StatCrunch and Nonparametric Statistics

You can use StatCrunch to calculate the values of nonparametric statistics. It may not be obvious how to
enter the data in StatCrunch for various data sets that require the use of nonparametric statistics. This
document and the spreadsheet NONPARAMETRIC.XLS use data from several examples in chapter 9 of
Rosner. Hopefully, it will help you when you try some of the problems assigned from chapter 9. Note,
you can only use StatCrunch when you have all the data. Problems 9.4 through 9.6 give you summary
values, not real data, so you cannot use StatCrunch to get answers to those problems (if you figure out
some way to do it, let us know !!).

If you load the data in NONPARAMETRIC.XLS, you should see the data shown below. You probably will

not see the full names for the columns involved with example 9.17 unless you change the column widths
(just drag to the right the bar to the right of each column).

nonparametric.xls

| statCrunch | | Data | | Stat| | Sraphics | | Help |

Row rosher-9.8{a)  rosner-9.8¢h) rosner-9.12 | rosner-9.12+ rosner-9.17 domi= rosner-9.17 s=
1 -1 -5 -8 -8 1 1
2 -1 -5 -7 -7 1 2
3 -1 -5 -7 -7 1 2
4 -1 -5 -7 -7 1 2
5 -1 -5 -G -B 1 2
B -1 -5 -G -6 2 2
7 -1 -5 -5 -5 2 3
8 -1 -5 -5 -5 2 3
g -1 -5 -4 -4 2 3
10 -1 -5 -3 -3 2 3

Example 9.8

The data used in example 9.8 is described in

tric.xl
example 9.7 (Dermatology). Two columns of nenparametric.xs

data are provided in the spreadsheet to show | |StatCrunch | |Data| | Stat| | Graphics | [Help |

you that the magnitude of the numbers does Row | rosner9.8(z)  Summary Stats * rosner-8.12
not matter when using the Sign Test. Only Tables v

the signs (negative, zero, positive) matter Z siatistics >

(thus, the Sign Test). The data described in
example 9.7 require that you enter the
following in a column in StatCrunch: 22
negative numbers (arm A not as red as arm
B); five zeros, no difference between arm A
and arm B; 18 positive numbers (arm B not
as red as arm A). The magnitude of the
negative and positive numbers does not
matter, just the sign.
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After loading the data into the spreadsheet,
choose STAT/NONPARAMETRICS/SIGN TEST <

-
m

(as shown on the right).



Then click on the names of the first two columns. After those names appear in the gray window on the
right, click on CALCULATE. You should see a box that shows the same p-value as computed in Rosner for
both columns of data from the spreadsheet. Only the signs mattered, not the magnitude of the numbers.

Sign Test
Cptions
Select Columns:
msner—g.B(a) |rosner-9.8(a) Hypothesis test results:
lrosner-9.8(b) rosner-9.8(b) Parameter : median of Yariable

rosner-9.12
rasner-9.17 dominant
rosner-9.17 sex-linked

Hp : Parameter=10
Hg: Parameter = 0

] Yariahle n | nfor test | Sample Median | Below | Equal | Above | P-value

Where: —optional—-
rasner-9.8(3) | 44 40 0 22 5 18| 06358
Group by: | —optional—- v rosner-9.8(k) | 44 40 ] iz 5 13| 06358

ﬂ Snapshot| Cancel| | ‘Mext>! Calcplate
b

NOTE: Rosner states that when N < 20 , you should use an exact method. Actually, you can use the
exact method any time since the Sign Test is really just a binomial test with P=0.50. Look at equation
9.3, page 365. In that box, you see three situations: C > n/2; C < n/2; C = n/2. First, n=40, the
number of untied pairs. The value of C from example 9.8 (the one just used for the Sign Test) is either
18 or 22, you have a choice as to what to use: arm A not as red as arm B, C=22; arm B not as red as
arm A, C=18. We can try both (we have a computer !!!).

The output on the left represents C=22, or C > n/2 (22 > 20). Based on equation 9.3, calculate the
probability that C is 22 or more and then multiply it by 2. The probability shown is 0.3179 and if you
multiply that by 2, you get P=0.6358, the SAME p-value as found in the Sign Test.

The output on the right represents C=18, or C < n/2 (18 < 20). Based on equation 9.3, calculate the
probability that C is 18 or less and then multiply it by 2. The probability shown is 0.3179 and if you
multiply that by 2, you get P=0.6358, the SAME p-value as found in the Sign Test.

