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HOW TO USE THIS MANUAL

This manual consists of two parts: PART I containing a menu
program, a utility program and thirteen nonparametric programs; Part II
consisting of a menu program and twelve nonparametric programs. Chapter
titles give the names of the type of tests available.

There are four Nonparametric Statistics System Tape Cassettes; two
are designed for the System 2200A/B/C; and two are designed for the
System 2200S. If any questions arise concerning the operation of these
systems, refer to the appropriate reference manual.



INTRODUCTION

The Nonparametric Statistics Library is intended to be a "set-it-and-
forget-it" system. The user Tloads the desired program into the System 2200
memory, enters the values relevant to his problem, and allows the System 2200 to
do the rest.

The main reference used in the development of this fully automated system
was "Nonparametric Statistics for the Behavorial Sciences", by S. Siegel. Most
of the techniques explained in Siegel's text are fully automated in this
library.

The Wang output printers label all data in a clear and concise manner, thus
providing the user with a permanent record of calculated results.

The Nonparametric Statistics Library has been developed for use on the

System 2200A/B/C and the System 2200S. In this document, the System 2200A/B/C
is referred to as System A and the System 2200S is referred to as System S.
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CHAPTER I MENU FOR PART I

PROGRAM ABSTRACT

This program contains a routine for accessing any one of the first 14
programs and a routine for initializing scratch cassettes.

PROGRAM DESCRIPTION

The MENU program for Part I is designed to display the first 14 programs of
the Nonparametric Statistics package. After loading and starting, the first 7
programs are displayed. These programs are numbered 00-06; the numbers
represent the Special Function key used to access the desired program. If the
desired program does not fall within the first 7 programs, touch RETURN(EXEC) to
display the remaining programs of Part I. The remaining programs are numbered
07-13; the numbers represent the Special Function key used to access the desired
program,

After depressing the appropriate Special Function key, a prompt appears
which asks whether or not the user wishes to initialize scratch cassettes.
Initializing a scratch cassette places a software header record at the beginning
of the tape which permits the scratch cassette to be used as a data: cassette.
Data cassettes can be reused as scratch cassettes without reinitializing. After
initializing the necessary number of cassettes or, if the prompt was answered
negatively, the selected program is loaded.

Each program provides the option of bypassing the MENU program. In
bypassing the MENU program, the option to initialize data cassettes is not
available.



DISPLAYS INSTRUCTIONS

MENU FOR PART I

1. Mount the Nonparametric Statistics °
System Tape #1 in logical Unit 1.
Type CLEAR and touch RETURN(EXEC).
Type LOAD and touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

L]

2a. KEY S.F. KEY TO ACCESS PROGRAM OR RETURN(EXEC) FOR REST OF MENU

[
S.F. DESCRIPTION

00 UTILITY PROGRAM

01 THE BINOMIAL TEST

02 THE CHI-SQUARE ONE-SAMPLE TEST

03 THE KOLMOGOROV-SMIRNOV ONE~SAMPLE TEST

04 THE ONE-SAMPLE RUNS TEST

05 THE MCNEMAR TEST FOR THE SIGNIFICANCE OF CHANGES
06 - THE SIGN TEST

2a. Key a Special Function (S.F.)
key to access a desired program
or touch RETURN(EXEC) to display
the remainder of the menu.

2b. KEY S.F. KEY TO ACCESS PROGRAM
?

S.F. DESCRIPTION

07 THE WILCOXON MATCHED-PAIRS SIGNED-RANKS TEST

08 THE WALSH TEST

09 THE FISHER EXACT PROBABILITY TEST

10 THE CHI-SQUARE TEST FOR TWO INDEPENDENT SAMPLES

11 THE MEDIAN TEST

12 THE MANN-WHITNEY U TEST

13 THE KOLMOGOROV-SMIRNOV TWO-SAMPLE TEST®

2b. Key S.F. key to access desired
program.
3. DO YOU DESIRE TO INITIALIZE 3. Enter 'Y' or 'N' and touch o

SCRATCH TAPES (Y OR N) RETURN(EXEC).

?- If 'Y', go to the next step.

If 'N', the system loads the
selected program.




DISPLAYS

REMOVE PROGRAM CASSETTE FROM
LOGICAL UNIT 1

KEY RETURN(EXEC) TO RESUME

?

MOUNT SCRATCH CASSETTE TO BE
LABELED IN LOGICAL UNIT 1 (E=END)
KEY RETURN(EXEC) TO RESUME

?

MOUNT PROGRAM CASSETTE IN LOGICAL
UNIT 1

KEY RETURN(EXEC) TO RESUME

?

INSTRUCTIONS

NOTE:

The message RE-ENTER appears if an
incorrect entry is made. To continue,
enter the appropriate symbol and touch
RETURN(EXEC?.

4. After removing System Tape
#1, touch RETURN(EXEC).

5. After mounting a scratch cas-
sette, touch RETURN(EXEC).
If no more scratch cassettes
are to be initialized, type E,
touch RETURN(EXEC) and go to
the next step.

6. After mounting System Tape
#1, touch RETURN(EXEC).

NOTE:

At this time, the selected program
is loaded with an appropriate mes-
sage, for example:

LOADING
THE KOLMOGOROV-SMIRNOV TWO-SAMPLE
TEST




CHAPTER II THE UTILITY PROGRAM
PROGRAM ABSTRACT

This program contains routines for copying data from one array into another
array, sorting an array of data, finding the median of a sorted array of data or
sorted rank array, determining the average rank values of a data array with tied
observations, and placing the rank values in the same order as the data input.

PROGRAM DESCRIPTION

The Utility program contains five routines which are used in the
Nonparametric Programs. These five routines are:

(1) Copying the data from one array into another array.

(2) Sorting an array of data.

(3) Determining the median value for a data set or set of ranks.

(4) Determining the average rank values for a set of data.

(5) Positioning the average rank values in the order of the input data.
Let us Took at these routines individually.

Routine 1 copies the data from one array into another array. This is a
simplg recall-store data operation which ends with two arrays containing the
same data.

Routine 2 sorts a specified array of data. The technique employed is to
compare positions of data items. In other words, the smallest item is found in
the first pass by comparing the first item with each (N-1) item in the rest of
the array. Once the smallest item has been found, it is swapped with the first
item. The second pass starts with the second item in the row and 1is compared
with dthe (N-2) items remaining. This process is repeated until the array is
sorted.

Routine 3 determines the median value in an array of sorted data items or
sorted rank values. The method is simply to determine the middle address in the
array field and recall the value. If the array has an even number of elements,
the m;ddle two addresses are found and their contents recalled and averaged
together.

Routine 4 assigns initial rank values and then computes the average rank
values if there are any repeated values in the data. These ranks are stored in
another array in sorted order. In some of the nonparametric tests, if there are
tied groups of data in the sample, the formula has a correction term added to
it. The term has a couple of forms but the most common one used here is:

fe
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where t is the number of tied values in the group.

Routine 5 places in another array the average rank values in the order of
the input data. During this routine, the array of input data is filled with
values.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameter:

N = 64 where N = sample size.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it is. For Tlarger maximum parameters, alter the program as
follows %more memory may be required?

1. The following calculation is used to determine the value of N:
(4 x N) < the number of variables available.

2. Select the appropriate value of N for your system from the following table:

CAPACITY 8K 12K 16K

N for System A 64 192 255

3. Insert System Tape #1 into Unit 1 (on the Console), close the door and press
REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPST00AA", and touch RETURN(EXEC).

5. Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM X(64),5(64),A(64),P(64):
SELECT #110A:D=32

6. Rekey statement, using the new maximum parameters:

170 DIM3§(N),S(N),A(N),P(N):SELECT #110A:
D=



7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND. .

9. Key SAVE "NPS100AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #1.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.

‘a%
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Example

Use the following data set to

show the Utility Program.

86 [ 69 65 65 {113 |65

118 | 45 | 141 | 104 41 | 50

55 | 40 22 65 16 7

9 [ 16 26 36 20 {15

DISPLAYS

TEST INFORMATION

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INSTRUCTIONS

To load the MENU 1 program,
follow operating instructions A.
To bypass the MENU 1 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #1 in
Togical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch RETURN
(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS100AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

Enter project name and touch
RETURN(EXEC). (Project name can
be up to 32 characters in length.)

Enter user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in length.)

Enter date and touch RETURN
(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.



Example

Use the following data set to

show the Utility Program.
86 | 69 65 65 [ 113 | 65
118 |45 [141 | 104 41 | 50
55 | 40 22 65 16 7
9 |16 26 36 20 {15

10.

1.

DISPLAY

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K'
OR STORAGE 'S' .

?-

INPUT INFORMATION
STORE INPUT ON TAPE
CASSETTE (Y OR N)
?-

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF THE NPSTFO00 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETER
ENTER SAMPLE SIZE
?

INPUT PARAMETER

IS PARAMETER OK (Y OR N)
?-

DATA INPUT FOR SAMPLE
ITEM #1 ,
ENTER DATA VALUE

a

INSTRUCTIONS

NOTE:

The test information is displayed for
verification. The message RE-ENTER
appears if an incorrect entry is made.
To continue, enter the appropriate
symbol and touch RETURN(EXEC). This
note applies in all instances where a
symbol or a numeric is entered.

6. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

8. Mount a scratch cassette and
touch RETURN(EXEC).

9. Sample Size = 24, touch
RETURN (EXEC).

10. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

NOTE: |

The parameter is displayed for
verification.

11. Sample item #1 = 86, touch
RETURN(EXEC).

‘.




Example

Use the following data set to
show the Utility Program.
86 | 69 65 65 | 113 | 65
118 1 45 1141 |104 41 | 50

3 55 | 40 22 65 16 7
9 |16 26 36 20 | 15
DISPLAYS INSTRUCTIONS
¥ 12. DATA INPUT FOR SAMPLE 12. Sample item #2 = 69, touch
ITEM #2 RETURN(EXEC).
ENTER DATA VALUE
?

Enter all items in the example.

13. CORRECTION ROUTINE FOR 13. Enter 'Y' or 'N' and touch
ITEMS #1-24 RETURN(EXEC).
IS DATA OK (Y OR N)
? -

If 'Y', go to step 14.
If 'N', go to Section III.

NOTE:

The input data is displayed for
verification. If more than 32

items are entered, only the first 32
are displayed. To view the remaining
items, type 'Y' and touch RETURN

(EXEC).
14. REMOVE AND LABEL VOL 1 OF 14. After labeling the cassette,
FILE NPSTF000 - UNIT 1 touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

NOTE:

If step 7 was answered negatively,
ignore this step and go to step 15.

15. DO YOU WISH TO EXECUTE 15. Enter 'Y' or 'N' and touch

gROGRAM (Y OR N) RETURN(EXEC).
N - If 'Y', go to the next step.
If 'N', go to step 19.

16. ENTER OUTPUT DEVICE TYPE 16. Enter output device type symbol
EYMBOL and touch RETURN(EXEC).

FOR CRT ONLY, KEY RETURN(EXEC)

FOR HIGH SPEED, KEY 'HS'

FOR THERMAL, KEY 'TH'

FOR PLOTTER (2202),KEY 'P'
FOR TYPEWRITER, KEY 'TY'




Example
Use the following data set to
show the Utility Program.
86 | 69 65 65 113 | 65
118 | 45 | 141 | 104 41 | 50
55 140 22 65 16 7
9 |16 26 36 20 | 15

DISPLAYS

17. MOUNT VOL 1 OF FILE NPSTFO00
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?

18a. READING DATA RECORD
CREATING WORK AREAS
SORTING DATA

SETTING UP AVERAGE RANKS
ALIGNING AVERAGE RANKS
READING DATA RECORD

“HhD QO T

19. STOP END OF PROGRAM

A. INPUT INFORMATION
DO YOU WISH TO CORRECT
DATA CASSETTE (Y OR N)
?

INSTRUCTIONS

17. After mounting the indicated
cassette, touch RETURN(EXEC).

NOTE:

If step 7 was answered negatively,
ignore this step, and go to step 18b.

18. The system displays screen mes-
sages for each routine as it
is being performed. If CRT
output is chosen after all
routines have been executed, the
system displays the results for
verification. Touch RETURN(EXEC)
to continue.

NOTE:

If any of the output printers was
selected, the message PRINTING
RESULTS is displayed.

19. The Utility program is complete.

20. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

10

A. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section II.
If 'N', go to step 16.

‘wv




b
-

Example
Use the following data set to
show the Utility Program.
86 | 69 65 65 | 113 | 65
118 145 | 141 | 104 41 | 50.
55 |40 22 65 16 7
9 [16 26 36 20 | 15

DISPLAYS

INSTRUCTIONS

SECTION II

ONE TAPE DRIVE CORRECTION

A. MogNT V?L 1 OF FILE NPS1F000
- UNIT
KEY RETURN(EXEC) TO RESUME
?

B. MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPSTFCOO-UNIT 1
KEY RETURN(EXEC) TO RESUME
?

C. CORRECTION ROUTINE FOR
ITEMS #1-24
IS DATA OK (Y OR N)
?-

A. After mounting the indicated
cassette, touch RETURN(EXEC).

B. After mounting scratch cassette,
touch RETURN(EXEC).

C. Enter 'Y' or 'N' and touch
RETURN(EXEC) .

If 'Y', go to step 14.
If 'N', go to Section III.

NOTE:

The input data is displayed for
verification.

SECTION III

DATA CORRECTION ROUTINE

A. CORRECTION ROUTINE FOR
ITEMS #1-24
ENTER ITEM # OF BAD DATA
?

B. CORRECTION ROUTINE FOR
ITEMS #1-24
ENTER CORRECT DATA VALUE
?

11

A. Counting from left to right,
enter the item number of the in-
correct value and touch RETURN
(EXEC).

B. Enter the correct data value
and touch RETURN(EXEC).



Example

Use the following data set to

show the Utility Program.

DISPLAYS

86 | 69 65 65 [ 113 | 65

118 | 45 (141 {104 41 | 50

55 1.40 22 65 16 71

9 116 26 36 20 115

~ INSTRUCTIONS
NOTE:

Follow steps A and B for all items.

If branching from step 13, that step
reappears. Follow the appropriate

operating instructions.

If branching from Section II, step

C, that step reappears.

appropriate operatiqgmjngtructions.

Sample Output

UTILITY PROGRAM

PROJECT: WRITER TEST RUN
RUN BY: B. HWRIGHT

DARTE: 4/2/75

SAMPLE SIZE = 24

DATA INPUT

86 69
€5 118
41 56
65 le
26 36

UTILITY PROGRAM

PROJECT: WRITER TEST RUN
RUN BY: B. MWRIGHT

DATE: 4/2/73

SAMPLE SIZE = 24

SORTED DRTA

’
20
41
€3
184

9
22
435
65
113

DATA MEDIAN =

65 €5
45 141
35 48
7 S
20 13
135 1é
26 36
J0 S5
65 : 69
118 141
47. 5

12

Follow the

113
184
22
16

16
40
65

&

™~



UTILITY PROGRAM

PROJECT: WRITER TEST RUN
RUM BY: B. HRIGHT

DATE: 4/2/7S

SAMPLE SIZE = 24
AVERAGE RANKS

1 2

6 ’
11 12
16. 5 : 16. 5
21 22

RANK MEDIAN =

CORRECTION TERM =

UTILITY PROGRAM

- PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT
DATE: 4/2/75

SAMPLE SIZE = 24
RLIGNED RANKS

20 19
16. 5 23
11 i3
16. 8 4.9

8 S

END OF PROGRRM

3
8
13
16. 3
23

12. S

5.9

- 16. 5

12
14

13

4.5

14
19
24

16. 5
249
10

4.3
19
16. 5

22
21

4.5



CHAPTER IIT THE BINOMIAL TEST
PROGRAM ABSTRACT

The program performs a goodness-of-fit test when there are Jjust two
categories 1in the classification of data. It tests the hypothesis that the
sample was drawn from a population with a specified distribution. It is
uniquely useful with a small sample size. The data can be measured in either a
nominal or ordinal scale.

PROGRAM DESCRIPTION

In the one-sample case in statistics, the common parametric test wused is
the t-test. This test is employed upon the difference between the observed
(sample) and expected (population) means. However, the t-test requires that the
sample data is generated from a normally distributed population and that the
data 1is measured in at least an interval scale. But this test is inapplicable
in many sorts of data. There are several nonparametric tests which can be
applied in its place. One such test is the Binomial Test.

There are populations of data which fall into only two discrete classes.
If we know that the proportion in one class is P, then the proportion in the
other is 1-P or Q. This value of P is fixed within one population but may vary
from population to population. However, when making a random sample from a
population, it is conceivable that the sample values of P and Q are different
from the values for the population. For example, half the population is male
and half is female. However, our random sample may contain 45 percent male and
55 percent female or 60 percent male and 40 percent female. These differences
from the population arise by chance and are wusually small. The binomial
distribution is a test used to see if the sample could have been drawn from a
population with a specified value P. The test is of a goodness-of-fit nature.
When the data is from two classes, then we are testing the null hypothesis, H ,
that the population value is P.

In determining the chance of obtaining x items in one class and N-x items
in the other class, the probability of x, p%x), is found by:

N
X N-x
p(x) = P Q
X
where P = expected proportion in one class.
Q = expected proportion in the other class.
N = size of sample.
N\ = Ne
x. (N-x). the binomial coefficient.
X

14
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However, we usually are more interested in determining the probability of
obtaining the observed value and values even more extreme. We determine p(x<xp)
by:

X

N . .
p(xixn) = En (.) P1 QN‘1
1

i=0

To find the probability of the observed value or values more extreme,
we have three possible case approaches.

1) If N<25and P =Q = 1/2, there is a table of probabilities for an
observed x.

2) If N<25and P # Q, we use the formula for p(x<x, ) previously
discussed and generate the values.

3) If N> 25 and P is close to 1/2 we can use the formula.

(xn + .5) -NP

Vo

where (xp + .5) when x;, < NP and (x,-.5) when X, > NP. The (+ .5) is
a correction for continuity. z is approximately normal N(0,1).

For this program, since case (1) and (3) are so restricted in the
conditions needed in order to use them, they were ignored and the
program generates values for all cases using the formula for p(x<xp).

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 160 of the program. By changing
Statement 160, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

As it is sold, the program contains the following maximum parameters:

N = 254, where N = sample size.

If the parameters for your data do not exceed the given maximum parameters, use

the program as it 1is. For 1larger maximum parameters, alter the program as
follows (more memory may be requiredg:

1. The following calculation is used to determine the value of N:

(N+1) < the number of variables available.

15



9.
10.

#1.

. Select the ‘appropriate value of N for your system from the following table:

CAPACITY 4K 8K

N for System A 94 254

. Insert System Tape #1 into Unit 1 (on the Console), close the door and press

REWIND. Key CLEAR, and touch RETURN(EXEC).

. Key LOAD "NPS101AA", and touch RETURN(EXEC).
. Key LIST 160, and touch RETURN(EXEC).

The screen should display:

160 DIM S(255):SELECT #110A

. Rekey statement using the new maximum parameters:

160 DIM S(N+1):SELECT #110A

. Touch RETURN(EXEC).

. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press

REWIND.
Key SAVE "NPS101AA", and touch RETURN(EXEC).
Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use the System Tape
Use the new Program Tape Cassette and use Alternate Step 1B of the

operating instructions.

16
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Example
Suppose we roll a fair dice

seven times. What is the chance
that three rolls will show "six"
exactly? What is the chance of
3 three or fewer "sixes"?

P=.166666, N =7, x = 3

DISPLAYS

TEST INFORMATION

TEST INFORMATION
gNFORMATION 0K (Y OR N)

17

INSTRUCTIONS

To load the MENU 1 program,
follow operating instructions A.
To bypass the MENU 1 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.

Type CLEAR and touch
RETURN(EXEC).

Type LOAD and touch
RETURN(EXEC).

Touch RUN, RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.

Type CLEAR and touch
RETURN(EXEC).

Type LOAD "NPS101AA" and
touch RETURN(EXEC).
Touch RUN, RETURN(EXEC).

Enter project name and touch
RETURN(EXEC). (Project name
can be up to 32 characters in
length.)

Enter user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC) .

If 'Y', go to the next step.
If 'N', go to step 2.



Example
Suppose we roll a fair dice

seven times. What is the chance
that three rolls will show "six"
exactly? What is the chance of
three or fewer "sixes"?

- P =.166666, N = 7, x = 3

6. INPUT DATA
ENTER EXPECTED PROPORTIONS
IN ONE CASE (P)
?
7. INPUT DATA
ENTER SAMPLE SIZE (N)
?
8. INPUT DATA :
ENTER OBSERVED VALUE (X)
?
9. INPUT DATA
INPUT DATA OK (Y OR N)
?- :
10. ENTER OUTPUT DEVICE
TYPE SYMBOL
?--
FOR CRT ONLY, KEY RETURN(EXEC)

‘DISPLAYS

FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'

FOR TYPEWRITER, KEY 'Ty'

INSTRUCTIONS

NOTE:

The test information is displayed
for verification.

The message RE-ENTER is displayed if
an incorrect entry is made. To con-
tinue, enter the appropriate symbol
and touch RETURN(EXEC). This note
applies in all instances where a
symbol or a numeric is entered.

6. Proportions = .166666, touch
RETURN(EXEC) .

7. Sample size = 7, touch
RETURN(EXEC).

8. Observed value = 3, touch
RETURN(EXEC).

9. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 6.

NOTE:

|
The input data is displayed for
verification. ,

10. Enter output device type symbol
and touch RETURN(EXEC).

%



Example
Suppose we roll a fair dice

seven times. What is the chance
that three rolls will show "six"
exactly? What is the chance of
three or fewer "sixes"?

P=.166666, N =7, x = 3

DISPLAYS
11. EXECUTING PROGRAM

INSTRUCTIONS

11. The system now is executing
the Binomial test.

12. STOP END OF PROGRAM

e e— -

12. The test results are displayed

NOTE:

If one of the output printers was

selected, the message PRINTING RE-

SULTS 1is displayed.

—

for verification.
13. To rerun the test:

Touch RESET.
Touch RUN and RETURN(EXEC).

