populations

Examples:

1) Who receives higher grades at KSU?

· Males or Females?

· Athletes or Non-athletes?

· Greeks or Non-greeks?

2) Which drug helps relieve allergy symptoms better: Claritin or Allegre?

3) An economist wishes to determine whether there is a difference in mean family income for households in two socioeconomic groups.

What if you want to compare more than two population means?  Section 14.4 of STAT 351

Hypothesis Test steps: Test statistic method

1) State Ho and Ha:

Ho:
(1-(2 = 0
(1-(2 ( 0 
(1-(2 ( 0 

Ha:
(1-(2 ( 0

(Any diff.) 
(1-(2 > 0 

(pop. 1 > pop.2)
(1-(2 < 0

(pop. 1 < pop.2)

2) Test Statistic
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- called “pooled sample variance”

Assumptions for t to have a t distribution:

a) Population variances are equal

b) Both populations have normal distributions

This is still o.k. if violations are not too bad.  If population variances are unequal, one can use the procedure on page 536.

3) Critical Value: 

Ha:
(1-(2 ( 0
(1-(2 > 0
(1-(2 < 0


±t(/2, n1+n2-2 
+t(, n1+n2-2
-t(, n1+n2-2

4) Reject or Don’t Reject Ho
5) Conclusion

NOTE:  Book uses normal distribution for large samples.  We will only use the t-distribution in this class.

Example: Dividend Yield (hyp2_divyield.xls)

Is there a difference in average dividend yield of stocks traded on the NYSE vs. NASDAQ?  Perform a hypothesis test to answer the question using (=0.05.

Data: 

Company
Market
Dividend

Company
Market
Dividend

American Express
NYSE
3.4

Atlantic SE Airlines
NASDAQ
1.2

Anheuser-Busch
NYSE
2.7

Boral Ltd.
NASDAQ
5.1

Bristol-Myers-Squibb
NYSE
5.4

Cathay Bancorp
NASDAQ
4.3

Dayton-Hudson
NYSE
2.1

Cit Fed Bancorp
NASDAQ
0.8

Dresser Industries
NYSE
3

CPB
NASDAQ
3.2

Ford Motor
NYSE
3.1

First Essex Bancorp
NASDAQ
3

General Electric
NYSE
3

Goulds Pumps
NASDAQ
3.8

General Mills
NYSE
3.5

Harper Group
NASDAQ
1.3

IBM
NYSE
1.6

Innovex
NASDAQ
2.2

Kellogg Co.
NYSE
2.6

Intel Corp.
NASDAQ
0.4

Merck & Co.
NYSE
3.6

Lindberg Corp.
NASDAQ
2.7

NYNEX
NYSE
6.4

Nature's Sunshine Prod.
NASDAQ
1.5

Occidental Petroleum
NYSE
5.3

Newcor
NASDAQ
2.1

Pfizer Inc.
NYSE
3

PCA International
NASDAQ
3.3

PPG Inc.
NYSE
3

T Rowe Price Assoc.
NASDAQ
1.8

Sara Lee Corp.
NYSE
2.9

PSB Holdings Corp.
NASDAQ
2.4

Texaco Inc.
NYSE
5

Reaserch Inc.
NASDAQ
4.6

Texas Instrunments
NYSE
0.9

Seacoast Banking Corp.
NASDAQ
2.8

Whirlpool Corporation
NYSE
2.2

Span-America Med. Sys.
NASDAQ
1.8

Winn-Dixie
NYSE
3.1

Sumitomo Bank of Cal.
NASDAQ
3.6

Xerox Corp.
NYSE
2.9

TCA Cable TV
NASDAQ
2.2





United Fire & Casualty
NASDAQ
2.8





West Coast Bancorp
NASDAQ
1.7





Whitney Holding Corp.
NASDAQ
2.6





Worthington Industries
NASDAQ
2.1

1) Ho: (1-(2 = 0

Ha: (1-(2 ( 0

where 1=NYSE and 2=NASDAQ

2) 


1
2
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where
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3) ±t0.05/2, 21+25-2 = ± 2.0154
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4) 

Since 2.0346 > 2.0154 reject Ho

5) There is a difference in average dividend yields between NYSE and NASDAQ stocks

Implications: 

Investors interested in dividend income may invest in stocks on a particular stock exchange.