Binomial calculator E% B Binomial calculator EEE
Probaility Probahility
012 012

01 0.1
0.08 0.08
0.06 0.06
0.04 0.04
0.0z ‘ ‘ 0.0z ‘ ‘

pl ] | | I gl | | | [

10 15 20 25 a0 10 19 20 25 a0
¥ P
n: |40 p:|0.5 n: |40 p:|05
Prob( XY | 22 )= [0317914 Prob( XL | 18 )= [0317914

CONCLUSION: You never really have to do the Sign Test if you understand that all you are doing is using
a binomial distribution with P=0.50, plus what to do when C < n/2 and C > n/2. If C = n/2, you don't
have to do any test since in that situation the p-value is ALWAYS 1.



Example 9.12
The data for example 9.12 are in table 9.1 in

Rosner and in the fourth column of the nonparametric.xls
spreadsheet. Now, both the signs and values [statcrunch | [Data] [ stat| [ Graphics | [Help |
are important. The values in the spreadsheet Row | rosnerog(z| Summary Stats » ‘enero 13
show how many times a given value occurs in 1 1 Tables N 3
the data in table 9.1. Ignore the first column 2 | S giatistics > -7
in table 9.1 (labeled |d]) and look at the next 3 1 _ 7
four columns. In column 2, find -8 and to the g ! Pmpcfm_ons " l
right of that you see a 1. That indicates that : 1 Telatistes E
there is one occurrence of -8. If you follow . | Vanance ’ .
that logic, you can see that there are three 8 ., Regression =
occurrences of -7, two occurrences of -6, ... , 3 -1 ANOVA g 4
six occurrences of 2,and ending with ten 10 -1 Sign Test
occurrences of 1. Below are the data from 1 -1 Goodness-of-fit
table 9.1 rearranged so it can be used to 12 " Control Charts ¥ Mann-Whitney
enter data in StatCrunch (already done for 13 1 Calculators  * Kruskal-Wallis
you in column “rosner-9.12" in spreadsheet 06 4 Resample v [ 3
NONPARAMETRIC.XLS). If you look at <
column "rosner-9.12" in StatCrunch, you will
see that it has 40 values (the sum of the
"occurrences" row in the table).
Value -8 -7 -6 -5 -4 -3 -2 -1 3 1
Occurrences 1 3 2 2 1 5 4 4 2 10

Choose STAT/NONPARAMETRICS/WILCOXON SIGNED

RANKS (as shown on the right).
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Then click on "rosner-9.12". After that name appears in the gray window on the right, click on
CALCULATE. You should see a box that shows the same p-value as computed in Rosner (the value in
Rosner is rounded to .029).

£ Wilcoxon Signed Ranks

Select Columns:

rosner-2.8(a)
rosner-2.8(b)

rosner-92.17 dominant
rosner-9.17 sex-link...

Where: -opticnal—-

Group by:

] j Cancel |
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£ Wilcoxon Signed Ranks

Hypothesis test results:
Parameter : median of Variable
Ha :Parameter=10

Y Hga Parameter= 0

Variable | n |nfor test | Median Est.

Wilcoxon Stat. | P-value Method

rosner-9.12 (40 40 -1

248 0.0287 | Morm. Approx

Java Applet Window

NOTE: As pointed out in Rosner on the top of page 371, the conclusion you would reach from using the
Signed-Ranks Test differs from that with the Sign-Test. Why might that occur? The Sign Test has LESS
POWER than the Signed-Ranks Test, meaning that you have more of a chance of making a TYPE Il error,
not rejecting a false null hypothesis. With the Sign Test, since the p-value is > 0.05 (by quite a bit), the
null was not rejected (no difference found between arm A and arm B). With the Signed-Ranks Test, since
the p-value is < 0.05, the null is rejected (there is a difference between arm A and arm B).

Here is an excerpt from a table found in another biostatistics book (Triola).

Efficiency Rating of
Application Parametric Test Nonparametric Test Nonparametric versus
Parametric
Sign Test 063
Matched Pairs t test or z test

Signed-Ranks 0.95

Two Independent t test or z test Rank-Sum 0.95

Samples

The efficiency column is best explained by example. So, if you were analyzing data with a Sign Test, you
would require 100 observations to achieve the same result as only 65 if you were using a parametric test.
Remember that N (sample size) is directly related to power, the larger the N, the higher the power. So,
you can also interpret the efficiency column has an indirect estimate of power. This helps to explain why
no difference was found between arm A and arm B with the Sign Test (efficiency = 0.63) while a
difference was found with the Signed-Ranks Test (efficiency = 0.95).