Go to Step 2.
Sample OQutput
THE BINOMIAL TEST
PROJECT: WRITER TEST RUN
RUM BY: B. HWRIGHT
DATE: 4/2/73
P = .1666€6
N= 7
X = 3
PROBABILITIES: 1 FCID
e . 2798832101
1 . 3987146187019
2 . 2344276459601
3 7. 81421733E-02

PC 3 > = 7. 81421735E-02
PX .LE. 3 > = | 9823676483311

END OF PROGRRM

19



CHAPTER IV THE CHI-SQUARE ONE-SAMPLE TEST
PROGRAM ABSTRACT

The program performs a goodness-of-fit test for the null hypothesis that the
sample is from a population with a specified distribution. The data falls in Kk
discrete categories and the expected frequencies are 1large. Data can be
measured in either a nominal or ordinal scale.

PROGRAM DESCRIPTION

In the one-sample case in statistics, the common parametric test used is the
t-test. This test is employed upon the difference between the observed (sample)
and expected (population) means. However, the t-test requires that the sample
data 1is generated from a normally distributed population and that the data is
measured in at least an interval scale. But this test is inapplicable 1in many
sorts of data. There are several nonparametric tests which can be applied in
its place. One such test is the y2 One-Sample Test.

Often there are populations of data that fall into various categories, which
would be of interest to a researcher. For example, an opinion poll would take
the responses and place them into categories such as "In Favor", "Opposed", or
"Indifferent". The frequency within each category would be observed and
interpreted for meaning. The x2? test analyzes data sets like this. There are k
categories and the analysis is of a goodness-of-fit type where the observed
frequencies within each category are compared with the expected frequencies
based upon a null hypothesis, (Ho). Is there a significant difference?

Based upon the null hypothesis, (H, ), we can deduce what the expected
frequencies are from the presumed population. Then comparing each with the
observed frequencies, we test for significant difference. We can test using the
following formula:

where 0 = observed frequency in ith category.
i
E = expected frequency in ith category.
i
k = no. of categories.

If there is little difference between the observed and expected frequencies,
then the value of xZ will be small. If there are large differences, x? will be
large. The larger the differences or the larger the value of x3 the more the
implication is that the observed population of data does not come from the
presumed population of the null hypothesis.

20
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The x2 sampling distribution under Hy follows the Chi-Square distributjon
with (k-1) degrees of freedom. Thus we can use the Chi-Square tables to find
the associated probabilities of occurrence for each x2.

Limitations of the x% Test
a) When k=2, each expected frequency should be at least 5.
b) When k>2 and more than 20% of the expected frequencies (Ei ) are less
than five or any one expected frequency (Ej) is 0, combine categories
to increase expected frequencies (Ej).

If the data cannot meet restrictions, try the BINOMIAL TEST.

\

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

N = 196, where N = # of categories.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it dis. For larger maximum parameters, alter the program as
follows (more memory may be requiredg:

1. The following calculation is used to determine the value of N:

(2*N) < the number of variables available.

2. Select the appropriate value of N for your system from the following table:

CAPACITY 8K 12K

N for System A 196 255

3. Insert System Tape #1 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPST02AA", and touch RETURN(EXEC).

21



5. Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM 0(196) ,E(196) :SELECT #110A

6. Rekey statement using the new maximum parameters:

170 DIM O(N),E(N) :SELECT #110A
7. Touch RETURN(EXEC).
8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press

REWIND.
- 9. Key SAVE "NPS102AA", and touch RETURN(EXEC). /
10. Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape

#1.  Use the new Program Tape Cassette and use Alternate Step 1B of the
operating instructions.

22
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Examp

Post

race.
winners (9/day),

Suppose we desire to test if the

Position is significant in a
Over 19 days and N = 162

the following data

was collected:

Post

172737 4] 516 7] 8] 9

Wins

39 (301141251 7115]10116( 6

E

18(18{18118|18(18|18|18 |18

DISPLAYS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER USER'S NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

23

INSTRUCTIONS

To load the MENU 1 program,
follow operating instructions
A. To bypass the MENU 1 pro-
gram, follow operating instruc-
tions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch
RETURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS102AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

Enter project name and touch
RETURN(EXEC). (Project name
can be up to 32 characters in
length.)

Enter user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).



Example

Suppose we desire to test if the
Post Position is significant in a
race. Over 19 days and N = 162
winners (9/day), the following data
was collected:

Post| 1|2 3] 4|5/ 6] 7{8]9

Wins|39{30}14(25( 7|15]10(16| 6

E 18118/18({18{18[18{18 (18|18

5.

[(Vh )
.

10.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION
IS INPUT FROM KEYBOARD 'K'

OR STORAGE 'S’
?-

INPUT INFORMATION

STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)

?-

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPS1F020 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

[NPUT PARAMETER
ENTEP. # OF CATEGORIES
-

INPUT PARAMETER
IS PARAMETER OK (Y OR N)

?-

INSTRUCTIONS

5. Enter 'Y' or 'N' and touch
RETURN(EXEC).
If 'Y', go to the next step.
If 'N', go to step 2.

NOTE :

for verification. The message
RE-ENTER is displayed if an incor-
rect entry is made. To continue,
enter the appropriate symbol and
touch RETURN(EXEC). This note
applies in all instances where a
symbol or a numeric is entered. i

The test information is displayed i
!
!
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6. Enter 'K' or 'S' and touch
RETURN(EXEC) .

If 'K', go to the next step.
If 'S', go to Section I.

7. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

8. Mount a scratch tape and touch
RETURN(EXEC).

9. Categories = 9, touch RETURN
(EXEC).

10. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

(N




Example
Suppose we desire to test if the

Post Position is significant in a
race. Over 19 days and N = 162
winners (9/day), the following data
was collected:

Post| 1| 2] 3] 4]5{6|7 9

8
Wins |39130(14125| 7[15]10(16| 6

E 18118(18]18 (18118 (181818

11.

12.

13.

14.

15.

DISPLAYS

DATA INPUT FOR CATEGORY #1
ENTER OBSERVED FREQUENCY
VALUE

?

DATA INPUT FOR CATEGORY #1
ENTER EXPECTED FREQUENCY
VALUE

?

CORRECTION ROUTINE FOR
CATEGORY #1

IS DATA OK (Y OR N)

?

INSTRUCTIONS

NOTE:

The number of categories is displayed
for verification.

11. Observed frequency value = 39,
touch RETURN?EXEC{.
12. Expected frequency value = 18,

touch RETURN(EXEC).

13. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step,
or, to enter more data, go to
step 11.

If 'N', go to Section III.

NOTE:

The input data is displayed for
verification.
Follow steps 11-13 for all categories.

Enter all items in the example.

REMOVE AND LABEL VOL 1
OF FILE NPSTF020 - UNIT 1
§EY RETURN(EXEC) TO RESUME

DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

14, After labeling the cassette,
touch RETURN(EXEC).

NOTE:

If step 7 was answered negatively,
ignore this step and go to step 15.

15. Enter 'Y' or 'N' and touch
RETURN(EXEC).




Example
Suppose we desire to test if the ﬁﬁ%

Post Position is significant in a /

race. Over 19 days and N = 162

winners (9/day), the following data

was collected:

Post{ 11 2] 3141 516]7]8]9 ¢

Wins [39130{14125] 7115]10]16] 6

E 18(18118|18{18 {18 (18|18 |18

DISPLAYS INSTRUCTIONS

£

If 'Y', go to the next step.
If 'N', go to step 19.

16. ENTER OUTPUT DEVICE TYPE 16. Enter output device type
§YMBOL symbol and touch RETURN(EXEC).

FOR CRT ONLY, KEY RETURN(EXEC)

FOR HIGH SPEED, KEY 'HS'

FOR THERMAL, KEY 'TH'

FOR PLOTTER(2202), KEY 'P'

FOR TYPEWRITER, KEY 'TY'

17. MOUNT VOL 1 OF FILE NPS1F020 17. After mounting the indicated
- UNIT 1 cassette, touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
- NOTE:

If step 7 was answered negatively,
ignore this step and go to step 18b.

18a. READING DATA RECORD 18a. The system now is reading the
data record.

b. EXECUTING PROGRAM b. The system now is performing
the Chi-Square One-Sample test.

NOTE :

If one of the output printers was
selected, the message PRINTING
RESULTS is displayed. '

19. STOP END OF PROGRAM 19. The test results are displayed
_ for verification.

20. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC). '
Go to step 2. F%§
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Example

Post

race.

Suppose we desire to test if the
Position is significant in a
Over 19 days and N = 162

winners (9/day), the following data
was collected:

Post

11 2] 3] 4[5/ 6] 7[8]9

Wins

39130(14]25] 7{15{10]16] 6

E

18]18]18]18{18{18]18 |18 |18

DISPLAYS

DO YOU WISH TO CORRECT A
DATA CASSETTE (Y OR N)
?

MOUNT VOL 1 OF FILE NPS1F020
- UNIT 1 :
KEY RETURN(EXEC) TO RESUME

?

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPS1F020-UNIT 1
?

ENTER CATEGORY # IN ERROR
(0 IF END)
?

CORRECTION ROUTINE FOR
CATEGORY #1

IS DATA OK (Y OR N)

?-

SECTION I
DATA FROM STORAGE

SECTION II
ONE TAPE DRIVE CORRECTION

27

A.

INSTRUCTIONS

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section II.
If 'N', go to step 16.

After mounting the indicated
cassette, touch RETURN(EXEC).

After mounting a scratch
cassette, touch RETURN(EXEC).

Enter the number of the category
in error or 0, and touch
RETURN(EXEC) .

If a category is entered, go to
the next step.
If '0', go to step 14.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step C.
If 'N', go to Section III.

NOTE:

The input data is displéyed
for verification.




Example
Suppose we desire to test if the

Post Position is significant in a
race. Over 19 days and N = 162
winners (9/day), the following data
was collected:

Post| 1] 2]/ 3| 4|5]6] 7[8]9

Wins|{39{30(14]|25] 7|15]10(16| 6

E 18[18(1818(18 18|18 (18 (18

DISPLAYS

CORRECTION ROUTINE FOR
CATEGORY # 1

ENTER CORRECT OBSERVED
FREQUENCY VALUE

?

CORRECTION ROUTINE FOR
CATEGORY #1

ENTER CORRECT EXPECTED
FREQUENCY VALUE

?

INSTRUCTIONS

SECTION III
DATA CORRECTION

A. Enter correct value and touch
RETURN(EXEC).

B. Enter correct value and touch
RETURN(EXEC).

NOTE:

Follow steps A and B for all cate-
gories.

If branching from step 13, that step
reappears. Follow the appropriate
operating instructions.

If branching from Section Il, step D,
that step reappears. Follow the
appropriate operating instructions.

i

Sample Output

28
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THE CHI-SQUARE ONE-SAMPLE TEST
PROJECT: WRITER TEST RUN

RUN BY: B. HWRIGHT

DATE: 4/2/75

# OF CATEQORIES = 9

I o<1 ECID X<ID>

1 39 is 24. S

2 30 is 8

3 14 i8 . 8888888888889
4 25 18 2. 722222222222
S5 4 is 6. 722222222222
€ 13 18 .S

7 10 18 3. 553553535356
8 ié i8 . 2222222222222
S 6 18 8

CHI-SQUARE = 35. 11111111109
D.F. = 8 '

END OF PROGRAM
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CHAPTER V THE KOLMOGOROV-SMIRNOV ONE-SAMPLE TEST
PROGRAM ABSTRACT

The program performs a goodness-of-fit test for the null hypothesis that the
sample is from a population with a specified distribution. It is used when one
can assume that the variable has a continuous distribution. Even if the
variable has a discontinuous distribution, it can be used since the error is in
a safe direction. It treats data individually, no group effect, and is the most
powerful of the goodness-of-fit tests.

PROGRAM DESCRIPTION

In the one-sample case in statistics, the common parametric test used is the
t-test. This test is employed upon the difference between the observed (sample)
and expected (population) means. However, the t-test required that the sample
data 1is generated from a normally distributed population and that the data is
measured in at least an interval scale. But this test is inapplicable in many
sorts of data. There are several nonparametric tests which can be applied in
its place. One such test is the Kolmogorov-Smirnov One-Sample test. This is a
goodness-of-fit test which views the degree of agreement between the
distribution of an observed set of data and some theoretical distribution. Does
the observed data values come from the theoretical population?

By specifying the cumulative frequency distribution occurring under the
theoretical distribution and comparing that with the observed cumulative
frequency distribution, we can determine the point of greatest divergence. The
sampling distribution indicates if this value is possible and then if the random
sample was really from the theoretical distribution. For example, suppose we
want to see if people have preference in shades of one color. Suppose we have
five different shades of one color and we ask ten people to pick their choice of
shades. If there is no preference in color shade, then each shade would be
chosen about the same number of times, except for random differences. If
preference in shade is important, then one of the extreme ranks would be
consistently chosen.

Let Fo (X) = a completely specified cumulative frequency distribution
function, the theoretical distribution under H, . For any X, F (X) is the
expected number of cases to have values less than or equal to X. Let SN (x) =
the observed cumulative frequency distribution of random sample with N
observations. Syn(X) = k/N where k is the number of observations 1less than or
equal to X. To yetermine the maximum deviation D, we use the formula:

D= Maximum‘Fo(X) - SN(X)

Under the null hypothesis, the difference between each theoretical value Fg (X)
and each observed value Sy(X) should be small and within the Timits of random
error. Since the sampling distribution of D under the null hypothesis is known,
there is a table with critical values available for two-tailed tests. P(S) is
the observed cumulative frequency of a random sample with N observations. The
exact value is the SN(X) value related to the maximum deviation (D).

30
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Example
Suppose we have five shades of

a color. We have ten people choose

a shade. Is there a shade preference?
¥ SHADE ] 2 3 4 5
f T |0 6 1 2

DISPLAYS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

31

INSTRUCTIONS

To load the MENU 1 program,
follow operating instructions A.
To bypass the MENU 1 program, .
follow operating instructions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch
RETURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPST103AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

Enter project name and touch
RETURN(EXEC). (Project name
can be up to 32 characters
in length.)

Enter user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.



Example
Suppose we have five shades of

a color. We have ten people choose
a shade. Is there a shade preference?

SHADE 1 2 3 4 5

f 1 0 6 1 2

10.

11.

DISPLAYS

INPUT INFORMATION
IS INPUT FROM KEYBOARD

'K' or STORAGE 'S’
?-

INPUT INFORMATICON

STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)

?-

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPSTF030 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETERS
ENTER # OF CHOICES
?

INPUT PARAMETERS
ENTER # OF OBSERVATIONS
-

INPUT PARAMETERS

ARE PARAMETERS OK (Y OR N)
?-

INSTRUCTIONS

NOTE:

The test information is displayed for
verification. The message RE-

ENTER is displayed if an incorrect
entry is made. To continue, enter

the appropriate symbol and touch
RETURN(EXEC). This note applies in
all instances where a symbol or a
numeric is entered.

6. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

8. Mount a scratch tape and touch
RETURN(EXEC).

9. The number of choices = 5, touch
RETURN(EXEC).

10. The number of observations = 10,
touch RETURN(EXEC).

11. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

The input information is displayed

NOTE:

for verification.

&




Example
Suppose we have five shades of

a color. We have ten people choose

a shade. Is there a shade preference?
SHADE 1 2 3 4 5
T T 0 6 1 2
DISPLAYS INSTRUCTIONS
12. DATA INPUT FOR CHOICE #1 12. Observed frequency value = 1,
ENTER OBSERVED FREQUENCY touch RETURN(EXEC).
VALUE
?_
13. DATA INPUT FOR CHOICE #2 13. Observed frequency value = 0,
ENTER OBSERVED FREQUENCY touch RETURN?EXEC .
VALUE
_
Enter all items in the example.
14. CORRECTION ROUTINE FOR ITEMS 14. Enter 'Y' or 'N' and touch
#1-5 RETURN(EXEC).
IS DATA OK (Y OR N) '
?_ If 'Y', go to the next step.
If 'N', go to Section III.
15. REMOVE AND LABEL VOL 1 15. After labeling the cassette,
OF FILE NPSTF030-UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
- NOTE :
If step 7 was answered negatively,
ignore this step and go to step 16.
16. DO YOU WISH TO EXECUTE 16. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 20.
17. ENTER OUTPUT DEVICE 17. Enter output device type symbol

TYPE SYMBOL

?--

FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY!

33

and touch RETURN(EXEC).




Example
Suppose we have five shades of

a color. We have ten people choose
a shade. Is there a shade preference?

SHADE 1 2 3 4 5 .
f 1 0 6 1 2
DISPLAYS INSTRUCTIONS
18. MOUNT VOL 1 OF FILE NPS1F030 18. Mount the indicated cassette T
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
? NOTE:

If step 7 was answered negatively,
ignore this step and go to step 19b.

19a. READING DATA RECORD 19a. The system now is reading the
data record.

b. EXECUTING PROGRAM b. The system now is performing
Kolmogorov-Smirnov One-Sample
test.

NOTE:

If one of the output printers was
selected, the message PRINTING
RESULTS is displayed.

20. STOP END OF PROGRAM 20. The test results are displayed
T for verification.

21. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC),
and go to step 2.

SECTION I
DATA FROM STORAGE

A. INPUT INFORMATION A. Enter 'Y' or 'N' and touch 3
DO YOU WISH TO CORRECT A DATA RETURN(EXEC).
CASSETTE (Y OR N)
?-

If 'Y', go to Section II.
If 'N', go to step 17. 2
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Example

a col

Suppose we have five shades of
or. We have ten people choose

a shade. Is there a shade preference?
SHADE 1 2 3 4 5
f 1 0 6 1 2
DISPLAYS INSTRUCTIONS
SECTION II

ONE TAPE DRIVE CORRECTION

MOUNT VOL 1 OF FILE NPSTF030
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPSTF030 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

CORRECTION ROUTINE FOR
ITEMS #1-6

IS DATA OK (Y OR N)

?-

CORRECTION ROUTINE FOR
ITEMS #1-5

ENTER ITEM # OF BAD DATA
?

CORRECTION ROUTINE FOR
ITEMS #1-5
ENTER CORRECT DATA VALUE

A.

SECTION III
DATA CORRECTION

35

After mounting the indicated
cassette, touch RETURN(EXEC).

After mounting a scratch cas-
sette, touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step 15.
If 'N', go to Section III.

Counting from left to right,
enter the item # of the incor-
rect value and touch RETURN(EXEC).

NOTE:

Items 1-5 are displayed for
verification.

Enter the correct data value
and touch RETURN(EXEC).



Example

Suppose we have five shades of
We have ten people choose

a color.

a shade. Is there a shade preference?
SHADE 1 2 3 4 5
f 1 0 6 1 2
DISPLAYS INSTRUCTIONS
NOTE:

Follow steps A and B for all items.

If branching from step 14, that step

reappears.

operating instructions.

Follow the appropriate

If branching from Section II, step
C, that step reappears.
appropriate operating instructions.

Follow the

Sample Output

© THE KOLMOGOROV-SMIRNOY ONE-SAMPLE TEST

PROJECT: WRITER TEST RUN
WRIGHT

RUN BY: B.
DATE: 4/2/73

# OF CHOICES

# OF OBSERVATIONS

APWNPL

MRX D = .3
P¢S> = .1

END OF PROGRAM

NGO R

F XD
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CHAPTER VI THE ONE-SAMPLE RUNS TEST
PROGRAM ABSTRACT

The program is used to test for the randomness of the sequence of data items
in a sample.

PROGRAM DESCRIPTION

In the one-sample case in statistics, the common parametric test used is the
t-test. This test is employed upon the difference between the observed (sample)
and expected (popu]ationg means. However, the t-test requires that the sample
data is generated from a normally distributed population and that the data is
measured in at least an interval scale. But this test is inapplicable in many
sorts of data. There are several nonparametric tests which can be applied in
its place. One such test is the One-Sample Runs Test. In order to arrive at
some conclusion about a population by using information from a sample from that
population, the sample must be random. How do we tell if a sample is random or
not? The techniques used are based upon the order or sequence of the data. The
One-Sample Runs Test is based upon the number of runs in the sample. A run is a
succession of identical symbols preceded and followed by different or no
symbols. The analysis is based upon the order and not the frequency of the data
items. The sampling distribution of r is known and a table 1is available with
critical values.

Let n, = the number of data items of one kind, n, = the number of data items
of the other kind, N = n; + n, total number of data items, and r is the number
of runs. For example, n; could be the number of heads and n, the number of
tails, or n; could be the number of pluses and n, the number of minuses. To use
the test, we observe the sample in the sequence they occur and determine r.

There are two cases to consider:

1) If n, and n, are both less than or equal to 20, we use the technique of
determining r and use the table for critical values.

2) If either nj or n, is greater than 20, we cannot use the table.
However, the samp%ing distribution is approximately normal, with

2n n (2n n -n -n)
1 2 1 2 1 2

2
(n+n) (n+n -1)
1 2 1 2
Under the null hypothesis, z is approximately normally distributed, N(0,1). For

critical values, use the normal curve table.
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Example

Tine

randomly arranged.
follows with runs indicated by under-
line.

Suppose we desire to know if a
of 36 people at a theater is
The order is as

MFMFMMFFMFEMEF

Let M =

0 and F = 1 for input.

DISPLAYS

TEST INFORMATICN
ENTER PROJECT NAME

-—________--_-_____-—----_-—-.--

TEST INFORMATION
ENTER USER'S NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

38

INSTRUCTIONS

To load the MENU 1 program,
follow operating instructions
A. To bypass the MENU 1 pro-
gram, follow operating in-
structions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch
RETURN(EXEC) .
Touch RUN and RETURN(EXEC)
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.

Type CLEAR and touch
RETURN(EXEC).

Type LOAD "NPS104AA" and
touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

Enter project name and touch
RETURN(EXEC). (Project name
can be up to 32 characters
in length.)

Enter user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).

]
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Example
Suppose we desire to know if a

line of 36 people at a theater is
randomly arranged. The order is as
follows with runs indicated by under-
line.

MEMFMIMFFMFEMF

Let M= 0and F = 1 for input.