What if the decision was don’t reject Ho​?

There is not sufficient evidence to show that a difference in average dividend yields exists between NYSE and NASDAQ stocks.

Computer Output:

t-Test: Two-Sample Assuming Equal Variances








NYSE
NASDAQ

Mean
3.271429
2.532

Variance
1.697143
1.3522667

Observations
21
25

Pooled Variance
1.509029


Hypothesized Mean Difference
0


df
44


t Stat
2.033519


P(T<=t) one-tail
0.024029


t Critical one-tail
1.68023


P(T<=t) two-tail
0.048058


t Critical two-tail
2.015367


Spreadsheet 

Company
Market
Div

t-Test: Two-Sample Assuming Equal Variances



American Express
NYSE
3.4





Anheuser-Busch
NYSE
2.7


NYSE
NASDAQ

Bristol-Myers-Squibb
NYSE
5.4

Mean
3.271429
2.532

Dayton-Hudson
NYSE
2.1

Variance
1.697143
1.3522667

Dresser Industries
NYSE
3

Observations
21
25

Ford Motor
NYSE
3.1

Pooled Variance
1.509029


General Electric
NYSE
3

Hypothesized Mean Difference
0


General Mills
NYSE
3.5

df
44


IBM
NYSE
1.6

t Stat
2.033519


Kellogg Co.
NYSE
2.6

P(T<=t) one-tail
0.024029


Merck & Co.
NYSE
3.6

t Critical one-tail
1.68023


NYNEX
NYSE
6.4

P(T<=t) two-tail
0.048058


Occidental Petroleum
NYSE
5.3

t Critical two-tail
2.015367


Pfizer Inc.
NYSE
3





PPG Inc.
NYSE
3





Sara Lee Corp.
NYSE
2.9





Texaco Inc.
NYSE
5





Texas Instruments
NYSE
0.9





Whirlpool Corporation
NYSE
2.2





Winn-Dixie
NYSE
3.1





Xerox Corp.
NYSE
2.9





Atlantic SE Airlines
NASDAQ
1.2





Boral Ltd.
NASDAQ
5.1





Cathay Bancorp
NASDAQ
4.3





Cit Fed Bancorp
NASDAQ
0.8





CPB
NASDAQ
3.2





First Essex Bancorp
NASDAQ
3





Goulds Pumps
NASDAQ
3.8





Harper Group
NASDAQ
1.3





Innovex
NASDAQ
2.2





Intel Corp.
NASDAQ
0.4





Lindberg Corp.
NASDAQ
2.7





Nature's Sunshine Prod.
NASDAQ
1.5





Newcor
NASDAQ
2.1





PCA International
NASDAQ
3.3





T Rowe Price Assoc.
NASDAQ
1.8





PSB Holdings Corp.
NASDAQ
2.4





Reaserch Inc.
NASDAQ
4.6





Seacoast Banking Corp.
NASDAQ
2.8





Span-America Med. Sys.
NASDAQ
1.8





Sumitomo Bank of Cal.
NASDAQ
3.6





TCA Cable TV
NASDAQ
2.2





United Fire & Casualty
NASDAQ
2.8





West Coast Bancorp
NASDAQ
1.7





Whitney Holding Corp.
NASDAQ
2.6





Worthington Industries
NASDAQ
2.1





The side-by-side box plots (box_dot_plot.xls) illustrate why there is a difference between dividend yield between the NYSE and the NASDAQ.  The NASDAQ boxplot is shifted to the left in comparison to the NYSE box plot.

· = Outliers
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   = Line in middle is the median
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   = The lines on both sides on the box plot

show the range we would expect the data to fall between.
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C.I. for the difference between two population means (independent samples).  

(1-()100% C.I. for (1-(2:
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Example: Dividend Yield

Find the 95% C.I. for the difference in mean dividend yield and use the C.I. to perform the hypothesis test

Ho: (1-(2 = 0

Ha: (1-(2 ( 0

where 1=NYSE and 2=NASDAQ
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0.7394 ( 0.7330 

0.00637 ( (1-(2 ( 1.4724
0.00637 ( (NYSE-(NASDAQ ( 1.4724
Since 0 is not in the interval, reject Ho.  There is a difference in average dividend yield between the NYSE and the NASDAQ.  

