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Statistical Road Map for comparing two means or two proportions

	TWO MEANS
	TWO PROPORTIONS















The Paired Difference T-test**
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Two Sample t-test *
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Mann Whitney U (=Wilcoxon Sum-Rank test)**
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The Sign Test
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Wilcoxon Sign-Rank 
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McNemar’s Test**


under null #sf ~ bin (sf+fs, .5)

for sf+fs large enough, normal approximation:
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II. Mann Whitney U (=Wilcoxon Sum-Rank test): example of a “non-parametric” test

Use to compare 2 groups if you have ranked data, or data that are very skewed from normal. (Non-parametric tests make no assumptions about normality or equal variances).
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For example, if team 1 and team 2 (two gymnastic teams) are competing, and the judges rank all the individuals in the competition, how can you tell if team 1 has done significantly better than team 2 or vice versa?

Intuition: under the null hypothesis of no difference between the two groups…

If n1=n2, the sums of T1 and T2 should be equal.  But if n1 ≠n2, then T2 (n2=bigger group) should automatically be bigger.  It turns out that T2 should be bigger by the difference of the sum of the ranks within each individual group:

For example, if team 1 has 3 people and group team 2 has 10, we could rank all 13 participants from 1 to 13 on individual performance.  If team1 (X) and team2 don’t differ in talent, the ranks ought to be spread evenly among the two groups, e.g.…

1 2 X 4 5 6 X 8 9 10 X 12 13   (fairly even distribution if team1 ranks 3rd, 7th, and 11th)
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T1 = 3 + 7 + 11 =21

T2 = 1 + 2 + 4 + 5 + 6 + 8 + 9 +10 + 12 +13  = 70 

70-21 = 49   Magic!
( under null hypothesis, U1 should equal U2: 
[image: image13.wmf]        

          

          

          

          

0

 

   

)]

T

(

)

2

)

1

(

2

)

1

(

[(

)

U

-

  

E(U

1

2

1

1

2

2

1

2

=

-

-

+

-

+

=

T

n

n

n

n

E




The U’s should be equal to each other and will equal roughly n1n2/2: 

U1 + U2  = n1n2  (see proof below)

Under null hypothesis, U1 = U2 = U0 

(E(U1 + U2)  = 2E(U0) = n1n2
E(U1 = U2=U0) = n1n2/2
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Proof that U1+U2=n1n2:
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Data are Independent





Data are Paired





Data are normal?





Data are normal?


proc univariate normal;





2 sample 


t-test





Data are  ordered?





Data are Paired





Data are Independent





Chi-square (difference in two proportions Z)





Proc freq;


Tables x*y/ chisq;








McNemar’s test


Proc freq;


Tables x*y/ agree;








Wilcoxon rank-sum test (=Mann Whitney U test





proc npar1way wilcoxon ;





Paired Difference t-test





proc ttest;    (one-sample ttest on the difference values)





Variance of X = Variance of Y?





Sign test





cdf ('binomial', x, p, N);




















Wilcoxon


Signed-rank test





proc univariate;





T-test: Use un-pooled standard error


proc ttest;





T-test: Use pooled standard error


proc ttest;





1 if xi > yi 


0 if yi > xi





# successes ~ bin(n, .5)





check binomial rejection regions





Find P(U≤ U0) in Mann-Whitney U tables





With n2 = the bigger of the 2 populations





For paired proportions (2 trials): where sf=# success, failure and fs=# failure, success:





X= number of successes for population 1; Y= # successes pop. 2














Total sum of the ranks





Can be shown algebraically





Total sum of the ranks from 1 to n1+n2





Derivation of variance left for a blue moon!





The difference between the sum of the ranks within each individual group.





The difference between the sum of the ranks of the two groups 





Expected to be 0 if the two groups are equally talented 





The difference between the sum of the ranks of the two groups is also equal to 49 if ranks are evenly interspersed (null is true).  





The difference between the sum of the ranks within each individual group is 49.  





Find P(U≤ U0) in Mann-Whitney U tables


With n2 = the bigger of the 2 populations
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