DISPLAYS

5. TEST INFORMATION
INFORMATION OK (Y OR N)
?-

6. INPUT INFORMATION
TOTALS KNOWN (Y OR N)
?-

7. INPUT INFORMATION
IS INPUT FROM KEYBOARD 'K'

OR STORAGE 'S’
?-

8. INPUT INFORMATION
STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)
?-

9. MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPSTF040 - UNIT 1
5EY RETURN(EXEC) TO RESUME

INSTRUCTIONS

5. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE :

The test information is displayed
for verification. The message RE-
ENTER is displayed if an incorrect
entry is made. To continue, enter
the appropriate symbol and touch
RETURN(EXEC). This note applies
in all instances where a symbol or
a numeric is entered.
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6. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section IV.
If 'N', go to the next step.

7. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

8. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 10.

9. Mount a scratch cassette and
touch RETURN(EXEC).



Example
Suppose we desire to know if a

line of 36 people at a theater is
randomly arranged. The order is as
follows with runs indicated by under-
line. «

MFMFMMFFMFMEF

— e — —— — — — — —
— e S — — ——_ —

Let M=0and F = 1 for input.

DISPLAYS INSTRUCTIONS
10. INPUT PARAMETER 10. Sample size = 36, touch
ENTER SAMPLE SIZE RETURN(EXEC).
?
11. INPUT PARAMETER 11. Enter 'Y' or 'N' and touch
IS PARAMETER OK (Y OR N) RETURN(EXEC) .
?2-

If 'Y', go to the next step.
If 'N', go to step 10.

NOTE:
The parameter is displayed for
verification.
12. DATA INPUT FOR OBSERVATION #1 12. Observation value = 0, touch
ENTER OBSERVATION VALUE (0/1) RETURN(EXEC).
?
13. DATA INPUT FOR OBSERVATION #2 13. Observation value = 1, touch
ENTER. OBSERVATION VALUE (0/1) RETURN(EXEC).
?
Enter all items in the example.
14. CORRECTION ROUTINE FOR 14. Enter 'Y' or 'N' and touch

ITEMS #1-32 RETURN(EXEC).
IS DATA OK (Y OR N)
?7-

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The observation values are dis-
played for verification. If ”ﬁ%
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,

type 'Y' and touch RETURN(EXEC).
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Example

line

randomly arranged.

Suppose we desire to know if a
of 36 people at a theater is
The order is as

follows with runs indicated by under-

Tine.

Let M= 0 and F = 1 for input.
DISPLAYS INSTRUCTIONS
15. CORRECTION ROUTINE FOR 15. Enter 'Y' or 'N' and touch

16.

17.

18.

FOR
FOR
FOR
FOR
FOR

19.

ITEMS #33-36
IS DATA OK (Y OR N)
?-

REMOVE AND LABEL VOL 1 OF
FILE NPSTFO40 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

ENTER OUTPUT DEVICE TYPE
SYMBOL

?--

CRT ONLY, KEY RETURN(EXEC)
HIGH SPEED, KEY 'HS'

THERMAL , KEY 'TH'
PLOTTER(2202), KEY 'P'
TYPEWRITER, KEY 'TY'

MOUNT VOL 1 OF FILE NPSTF040
- UNIT 1
§EY RETURN(EXEC) TO RESUME

41

16.

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

After labeling the cassette,
touch RETURN(EXEC).

NOTE:

If step 8 was answered nega-
tively, ignore this step and go
to step 17.

17.

18.

19.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 21.

Enter device type symbol and
touch RETURN(EXEC).

Mount the indicated cassette
and touch RETURN(EXEC).

NOTE:

If step 8 was answered nega-
tively, ignore this step and go
to step 20b.




Example

Suppose we desire to know if a

line of 36 people at a theater is
randomly arranged. The order is as
follows with runs indicated by under-
line.

MFMEFMMFEFMEMEF

Let M= 0 and F = 1 for input.

DISPLAYS
20a. READING DATA RECORD

b. EXECUTING PROGRAM

INSTRUCTIONS

. The system now is reading the

data record.

. The system now is performing

the One-Sample Ouns Test.

NOTE:

If one of the output printers
was selected, the message PRINT-
ING RESULTS 1is displayed.

The test results are d1splayed
for verification.

To rerun the test:

Touch RESET.

Touch RUN and RETURN(EXEC) and
go to step 2.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to section II.
If 'N', go to step 18.

21. STOP END OF PROGRAM 21.
22.
SECTION 1
DATA FROM STORAGE
A. INPUT INFORMATION A.
DO YOU WISH TO CORRECT
A DATA CASSETTE (Y OR N)
A
SECTION II

ONE TAPE DRIVE CORRECTION

A. MOUNT VOL 1 OF FILE NPS1F040
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?

42

A.

Mount the indicated cassette
and touch RETURN(EXEC).

A




Example
Suppose we desire to know if a

line of 36 people at a theater is
randomly arranged. The order is as
follows with runs indicated by under-
line.

MFMFMMFFMEMEF

— e — ————  c—— e o — —
— et — — — o — —

Let M=0 and F = 1 for input.

DISPLAYS INSTRUCTIONS
B. MOUNT SCRATCH VOL TO BECOME ~ B. After mounting a scratch cas-
VoL 1 Of FILE NPST1F040 sette, touch RETURN(EXEC).
- UNIT

KEY RETURN(EXEC) TO RESUME
?

C. CORRECTION ROUTINE FOR C. Enter 'Y' or 'N' and touch
ITEMS #1-32 RETURN(EXEC).
IS DATA OK (Y OR N)
?-

If 'Y', go to step 16.
If 'N', go to Section III.

NOTE:

The observation items are displayed for
verification. If more than 32 items
are entered, only the first 32 are
displayed. To view the remaining
items, type 'Y' and touch RETURN
(EXEC).

SECTION ITI
DATA CORRECTION

A. CORRECTION ROUTINE FOR A. Counting from left to right,
ITEMS #1-32. enter the item # of incorrect
» ENTER ITEM # OF BAD DATA data and touch RETURN(EXEC).
B. CORRECTION ROUTINE FOR B. Enter the correct data value
m ITEMS #1-32 and touch RETURN(EXEC).
* gNTER CORRECT DATA VALUE
- NOTE:
Follow steps A and B for all items.
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Example

Suppose we desire to know if a
line of 36 people at a theater is
randomly arranged. The order is as
follows with runs indicated by under-
Tine. N

Let M=0and F = 1 for input.

DISPLAYS INSTRUCTIONS

If branching from either step 14 or
‘step 15, one of those steps reappears.
Follow the appropriate operating
instructions.

If branching from Section II, step C,
that step reappears. Follow the
appropriate operating instructions.

SECTION IV
TOTALS KNOWN

A. INPUT TOTALS A. N('0') = 20, touch RETURN(EXEC).
_TER N('0')
?—

B. INPUT TOTALS B. N{'1') = 16, touch RETURN(EXEC).
ENTER N('1')
?_

C. INPUT TOTALS C. The number of runs = 27, touch
ENTER # OF RUNS RETURN(EXEC).
?

D. INPUT TOTALS D. Enter 'Y' or 'N' and touch
INFORMATION OK (Y OR N) RETURN(EXEC).
?2-
B If 'Y', go to step 21. &

If 'N', go to step A (Section IV).

Sample Output «
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THE ONE-SAMPLE RUNS TEST
PROJECT: WRITER TEST RUN
RUN BY: B. HWRIGHT

DATE: 4/2/73

SIZE OF SAMPLE = 36

INPUT DATA

OrPrOOPLPOO
oOrPraOAPRL

HCB7 > = 208
NC71’> = 16
# RUNS = 27

END OF PROGRAM

d:

BPRPOSBRRLO
ORPROORP
POORPROO



CHAPTER VII THE MCNEMAR TEST FOR THE SIGNIFICANCE OF CHANGES
PROGRAM ABSTRACT

The program helps test a "before and after" treatment's effectiveness. One
or both samples are measured on a nominal scale.

PROGRAM DESCRIPTION

The two-sample test in statistics is used to determine if two treatments are
different or if one is better than the other. However, when comparing two
groups, the significant differences may not be due to just the variables in the
two groups but to variables outside the groups which effect the results. One
method to overcome this outside influence is to use two related samples where
the data values are paired, one from one sample and one from the other. It is
preferable to use one subject placed under both treatments than to try to match
subjects from each treatment to get a pair, because in matching, all the
relevant variables 1in determining the -match are not always taken into
consideration. The parametric test usually used is the t-test which takes the
difference between the paired data samples as the sample values. The sample is
assumed to be drawn from a population that is normally and independently
distributed and measured on an interval scale. But in many instances, these
conditions cannot be met and the t-test is inapplicable. A nonparametric test
which we can use is the McNemar Test for the Significance of Changes.

The McNemar Test is particularly useful in testing a situation of ‘"before
and after" to determine the effectiveness of a particular treatment. The scores
are from a nominal or ordinal scale with the paired data values originating from
two treatments on the same subject. To test the significance of any changes,
the responses are accumulated in a two by twe frequency table. The signs + and
- are used to indicate the different responses. The table has the following
look:

AFTER
- +
+ A B
BEFORE
- C D

If there has been a change in response from the subject, cells A and D would
contain the frequency of changes, and A+D indicates the total number of subjects

who change their response after undergoing the second treatment. Under the null
hypothesis, we would expect that E = (A+D)/2 cases would change in one direction
and an equal number would change in the other direction in their responses.
gsing]the formula and substituting accordingly, we can generate the following
ormula:

» . (A-D) with d.f. = 1
X" = “A+D
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However, because the x2 is a continuous distribution and approximates a discrete
one, it is necessary to add a correction for continuity and our formula is:

2
2 = ( {A-D] -1) with d.f. = 1
A+D

If (A+D)/2 is less than 5, we use the Binomial Test instead of the McNemar
Test. The value N is then (A+D), and x is the minimum (A,D). (P=Q=5.) For
critical values, use the values found in the table for x2.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operatign.
The maximum parameters are defined in Statement 160 of the program. By changing
Statement 160, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

As it is sold, the program contains the following maximum parameters:

X = 254, where X = min (A,D).
If the parameters for your data do not exceed the given maximum parameters, use
the program as it is. For Jlarger maximum parameters, alter the program as
follows (more memory may be required?:
1. The following calculation is used to determine the value of X:

X + 1 < the number of variables available.

2. Select the appropriate value of X for your system from the following table:

CAPACITY 4K 8K
X for System A 76 254

3. Insert System Tape #1 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPS105AA", and touch RETURN(EXEC).

5. Key LIST 160, and touch RETURN(EXEC).
The screen should display:

160 DIM S(255) :SELECT #110A
6. Rekey statement using the new maximum parameters:

160 DIM S(X+1):SELECT #110A
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7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPST05AA", and touch RETURN(EXEC).
10. Press REWIND and remove tHe new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape #1.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating ¥
instructions.
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Example
Suppose the significance of

change in behavior is desired in an
experiment. The data frequencies
are as follows in the table:

13 3
4 5

DISPLAYS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

TEST INFORMATION
INFORMATION OK (Y OR N)
?-
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INSTRUCTIONS

1. To load the MENU 1 program,
follow operating instructions
A. To bypass the MENU 1 pro-
gram, follow operating in-
structions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

Type LOAD and touch RE-
TURN(EXEC).

Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD "NPS105AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

2. Enter project name and touch
RETURN(EXEC). (Project name
can be up to 32 characters in
length.)

3. Enter user's name and touch

RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

4, Enter the date and touch
RETURN(EXEC).

5. Enter 'Y' or 'N' and touch
RETURN(EXEC).



Example
Suppose the significance of

change in behavior is desired in an
experiment. The data frequencies
are as follows in the table:

13 3
4 5

DISPLAYS

6. INPUT DATA

ENTER FREQUENCY TABLE

VALUE A
?

7. INPUT DATA

ENTER FREQUENCY TABLE

VALUE D
?

8. INPUT DATA

INPUT DATA OK (Y OR N)
?-

9. ENTER OQUTPUT DEVICE
?--

FOR CRT ONLY, KEY

FOR HIGH SPEED, KEY

FOR THERMAL, KEY

FOR PLOTTER(2202), KEY
FOR TYPEWRITER, KEY

10. EXECUTING PROGRAM

SYMBOL

RETURN (EXEC)
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INSTRUCTIONS

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is displayed for
verification. The message RE-ENTER
is displayed if an incorrect entry

is made. To continue, enter the ap-
propriate symbol and touch RETURN
(EXEC). This note applies in all
instances where a symbol or a numeric
is entered.

6. A =13, touch RETURN(EXEC).

~
o
n

5, touch RETURN(EXEC).

8. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 6.

9. Enter device type symbol and
touch RETURN(EXEC).

10. The system now is executing the
McNemar Test for the Significance
of Changes.

/Y



Example
Suppose the significance of

change in behavior is desired in an
experiment. The data frequencies
are as follows in the table:

13 3
4 5

DISPLAYS INSTRUCTIONS

NOTE :

If one of the output printers was
selected, the message PRINTING
RESULTS is displayed.

11. STOP END OF PROGRAM 11. The test results are displayed
‘ i for verification.
12. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC) and
go to step 2.

Sample Qutput

THE MCNEMRR TEST FOR THE SIGNIFICANCE OF CHANGES
PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT
DRTE: 4/2/73

A= 13
D= 5

CHI-SQUARRE = 2 722222222222

DF = 1

END OF PROGRAM ' o -
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CHAPTER VIIT THE SIGN TEST
PROGRAM ABSTRACT

Using the sign value rather than the difference value of the matched-pair,
the program checks to see if the two conditions are different. The test
variable has a continuous distribution. Data is measured from an ordinal scale
at least.

PROGRAM DESCRIPTION

The two-sample test in statistics is used to determine if two treatments are
different or if one is better than the other. However, when comparing two
groups, the significant differences may not be due to just the variables in the
two groups but to variables outside the groups which effect the results. One
method to overcome this outside influence is to use two related samples where
the data values are paired, one from one sample and one from the other. It is
preferable to use one subject placed under both treatments than to try to match
subjects from each treatment to get a pair, because in matching, all the
relevant variables in determining the match are not always taken into
consideration. The parametric test usually used is the t-test which takes the
difference between the paired data samples as the sample values. The sample is
assumed to be drawn from a population that is normally and independently
distributed and measured on an interval scale. But in many instances, these
conditions cannot be met and the t-test is inapplicable. A nonparametric test
which we can use is the Sign Test.

The Sign Test indicates through its name what the test is about. It uses
plus and minus signs rather than the data values themselves in the test. It is
especially useful in testing to see if two conditions under study are different.
It is necessary to assume that the variable under study has a continuous
distribution. Again the sample values are match-paired. The null hypothesis
under consideration is that the median is zero, or

1 . _
Ho. p(A1.> B'i) = p(Ai< B'i) =5, 1= 1, .e.s N

where the data pairs are (AisBi)- If the difference between the data pair is
zero, then that particular data pair dis thrown out and not included in the
analysis. Thus, we may have M data input pairs but the analysis is run on only
N data pairs whose differences show a sign (M>N).

If N is 25 or smaller, we use the Binomial test instead of the Sign Test.
The value x is the smaller number of signs and P=Q=1/2. If N is larger than 25,
we use the normal approximation of the binomial distribution:

S1N 5 =

N with N(0,1).
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Again, a correction for continuity is necessary to make the approximation an
excellent one:

(x + .5) - 1N, where x + .5 IF x < 1 N

z= 2
T
7 AN x-.51Fx>%_N

For significance values, use any Normal distribution table.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

M = 140, where M = sample size.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it 1is. For larger maximum parameters, alter the program as
follows ?more memory may be required?:

1. The following calculation is used to determine the value of M:

(2*M) < the number of variables available.

2. Select the appropriate value of M for your system from the following table:

CAPACITY 8K 12K
M for System A 140 255

3. Insert System Tape #1 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPS106AA", and touch RETURN(EXEC).

5. Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM X(140),Y(140) :SELECT #110A
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6. Rekey statement using the new maximum parameters:
170 DIM X(M),Y(M):SELECT #110A
7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS106AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use the System Tape

#1. Use the new Program Tape Cassette and use Alternate Step 1B of the
operating instructions.
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Example
Test the following two samples

for

difference.

1

2|131415/617(8|9]10{11]12[13{14

A5

5616141316142 6| 6] 6| 5| 6

B|3

A4(alaaala3{ a{ 3 36| 3

15
6
6

—
HloH|oy

p—r
o

DISPLAYS

TEST INFORMATION

TEST INFORMATION
ENTER USER'S NAME

TEST INFORMATION
INFORMATION OK (Y OR N)
?-
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INSTRUCTIONS

To load the MENU 1 program,

follow operating instructions
To bypass the MENU 1 program,
follow operating instructions

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

A.
B.

Type LOAD and touch RETURN

(EXEC).

Touch RUN and RETURN(EXEC).

Follow the operating in-
structions in Chapter 1.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.

Type CLEAR and touch
RETURN(EXEC).

Type LOAD "NPS106AA" and
touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

Enter project name and touch
RETURN(EXEC).

(Project name can

be up to 32 characters in length.)

Enter user's name and touch
RETURN(EXEC).

(User's name can

be up to 32 characters in length.)

Enter the date and touch
RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.




Example

Test the following two samples
for difference.

10.

1.

DISPLAYS

INPUT INFORMATION
TOTALS KNOWN (Y OR N)
?

INPUT INFORMAT ION
IS INPUT FROM KEYBOARD 'K'

OR STORAGE 'S'
?-

INPUT INFORMATION

STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)

?-

MOUNT SCRATCH VOL TO
BECOME VOL 1 OF FILE
NPSTF060 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

INPUT PARAMETER
ENTER SAMPLE SIZE
?

INPUT PARAMETER
IS PARAMETER OK (Y OR N)
?-

112{31415(6(71819 {10111 {12 113 {14 (151617
A[5]51616{4[316(4[2| 6| 6] 6|5/ 6]6/6] 6
B|3|4]414(41414(413{4)13[3|6|/3]6]4)2

INSTRUCTIONS
NOTE:

The test information is displayed
for verification. The message RE-
ENTER is displayed if an incorrect
entry is made. To continue, enter
the appropriate symbol and touch
RETURN(EXEC). This note applies in
all instances where a symbol or a
numeric is entered.
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6. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section IV.
If 'N', go to the next step.

7. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

8. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 10.

9. Mount a scratch cassette and
touch RETURN(EXEC).

10. Sample size = 17, touch
RETURN(EXEC) .

11. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 10.

.
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Example
Test the following two samples

for difference.

1121314/5161718(9{101{11{12(13114115]16 (17
A{5|5|6]6/413[6[/4[2| 6] 6/ 6] 5] 6]/ 6] 6] 6
Bi3({414({4|414|4]4(3| 4| 3| 3] 6| 3| 6] 4] 2
DISPLAYS INSTRUCTIONS
NOTE:
The parameter is displayed for
verification.
12. DATA INPUT FOR DATA PAIR #1 12. First value = 5, touch RE-
ENTER FIRST VALUE TURN(EXEC).
?
13. DATA INPUT FOR DATA PAIR #1 13. Second value = 3, touch
ENTER SECOND VALUE RETURN(EXEC).
?
14. CORRECTION ROUTINE FOR 14. Enter 'Y' or 'N' and touch

DATA PAIR #1
IS DATA OK (Y OR N)
?

RETURN(EXEC).

If 'Y', go to the next step, or

to enter more data, go to step

12.
If 'N', go to Section III

NOTE :

The input data is displayed
for verification.

Enter all items in the

example.

15. REMOVE AND LABEL VOL 1
OF FILE NPSTF060 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

16. DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

— '
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15. After labeling the cassette,
touch RETURN(EXEC).
NOTE:
If step 8 was answered nega-
tively, ignore this step and
go to step 16.
16. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 20.




Example
Test the following two samples
for difference.

11213]41516/718|9]10111{12113{14

5(516/6/41|3|6]4|2] 6]/ 6] 6] 5| 6

>

3(4]4|414(4141413| 4] 3| 3] 6/ 3

DISPLAYS
17. ENTER OUTPUT DEVICE
?-
FOR CRT ONLY, KEY
FOR HIGH SPEED, KEY
FOR THERMAL, KEY

FOR PLOTTER(2202), KEY
FOR TYPEWRITER, KEY

18. MOUNT VOL 1 OF FILE
- UNIT 1
KEY RETURN(EXEC) TO
?

SYMBOL

RETURN (EXEC)

NPS1F060
RESUME

19a. READING DATA RECORD

b. EXECUTING PROGRAM

20. STOP END OF PROGRAM
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INSTRUCTIONS

17. Enter an output device symbol
and touch RETURN(EXEC).

18. Mount the indicated cassette
and touch RETURN(EXEC).

NOTE:

If step 8 was answered nega-
tively, ignore this step and
go to step 19b.

19a. The system now is reading
the data.

b. The system now is executing
the Sign Test.

NOTE :

If one of the output printers
was selected, the message
PRINTING RESULTS is displayed.

20. The test results are displayed
for verification.

21. To rerun test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

o




Example

Test the following two samples

for difference.

11213141516171819110(11(12]13114]151{16{17
A|5151616]14(31|6[/4]2]| 6| 6| 6| 5161 6] 6! 6
Bi{3{4]|414(41414|413] 4| 3| 3| 6| 3| 6| 4| 2
DISPLAYS INSTRUCTIONS
SECTION I
DATA FROM STORAGE
A. INPUT INFORMATION A. Enter 'Y' or 'N' and touch
DO YOU WISH TO CORRECT A RETURN(EXEC) .
DATA CASSETTE (Y OR N)
2= If 'Y', go to Section II.
If 'N', go to step 17.
SECTION II
ONE TAPE DRIVE CORRECTION
A. MOUNT VOL 1 OF FILE A. Mount the indicated cassette
NPST1F060 - UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?-
B. MOUNT SCRATCH VOL TO BECOME B. Mount a scratch cassette and
NPSTF060-UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
C. ENTER PAIR # IN ERROR (O IF END) C. Enter the pair number in error
? or 0 and touch RETURN(EXEC).
If a pair number is entered,
go to the next step.
If '0' is entered, go to step 15.
D. CORRECTION ROUTINE FOR DATA D. Enter 'Y' or 'N' and touch

PAIR #1
IS DATA OK (Y OR N)
?-
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RETURN(EXEC).