Since the C.I. is positive, the NYSE’s mean dividend yield is larger than the NASDAQ’s mean dividend yield.

These methods will be used again in Section 14.7.
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Side-by-side Boxplots for Dividend Yield
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Boxplots

		

				Boxplot Template

						Enter the data on the Data worksheet.  The boxplot(s) will be drawn on the graph below.

				Remarks:

						1)  This template only works when n is less than or equal to 500 and the number

						of groups less than or equal to 5.

						2)  The blue vertical line ( | ) denotes the mean and an  X denotes a potential outlier.
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		Normal Probability Distribution Spreadsheet																										Calculations for graph

								mu		sigma																X		f(x)				X is a data value

								0		1																-4		0.0001338302				f(x) is the Normal probability distribution value evaluated at X, mu, and sigma
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																										-3.6		0.0006119019

																										-3.5		0.0008726827

																						0				-3.4		0.0012322192

																										-3.3		0.0017225689

																										-3.2		0.0023840882

																										-3.1		0.0032668191

																										-3		0.0044318484

																										-2.9		0.0059525324

																										-2.8		0.0079154516

																										-2.7		0.0104209348

																										-2.6		0.0135829692

																										-2.5		0.0175283005

																										-2.4		0.0223945303

																										-2.3		0.0283270377

																										-2.2		0.0354745928

																										-2.1		0.043983596

																										-2		0.0539909665

																										-1.9		0.0656158148

		NORMDIST(x,mean,standard_dev,cumulative)																								-1.8		0.0789501583

		Example:		NORMDIST(2,1,1,True)																						-1.7		0.0940490774

				0.8413447402																						-1.6		0.1109208347

																										-1.5		0.1295175957

		Example:		NORMDIST(2,1,1,False)																						-1.4		0.1497274656

				0.2419707245																						-1.3		0.171368592

																										-1.2		0.194186055

		When cumulative=True, returns probabilities to the left - P(X<2)=0.841345																								-1.1		0.217852177

		When cumulative=False, returns value for the equation of f(x) - f(X=2)=0.241971																								-1		0.2419707245

																										-0.9		0.2660852499

																										-0.8		0.2896915528

																										-0.7		0.3122539334

		NORMINV(probability,mean,standard_dev)																								-0.6		0.3332246029

		Example:		NORMINV(0.841345, 1, 1)																						-0.5		0.3520653268

				2.0000007933																						-0.4		0.3682701403

																										-0.3		0.3813878155

		Given a probability, fills in the blank to P(X<_)=probability (with mu=  and sigma=  )																								-0.2		0.391042694