7o complete the discussion ... the Signed-Ranks is a nonparametric verison of the paired-t test. What
would the results be if you just treated the data in column "rosner-9.12" as you did the data in table 8.1
in Rosner, page 298. In that table, there is a column of differences between SBP readings on 10 women
before and after using oral contraceptives (OC). The data in the last column, the differences, are used in
a paired t-test is used to test the hypothesis of no difference before and after OC.

In the table NONPARAMETRIC.XLS, there is a
column labeled "rosner-9.12+" and if you scroll
to the bottom of that column, you will notice
that there are five additional rows filled with
zeroes. Remember, you do not leave out the
zero differences when you perform a paired-t
test.

A paired t-test is used to test the hypothesis of
no difference with results shown on the right.

One sample T statistics with data

Hypothesis test results:;
U mean of Variable
Hy:p=10

Ha H=0

FE&

Variahle |Sample Mean| Std. Err.

DF

T-Stat

P-alue

rasner-9.12+

-1.2(0.45014027

-2.6658356

o.o1ov

Notice that there are 44 degrees of freedom

since we used all 45 people involved in the study. We did not remove the 5 with no difference between
arm A and arm B as was done for BOTH the Sign Test and the Signed-Ranks Test.

So, if you could assume that the differences are distributed normally, a paired-t test is appropriate. The
conclusion would be to reject the null hypothesis of no difference (arm A is different from arm B), the p-
value is < 0.05. This result matches that found with the Signed-Ranks Test, not the one found with the

Sign Test.

How could you check to see if you Histogram
could assume that the differences are

distributed normally ... you could
create a histogram, shown on the right. | ... ency
Looking at the shape of the 10
distribution and the plot of a normal

curve overlayed on the bars, it appears
skewed, not normal. You are better of 8
not making the assumption of normally
distributed differences and using the

Signed-Ranks Test, not a paired-t test.

Mormal overlay: mean = -1.2, std. dev. = 3.0196328

rosner-9.12+




Example 9.17

The data for example 9.17 are in table 9.3 in Rosner. Example 9.17 refers to the Wilcoxon Rank-Sum

Test. However, if you look at table 9.4 and the text that is just above it, you can see that this test is also
called the Mann-Whitney Test. Look at table 9.3 and the data in the spreadsheet. You can see that there
are no values for the level of visual acuity (column 1 in table 9.3). The only data you need from this table

are in the columns labeled "Dominant™ and Sex-Linked".

To use StatCrunch with these data all you have to do is ...

count the number of groups ... there are eight different visual acuity groups, so the data you

look at the "Dominant"” column and you can see that there are 5 people in group 1 (acuity 20-

20), 9 people in group 2 (acuity 20-25), 6 people in group 3 (acuity 20-30), ..., 0 people in group

so, in StatCrunch, in column "rosner-9.17 dominant" you see five 1s, nine 2s, six 3s, etc.

#1

enter in StatCrunch will be numbers ranging from 1 to 8
#2

8 (acuity 20-80)
#3

Choose STAT/NONPARAMETRICS/MANN-
WHITNEY (the other name for the Rank-Sum
Test).

the same logic from part#2 is used to create the "rosner-9.17 sex-linked column

nonparametric.xls
statCrunch | | Data] | stat| | Grapnics | [ Help |

Row  rosner-3.8(a) | Summary Stats » rosner-9.12  rosner-9.1
1 1 Tables ’ -8

! ' Zstatiscs  » !

3 1 -7

a 4 Proportions  » =

5 1 T statistics * -6

il 1 Wariance 4 -6

7 ! Regression  * -

8 -1 -5

. 4 ANOVA : "

" -1 Goodness-of-fit*|  Wilcoxon Signed Ranks
7a 4 Calculators »| Kruskal-wallis

4 4 Dacamn o P o

Then select "rosner-9.17 dominant” and "rosner-9.17 sex-linked" from the drop-down menus. After that
selection, click on CALCULATE. You should see a box that shows the same p-value as computed in
Rosner in table 9.4. The value of the test statistic is 479, identical to that shown in Rosner on page 375.
The p-value is 0.0002 (Rosner just says that < .001).

< Mann-Whitney

Sample 1 - Sample 2:

Group 1in: |rosner-2.17 dominant s
Where; |-—optional-
gl N lrosner-9.17 sex-link... I
Where: |-—optional--

ﬂ Cancel| | Next=| CaIcEIate
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£ Mann-Whitney

Hypothesis test results:

m1 = median of rosner-9.17 daminant
m2 = median of rosner-9.17 sex-linked
Parameter: m1 - m2

Hp i Parameter=10

Hg,: Parameter = 0

Difference | n1 [ n2 | Diff. Est.
rml - m2 26130 -2

Test Stat.
474

P-value Method

0.0002 | Marm. Appraox.
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