If 'Y', go to Step C of Section II.

If 'N', go to Section III.

NOTE :

The input data is displayed
for verification.




Example
Test the following two samples
for difference.

1{2131415(61718(9110]11{12]|13{14]15,16(17
Af5lbl6[6[4]3]6]4]21 6] 6| 6] 5! 6 6/ 6
B|3|4|4]4|4{4]44]13]| 4| 3| 3| 6] 3 4| 2

DISPLAYS

CORRECTION ROUTINE FOR
DATA PAIR #1

ENTER CORRECT FIRST VALUE
?-

CORRECTION ROUTINE FOR
DATA PAIR #1

ENTER CORRECT SECOND VALUE
?-

INPUT TOTALS
ENTER N('+')
?

INPUT TOTALS
ENTER N('-')
?

INPUT TOTALS
INFORMATION OK (Y OR N)
?-

INSTRUCTIONS

SECTION III
DATA CORRECTION

A. Enter correct first value and
touch RETURN(EXEC).

B. Enter correct second value and
touch RETURN(EXEC).

NOTE:

Follow steps A and B for all data
pairs.

If branching from step 14, that step
reappears. Follow the appropriate
operating instructions.

If branching from Section II, step
D, that step reappears. Follow the
appropriate operating instructions.

SECTION IV
TOTALS KNOWN
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A. N('+') = 67, touch
RETURN(EXEC).

B. N('-') = 33, touch RETURN
(EXEC).

C. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step 19b.
If 'N', go to step A.

(]



Example
Test the following two samples
for difference.

2131415[6(7(819110(11]12(13]{14115]16

1
Al5(56161413]61412] 61 6] 6] 5/ 6] 616
3[4l4j4[ala]ala]3] 4] 3] 3[6|3|6|4

. DISPLAYS INSTRUCTIONS
NOTE:

The totals are displayed for
verification.

Sample OQutput

THE SIGN TEST

FROJECT: WRITER TEST RUN
RUNM BY: B. WRIGHT

DATE: 472775

SIZE OF SAMPLE = 17

INPUT DATA: I RCID VeI SIGN
1 5 2 1
2 S 4 1
2 6 4 1
4 6 4 1
S 4 4 e
6 3 4 -1
7 6 4 1
8 4 4 )
9 2 3 -1
10 6 4 1
11 6 2 1
12 6 2 1
. 13 5 6 -1
14 6 2 1
15 6 6 e
16 6 4 1
17 6 2 1
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"

THE SIGN TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT

DATE: 4/2/75

SIZE OF SAMPLE = 17

PROEBABILITIES: I PCID

€. 10351562E-0S
8. 544952187E-04
5. 55419921E-03
2. 22167968E-02

WNPrO

NC 47> = 11
MC/=7> = 3
N= 14

P<

3 2. 22167968E-02
PX .LE. 3

) =
) = 2 86865234E-02

END OF PROGRAM

2]

62



CHAPTER IX THE WILCOXON MATCHED-PAIRS SIGNED-RANKS TEST
PROGRAM ABSTRACT

For refined ordinal measurements from a continuous population, the program
determines if there 1is a difference between samples. However, it takes into
account the relative magnitude as well as the direction of the differences.

PROGRAM DESCRIPTION

The two-sample test in statistics is used to determine if two treatments are
different or if one is better than the other. However, when comparing two
groups, the significant differences may not be due to just the variables in the
two groups but to variables outside the groups which effect the results. One
method to overcome this outside influence is to use two related samples where
the data values are paired, one from one sample and one from the other. It is
preferable to use one subject placed under both treatments than to try to match
subjects from each treatment to get a pair, because in matching, all the
relevant variables in determining the match are not always taken into
consideration. The parametric test usually used is the t-test which takes the
difference between the paired data samples as the sample values. The sample is
assumed to be drawn from a population that is normally and independently
distributed and measured on an interval scale. But in many instances, these
conditions cannot be met and the t-test is inapplicable. A nonparametric test
which we can use is the Wilcoxon Matched-Pairs Signed-Ranks Test.

Where the Sign Test used the direction of the paired difference, the
Wilcoxon Test also considers the relative magnitude along with the direction of
the difference value. Thus, a larger difference value has more weight in the
analysis than a smaller difference. This is a most useful test in behavioral
science. Again, if the difference of a data pair is zero, the data pair is
thrown out and not used in the analysis. Thus, we may have M data input pairs,
but the analysis is run on only N data pairs whose differences show a sign
(M3N). The test variable has a continuous distribution.

The procedure to use the test is to compute the differences between the data
pairs. Then, we rank the differences without respect to sign (|dj|). Next, we
affix to each rank the sign of the difference which it represents. If there are
tied values or differences, the ties are broken in the program by assigning
average ranks. Determine T(+) as the sum of the positive ranks and T(-) as the
sum of the negative ranks. Then, T is the minimum of T(+) and T(-).

If N is 25 or less, we go to a table prepared for the Wilcoxon Test for our
critical values, If N is larger than 25, we use the normal approximation:

u = _N(N+1) - JN(NH) (2N+1)
T 4 T 24
e With N (0,1)
g
T
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For critical values, use the table for the normal distribution.

However, the normal approximation is such an excellent one that it s even
useful in determining values for small samples. Therefore, the program is
written to determine the z-value for all values of N, large and small.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum -parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entere
and checked. :

As it is sold, the program contains the following maximum parameters:

= 147, where M = sample size.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it 1is. For 1larger maximum parameters, alter the program as
follows (more memory may be requiredg:

1. The following calculation is used to determine the value of M:

(2*M) < the number of variables available.

2. Select the appropriate value of M for your system from the following table:
CAPACITY 8K 12K
M for System A 147 255

3. Insert System Tape #1 into Unit 1 (on the Console), close the door and press
REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPS107AA", and touch RETURN(EXEC).

5. Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM X(147),Y(147):SELECT #110A

6. Rekey statement using the new maximum parameters:
170 DIM X(M),Y(M):SELECT #110A

7. Touch RETURN(EXEC).
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[ 13

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS107AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape #1.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example

Given a behavioral study, we want
to test the effect for two related

samples.
1{2] 3]4! 5|6| 7|8({91{10]11{12]13(14
Al12]19]11(6]15]5]| 618]8{15[11| 8] 5]13
Bl1110]10]4[1211]10(3[{4|10{ 5] 1520
DISPLAYS INSTRUCTIONS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER USER'S NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

TEST INFORMATION

INFORMATION OK (Y OR N)
?-
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To 1oad the MENU 1 program,

follow operating instructions A.

To bypass the MENU 1 program,

follow operating instructions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch
RETURN(EXEC).
Touch RUN and RETURN(EXEC)
Follow all operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS107AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

Enter the project name and
touch RETURN(EXEC). (Project
name can be up to 32 characters
in length.)

Enter the user's name and

touch RETURN(EXEC). (User's
name can be up to 32 characters
in length.)

Enter the date and touch
RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

2]

(3



Example

Given a behavioral study, we want
to test the effect for two related

samples.
112] 314| 5|6] 7{8|9{10]11{12{13]14
Al12]1 9]111|61]15|5] 618(8(1511} 8] 5[13
BI11[10{10(4{12]|1(10{3|4[{10| 5[ 1| 5|20
DISPLAYS INSTRUCTIONS
NOTE:
The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN '
(EXEC). This note applies in
all instances where a symbol
or a numeric is entered.
6. INPUT INFORMATION 6. Enter 'K' or 'S' and touch
IS INPUT FROM KEYBOARD 'K’ RETURN(EXEC).
OR STORAGE 'S’
?- If 'K', go to the next step.
If 'S', go to Section I.
7. INPUT INFORMATION 7. Enter 'Y' or 'N' and touch
STORE INPUT DATA ON TAPE RETURN(EXEC).
CASSETTE (Y OR N)
?- If 'Y', go to the next step.
If 'N', go to step 9.
8. MOUNT SCRATCH VOL TO BECOME 8. Mount a scratch tape and
VOL 1 OF FILE NPS1F070 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
9. INPUT PARAMETER 9. Sample size = 14, touch
ENTER SAMPLE SIZE RETURN(EXEC).
?
10. INPUT PARAMETER 10. Enter 'Y' or 'N' and touch

IS PARAMETER OK (Y OR N)
?-
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RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

NOTE:

The parameter is displayed for
verification.




Example
Given a behavioral study, we want

to test the effect for two related

samples.
112(314]5/6(718|9[10]11]12]13]14
AlNl2]19111(6(15(5]16(818[15[11] 8] 5(13
B {11 [10 {10 4ﬁ72 11031410} 5] 1| 5]20
DISPLAYS INSTRUCTIONS
11. DATA INPUT FOR DATA PAIR #1 11. First value = 12, touch

ENTER FIRST VALUE
?

12. DATA INPUT FOR DATA PAIR #1
ENTER SECOND VALUE
?

13. CORRECTION ROUTINE FOR DATA
PAIR #1
IS DATA OK (Y OR N)
?-

12.

13.

RETURN(EXEC).

Second value = 11, touch RE-
TURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step, or
to enter more data, go to step
1.

If 'N', go to Section III.

NOTE:

The input data is displayed for
verification.

Enter all items in the

example.

14. REMOVE AND LABEL VOL 1
OF FILE NPS1F070 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

15. DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

16. ENTER OUTPUT DEVICE TYPE SYMBOL

?--
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14.

After labeling the cassette,
touch RETURN(EXEC).

NOTE:

If step 7 was answered nega-
tively, ignore this step and go
to step 15.

15.

16.

Enter 'Y' or 'N' and touch
RETURN (EXEC).

If 'Y', go to the next step.
If 'N', go to step 19.

Enter an output device symbol
and touch RETURN(EXEC).

e
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Example
Given a behavioral study, we want

to test the effect for two related

samples.

1

213/4]1 516| 7{8{9[10{11]12

13

14

Al12

9|11]6{15|5| 6(8|8[15]11| 8

5

13

B |1

1

10]10{4]12]1]10]3{4]10] 5| 1

5

20

DISPLAYS
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P’
FOR TYPEWRITER, KEY 'TY'

17. MOUNT VOL 1 OF FILE

NPSTF070.- UNIT 1
KEY RETURN(EXEC) TO
?

18a. READING DATA RECORD

b. EXECUTING PROGRAM

19. STOP END OF PROGRAM

A. INPUT INFORMATION

DO YOU WISH TO CORRECT
A DATA CASSETTE (Y OR N)
?-

RESUME

17.

INSTRUCTIONS

Mount the indicated cassette
and touch RETURN(EXEC).

NOTE:

If step 7 was answered nega-
tively, ignore this step and
go to step 18b.

18a.

The system now is reading the

data.

. The system now is executing

the Wilcoxon Matched-pairs
Signed Ranks Test.

NOTE :

If one of the output devices
was selected, the message

PRINTING RESULTS is displayed.

19.

20.

SECTION I
DATA FROM STORAGE
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A.

The test results are displayed

for verification.

To rerun test:

Touch RESET.

Touch RUN and RETURN(EXEC).
Go to step 2.

Enter 'Y' or 'N' and touch
RETURN(EXEC).




Example

Given a behavioral study, we want

to test the effect for two related
samples.

1

2 4] 516] 7|8/9110]11]12{13

12

9[11]6{15]5| 618|8|15]11{ 8] 5

11

—

(=1L {3V

[ ]
O|W |

10 41121111013|4110f 5] 1| 5

DISPLAYS

SECTION II
ONE TAPE DRIVE CORRECTION

MOUNT VOL 1 OF FILE
NPSTFO70 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPSTFO70 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

ENTER PAIR # IN ERROR (O IF END)
?

CORRECTION ROUTINE FOR
DATA PAIR #1

IS DATA OK (Y OR N)

?-

AQ

INSTRUCTIONS

If 'Y', go to Section II.
If 'N', go to step 16.

Mount the indicated cassette
and touch RETURN(EXEC).

Mount a scratch cassette and
touch RETURN(EXEC).

Enter the pair number in error
or 0 and touch RETURN(EXEC).

If a pair number is entered, go
to the next step.
If 0 is entered, go to step 14.

Enter 'Y' or 'N' and touch RE-
TURN(EXEC).

If 'Y', go to step C of Section
II.
If 'N', go to Section III.

NOTE:

The input data is displayed
for verification.

SECTION III

DATA CORRECTION

CORRECTION ROUTINE FOR
DATA PAIR #1

ENTER CORRECT FIRST VALUE
?

A.

Enter correct first value and
touch RETURN(EXEC).

]



Example
Given a behavioral study, we want

to test the effect for two related
samples.

11 21 3|4| 5/6 71819110111]1213 |14
Al12] 9[11(6[15(5] 6|8]8(15(11]| 8] 5|13
, B[11]10[10(4 [12]1]10]3[4 10| 5] 1{ 520
DISPLAYS INSTRUCTIONS
B. CORRECTION ROUTINE FOR B. Enter correct second value and
DATA PAIR #1 touch RETURN(EXEC).
ENTER CORRECT SECOND VALUE
?_ NOTE:
Follow steps A and B for all data
pairs.
If branching from step 13, that step
reappears. Follow the appropriate
operating instructions.
\
If branching from Section II, step :
D, that step reappears. Follow the
appropriate operating instructions.
Sample Qutput
THE WILCOSOM MATCHED-PAIRS SIGHED-RANKS TEST
PROJECT: WRITER TEST RUN
FUN BY: B WRIGHT
OATE: 4/2-°75
SIZE OF SAMPLE = 14
INFUT DATH: I A E L
: 1 12 11 1
2 ) 16 -1
= 11 10 1
4 & 4 z
5 15 12 X
5 5 1 4
v & 16 -4
£ 2 = 5
< = 4 4
16 15 16 S
11 11 S &
1z = 1 7
1= bt 5 G
14 13 26 -7

7




THE WILCOMOM MATCHED-PAIRS SIGHED-RAMESZ TEST
FROJECT: HWRITER TEST RN

FUN EY
DATE: o

SIZE OF

SIGMED

—
[
-
7
L)

11

T+
To(o=~

END OF

E. WRIGHT

S~ -
Ry 5

SAMPLE = 14

FFAINES -
-z 2 4 5
-7 7 2 5 25

12, 5 -12 5

= £9.5

= 21.5

= 21.5

= 13

-1. EP72057387V85
57462418E-02

PROGRAM
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CHAPTER X THE WALSH TEST
PROGRAM ABSTRACT

The program tests for difference if the two sample populations are
symmetrical and continuous. Measurement is on an interval scale.

PROGRAM DESCRIPTION

The two-sample test is used in statistics to determine if two treatments are
different or if one is better than the other. However, when comparing two
groups, the significant differences may not be due to just the variables in the
two groups but to variables outside the groups which effect the results. One
method to overcome this outside influence is to use two related samples where
the data values are paired, one from one sample and one from the other. It is
preferable to use one subject placed under both treatments than to try to match
subjects from each treatment to get a pair, because in matching, all the
relevant variables in determining the match are not always taken into
consideration. The parametric test usually used is the t-test which takes the
difference between the paired data samples as the sample values. The sample is
assumed to be drawn from a population that is normally and independently
distributed and measured on an interval scale. But in many instances, these
conditions cannot be met and the t-test is inapplicable. A nonparametric test
which we can use is the Walsh Test.

If it can be assumed that the two related samples are drawn from symmetrical
and continuous populations, then the Walsh Test is an extremely powerful test to
use. This assumes then that if the populations are symmetrical, then the mean
is equal to the median and is a good measure for central tendency. The samples
are assumed to be measured in at least an interval scale.

The procedure to follow is to compute the differences in the pairs and then
rank the differences. Unlike the Wilcoxon test, the sign of the differences is
taken into account when ranking. Then going to a special table generated for
finding critical values for the Walsh test, we use the ranked differences in the
actual value computation. The table is self-explanatory.

PROGRAM RESTRICTIONS
The_parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement ]ZO, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.

During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

M = 166, where M = sample size.
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If the parameters for your data do not exceed the given maximum parameters,
use the program as it is. For larger maximum parameters, alter the program as
follows (more memory may be requiredg:

1. The following calculation is used to determine the value of M:

(2*M) < the number of variables available.

2. Select the appropriate value of M for your system from the following table:

CAPACITY 8K 12K

M for System A 166 255

3. Insert the System Tape #1 into Unit 1 (on the Console), close the door and
press REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPS108AA", and touch RETURN(EXEC).

5. Key LIST 170 and touch RETURN(EXEC).
The screen should display:

170 DIM X(166),Y(166):SELECT #110A:

6. Rekey statement using the new maximum parameters:
170 DIM X(M),Y(M):SELECT #110A.

7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS108AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape

#1. Use the new Program Tape Cassette and use Alternate Step 1B of the
operating instructions.
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Example

Test for difference if the two
samples are from symmetrical
populations.

11213141516]7(8]9110{11{12}13 {1415
Al716(5171416(4/416)6)5] 37153
Bi4{4[2[5]5[4]5]3|3| 6] 6] 4| 4] 6]2

DISPLAYS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER USER'S NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

75

INSTRUCTIONS

1. To load the MENU 1 program,
follow operating instructions
A. To bypass the MENU 1 pro-
gram, follow operating in-
structions B.

A. Mount the Nonparametric
System Tape #1
in logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS108AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

2. Enter the project name and touch
RETURN(EXEC). (Project name can
be up to 32 characters in
length.)

3. Enter user's name and touch
RETURN(EXEC). (User's name
can be up to 32 characters in
length.)

4, Enter the date and touch
RETURN(EXEC).
5. Enter 'Y' or 'N' and touch

RETURN (EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.




Example

Test for difference if the two

samples are from symmetrical

populations.
112131415(6]71819110111112]13|14 15
Al716{5]|71416141416] 6] 5] 3] 71 5|3
Bl414/2|5(5|4|5|3|3| 6| 6| 4| 4| 6] 2
DISPLAYS INSTRUCTIONS
NOTE:
The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RE-
TURN(EXEC). This note applies
in all instances where a sym-
bol or a numeric is entered.
6. INPUT INFORMATION 6. Enter 'K' or 'S' and touch
IS INPUT FROM KEYBOARD 'K' RETURN(EXEC).
OR STORAGE 'S'
?- If 'K', go to the next step.
If 'S', go to Section I.
7. INPUT INFORMATION 7. Enter 'Y' or 'N' and touch
STORE INPUT DATA ON TAPE RETURN(EXEC).
CASSETTE (Y OR N)
?- If 'Y', go to the next step.
If 'N', go to step 9.
8. MOUNT SCRATCH VvOL TO 8. Mount a scratch cassette and
BECOME VOL 1 OF FILE touch RETURN(EXEC).
NPSTFO80 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?
9. INPUT PARAMETER 9. Sample size = 15, touch
ENTER SAMPLE SIZE RETURN(EXEC).
?
10. INPUT PARAMETER 10. Enter 'Y' or 'N' and touch

IS PARAMETER OK (Y OR N)
?-
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RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

NOTE:

The parameter is displayed for
verification.
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ub



Example

Test for difference if the two
samples are from symmetrical
populations.

. 1[2[37a[5]6[7[8]0 [10[11 [12[13 1415
A[76[51714161414l61 6] 5 3] 7 5] 3
B4[4]2]55[4|5]3[3[ 6] 6] 4| 4] 6] 2
. DISPLAYS " INSTRUCTIONS
11. DATA INPUT FOR DATA PAIR #1 11. First value = 7, touch RE-
ENTER FIRST VALUE TURN(EXEC) .
?
12. DATA INPUT FOR DATA PAIR #1 12. Second value = 4, touch RE-
ENTER SECOND VALUE TURN(EXEC) .
?
13. CORRECTION ROUTINE FOR DATA 13. Enter 'Y' or 'N' and touch
PAIR #1 RETURN (EXEC).

IS DATA OK (Y OR N)
- If 'Y', go to the next step, or
to enter more data, go to step
11.

If 'N', go to Section III.

NOTE:

The input data is displayed for
verification.

Enter all items in example.

14, REMOVE AND LABEL VOL 1 OF FILE 14. After labeling the cassette,
NPSTFO80 - UNIT 1 touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

NOTE:

If step 7 was answered nega-
tively, ignore this step and go

. to step 15.
15. DO YOU WISH TO EXECUTE 15. Enter 'Y' or 'N' and touch
EROGRAM (Y OR N) RETURN(EXEC).
. - If 'Y', go to the next step.
If 'N', go to step 21.
16. ENTER OUTPUT DEVICE TYPE 16. Enter an output device symbol

SYMBOL and touch RETURN(EXEC).

?--
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Example

Test for difference if the two

samples are from symmetrical

populations.
112131415/6 171819110111 [12}13 {14 |15
Al7]16]15]714|614(416]| 6] 5] 3| 7[5
Bl4[4(2[5]5]415]13]13| 61 6| 4[4[6
DISPLAYS INSTRUCTIONS
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'
17. MOUNT VOL 1 OF FILE NPS1F080 17. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?- NOTE:
If Step 7 was answered nega-
tively, ignore this step and
go to step 18b.
18a. READING DATA RECORD 18a. The system now is reading the
data.
b. EXECUTING PROGRAM b. The system now is executing
the Walsh Test.
c. SORTING DATA c. The system now is sorting
data.
19. COMPUTE CRITICAL VALUES 19. I =10r 0 if end, touch RE-
'(D(I) + D(J))/2! TURN(EXEC) .
ENTER VALUE FOR I (O IF END)
?
20. COMPUTE CRITICAL VALUES 20. J = 2, touch RETURN(EXEC).
'(D(I) + D(J))/2"
ENTER VALUE FOR J NOTE:
?
B After executing step 20, the
critical value is displayed for
verification. Go to step 19
or, if end, go to step 21 after
entering I=0 at step 19.
21. STOP END OF PROGRAM 21. The test results are displayed
L for verification.
22. To rerun test:
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Touch RESET.
Touch RUN and RETURN(EXEC),
and go to step 2.
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Example

Test for difference if the two

samples are from symmetrical

populations.