		- P(X<2.000001)=0.841345																								-0.1		0.3969525475

																										0		0.3989422804

																										0.1		0.3969525475

																										0.2		0.391042694

																										0.3		0.3813878155

																										0.4		0.3682701403

																										0.5		0.3520653268

																										0.6		0.3332246029

																										0.7		0.3122539334

																										0.8		0.2896915528

																										0.9		0.2660852499

																										1		0.2419707245

																										1.1		0.217852177

																										1.2		0.194186055

																										1.3		0.171368592

																										1.4		0.1497274656

																										1.5		0.1295175957

																										1.6		0.1109208347

																										1.7		0.0940490774

																										1.8		0.0789501583

																										1.9		0.0656158148

																										2		0.0539909665

																										2.1		0.043983596

																										2.2		0.0354745928

																										2.3		0.0283270377

																										2.4		0.0223945303

																										2.5		0.0175283005

																										2.6		0.0135829692

																										2.7		0.0104209348

																										2.8		0.0079154516

																										2.9		0.0059525324

																										3		0.0044318484

																										3.1		0.0032668191

																										3.2		0.0023840882

																										3.3		0.0017225689

																										3.4		0.0012322192

																										3.5		0.0008726827

																										3.6		0.0006119019

																										3.7		0.0004247803

																										3.8		0.0002919469

																										3.9		0.0001986555

																										4		0.0001338302

																										4.1		0.0000892617

																										4.2		0.0000589431

																										4.3		0.0000385352

																										4.4		0.0000249425

																										4.5		0.0000159837

																										4.6		0.0000101409

																										4.7		0.0000063698

																										4.8		0.0000039613

																										4.9		0.000002439

																										5		0.0000014867

																										5.1		0.0000008972

																										5.2		0.0000005361

																										5.3		0.0000003171

																										5.4		0.0000001857

																										5.5		0.0000001077

																										5.6		0.0000000618

																										5.7		0.0000000351

																										5.8		0.0000000198

																										5.9		0.000000011

																										6		0.0000000061

																										6.1		0.0000000033

																										6.2		0.0000000018

																										6.3		0.000000001

																										6.4		0.0000000005

																										6.5		0.0000000003

																										6.6		0.0000000001

																										6.7		0.0000000001

																										6.8		0

																										6.9		0

																										7		0

																										7.1		0

																										7.2		0

																										7.3		0

																										7.4		0

																										7.5		0

																										7.6		0

																										7.7		0

																										7.8		0

																										7.9		0

																										8		0

																										8.1		0

																										8.2		9.99837874849796E-16

																										8.3		4.38163943550973E-16

																										8.4		1.90108153790813E-16

																										8.5		8.1662356316703E-17

																										8.6		3.47296274856653E-17

																										8.7		1.46229635750079E-17

																										8.8		6.09575812956307E-18

																										8.9		2.51580577695169E-18

																										9		1.02797735716701E-18

																										9.1		4.15859897911563E-19

																										9.2		1.66558803238012E-19

																										9.3		6.60457986074015E-20

																										9.4		2.59286470110072E-20

																										9.5		1.00779353943014E-20

																										9.6		3.87811193174748E-21

																										9.7		1.47749549270447E-21

																										9.8		5.5730000227216E-22

																										9.9		2.08117682020315E-22

																										10		7.69459862670762E-23

																										10.1		2.8165665442767E-23

																										10.2		1.02073055943078E-23

																										10.3		3.66234516855605E-24

																										10.4		1.30096161992415E-24

																										10.5		4.57537559052165E-25

																										10.6		1.59311113270127E-25

																										10.7		5.49189783181887E-26

																										10.8		1.8743724023422E-26

																										10.9		6.33353782183196E-27

																										11		2.11881925350981E-27

																										11.1		7.01775994266285E-28

																										11.2		2.30123070884866E-28

																										11.3		7.47100227588528E-29

																										11.4		2.40134540000912E-29

																										11.5		7.64165541158905E-30

																										11.6		2.40756113183992E-30

																										11.7		7.50972877249845E-31

																										11.8		2.31914677725674E-31

																										11.9		7.09070266843007E-32

																										12		2.14638373566367E-32

																										12.1		6.43254033463758E-33

																										12.2		1.90859913463736E-33

																										12.3		5.60665692630558E-34

																										12.4		1.63061073484015E-34

																										12.5		4.69519535797661E-35

																										12.6		1.33848679925471E-35

																										12.7		3.77773572115035E-36

																										12.8		1.05561635024563E-36

																										12.9		2.92036879386913E-37

																										13		7.99882775700954E-38

																										13.1		2.1690624002614E-38

																										13.2		5.82337559973864E-39

																										13.3		1.54787046629678E-39

																										13.4		4.07334767752941E-40

																										13.5		1.06126881391562E-40

																										13.6		2.73751419235636E-41

																										13.7		6.99108224970927E-42

																										13.8		1.76762241025425E-42

																										13.9		4.42477958331799E-43

																										14		1.09660655938944E-43

																										14.1		2.69071123564357E-44

																										14.2		6.53642677532144E-45

																										14.3		1.57206595860645E-45

																										14.4		3.74333057988676E-46

																										14.5		8.82475497459896E-47

																										14.6		2.0597010224099E-47

																										14.7		4.75951575302287E-48

																										14.8		1.08887595532826E-48

																										14.9		2.46632952588181E-49

																										15		5.53070954984725E-50

																										15.1		1.22791316722761E-50

																										15.2		2.69905364438971E-51

																										15.3		5.87370906628051E-52

																										15.4		1.26552404660545E-52

																										15.5		2.69951302459008E-53

																										15.6		5.70108489094445E-54

																										15.7		1.1920285127798E-54

																										15.8		2.46758905156703E-55

																										15.9		5.05726930437837E-56

																										16		1.02616307279252E-56
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