11213141(516(7(8]9 1011 12|13 [14]15
Al7(615171416141416{ 6153|7153
B{41412]5(5({4|5]3|3| 6| 6|4 4|6} 2

DISPLAYS

SECTION I
DATA FROM STORAGE

INPUT INFORMATION

DO YOU WISH TO CORRECT
A DATA CASSETTE (Y OR N)
?-

SECTION II
ONE TAPE DRIVE CORRECTION

MOUNT VOL 1 OF FILE NPSTF080
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

-—

MOUNT SCRATCH VOL TO
BECOME VOL 1 OF FILE
NPSTFO80 - UNIT 1

§EY RETURN(EXEC) TO RESUME

ENTER PAIR # IN ERROR (O IF END)
?

CORRECTION ROUTINE FOR
DATA PAIR #1

IS DATA OK (Y OR N)

?-
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A.

INSTRUCTIONS

Enter 'Y' or 'N' and touch
RETURN(EXEC) .

If 'Y', go to Section II.
If 'N', go to step 16.

Mount the indicated cassette
and touch RETURN(EXEC).

Mount a scratch cassette and
touch RETURN(EXEC).

Enter the pair number in error
or 0 and touch RETURN(EXEC).

If a pair number in error is
entered, go to the next step.
If '0' go to step 14.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step C of Section
II.

If 'N', go to Section III.

NOTE:

The input data is displayed
for verification.




Example

Test for difference if the two
samples are from symmetrical
populations.

112131415]/6(718[9(10 12

o>

11 13
71615]7141614(416)1 6] 5| 3| 7! 5] 3
41412(5151415|3|13| 6| 6| 4| 4

DISPLAYS

CORRECTION ROUTINE FOR
DATA PAIR #1

ENTER CORRECT FIRST VALUE
?

CORRECTION ROUTINE FOR
DATA PAIR #1

ENTER CORRECT SECOND VALUE
?

INSTRUCTIONS

SECTION III
DATA CORRECTION

A. Enter the correct first value
and touch RETURN(EXEC).

B. Enter the correct second value
and touch RETURN(EXEC).

NOTE:

Follow steps A and B for all data
pairs.

If branching from step 13, that step
reappears. Follow the appropriate
operating instructions.

If branching from Section II, step
D, that step reappears. Follow the
appropriate operating instructions.

Sample Output
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THE WALSH TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT

DATE: 4/2/75

SIZE OF SAMPLE = 415

INPUT DATA: I A

VONOMNALEWN P

WANWUOGOOEELNOENORN

THE MWALZH TEST

PROJECT: WRITER TEST RUN
RUM BY: EB. WRIGHT

DATE: 4/2-75

IZE OF SAMPLE = 15

w

SORTED DIFFEREMCE WALUES:

-1 -
&

o
o

[P
(PN o

CRITICAL VALUES:I J

1

P

EHC OF PROGRAM
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CHAPTER XI THE FISHER EXACT PROBABILITY TEST
PROGRAM ABSTRACT

With two independent samples, the program helps determine if the
differences in the samples are convincing proof that there is a difference in
the two treatments applied to them. The data is discrete and the samples small.
The data can be broken into two mutually exclusive classes in a (2x2) table.

PROGRAM DESCRIPTION

In the case of two independent samples, we can test to determine if the
differences 1in the samples are convincing proof that there is a difference in
the two processes applied to them. The samples may be of unequal size. The
data that constitutes the two samples may be either drawn randomly from two
populations or arise from random assignment of two treatments to the members of
some arbitrary sample. The usual parametric test is to apply a t-test to the
means of the two groups. This requires that the data values are independent and
drawn from normal populations with equal variances. Also the scores are
measured on at least an interval scale. Many times, these assumptions cannot be
realistically met. A nonparametric test which can be used is the Fisher Exact
Probability Test.

The Fisher Test is an extremely useful nonparametric technique for
analyzing discrete data when both samples are small. It is used when the data
from both groups all fall in one or the other of two mutually exclusive classes.
These are recorded as frequencies in a 2x2 contingency table. For example,
Group X and Group Y broken into males and females:

M F

X A B A+B

Y c D C+D

A+C  B+D N

The exact probability value can be determined by the hypergeometric distribution:

() ()
&y

(A+B) ! (C+D) ! (A+C) : (B+D) .
N.A:B:.C.D.

o
[}

This is actually only the ratio of the product of the factorials of the four
marginal totals to the product of the cell frequencies multiplied by N
factorial. However, it is simple to compute the exact probability with at least
one frequency value being zero. What if we desire to compute the probability of
an occurrence or one even more extreme? We then would sum the probability of
occurrence with the probability of the more extreme one(s).
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Although Fisher recommends the test for all types of dichotomous data,
others question this. However, Tocher (1950) has come up with a slight
modification which makes the test one of the most powerful one-tailed test for a
2x2 table of data. The formula for this modification is:

« - p(more extreme cases)
p(observed case taken alone)
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Example

Let us determine the signifi-
cance of difference given the fol-
lowing table:

X Y

I 5 6

II 2 3

DISPLAYS INSTRUCTIONS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

84

1. To load the MENU 1 program,
follow operating instructions A.
To bypass the MENU 1 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD "NPS109AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

2. Enter the project name and

touch RETURN(EXEC). (Project
name can be up to 32 char-
acters in length.)

3. Enter the user's name and touch

RETURN(EXEC). (User's name can
be up to 32 characters in length.)

4. Enter the date and touch

RETURN(EXEC).

5. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

"
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Example

Let us determine the signifi-
cance of difference given the fol-
lowing table:

X Y
I 5 6
II 2 3
DISPLAYS INSTRUCTIONS
NOTE:
The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol
or a numeric is entered.
6. INPUT DATA 6. Frequency value of A = 5, touch
ENTER FREQUENCY VALUE OF A RETURN(EXEC).
?
7. INPUT DATA 7. Frequency value of B = 6,
ENTER FREQUENCY VALUE OF B touch RETURN(EXEC).
5
8. INPUT DATA 8. Frequency value of C = 2,
ENTER FREQUENCY VALUE OF C touch RETURN(EXEC).
5
9. INPUT DATA 9. Frequency value of D = 3,
SNTER FREQUENCY VALUE touch RETURN(EXEC).
FD
?—-.
10. INPUT DATA 10. Alpha = .05, touch RETURN(EXEC).

1.

ENTER OBSERVED LEVEL OF
SIGNIFICANCE - ALPHA (-1 IF NONE)
?

INPUT DATA
INPUT DATA OK (Y OR N)
?
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11. Enter 'Y' or"N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 6.

NOTE:

The input data is displayed
for verification.




Example

Let ‘us determine the signifi-
cance of difference given the fol-
lowing table:

FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY

13. EXECUTING PROGRAM

14. STOP END OF PROGRAM

X Y
1 5 6
II 2 3
DISPLAYS INSTRUCTIONS
12. ENTER OUTPUT DEVICE TYPE 12. Enter an output device symbol
gYMBOL and touch RETURN(EXEC).
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'

13. The system now is performing
the Fisher Exact Probability
Test.

14. The test results are displayed
for verification.

15. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

Sample Output

THE FISHER EXRCT PROBABILITY TEST
FPROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DRTE: 4/2/73

INPUTTED CONTINGENCY TABLE:

A
c

S
2

ocom
[}
wn

ALPHA = B BT60

INTERMEDIATE COMTIMGENCY TABLES USED
A B c

2 S 3
1 [ 4
e 7 =3

P = . 6346153846154
TOCHER P = -. 4476198476189

END OF PRCGRAM
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D PCID

. 4938461538462
. 2019230769231
2. 88461S38E-02
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CHAPTER XII THE CHI-SQUARE TEST FOR TWO INDEPENDENT SAMPLES
PROGRAM ABSTRACT

The program tests to see if the difference in two processes 1s.due to some
characteristic and the data falls in several discrete categories. The data
usually comes from a nominal or stronger scale.

PROGRAM DESCRIPTION

In the case of two independent samples, we can test to determine if the
differences in the samples are convincing proof that there is a difference in
the two processes applied to them. The samples may be of unequal size. The
data that constitutes the two samples may be either drawn randomly from two
populations or arise from random assignment of two treatments to the members of
some arbitrary sample. The usual parametric test is to apply a t-test to the
means of the two groups. This requires that the data values are independent and
drawn from normal populations with equal variances. Also the scores are
measured on at least an interval scale. Many times, these assumptions cannot be
realistically met. A nonparametric test which can be used is the x> Test for
Two Independent Samples.

The x?> Test is used when the data consists of frequencies in discrete
categories. The hypothesis under test is that the two groups differ with
respect to some characteristic and therefore with respect to the relative
frequency, each sample falls in each category. The formula used to test the Hy
is:

2 2

2 (0 - )

X=X X ij__ i
i=1 j=1 E
ij
where 0 = Observed number of cases.

1J
E = Expected number of cases.

1J
k = Number of categories, groups.

The value is distributed approximately as Chi-square with (k-1) degrees of
freedom. If k=2, then we have a 2x2 table and we use the following formula:

2
2 N (|AD-BC|- N/2 _
X - +B) (C+D) {A+C) (B+D) d.f. =1

A]though it is recommended that the Fisher Test be used for k less than 20
and in the case of k between 20 and 40 with the smallest frequency less than
five, the .program w1]1 use a x2 Test for these situations when there is a 2x2
table. The program is written to take all cases and use the x2 Test.
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PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

N = 169, where N = # of categories.
If the parameters for your data do not exceed the given maximum parameters, use
the program as it is. For Jlarger maximum parameters, alter the program as
follows (more memory may be required):
1. The following calculation is used to determine the value of N:

(2*N) < the number of variables available.

2. Select the appropriate value of N for your system from the following table:

CAPACITY 8K 12K

N for System A 169 255

3. Insert System Tape #1 into Unit 1 (on the Console), close the door and press
REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPS110AA", and touch RETURN(EXEC).

5. Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM X(169),Y(169) :SELECT #110A

6. Rekey statement using the new maximum parameters:
170 DIM X(N),Y(N):SELECT #110A

7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.
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9. Key SAVE "NPS110AA", and touch RETURN(EXEC).

10. Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #1.
+ Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example

Let us determine significance of

difference given the following table

of data:
121 31 451617
o] 197140 (16 |23 |10 | 8
0; 2416 (32| 5|15| 5 |14
DISPLAYS INSTRUCTIONS
1. To load the MENU 1 program,

TEST INFORMATION

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

90

follow operating instructions
A. To bypass the MENU 1 pro-
gram, follow operating instruc-
tions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter 1.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD "NPS110AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

Enter the project name and touch
RETURN(EXEC). (Project name

can be up to 32 characters in
length.)

Enter the user's name and touch
RETURN(EXEC). (User's name

can be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).

(24




Example
Let us determine significance of

difference given the following table

of data:
112 3141516117
* 0 19 17(40 (16 (23 |10 | 8
1
o 24 (6132 | 5|15 | 5 |14
2
3
DISPLAYS INSTRUCTIONS
5. TEST INFORMATION 5. Enter 'Y' or 'N' and touch
INFORMATION OK (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 2.
NOTE :
The test information is dis-
played for verification.
The message RE-ENTER is dis-
played if an incorrect entry
is made. To continue, enter
the appropriate symbol and touch
RETURN(EXEC). This note ap- ;
plies in all instances where a |
symbol or a numeric is entered. ;
6. INPUT INFORMATION 6. Enter 'K' or 'S' and touch
IS DATA FROM KEYBOARD 'K' RETURN(EXEC).
OR STORAGE 'S'
- If 'K', go to the next step.
If 'S', go to Section I.
7. INPUT INFORMATION 7. Enter 'Y' or 'N' and touch
STORE INPUT DATA ON TAPE RETURN(EXEC).
CASSETTE (Y OR N)
?- If 'Y', go to the next step.
If 'N', go to step 9.
8. MOUNT SCRATCH VOL TO 8. Mount a scratch cassette and
- BECOME VOL 1 OF FILE touch RETURN(EXEC).
NPSTF100 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?
3 9. INPUT PARAMETER 9. The number of categories = 7,
ENTER # OF CATEGORIES touch RETURN(EXEC).
10. INPUT PARAMETER 10. Enter 'Y' or 'N' and touch
%S PARAMETER OK (Y OR N) RETURN(EXEC) .
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Example

Let us determine significance of

difference given the following table

of data:
1121 31 4| 51617
o) 19174016123 |10 | 8
1
0 2416|132 5115| 5 |14
2
DISPLAYS INSTRUCTIONS
If 'Y', go to the next step.
If 'N', go to step 9.
NOTE:
The parameter is displayed
for verification.

11. DATA INPUT FOR CATEGORY 11.  (1,d) = 19, touch RETURN(EXEC).
#1 ’
ENTER VALUE FOR (1,J)

?
12. DATA INPUT FOR CATEGORY 12.  (2,d) = 24, touch RETURN
#1 (EXEC).
ENTER VALUE FOR (2,J)
?
13. CORRECTION ROUTINE FOR 13. Enter 'Y' or 'N' and touch

CATEGORY #1
IS DATA OK (Y OR N)
?-

RETURN(EXEC) .

If 'Y', go to the next step, or
to enter more data, go to step
11.

If 'N', go to Section III.

NOTE:

The input data is displayed
for verification.

Enter all items in the

example.

14. REMOVE AND LABEL VOL 1 OF
FILE NPS1F100 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?
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14.

After labeling the cassette,
touch RETURN(EXEC).

NOTE:

If step 7 was answered nega-
tively, ignore this step and
go to step 15.
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Example

Let us determine significance of

difference given the following table

of data:
112 31 4| 5] 6|7
o 1917 140116 |23 |10 | 8
]
0o 2416 (32| 5(15] 5 |14
2
DISPLAYS INSTRUCTIONS
15. DO YOU WISH TO EXECUTE 15. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 19.
16. ENTER OUTPUT DEVICE TYPE 16. Enter an output device symbol
SYMBOL and touch RETURN(EXEC).
?--
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY ‘P’
FOR TYPEWRITER, KEY 'TY'
17. MOUNT VOL 1 OF FILE 17. Mount the indicated
NPS1F100 - UNIT 1 cassette and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ NOTE:
If step 7 was answered nega-
tively, ignore this step and
go to step 18b.
18a. READING DATA RECORD 18a. The system now is reading
the data record.

b. EXECUTING PROGRAM b. The system is now executing the
Chi-Square Test for Two Inde-
pendent Samples.

NOTE:
If one of the output printers
was selected, the message
| PRINTING RESULTS is displayed.
19. STOP END OF PROGRAM 19. The test results are displayed
‘- for verification.
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Example

Let us determine significance of

difference given the following table
of data:

112 31 41 5] 617
0] 19|7(40 {16 23|10 | 8
o 2416|132 | 5|15 5 (14
2

DISPLAYS

INPUT INFORMATION

DO YOU WISH TO CORRECT A
DATA CASSETTE (Y OR N)
?-

MOUNT VOL 1 OF FILE
NPSTF100 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

MOUNT SCRATCH VOL TO

BECOME VOL 1 OF FILE NPS1F100
- UNIT 1

KEY RETURN(EXEC) TO RESUME

7 .

ENTER CATEGORY # IN ERROR

(0 IF END)
?

INSTRUCTIONS

20. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

A. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y' go to Section II
If 'N' go to step 16

SECTION II
ONE TAPE DRIVE CORRECTION
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A. Mount the indicated

cassette and touch RETURN(EXEC).

B. Mount a scratch cassette and
touch RETURN(EXEC).

C. Enter the number of the cate-
gory in error or 0, and touch
RETURN(EXEC).

If the category number in error

is entered, go to the next step.

If '0', go to step 14.

14
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Example

Let us determine significance of

difference given the following table
of data:

112 3| 4] 51 6|7
o 1917 (4011623 |10 | 8
]
o 2416132 5|15 5 |14
2
DISPLAYS INSTRUCTIONS
D. CORRECTION ROUTINE FOR D. Enter 'Y' or 'N' and touch

CATEGORY #1
IS DATA OK (Y OR N)
?-

A. CORRECTION ROUTINE FOR
CATEGORY #1
ENTER CORRECT FIRST VALUE
?

B. CORRECTION ROUTINE FO
CATEGORY #1 '
ENTER CORRECT SECOND VALUE
?

SECTION III

RETURN(EXEC).

If 'Y', go to step C of Section
II.
If 'N', go to Section III.

NOTE : ]

The input data is displayed
for verification. !

DATA CORRECTION
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A.

Enter the correct first value
and touch RETURN(EXEC).

Enter the correct second
value and touch RETURN(EXEC).

NOTE:

Follow steps A and B for all
categories.

If branching from step 13, that
step reappears. Follow the
appropriate operating instructions.

If branching from Section II,
step D, that step reappears.
Follow the appropriate operating
instructions.




Sample Output

THE CHI-SQUARE TEST FOR TWO INDEPENDENT SAMPLES
PROJECT: WRITER TEST RUN

RUN BY: B.

WRIGHT

DRTE: 4/2/75

& OF CATEGORIES =

INPUT DATAH: J

NAhAABMWNPR

THE CHI-SQUARE TEST FOR THO INDEPENDENT SRMPLES

PROJECT WRITE
RUN BY: B. WR
OARTE: 4/2/73

# OF CRTEGORIE

NENPNPNRNRNERNPR

CHI-SQUARE =
D.F. =

END OF PROGRAM

R TEST RUN
IGHT

S = 7

(2

NNOAOAADLBWWNNPR R

10. 23433972387
6

<L, I
19
24

40
32
1€

23

13
10

14

o<1, J>
19
’
40
1€
23
10
8

E<L, )
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23. 61160714286
19. 38839285714
7. 138392857143
5. 861607142657
39. 33571428571
32. 46428571423
11, 53125

9. 46875

20. 86607142837
17. 13392857143
8. 236607142857
6. 763392837143
12. 98035714286
9. 919€42837143

0<2, J>

24
32
15

14

X< J>

. 9886977081791
. 9966889288179
. 683038350E-3
. 26746273E-03
. 45231642E-03
. 63994970E-@3
. 7317952005377
. 10901402633

. 2182323186034
. 2637680711704
. 3775283520685
. 4397624941032
1. 378213737765
1. 678418734704

NPOAARWNP

-
H
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CHAPTER XIIT THE MEDIAN TEST
PROGRAM ABSTRACT

The program tests to see if the two independent samples differ in cen?ral
tendencies, or in other words, are drawn from populations with the same median.
The data is from at least an ordinal scale.

PROGRAM DESCRIPTION

In the case of two independent samples, we can test to determine if the
differences 1in the samples are convincing, proof that there is a difference in
the two processes applied to them. The samples may be of unequal size. The
data that constitutes the two samples may be either drawn randomly from two
populations or arise from random assignment of two treatments to the members of
some arbitrary sample. The usual parametric test is to apply a t-test to the
means of the two groups. This requires that the data values are independent and
drawn from normal populations with equal variances. Also the scores are
measured on at least an interval scale. Many times, these assumptions cannot be
realistically met. A nonparametric test which can be used is the Median Test.

The Median Test is a technique for testing whether two independent samples
differ 1in central tendencies, or, in other words, are drawn from populations
with the same median. The data is from at least an ordinal scale. To perform
the test, we combine the two samples and determine the median value. Then we
dichotomize both samples at the median and create a 2x2 table.

X Y

above A B A+B

below C D C+D

A+C B+D N=n +n

If the hypothesis is true, then we would expect that half of each sample would
be a@ove and half below the median. After the table has been created, we can
use either the Fisher Test or the x* Test in our analysis.

(1) If N is larger than 40, use the x? Test corrected for continuity.

(2) If N is between 20 and 40 and no frequency cell is less than 5, use the
x? Test corrected for continuity.

(3) If N is between 20 and 40 and the smallest frequency cell is less than
5, use the Fisher Test.

(4) If N is less than 20, use the Fisher Test.

In the situation where several data values fall at the median, we change the
table categories to that of (greater than) and (less than or equal to).
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PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 180 of the program. By changing
Statement 180, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.

During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:
M = 86, where M = total combined sample.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it is. For larger maximum parameters, alter the program as
follows (more memory may be required?:

1. The following calculation is used to determine the value of M:

(2*M) < the number of variables available.

2. Select the appropriate value of M for your system from the following table:

CAPACITY 8K 12K

M for System A 86 255

3. Insert System Tape #1 into Unit 1 (on the Console), close the door and press
REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPST111AA", and touch RETURN(EXEC).

5. Key LIST 180, and touch RETURN(EXEC).
The screen should display:

180 DIM X(86),5(86):SELECT #110A:
D=32

6. Rekey statement using the new maximum parameters:
180 DIM X(M),S(M):SELECT #110A:D=32
7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS111AA", and touch RETURN(EXEC).

98

(34




10. Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #1.
Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example
Test the following samples for
difference in central tendencies.

Al77 63|74 |44 |81
B|85]54]|68 39171 ]64]57 |67

DISPLAYS INSTRUCTIONS

1. To load the MENU 1 program, T
follow operating instructions A.
To bypass the MENU 1 program
follow operating instructions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC) .
Type LOAD "NPS111AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

TEST INFORMATION 2. Enter the project name and touch

ENTER PROJECT NAME RETURN(EXEC). (Project name

e e L L P S L R bl b can be up to 32 characters in
length.)

TEST INFORMATION 3. Enter the user's name and touch

ENTER USER'S NAME RETURN(EXEC). (User's name can

[ b L Ly be up to 32 characters in
length.)

TEST INFORMATION 4, Enter the date and touch RE-

ENTER TODAY'S DATE AS MM/DD/YY. TURN(EXEC).
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Example

Test the following samples for
difference in central tendencies.

A |77 )63 |74 |44 |8]

B|85]|54 [68]|39 |71]|64]57]67

5.

10.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K
OR STORAGE 'S'

?-

INPUT INFORMATION

STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)

?-

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPSTF110 -
UNIT 1

KEY RETURN(EXEC) TO RESUME
?

INPUT PARAMETERS

ENTER SIZE OF SAMPLE 1
?

INPUT PARAMETERS '
ENTER SIZE OF SAMPLE 2
?

101

INSTRUCTIONS

5. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification.

The message RE-ENTER is dis-
played if an incorrect entry is
made. To continue, enter the
appropriate symbol and touch
RETURN(EXEC). This note applies
in all instances where a symbol
or a numeric is entered.

6. Enter 'K' or 'S' and touch RE-
TURN (EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

8. Mount a scratch cassette and
touch RETURN(EXEC).

9. The size of Sample 1 = 5, touch
RETURN(EXEC).
10. The size of Sample 2 = 8, touch

RETURN(EXEC).



Example

Test the following samples for

difference in central tendencies.

A 77163174144 |81
B[85|54(68|39|71|64]57| 67
n =5 n =8
1 2
DISPLAYS INSTRUCTIONS
11. INPUT PARAMETERS 11. Enter 'Y' or 'N' and touch RE-
ARE PARAMETERS OK (Y OR N) TURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 9.
NOTE:
The parameters are displayed
for verification.
12. DATA INPUT FOR SAMPLE 1, 12. Sample 1, item 1 = 77, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
13. DATA INPUT FOR SAMPLE 1, 13. Sample 1, item 2 = 63, touch
ITEM #2 RETURN(EXEC).
ENTER DATA VALUE
?

Enter all items in

Sample 1 of example.

14. CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS # 1-5
IS DATA OK (Y OR N)
?-

15. DATA INPUT FOR SAMPLE 2,
ITEM #1
ENTER DATA VALUE
?
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14.

15.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data is displayed for

verification. If more than 32
items are entered, only the

first 32 are displayed; to view

the remaining items, enter 'Y'
and touch RETURN(EXEC).

Sample 2, item 1 = 85, touch
RETURN(EXEC).

>



Example

Test the following samples for
difference in central tendencies.

A177163 (7444 )81

B8 |54168]|39]|71[64]57] 67

16.

17.

18.

19.

20.

DISPLAYS

DATA INPUT FOR SAMPLE 2,
ITEM #2

ENTER DATA VALUE

?

INSTRUCTIONS

16. Sample 2, item 2 = 54, touch
RETURN(EXEC) .

Enter all items in

Sample 2 of example.

CORRECTION ROUTINE FOR
SAMPLE 2, ITEMS #1-8
IS DATA OK (Y OR N)

?-

REMOVE AND LABEL VOL 1

OF FILE NPSTF110 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

ENTER OUTPUT DEVICE TYPE
SYMBOL
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17. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data is displayed
for verification. If more than
32 items are entered, only the
first 32 are displayed; to
view the remaining items, enter
'Y' and touch RETURN(EXEC).

18. After labeling the cassette,
touch RETURN(EXEC).

NOTE:

If step 7 was answered nega-
tively, ignore this step and
go to step 19.

19. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 25.

20. Enter an output device symbol
and touch RETURN(EXEC).



Example

Test the following samples for

difference in central tendencies.

A|77 163|741 44 |81
B|85154|68[39|71]64]|57])67
n =5 n =8
1 2
DISPLAYS INSTRUCTIONS

FOR CRT ONLY, KEY RETURN(EXEC)

FOR HIGH SPEED, KEY 'HS'

FOR THERMAL, KEY 'TH'

FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'

21.

22a.

23a.

MOUNT VOL 1 OF FILE
NPSTF110 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

READING DATA RECORD
SORTING DATA

ENTER ALPHA FOR TOCHER'S
VALUE (- NUMBER IF NONE)
?

IS PARAMETER OK (Y OR N)
?-

24. EXECUTING PROGRAM
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21.

Mount the indicated cassette
and touch RETURN(EXEC).

NOTE:
If step 7 was answered nega-

tively, ignore this step and go

to step 22b.

22a.

23a.

The system now is reading the
data record.

. The system now is sorting the

data.

Enter .05 and touch RETURN(EXEC).
If a negative number is entered,

go to step 24.

NOTE:

If one of the output printers
was selected, the message
PRINTING RESULTS is displayed.

. Enter 'Y' or 'N' and touch

RETURN(EXEC) .

If 'Y', go to the next step.
If 'N', go to step 23a.

NOTE:

Steps 23a and 23b only appear
when a Fisher's Test is
executed.

24.

The system now is executing
the Median Test.

It

g




Example
Test the following samples for
difference in central tendencies.

A 7716374144 |81

L B [85|54 |68 |39 |71 6457 [67
n =5 n =8
1 2
* DISPLAYS INSTRUCTIONS
25. STOP END OF PROGRAM 25. The test results are displayed

for verification.

26. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

A. INPUT INFORMATION A. Enter 'Y' or 'N' and touch
DO YOU WISH TO CORRECT RETURN(EXEC).
DATA CASSETTE (Y OR N)
2

If 'Y', go to Section II.
If 'N', go to step 20.

SECTION II
ONE TAPE DRIVE CORRECTION

A. MOUNT VOL 1 OF FILE NPSIF110 A. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?

B. MOUNT SCRATCH VOL TO B. Mount a scratch cassette and
BECOME VOL 1 OF FILE touch RETURN(EXEC).
NPSTF110 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

% C. CORRECTION ROUTINE FOR C. Enter 'Y' or 'N' and touch
SAMPLE 1, ITEMS #1-5 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to the next step.

If 'N', go to Section III.
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Example
Test the following samples for
difference in central tendencies.

A 7716374144 | 81
B (85541683971 |64 |57]67

DISPLAYS

CORRECTION ROUTINE FOR
SAMPLE 2, ITEMS #1-8
IS DATA OK (Y OR N)

?-

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-5
ENTER ITEM # OF BAD DATA
?

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-5
ENTER CORRECT DATA VALUE
-

INSTRUCTIONS

NOTE:

The input data is displayed
for verification in steps C and
D.

D. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step 18.
If 'N', go to SECTION III.

SECTION III
DATA CORRECTION

A. Counting from left to right,
enter the number of the item in
error and touch RETURN(EXEC).

B. Enter the correct data value
and touch RETURN(EXEC).

NOTE:

Follow steps A and B for all
items. If proceeding from
either step 14 or step 17,
one of those steps reappears;
follow the appropriate operat-
ing instructions. If pro-
ceeding from either step C or
step D of Section II, one of
those steps reappears; follow
the appropriate operating
instructions.
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Sample Output

THE MEDIAN TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGMY

DATE: 4/2/75

SIZE OF SAMPLE 1 = 5
SIZE OF SAMPLE 2 = 8

DATA INPUT FOR SAMPLE 1:

e 63 74
DATA INPUT FOR SAMPLE 2:

&5 54 &8
&4 57 &V

SORTED DATA <COMBINED SAMPLED):

33 44 54
&4 &7V &3
e g1 85

MEDIAM = &7

THE MEDIAMN TEST

PROJECT: WRITER TEST RUM
RUM BY:. B. WRIGHT

DRATE: «4/2/°75

SIZE OF SAMFLE A
S1ZE OF SAMPLE 2

mn
4]

ALPHA = B. 8508

INTERMEDIATE COMTINGENCY TRELES UISED:

A B c

[V N

2 ]
4 [
S 7
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ol (VLY

44

57
71

81
71
&3
v
FCIs
. 3263403253404

8. 15850815E-82
4. 6E2B04E6E-683



THE MEDIAN TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT

DATE: 4/2/73

SIZE OF SAMPLE 1
SIZE OF SAMPLE 2

o
a

ALPHA = @. 8560

GEMERATED COMTINGENCY TARELE:

A= 2= B = =
c= 2 0= 3
P = . 4125874425874
TOCHER P = - 1116714285711

END OF PROGRAM
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CHAPTER XIV THE MANN-WHITNEY U TEST
PROGRAM ABSTRACT

The program tests to determine if two samples are drawn from the same
population or have the same distribution. The data is measured on an ordinal
scale.

PROGRAM DESCRIPTION

In the case of two independent samples, we can test to determine if the
differences in the samples are convincing proof that there is a difference in
the two processes applied to them. The samples may be of wunequal size. The
data that constitutes the two samples may be either drawn randomly from two
populations or arise from random assignment of two treatments to the members of
some arbitrary sample. The usual parametric test is to apply a t-test to the
means of the two groups. This requires that the data values are independent and
drawn from normal populations with equal variances. Also the scores are
measured on at least an interval scale. Many times, these assumptions cannot be
realistically met. A nonparametric test which can be used is the Mann-Whitney U
Test.

The U Test is used to test if two independent samples are from the same
population. The data 1is measured on an ordinal scale. It is one of the most
powerful nonparametric tests and is a most useful alternative to the t-test.
The null hypothesis is that the two samples have the same distribution. Let n,
be the sample size of the smaller sample and n, be the larger sample size. We
combine both groups into one and rank in order of increasing algebraic size.
Now focusing upon one group, say n, sample, we determine the number of times
that a score from n, sample precedes a score in n sample and accumulates for
the U value. For example, given the following rank values where X is from group
n, and Y is from group n, , we find U: n, =4, n, = 6.

YYXYXYXXxyy
Focusingonn,, U=0+0+1+2+4+4 =11, The number of times that an X
score precedes a Y score is U=11. Suppose we happen to focus on the wrong
score. Then the U value we have determined is too large for use. Then this too
large value is designated as U'. U = n;n,- U'. Focus1ng on n, in our example, U
=2+3+4+ 4 = 13. Let us assume that this value is actually U'. Then U =
(4x6) - 13 = 11 which is what we determined U to be. However, this method of
computation of U is tedious for large sample sizes. An alternative method uses
the following formula(s):

n (n +1)
U=nn + 1 1 - R
12 2 1
or
n (n +1)
U=nn + 2 2 - R
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where R sum of the ranks assigned to sample of size n .

1 1
R

, sum of ranks assigned to sample of size n .
2

The formula U = n;n, - U' still applies here, and the smaller of the two values

is used in the analysis. In the case of tied values, the rank assigned to each
is the average rank.

To test for significance, we have several choices:

(1) If n, is less than or equal to 8, we use a specific table generated for
sma]f samples.

(2) If n, is between 9 and 20, we use a specific table generated for larger

sampfes.
(3) If n2 is larger than 20, a normal approximation, N(0,1) is used:
nn nn (n +n +1) "
N I 12 1 2 N |
U 2 U 12 ‘

%

If there are tied values in the sample,

i 12 N -N
% = Y {-1) 2 ol

7=t -t (where t = number of values
tied at a specific rank)
PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

M = 69, where M = total combined sample.

110
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If the parameters for your data do not exceed the given maximum parameters, use
the program as it is. For larger maximum parameters, alter the program as
follows ?more memory may be requ1redg

1. The following calculation is used to determine the value of M:

(3*M) < the number of variables available.

2. Select the appropriate value of M for your system from the following table:

CAPACITY 8K 12K 16K

M for System A 69 240 255

3. Insert System Tape #1 into Unit 1 (on the Console), close the door and press
REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPS112AA", and touch RETURN(EXEC).

5. Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM X(69),5(69),A(69):SELECT #110A:
D=32

6. Rekey statement using the new maximum parameters:

170 DIM X(M),S(M),A(M):SELECT #110A:
D=32

7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPST112AA" and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape #]

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.

11



Example
Test to see if the two samples
are from the same distribution:

A

1411218 110 {1119 | 9

ka
WOIN

151129 |10 [14]9 |12

n=16
A

17110f 8113 {17 {15 |16 |14

17114112 |15 [10 |14 |16 |12

13119 ({16 {12 {14 |18 |15

n =23
B

DISPLAYS

TEST INFORMATION

TEST INFORMATION
ENTER USER'S NAME

112

INSTRUCTIONS

To load the MENU 1 program,
follow operating instructions A.
To bypass the MENU 1 program,
follow operating instructions B.

A. ~ Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch
RETURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPST112AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

Enter the project name and
touch RETURN(EXEC). (Project
name can be up to 32 characters
in length.)

Enter the user's name and touch
RETURN(EXEC). (User's name

can be up to 32 characters in
Tength.)




Example
Test to see if the two samples

are from the same distribution:

Af12)14 11218 |10 11119 9
91151219 (10 }14[9 |12

n=16
A
N | 17 {10 | 8 {13 {17 |15 |16 |14
B{17 {14 112 {15110 |14 |16 {12
13119 |16 |12 |14 {18 |15
n =23
B
DISPLAYS INSTRUCTIONS
4. TEST INFORMATION 4. Enter the date and touch
ENTER TODAY'S DATE AS MM/DD/YY RETURN(EXEC).
ly S,
5. TEST INFORMATION 5. Enter 'Y' or 'N' and touch
INFORMATION OK (Y OR N) RETURN(EXEC).
?a

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol or
a numeric is entered.

6. INPUT INFORMATION 6. Enter 'K' or 'S' and touch
IS INPUT FROM KEYBOARD ‘K' RETURN(EXEC).
OR STORAGE 'S'
R ?- If 'K', go to the next step.
If 'S', go to Section I.
7. INPUT INFORMATION 7. Enter 'Y' or 'N' and touch
STORE INPUT DATA ON TAPE RETURN(EXEC) .
+ CASSETTE (Y OR N)
?-

If 'Y', go to the next step.
If 'N', go to step 9.
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Example
est to see if the two samples
are from the same distribution:

Af12]114 11218 |10 |11 {9 | 9
9115 |12 |9 (10 |14 ]9 |12

n=16

17110 | 8113117115116 |14
B 117 |14 |12 |15 [10}14[16 {12 r
13 (19116 112 {1418 15

n=23
B
DISPLAYS INSTRUCTIONS
8. MOUNT SCRATCH VOL TO 8. Mount a scratch cassette and
BECOME VOL 1 OF FILE touch RETURN(EXEC).
NPSTF120 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?
9. INPUT PARAMETERS 9. Smallest sample size = 16,
ENTER SIZE OF SMALLEST touch RETURN(EXEC).
SAMPLE
?_
10. INPUT PARAMETERS 10. Largest sample size = 23,
ENTER SIZE OF LARGEST SAMPLE touch RETURN(EXEC).
-
11. INPUT PARAMETERS 11. Enter 'Y' or 'N' and touch
ARE PARAMETERS OK (Y OR N) RETURN(EXEC).
?-
B If 'Y', go to the next step.
If 'N', go to step 9.
NOTE:
The parameters are displayed
for verification.
12. DATA INPUT FOR SMALLEST 12. Smallest sample, item #1=12, *
SAMPLE, ITEM #1 touch RETURN(EXEC).
ENTER DATA VALUE
?
13. DATA INPUT FOR SMALLEST 13. Smallest sample, item #2=14, =
SAMPLE, ITEM #2 touch RETURN(EXEC).
ENTER DATA VALUE.
?
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Example
Test to see if the two samples
are from the same distribution:

Af12 11411218 110 (119} 9
B 91511219 {1014} 912

n=16

N 17710] 81131715 ]16 [14
B[17 114 (1215 110 [ 14 |16 [12
13119 |16 [12 |14 |18 [15

n =23
B

DISPLAYS INSTRUCTIONS

Enter all items in the smallest sample of the example.

14. CORRECTION ROUTINE FOR 14. Enter 'Y' or 'N' and touch
SMALLEST SAMPLE, ITEMS #1-16 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to the next step.

If 'N', go to Section III.

NOTE:

The input data is displayed
for verification. If more than
32 items are entered, only the
first 32 are displayed; to
view the remaining items, touch

RETURN(EXEC).
15. DATA INPUT FOR LARGEST 15. Largest sample, item #1=17,
SAMPLE, ITEM #1 touch RETURN(EXEC).
ENTER DATA VALUE
?
16. DATA INPUT FOR LARGEST 16. Largest sample, item #2=10,
N SAMPLE, ITEM #2 touch RETURN(EXEC).
ENTER DATA VALUE
?
4 Enter all items in the largest sample of the example.
17. CORRECTION ROUTINE FOR 17. Enter 'Y' or 'N' and touch
LARGEST SAMPLE, ITEMS #1-23 RETURN(EXEC) .

IS DATA OK (Y OR N)
?-

If 'Y', go to the next step.
If 'N', go to Section III.
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Example

Test to see if the two samples

are from the same distribution:

A

1211411218 110111{91} 9

N

J

91511219 {10]14]9 |12

n=16

17 110 ] 8113117 115]16 | 14

17 114 |12 {1510 1416112

13 (19116 |12 (14|18 |15

n =23
B

DISPLAYS

18. REMOVE AND LABEL VOL 1
OF FILE NPSTF120 - UNIT 1
KEY RETURN(EXEC)
?

19. DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

20. ENTER OUTPUT DEVICE TYPE
SYMBOL
?

FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL , KEY 'TH'

FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'

116

18.

19.

20.

INSTRUCTIONS

NOTE:

The input data is displayed for
verification. If more than 32
items are entered, only the
first 32 are displayed; to view
the remaining items, touch
RETURN(EXEC).

After labeling the cassette,
touch RETURN(EXEC).

NOTE:

If step 7 was answered nega-
tively, ignore this step and
go to step 19.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 23.

Enter an output device symbol
and touch RETURN(EXEC).

fet
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Example
- Test to see if the two samples

are from the same distribution:

A[12]14112]8}10]11]191] 9
) 911511219110 (|14|9 |12

n
—
(=)}

n

N 17110} 8[13 |17 ]15 16|14

1311916 {12 |14 |18 |15

n =23
B
DISPLAYS INSTRUCTIONS
21. MOUNT VOL 1 OF FILE NPS1F120 21. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
? NOTE:

—

If step 7 was answered nega-
tively, ignore this step and
go to step 22b.

22a. READING DATA RECORD 22a. The system now is reading the
data records.

b. SORTING DATA b. The system now is sorting the
data.
c. SETTING UP AVERAGE RANKS c. The system is setting up

average ranks.

d. EXECUTING PROGRAM d. The system now is executing
the Mann-Whitney U Test.

23. STOP END OF PROGRAM 23. The test results are displayed
: for verification.

R 24. To rerun test:

Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.
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Example

Test to see if the two samples

are from the same distribution:

A

1211411218 110)11f9} 9

9115|1219 (10114]9 |12

n=16

17

10| 8 {13117 115116 |14

14 (12 115110 {14 [16 (12

13 |19 {16 |12 |14 {18 |15

n =23
B

DISPLAYS

SECTION I

INSTRUCTIONS

DATA FROM STORAGE

INPUT INFORMATION

DO YOU WISH TO CORRECT
DATA CASSETTE (Y OR N)
?-

SECTION II

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section II.
If 'N', go to step 20.

ONE TAPE DRIVE CORRECTION

MOUNT VOL 1 OF FILE
NPS1F120 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

MOUNT SCRATCH VOL TO
BECOME VOL 1 OF FILE
NPSF120 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

CORRECTION ROUTINE FOR
SMALLEST SAMPLE, ITEMS #1-16
IS DATA OK (Y OR N)

?-

118

Mount the indicated cassette
and touch RETURN(EXEC).

Mount a scratch cassette and
touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for the small-
est sample is displayed for
verification.
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Example
Test to see if the two samples
are from the same distribution:

Al1211411218110]11({9} 9
9f15(12[9]10]14]9 |12

o n=16
A

17110 8113 {17 |15]16114
% B{17 114 |12 |15(10 |14 116 |12
1311911612114 118 |15

n =23
B
DISPLAYS INSTRUCTIONS
D. CORRECTION ROUTINE FOR D. Enter 'Y' or 'N' and touch
LARGEST SAMPLE, ITEMS #1-23 | RETURN(EXEC).

IS DATA OK (Y OR N)
?-

If 'Y', go to step 18.
If 'N', go to Section III.

NOTE:

The input data for the larg-
est sample is displayed for
verification.

SECTION III
DATA CORRECTION

A. CORRECTION ROUTINE FOR A. Counting from left to right,
SMALLEST SAMPLE, ITEMS #1-16 enter the item number of the
ENTER ITEM # OF BAD DATA data in error and touch
?_ RETURN(EXEC).

B. CORRECTION ROUTINE FOR B. Enter the correct data value
SMALLEST SAMPLE, ITEMS #1-16 and touch RETURN(EXEC).
ENTER CORRECT DATA VALUE NOTE:

Follow steps A and B for all
items. If proceeding from
either step 14 or step 17, one
of those steps reappears;
follow the appropriate operat-
ing instructions. If pro-
ceeding from either step C or
step D of Section II, one of
those steps reappears; follow
the appropriate operating
instructions.
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Sample Output

THE MANN-WHITNEY U TEST
PROJECT: WRITER TEST RUN

RUN BY: B.
DATE: 4/2/75

WRIGHT

SMALLEST SAMPLE SIZE = 16
LARGEST SAMPLE SIZE = 23

DATA INPUT FOR SMALLEST SAMPLE:

12
11
12
12

14 12
9 -9
9 10

DATAR INPUT FOR LARGEST SAMPLE:

17
15
12
12
14

1@ 8
1¢é 14
13 10
13 13
i8 15

SORTED DATR (COMBINED SRMPLE)>:

8

9

10
12
13
14
15
17z

8 9

S 10
11 12
12 12
14 14
14 15
16 16
17 18

1z
17
14
16

10
12
12
14
15
16
19

AYERAGE RANK VALUES <¢(- VALUES FROM SMALLEST SAMPLE)D:

-1. 5
]
9.5
16
20. S5
-24. 5
29. 3
36

1.5 -3
-5 -9. 35
-12 -16
~-16 16
24. 35 24. 5
24. 3 29. 5
33 33
36 38

120

-5
-9.5
-16
16
-24. 5
-29. 9
33
39

10
15

17
14
1e
1z

10
12
13
14
15
i7

9.5
-16
20. 3
24. 5
29.95
36

s




THE MANN-WHITNEY U TEST
PROJECT: WRITER TEST RUN
WRIGHT

RUN BY: B.
DATE: 4/2/73

SMALLEST SAMPLE SIZE
LARGEST SAMPLE SIZE

N

SUM OF RANKS FOR SMALLEST SAMPLE
SUM OF RANKS FOR LARGEST SAMPLE
CORRECTION TERM

MEAN = 184

STD DEVY = 34. 772986553

Z = 3. 450954660368
P<Z> = 2 79303698E-04

END OF PROGRAM
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CHAPTER XV THE KOLMOGOROV-SMIRNOV TWO-SAMPLE TEST
PROGRAM ABSTRACT

The program tests to determine whether two samples are in agreement and are
drawn from the same population or populations with the same distribution. The
one-tail test determines if the values from one sample population are
stochastically larger than the other. The two-tail is sensitive to distribution
differences.

PROGRAM DESCRIPTIGN

In the case of two independent samples, we can test to determine if the
differences 1in the samples are convincing proof that there is a difference in
the two processes applied to them. The samples may be of wunequal size. The
data that constitutes the two samples may be either drawn randomly from two
populations or arise from random assignment of two treatments to the member of
some arbitrary sample. The usual parametric test is to apply a t-test to the
means of the two groups. This requires that the data values are independent and
drawn from normal populations with equal variances. Also the scores are
measured on at least an interval scale. Many times, these assumptions cannot be
realistically met. A nonparametric test which can be used is the
Kolmogorov-Smirnov Two-Sample Test.

The Kolmogorov-Smirnov Test is interested in testing to see whether the two
samples are in agreement with each other and whether their respective cumulative
distributions are in agreement. Again, the null hypothesis is whether the two
samples are drawn from the same population or populations with the same
distribution. The two-tailed test is extremely sensitive to differences of any
kind between the two sample distributions. The one-tailed test determines
whether the values drawn from one population are stochastically larger than
those drawn from the other.

To apply the test, we determine the cumulative frequency distribution for
each sample, using the same intervals for both. Then at each interval, we
determine the difference between the two frequencies, focusing on the largest
difference value. Let 3Sn (X) be the observed cumulative step function of one
sample, S=k/n,, where k = the number of scores equal to or less than X. And let
Sn, (X) be the equivalent values for the other sample. Then the test for
one-tall is:

D = max [sn](x) - snz(X)]

and for two-tails:

D = max [lsn](X) - snz(x)l]

122
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To determine the significance values, we have several choices:

(1) If n; or n, is less than or equal to 40 and n; =n, =N, then for both
one-tail and two-tail tests, we use a table for KD = D/N.

(2) Ifn, or n, is less than or equal to 40 and n; # n, , then for the
one-%ai] test, we use:

2nn
x2=4D 12 d.f. =2

though the test is conservative.

(3) For a two-tail test with n. and n, both larger than 40, we use D and a
table for the critical values.

(4) For a one-tail test with n and n both larger than 40, we use

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 180 of the program. By changing
Statement 180, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During e:t;y, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:
Y =27 where Y
E =27 where E

max (sample size 1, size 2).
# of intervals.

If the parameters for your data do not exceed the given maximum parameters, use
the program as it is. For Tlarger maximum parameters, alter the program as
follows (more memory may be required?:

1. The following calculation is used to determine the values of Y and E:

2 * (Y+E) < the number of variables available.
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2. Calculate the maximum Y,E, using the above formula and the following table:

CAPACITY 8K 12K 16K

# of variables available for System A | 108 620 1132

7

3. Insert System Tape #1 into Unit 1 (on the Console), cldse the door and press
REWIND. Key CLEAR, and touch RETURN(EXEC).

4. Key LOAD "NPS113AA", and touch RETURN(EXEC).

5. Key LIST 180, and touch RETURN(EXEC).
The screen should display:

180 DIM X(2,27),F(2,27):SELECT #110A:
D=32

6. Rekey statement using the new maximum parameters:

180 DIM X(2,Y),F(2,E):SELECT #110A:
D=32

7. Touch RETURN(EXEC).

8. Remove System Tape #1 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS113AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape #1.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.

124
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Example
Test the following two samples
for agreement:

[A[37.1]39.2|43.2(44.2{46.4[46.7|53 | 38.6
bl | [50.1]45.2

B|33.2]37.2]38.9{36.1]32.4{27.1{39.8]22.3
30.4{30.6141.3140

Interval starts at 21, at increments
of 4. There are 8 intervals.
Only test for 1 tail.

DISPLAYS INSTRUCTIONS

1. To load the MENU 1 program,
follow operating instructions A.
To bypass the MENU 1 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch
RETURN(EXEC) .
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter I.

B. Mount the Nonparametric
System Tape #1 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS113AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

2. TEST INFORMATION 2. Enter the project name and
ENTER PROJECT NAME touch RETURN(EXEC). (Project
° [ttt L e name can be up to 32 charac-
ters in length.)
3. TEST INFORMATION 3. Enter the user's name and touch
ENTER USER'S NAME RETURN(EXEC). (User's name can
b [t TP be up to 32 characters in
length.)
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Example
Test the following two samples
for agreement:

Al37.

1139.2143.2|44.2]|46.4/46.7]| 53

38.6

50.1

45.2

B|33.

2|37.2138.9/36.1132.4]27.1/39.8

22.3

30.

4(30.6{41.3140

Interval starts at 21, at increments

of 4.
Only

There are 8 intervals.
test for 1 tail.

DISPLAYS

TEST INFORMATION
ENTER TODAY'S DATE AS MM/YY/DD

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT INFORMATION
FROM KEYBOARD 'K' OR
STORAGE 'S’

?-

INPUT INFORMATION

STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)

?-

MOUNT SCRATCH VOL TO

BECOME VOL 1 OF FILE NPS1F130
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

126

INSTRUCTIONS
Enter the date and touch
RETURN(EXEC).
Enter 'Y' or 'N' and touch

RETURN(EXEC) .

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RE-
TURN(EXEC). This note applies
in all instances where a sym-
bol or a numeric is entered.

Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

Mount a scratch cassette and
touch RETURN(EXEC).

«w
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Example

Test the following two samples

for agreement:

A37.1

39.2143.2(44.2146.4146.753

38.6

50.1

45.2

B(33.2

37.2138.9136.1({32.4(27.1]39.8

22.3

30.4

30.6141.3 |40

Interval starts at 21, at increments

of 4.

There are 8 intervals.

Only test for 1 tail.

10.

11.

12.

13.

14.

DISPLAYS

INPUT SAMPLE SIZES
ENTER SIZE OF SAMPLE 1
?

INPUT SAMPLE SIZES
ENTER SIZE OF SAMPLE 2 -
?

INPUT SAMPLE SIZES
IS SAMPLE SIZE INPUT OK (Y OR N)
?-

INPUT INFORMATION
IS FREQUENCY TABLE KNOWN (Y OR N)
?-

INPUT PARAMETERS
ENTER # OF INTERVALS
?

INPUT PARAMETERS
ENTER # OF TAILS IN TEST
?

10.

1.

INSTRUCTIONS
Sample 1 = 10, touch RETURN
(EXEC).

Sample 2 = 12, touch RETURN
(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

12.

13.

14,

NOTE:

The sample sizes are dis-
played for verification.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', skip steps 16 and 17.
The number of intervals = 8,
touch RETURN(EXEC).

The number of tails =1,
touch RETURN(EXEC).

NOTE:

Step 15 only appears when a
2-tail test is executed, where
n and n are larger than 40.
1 2
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Example
Test the following two samples
for agreement:

A137.1139.2143.2]|44.2|46.4]|46.7|53 |38.6
50.1(45.2
B|33.2137.2]38.9(36.1|32.4|27.1{39.8]22.3

30.4130.6141.340

Interval starts at 21, at increments

of 4. There are 8 intervals.
Only test for 1 tail.

15.

16.

17.

18.

19.

20.

21.

DISPLAYS

INPUT PARAMETERS

ENTER CRITICAL VALUE CONSTANT
?

INPUT PARAMETERS

ENTER SIZE OF INTERVALS

?

INPUT PARAMETERS

ENTER STARTING VALUE OF
1ST INTERVAL

?

INPUT PARAMETERS

ARE PARAMETERS OK (Y OR N)
?-

DATA INPUT FOR SAMPLE 1,
ITEM #1

ENTER DATA VALUE

?

DATA INPUT FOR SAMPLE 1,
ITEM #2

ENTER DATA VALUE

?

INSTRUCTIONS
15. Critical value constant = .05,
touch RETURN(EXEC).

16. Size of intervals = 4, touch
RETURN(EXEC).

17. Starting value of the first
interval = 21.

18. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 13.

19. Sample 1, item 1 = 37.1, touch

RETURN(EXEC) .

20. Sample 1, item 2 = 39.2, touch

RETURN(EXEC) .

Enter all items in

Sample 1 of example.

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS # 1-10
IS DATA OK (Y OR N)

?-
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21. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.
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Example
Test the following two samples
for agreement:

A137.1]39.2/43.2/44.2|46.4|46.7}53 |38.6

= 50.1{45.2

B|33.2]{37.2{38.9]36.1{32.4{27.1|39.8|22.3

30.4(30.6{41.340

Interval starts at 21, at increments
of 4. There are 8 intervals.
Only test for 1 tail.

DISPLAYS INSTRUCTIONS

NOTE:

The input data for Sample 1 is
displayed for verification. If
more than 32 items are entered, i
only the first 32 are displayed;
to view the remaining items,
enter 'Y' and touch RETURN(EXEC).

22. DATA INPUT FOR SAMPLE 2, 22. Sample 2, item 1 = 33.2, touch

ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?

23. DATA INPUT FOR SAMPLE 2, 23. Sample 2, item 2 = 37.2,
ITEM #2 touch RETURN(EXEC).
ENTER DATA VALUE
?

Enter all items in Sample 2 of example.

24. CORRECTION ROUTINE FOR 24, Enter 'Y' or 'N' and touch
SAMPLE 2, ITEMS #1-12 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to the next step.
° If 'N', go to Section III.

NOTE:

The input data for Sample 2 is

. displayed for verification.

If more than 32 items are en-
tered, only the first 32 are
displayed; to view the remaining
items, enter 'Y' and touch
RETURN(EXEC).
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Example
Test the following two samples
for agreement:

A(37.1[39.2143.2(44.2/46.4|46.7|53 |38.6
50.1]45.2

B|(33.2(37.2]|38.9136.1]32.4127.1{39.8|22.3
30.4(30.641.3 {40

Interval starts at 21, at increments
of 4. There are 8 intervals.

Only test for 1 tail. .
DISPLAYS INSTRUCTIONS
25. REMOVE AND LABEL VOL 1 OF 25. After labeling the cassette,
FILE NPSTF130 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
? NOTE:

If step 7 was answered nega-
tively, ignore this step and
go to the step 26.

26. DO YOU WISH TO EXECUTE 26. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 31.

27. ENTER OUTPUT DEVICE TYPE 27. Enter an output device symbol

SYMBOL and touch RETURN(EXEC).
?2-

FOR CRT ONLY, KEY RETURN(EXEC)

FOR HIGH SPEED, KEY 'HS'

FOR THERMAL, KEY 'TH®

FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'

28. MOUNT VOL 1 OF FILE NPS1F130 28. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
? NOTE:
If step 7 was answered nega- o

tively, ignore this step and
go to step 29b.

29a. READING DATA RECORD 29a. The system now is reading data
records. x
b. BUILDING FREQUENCY FILES b. The system now is building

frequency files.
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Example

Test the following two samples
for agreement:

A(37.1]39.2]43.2(44.2146.4]46.7(53 38.6
0.1145.2
B33.2]37.2|38.9/36.1[{32.4]27.1{39.8]|22.3

30.4130.641.3(40

Interval starts at 21, at increments
of 4. There are 8 intervals.
Only test for 1 tail.

DISPLAYS
c. EXECUTING PROGRAM

30. ANALYSIS INFORMATION
REVERSE FREQUENCY TABLE
VALUES (Y OR N)

?-

31. STOP END OF PROGRAM

A. INPUT INFORMATION
DO YOU WISH TO CORRECT DATA
CASSETTE (Y OR N)
?2-
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INSTRUCTIONS
c. The system now is executing
the Kolmogorov-Smirnov
Two-Sample Test.

30. Enter 'Y' or 'N' and touch
RETURN (EXEC).

If 'Y', the system displays:
a. REVERSING FREQUENCY TABLE
b.  EXECUTING PROGRAM.

If 'N', go to the next step.

NOTE:

The test results are dis-
played for verification.

31. The test results are displayed
for verification.

32. To rerun test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

A. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to Section II.
If 'N', go to step 27.




Example
Test the following two samples
for agreement:

A137.1(39.2143.2144.2146.4146.7153 |38.6
50.1(45.2 v

B|33.2]37.2]138.9136.1(32.4127.1]39.8]22.3
30.4(30.641.3(40

Interval starts at 21, at increments -

of 4. There are 8 intervals.
Only test for 1 tail.

DISPLAYS INSTRUCTIONS

SECTION II
ONE TAPE DATA CORRECTION

MOUNT VOL 1 OF FILE A. Mount the indicated cassette
NPSTF130 - UNIT 1 and touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

MOUNT SCRATCH VOL TO BECOME B. Mount a scratch cassette and
VOL 1 OF FILE NPS1F130 - UNIT 1 touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME

?

CORRECTION ROUTINE FOR C. Enter 'Y' or 'N' and touch
SAMPLE 1, ITEMS #1-10 RETURN(EXEC).

IS DATA OK (Y OR N)
?-

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample 1
is displayed for verifica-
tion. If more than 32 items
are entered, only the first
32 items are displayed;

to view the remaining items,

enter 'Y' and touch RETURN(EXEC). s
CORRECTION ROUTINE FOR D. Enter 'Y' or 'N' and touch
SAMPLE 2, ITEMS #1-12 RETURN(EXEC).

IS DATA OK (Y OR N)
?-

If 'Y', go to step 25.
If 'N', go to Section III.
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Example
Test the following two samples
for agreement:

Ai37.1139.2143.2144.2146.4146.7|53 [38.6

. 50.1]45.2

B|33.2(37.2138.9]36.1{32.4127.1{39.8|22.3

30.4130.6(41.3 (40

Interval starts at 21, at increments
of 4. There are 8 intervals.
Only test for 1 tail.

DISPLAYS INSTRUCTIONS

NOTE:

The input data for Sample 2
is displayed for verifica-
tion. If more than 32 items
are entered, only the first
32 are displayed; to view the
remaining items, enter 'y' and !
touch RETURN(EXEC). ;

SECTION ITI
DATA CORRECTION

A. CORRECTION ROUTINE FOR A. Counting from left to right,
SAMPLE 1, ITEMS #1-10 enter the item number of
ENTER ITEM # OF BAD DATA the data in error and touch
?_ RETURN(EXEC).

B. CORRECTION ROUTINE FOR B. Enter the correct data value
SAMPLE 1, ITEMS #1-10 and touch RETURN(EXEC).
ENTER CORRECT DATA VALUE
? NOTE:

Follow steps A and B for Sam-
3 ple 2.

If proceeding from either step
21 or step 24, one of those
steps reappears; follow the

- appropriate operating in-
structions. If proceeding
from either step C or step D
of Section II, one of those
steps reappears; follow the
appropriate operating
instructions.
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Sample Output

THE KOLMOGOROV-SMIRNOV TWO-SAMFLE TEST
PROJECT: MWRITER TEST RUN

RUN BY: B. WRIGHT

DRTE: 472775

SIZE OF SAMPLE 1
SIZE OF SAMPLE 2

# OF INTERVALS
# OF TRILS IN TEST =

SIZE OF INTERVALS
1ST INTERVAL VALUE =

]
NS PO

1

DRATR INPUT FOR SAMPLE 1

37. 1 39. 2 43. 2 44. 2 4€.
46. 7 X4 3€. 6 50.1 45.

n &

DATR INPUT FOR SAMPLE 2

33. 2 37. 2 38.9 36. 1 32 4
27. 1 39.8 22. 3 30. 4 38 6
41. 3 40

THE KOLMOGOROV-SMIRNOY TWO-SAMPLE TEST
PROJECT: WRITER TEST RUN

RUN BY: B. HWRIGHT

DATE: 472773

SIZE OF SAMPLE 1 = 18
SIZE OF SAMPLE 2 = 12

# OF INTERVALS =
# OF TARILS IN TEST

=
1
SIZE OF INTERVARLS = 4
1ST INTERVAL VALUE = 2

FREGUENCY TRBLE:

I F1 F2 CF1 CF2 S1 s2 D1 b2
1 ) 1 e 1 0. 008808 8. 983333 -B. B83333 6. 883333 v
2 o 1 ] 2 0. 800800 8. 166666 —-0. 166666 B. 166666
3 o 3 ] S ©. 000880 O.416666 -0. 416666 0. 416666
4 0 2 ) 7 ©.9800088 O 583333 -©. 583333 6. 583333
3 3 4 3 11 ©. 300000 O. 916666 -B. 616666 0. 616666
€ 2 1 S 12 ©. S00080 1. 00000 -0. SEBBRC 8. S80080
? 3 [ 8 12 © 800000 1. 006068 -0. 200008 O. 200008
8 2 o 10 12 1. 000089 1. G0000CO O. 003800 ©. 2080V

134..



'@

THE KOLMOGOROV-SMIRNOY TWO-SAMPLE TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT
DRATE: 4/2/75

SIZE OF SAMPLE 1 = 10
SIZE OF SAMPLE 2 = 12

& OF INTERVALS
# OF TRILS IN TEST

(i

SIZE OF INTERVALS
1ST INTERVAL VALUE

n
Nas PO

MRX D = ©
CHI-SQURRE = ©
D.F. = 2

END OF PROGRAM
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CHAPTER XVI MENU FOR PART 11
PROGRAM ABSTRACT

This program contains a routine for accessing anyone of the last 12 programs
and a routine for initializing scratch cassettes.

PROGRAM DESCRIPTION

The MENU program for Part II is designed to display the last 12 programs of
the Nonparametric Statistics package. After loading and starting the program,
the last 12 programs are displayed. These programs are numbered 14-25; the
numbers represent the Special Function key used to access the desired program.
After depressing the appropriate Special Function key, a prompt appears which
asks whether or not the user wishes to initialize scratch cassettes. After
initializing the necessary number of cassettes, or if the prompt was answered
negatively, the selected program 1is loaded. Initializing a scratch cassette
places a software header record at the beginning of the tape which permits the
scratch cassette to be used as a data cassette. Data cassettes can be reused as
scratch cassettes without reinitialization.

Each program provides the option of bypassing the MENU program. In

bypassing the MENU program, the option to initialize data cassettes is not
available.
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DISPLAYS INSTRUCTIONS

1. Mount the Nonparametric System
Tape #2 in logical Unit 1.
Type CLEAR and touch RETURN

" (EXEC).

Type LOAD and touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

2. KEY S.F. KEY TO ACCESS PROGRAM
?

S.F. DESCRIPTION
14 THE WALD-WOLFOWITZ RUNS TEST
15 THE COCHRAN Q TEST
16 THE FRIEDMAN TWO-WAY ANOVA BY RANKS TEST
17 THE CHI-SQUARE TEST FOR K INDEPENDENT SAMPLES
18 THE EXTENSION OF THE MEDIAN TEST (MEDIAN KNOWN)
19 THE EXTENSION OF THE MEDIAN TEST (MEDIAN UNKNOWN)
20 THE KRUSKAL-WALLIS ONE-WAY ANOVA BY RANKS TEST
21 THE CONTINGENCY COEFFICIENT TEST
22 THE SPEARMAN RANK CORRELATION COEFFICIENT TEST
23 THE KENDALL RANK CORRELATION COEFFICIENT TEST
24 THE KENDALL PARTIAL RANK CORRELATION COEFFICIENT TEST
25 THE KENDALL COEFFICIENT OF CONCORDANCE TEST
2. Key a Special Function (S.F.)
key to access the desired
program.

3. DO YOU DESIRE TO INITIALIZE 3. Enter 'Y' or 'N' and touch
SCRATCH TAPES (Y OR N) RETURN(EXEC).

?-

- If 'Y', go to the next step.
If 'N', the system loads the
selected program.

NOTE:
The message RE-ENTER appears
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
» (EXEC).

4. REMOVE PROGRAM CASSETTE FROM 4, After removing the program
LOGICAL UNIT 1 cassette, touch RETURN(EXEC).
§EY RETURN(EXEC) TO RESUME

v S —
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5.

DISPLAYS

MOUNT SCRATCH CASSETTE TO BE
LABELED IN LOGICAL UNIT 1
(E=END)

KEY RETURN(EXEC) TO RESUME

?

MOUNT PROGRAM CASSETTE IN LOGICAL
UNIT 1

KEY RETURN(EXEC) TO RESUME

?

INSTRUCTIONS

After mounting a scratch cas-
sette, touch RETURN(EXEC).

If no more scratch cassettes
are to be initialized, type
E, touch RETURN(EXEC) and

go to the next step.

After mounting the program
cassette, touch RETURN(EXEC).

NOTE:

At this time, the selected
program is loaded with an
appropriate message, for
example:

LOADING
THE WALD-WOLFOWITZ RUNS TEST
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CHAPTER XVII THE WALD-WOLFOWITZ RUNS TEST
PROGRAM ABSTRACT

The program is used to test if the two independent samples are drawn from
the same population. The variable under consideration is assumed to be
. continuous and the data measured from at least an ordinal scale. Unlike the
other tests, this test 1is addressed to any difference between the two rather
than a specific difference.

PROGRAM DESCRIPTION

In the case of two independent samples, we can test to determine if the
differences in the samples are convincing proof that there is a difference in
the two processes applied to them. The samples may be of unequal size. The
data that constitutes the two samples may be either drawn randomly from two
populations or arise from random assignment of two treatments to the members of
some arbitrary sample. The usual parametric test is to apply a t-test to the
means of the two groups. This requires that the data values are independent and
drawn from normal populations with equal variances. Also the scores are
measured on at least an interval scale. Many times, these assumptions cannot be
realistically met. A nonparametric test which can be used is the Wald-Wolfowitz
Runs Test.

The Wald-Wolfowitz Test is useful in testing the null hypothesis that the
two 1independent samples have been drawn from the same population. The
alternative hypothesis is that the two groups differ in any respect whatsoever.
Thus, there are a large class of alternatives to test. Although the other tests
are aimed at a specific sort of difference, this test is addressed to any
difference. It assumes that the variable under consideration is continuous, and
measurement is at least on an ordinal scale.

To run the test, we first rank the combined sample in increasing order.
Then we determine the number of runs. A run is any sequence of values from the
same sample. For example, given the following data series:

XXXYXYYXXXYXYY

From this ordered series, we can determine the number of runs, r = 8 for an X
group of 8 elements and a Y group of 6 elements. Thus, if the two samples are
drawn from the same population, the scores of X's and Y's will be well mixed and
r would be large. In the case of tie values, we have a problem. If the values
are from the same sample, there is no problem. If they are from both samples,
which way do we order them. It is conceivable that the manner in which the tie
values are placed will vary the number of runs substantially. The program is
written to allow for the rearrangement of two values at a time and the
subsequent calculation of r and then critical values.

For significant values, we have two cases:

(1) if 21 and n, are both 20 or smaller, we use the table provided for the
est.
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(2) If n, orn, is larger than 20, we use a normal approximation.

Zn]n2 2nn (2nn -n -n)
= o _ 1 2 12 12
e S nm t] r- 5

1 2 (n +n )¢ (n +n -1)

1 2 1 2
;= |r=Frl-.5
g
r

This is incorporating a correction for a continuity term when n is not

very large.

+n
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PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, .only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

M = 67, where M = total combined sample.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it 1is. For 1larger maximum parameters, alter the program as
follows (more memory may be required?:

1. The following calculation is used to determine the value of M:

3*M < the number of variables available.

2. Select the appropriate value of M for your system from the following table:

CAPACITY 8K 12K 16K
M for System A 67 238 255

3. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and touch RETURN(EXEC).

4. Key LOAD "NPS114AA", and touch RETURN(EXEC).
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5. Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM X(67),S(67),A(67):SELECT #110A:
D=32

6. Rekey statement, using the new maximum parameters:

170 Dlg X(M),S(M) ,A(M) :SELECT #110A:
D=3

7. Touch RETURN(EXEC).

8. Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS114AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape #2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example
-Test the two samples to see if

they were drawn from the same

population. nj =8, np=21.

[AT19]54 |28 {23 |74 |55 | 30

221 7123114 71 5(14

B120 )22 11514 |23 |14 |20

17 {13 {21 {14 |13

DISPLAYS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER USER'S NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

142

INSTRUCTIONS

To load the MENU 2 program,
follow operating instructions
A. To bypass the MENU 2
program, follow operating
instructions B.
A. Mount the Nonparametric
System Tape #2
in logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch RETURN
(EXEC).

Touch RUN and RETURN(EXEC).

Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
-System Tape #2 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD "NPS114AA" and
touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

Enter the project name and
touch RETURN(EXEC). (Project
name can be up to 32
characters in length.)

Enter the user's name and touch
RETURN(EXEC). (User's name

can be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).
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Example

Test the two samples to see if
they were drawn from the same
population. ny =8, n, = 21.

A[19 |54 [28]23]74]55]|30 |44

221 7123114 7| 5(14 114
B |20 |22 (15|14 |23|14 |20 |14
17 113121 (14113

DISPLAYS

5. TEST INFORMATION
INFORMATION OK (Y OR N)
?-

6. INPUT INFORMATION
IS INPUT FROM KEYBOARD 'K'
OR STORAGE 'S’
?2-

7. INPUT INFORMATION
STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)
?-

8. MOUNT SCRATCH VOL TO BECGME
VOL 1 OF FILE NPS1F140
- UNIT 1
§EY RETURN(EXEC) TO RESUME

9. INPUT PARAMETERS
ENTER SIZE OF SAMPLE 1
?
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INSTRUCTIONS

5. Enter 'Y' or 'N' and touch
RETURN (EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification.

The message RE-ENTER is dis-
played if an incorrect entry
is made. To continue, enter
the appropriate symbol and
touch RETURN(EXEC). This note
applies in all instances where
a symbol or a numeric is
entered.

6. Enter 'K' or 'S' and touch
RETURN(EXEC) .

If 'K', go to the next step.
If 'S', go to Section I.

7. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

8. Mount a scratch cassette and
touch RETURN(EXEC).

9. Sample 1 = 8, touch
RETURN(EXEC).



Example

Test the two samples to see if

they were drawn from the same
population. n, = 8, n, = 21.

[A[ 79 |54 [28 [23 [74 |55 [ 30 [44 ]

1 221 7123114171 5114114
B 22 115 114 |23 114 [20 |14
13 121 {14 |13
DISPLAYS INSTRUCTIONS
10. INPUT PARAMETERS 10. Sample 2 = 21, touch RETURN
ENTER SIZE OF SAMPLE 2 (EXEC).
?
11. INPUT PARAMETERS 11. Enter 'Y' or 'N' and touch
ARE PARAMETERS OK (Y OR N) RETURN(EXEC).
?-
N If 'Y', go to the next step.
If 'N', go to step 9.
12. DATA INPUT FOR SAMPLE 1, 12. Sample 1, item 1 = 19, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
13. DATA INPUT FOR SAMPLE 1, 13. Sample 1, item 2 = 54, touch

ITEM #2
ENTER DATA VALUE
?

RETURN(EXEC).

Enter all items in

Sample 1 of example.

14. CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-8
IS DATA OK (Y OR N)
?-

15. DATA INPUT FOR SAMPLE 2,
ITEM #]
ENTER DATA VALUE
?
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14,

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample 1 is
displayed for verification.

If more than 32 items are
entered, only the first 32 are
displayed. To view the re-
maining items, enter 'Y' and
touch RETURN(EXEC).

15.

Sample 2, item 1 = 22, touch
RETURN(EXEC).




Example
Test the two samples to see if
they were drawn from the same

population. ny = 8, n, = 21.

Al19 [54 |28 |23 |74 [5530]44

22| 71231141 7} 5114)14
B[20 122 (15114 {23 [14 {20 [14
17 {13 (21 |14 {13

16.

17.

18.

19.

20.

DISPLAYS

DATA INPUT FOR SAMPLE 2,

ITEM #2
ENTER DATA VALUE
?

~INSTRUCTIONS

16. Sample 2, item 2 = 7, touch
RETURN(EXEC).

Enter all items in Sample 2 of example.

CORRECTION ROUTI
SAMPLE 2, ITEMS

IS DATA OK (Y OR N)
?-

REMOVE AND LABEL

OF FILE NPSTF140 - UNIT 1

KEY RETURN(EXEC)
?

DO YOU WISH TO E
PROGRAM (Y OR N)
?-

ENTER OUTPUT DEV
TYPE SYMBOL
?-

NE FOR
#1-21

VOL 1
TO RESUME

XECUTE

ICE
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17. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample 2

is displayed for verification.
If more than 32 items are
entered, only the first 32 are
displayed; to view the re-
maining items, enter 'Y' and
touch RETURN(EXEC).

18. After labeling the cassette,
touch RETURN(EXEC).

NOTE :

If step 7 was answered nega-
tively, ignore this step and
go to step 19.

19. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 27.

20. Enter an output device sym-
bol and touch RETURN(EXEC).



Example
Test the two samples to see if

they were drawn from the same
population. ng = 8, n, = 21.

[AT79[54 [28 [23 [74 [55 [ 30 [44 |

221 7123{14] 7] 5114 |14 X
B|1 2022 [15 114123 |14 {20 {14
17 113 121 {14 |13
DISPLAYS INSTRUCTIONS
Ed
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER (2202), KEY 'P’
FOR TYPEWRITER, KEY 'TY'
21. MOUNT VOL 1 OF FILE 21. Mount the indicated cassette
NPS1F140 - UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
- NOTE :

If step 7 was answered nega-
tively, ignore this step and go

to step 22b.
22a. READING DATA RECORD 22a. The system now is reading the
data record.
b. SORTING DATA b. The system now is sorting the
data.
NOTE:

If anyone of the output
printers was selected, the
message PRINTING RANKS is
displayed.

c. EXECUTING PROGRAM c. The system now is executing
The Wald-Wolfowitz Runs Test.

23. ANALYSIS INFORMATION 23. Enter 'Y' or 'N' and touch *
REARRANGE ID ORDER (Y OR N) RETURN(EXEC).
?-

- If 'Y', go to the next step.

If 'N', go to step 27. 2
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Example
est the two samples to see if

they were drawn from the same

population. ny = 8, nyp= 21.

[A]19 5428|2374 |55( 30] 44 |

22

7

23

14

7

5

14

14

20

22

15

14

23

14

20

14

17

13

21

12

13

DISPLAYS

24. SWAP INFORMATION
ENTER 1ST SWAP RANK VALUE
?

25. SWAP INFORMATION
ENTER 2ND SWAP RANK
VALUE
?

26. SWAP INFORMATION
SWAP INPUT OK (Y OR N)
?-

27. STOP END OF PROGRAM

A. INPUT INFORMATION
DO YOU WISH TO CORRECT DATA
CASSETTE (Y OR N)
?-

INSTRUCTIONS

NOTE:

The number of runs, Z and P(Z)
values, are displayed for
verification.

24,

25,

26.

27.

28.

SECTION I
DATA FROM STORAGE
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Enter the first swap rank
value and touch RETURN(EXEC).

Enter the second swap rank
value and touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', the system executes
the test and displays step 23
with the new results.

If 'N', go to step 24.

The test results are displayed
for verification.

To rerun test:

Touch RESET.

Touch RUN and RETURN(EXEC).
Go to step 2.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section II.
If 'N', go to step 20.




Example

Test the two samples to see if
they were drawn from the same
population. n = 8, n, = 21.

[AT19]54 {28 [23 74 [55] 30 [ 44

221 71231141 7 (5114114
B{20)22 |15 |14 |23 |14 |20 {14
17 {13 121 |14 |13

DISPLAYS

INSTRUCTIONS

SECTION II

ONE TAPE DRIVE CORRECTION

MOUNT VOL 1 OF FILE
NPSTF140 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

MOUNT SCRATCH VOL TO
BECOME VOL 1 OF FILE
NPSTF140 - UNIT 1

KEY RETURN(EXEC) TO RESUME
A

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-8
IS DATA OK (Y OR N)

?-

CORRECTION ROUTINE FOR
SAMPLE 2, ITEMS #1-21
IS DATA OK (Y OR N)

-
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A. Mount the indicated cassette
and touch RETURN(EXEC).

B. Mount a scratch cassette and
and touch RETURN(EXEC).

C. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE :

The input data for Sample 1

and Sample 2 is displayed

for verification. If more than
32 items are entered, only

the first 32 are displayed;

to view the remaining items,
enter 'Y' and touch RETURN
(EXEC).

D. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step 18.
If 'N', go to Section III.



Example

Test the two samples to see if
they were drawn from the same
population. n] = 8, n2 = 21.

< Al19 |54 28|23 (74|55 (30|44
221 7123114 5114114

7
B|20 |22 15114 123 |14 12014
17 113121 |14 |13

DISPLAYS INSTRUCTIONS

SECTION III
DATA CORRECTION

A. CORRECTION ROUTINE FOR A. Counting from left to right,’

SAMPLE 1, ITEMS #1-8 enter the number of the item
ENTER ITEM # OF BAD DATA in error and touch RETURN(EXEC).
?
B. CORRECTION ROUTINE FOR B. Enter the correct data value
SAMPLE 1, ITEMS #1-8 and touch RETURN(EXEC).
ENTER CORRECT DATA VALUE
NOTE :

Follow steps A and B for

Sample 2. If proceeding from
either step 14 or step 17,

one of those steps reappears;
follow the appropriate operating
instructions. If proceeding
from either step C or step D of
Section II, one of those steps
reappears; follow the appro-
priate operating instructions.
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Sample Output

THE WALD-WOLFOWITZ RUNS TEST
PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT
DATE: 4/2/73

SIZE OF SAMPLE 1 = 8
= 2

SIZE OF SAMPLE 2 1

DARTA INPUT FOR SAMPLE 1:

19 S4 2e 23
55 3e 44

DATA INPUT FOR SRMPLE 2:

22 7 23 14
s 14 14 20 .
15 14 23 14
14 17 13 21
13

SORTED DATAR (COMBINED SAMPLE):

S 7 4 13
14 14 14 14
14 14 15 17
20 20 21 - 22
23 23 23 28
44 54 SS 74

RANK VALUES <(- VARLUES FROM SAMPLE 1>

1 2 3 4
3 e 8 9
11 12 13 14
16 17 18 19
21 22 -23 -24

-26 -27 ~-28 -29

THE WALD-WOLFOWITZ RUNS TEST
PROJECT: WRITER TEST RUN

RUN BY: B. KRIGHT

DATE: 4/2/75 .

SIZE OF SAMPLE 1 = 8
SIZE OF SAMPLE 2 = 21

# OF RUNS = 4

2 = 3. 863518857093
P<(Z> = 3. 58826422E-05

END OF PROGRRM
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CHAPTER XVIII THE COCHRAN Q TEST
PROGRAM ABSTRACT

The program tests to see whether three or more (k) matched sets of
frequencies or proportions differ significantly among themselves. It is
particularly usefu] for nominal or dichotomized ordinal data.

PROGRAM DESCRIPTION

Let us Tlook at the procedures for testing for the significance of
differences among three or more groups. The null hypothesis states that k (3 or
more) samples have been drawn from the same population or identical populations.
Such a test is used when comparing three or more samples or conditions to
determine whether there 1is an over-all difference among the k samples or
conditions before any pair of samples is picked out in order to determine the
significance of the difference between them. Only after we have rejected the
null hypothesis by some k-sample test are we justified in testing any two of the
k samples for significant differences. The parametric test used in testing to
see if several samples are drawn from identical populations is the analysis of
variance or F-test. However, we must assume that the data is drawn
independently from normally distributed populations, the populations have the
same variance, the means in the populations are linear combinations of effects
due to rows and columns, and the variables are at least measured from an
interval scale. Many times these assumptions cannot be realistically met. A
nonparametric test for the case of k related samples is the Cochran Q Test.

The Cochran Q Test is just an extension of the McNemar Test for two related
samples. It is a method to test whether three or more (k) matched sets of
frequencies or proportions differ significantly among themselves. The test is
particularly suitable for data measured in a nominal scale or for dichotomized
ordinal data. It is conceivable that a wide variety of research hypotheses may
be analyzed by the Cochran Test. The data could consist of pass-fail answers on
k items for N individuals. Or it could compare the responses of N subjects
under k different conditions to one item under analysis. Or it could compare
responses to one item for N sets having k matched persons per set.

Let us arrange the data in a two-way table with N rows and k columns. The
null hypothesis states that the proportion or frequency of responses of a
particular kind is the same in each column, except for chance differences. If
the null hypothesis 1is true and the number of rows is not too small, the Q is
distributed approximately Chi-Square with (k-1) degrees of freedom. The Q-value
is computed from the following formula:

(k-1) ‘ ( —)2
k(k-1 G - G
2
Q= N J=1 )
k L -
E i ZL-|
i=1 i=1
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k k
(k-1) [k I G - ( z G, 2]
j=1 j=1 J
N N 2
k & Li - I L7

i=] i=1 1

where G = Total number of successes in column j.
J
G = mean of G.
L = Total number of successes in row i.
i

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

After information is temporarily stored internally in the System 2200, it is
stored permanently on a tape cassette. When the system is turned off,
information stored in the system is lost, but information stored on the tape
cassette remains intact.

The observations on the tape are arranged in groups called records. In this
program, one row is a record. During entry, the record is written on the tape
after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can be
written on it. Two lengths are available: 75 feet (Wang Part # 174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the number of columns. The maximum number
of records on the tape cassette depends on the length of the record. If all the
data cannot be stored on a single cassette, two or more cassettes are used. As
the records are written, they are counted. When the maximum is reached,
cassette changing messages are displayed (only one data cassette is allowed in
the System S).
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As it is sold, the program contains the following maximum parameters:

1]

System A: C = 93, 72 for the maximum number of records per cassette.

System S: C = 160, 47 for the maximum number of records per cassette.
Where C = # of columns.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it 1is. For larger maximum parameters, alter the program as
follows ?more memory may be requiredg:

1. The following calculation is used to determine the value of C:

(2*C) < the number of variables available.

2. Select the appropriate value of C for your system from the following table:

CAPACITY 8K 12K

C for System A 93 255
C for System S 160 255

3. Look up the maximum number of records per cassette (D') in the following
table:

Maximum C

24 | 52 (80 |108 {136 |164 172 | 220 | 248 | 255

75 feet |146 | 72|47 | 35| 27 [ 221 19| 16| 14| 12

150 feet {296 (147 (97 | 72 | 57 | 47 | 40| 35| 34 | 27

*If your max C is not listed, refer to the next highest increment.

NOTE:

In the System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.

4. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and touch RETURN(EXEC).

5. Key LOAD "NPS115AA" for the System A or LOAD "NSS115AA" for the System S,
and touch RETURN(EXEC).
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6. Key LIST 170, touch RETURN(EXEC). The screen should display:

System A: 170 DIM X(93),6(93):SELECT #110A,#210B:
D=72:H=32

System S: 170 DIM X(160),G(160):SELECT #110A:H=32
7. Rekey Statement 170, using the new maximum parameters:

System A: 170 DIM X(C),G(C):SELECT #110A,#210B:D=D":
H=32

System S: 170 DIM X(C),G(C):SELECT #110A:H=32
Touch RETURN(EXEC).

8. Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE “NPST15AA" for the System A, or "NSST115AA" for the System S, and
touch RETURN(EXEC).

10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape #2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example
Run a Cochra

following data:

11213
01111
0T

Q test on the
= 10, N = 5.

1

n
k
6
0
1
0
0
1

o] sieo|ro|—
o|-lo|—

—lol—l—lojs
o|—lo|—|—|wun
—|o|o =l
olol=|—=lo|em
ojolo|—l—v
—jol-lololo

1
0
0

DISPLAYS INSTRUCTIONS

1. To load the MENU 2 program,
follow operating instructions
A. To bypass the MENU 2 pro-
gram, follow operating instruc-
tions B.

A. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
Togical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPST15AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

(For the System S, the
program name is "NSS115AA".)

2. TEST INFORMATION 2. Enter the project name and
ENTER PROJECT NAME touch RETURN(EXEC). (Project
[ name can be up to 32 characters

in length.)

3. TEST INFORMATION 3. Enter the user's name and touch
. ENTER USER'S NAME RETURN(EXEC). (User's name
e can be up to 32 characters in
Tength.)
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Example

Run a Cochran Q test on the
following data: k = 10, N = 5,
11213[(4]5/617181({9]10
11011111011 [0}T1T]0]1 10O
201111 {1V {1 {11111 180
31 [1]0}1]0[0 |0 f{T11]0 1
41110711011 (0J01]0j0 | O
51 1ojoj1Jo0f1({T1]0 |0 |1
DISPLAYS INSTRUCTIONS
TEST INFORMATION 4, Enter the date and touch
ENTER TODAY'S DATE AS MM/DD/YY RETURN(EXEC).
S
TEST INFORMATION 5. Enter 'Y' or 'N' and touch

INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K'
OR STORAGE 'S’

?

MOUNT SCRATCH VOL TO

BECOME VOL 1 OF FILE NPSTF150
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETERS
ENTER # OF ROWS
?

INPUT PARAMETERS
ENTER # OF COLUMNS
?

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is displayed

for verification.

The message RE-

ENTER is displayed if an incorrect

entry is made.

To continue, enter

the appropriate symbol and touch

RETURN{EXEC) .

This note applies in

all instances where a symbol or a
numeric is entered.
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6.

Enter 'K' or 'S' and touch
RETURN(EXEC) .

If 'K', go to the next step.
If 'S', go to Section I.

Mount a scratch cassette and
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F150.)
The number of rows = 5, touch
RETURN(EXEC).

The number of columns = 10,
touch RETURN(EXEC).




Example

Run a Cochran Q test on the
following data: k =10, N = 5.
1121314151617 (819 110
1of{1]1{OoJ1[Oof1/0f11]0O
210 T[T 11 ]1j1j{riji1to0
31 ]1]/0(1]/0j{010.j1 (0} 1
41 {0oj1|oj{1j0jf0oj0Of0} O
5)17{010 (1101 {1]0 |0 |1
DISPLAYS INSTRUCTIONS
10. INPUT PARAMETERS 10. Enter 'Y' or 'N' and touch
ARE PARAMETERS OK (Y OR N) RETURN(EXEC).
?=
- If 'Y', go to the next step.
If 'N', go to step 8.
NOTE:
The parameters are displayed
for verification.
11. DATA INPUT FOR ROW #1, 11. Row 1, column 1 = 0, touch
COLUMN 1 RETURN(EXEC).
ENTER DATA VALUE (0/1)
?
12. DATA INPUT FOR ROW #1, 12. Row 1, column 2 = 1, touch
COLUMN 2 RETURN(EXEC).
ENTER DATA VALUE (0/1)
?
Enter all items in Row 1 of example.
13. CORRECTION ROUTINE FOR ROW # 13. Enter 'Y' or 'N' and touch
1, ITEMS #1-10 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to the next step, or
to enter more data, go to step
11.
’ If 'N', go to Section IV.
NOTE :

» The input data is displayed for
verification. If more than 32
items are entered, only the
first 32 are displayed. To
view the remaining items, enter
'Y' and touch RETURN(EXEC).
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Example
Run a Cochran Q test on the

following data:

k=10, N=5.

3 1

N iP|WIN|—

Eend ot G (=] (=1

- O|=O OO

O I0|IO = =0

— O]t

I OO |t ||~y
O O] =000

—= OO |~ OO

5
1
1
0
1
0

Olo|—l—|—ro
O |t | O |t |t

14.

15.

16.

DISPLAYS

REMOVE AND LABEL VOL 1 OF
FILE NPS1F150 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

ENTER OUTPUT DEVICE TYPE

SYMBOL
-
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14.

15.

16.

INSTRUCTIONS

Follow steps 11-13 to enter all
rows. For the System A

only: the System A program

is written to handle multi-
volume files of data. The
program contains a constant
value that dictates the num-
ber of records which can be
stored per tape cassette. Once
this number of records has been
written, the volume is closed
and the following example in-
structions are displayed, after
data cassette 1 has been
rewound.

a. REMOVE AND LABEL VOL 1
OF FILE NPSTF150 - UNIT 1

KEY RETURN(EXEC) TO RESUME.
?

b.  MOUNT SCRATCH VOL TO BE-
COME VOL 2 OF FILE
NPSTF150 - UNIT 1

KEY RETURN(EXEC) TO RESUME.
?

After labeling the cassette,
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F150.)

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 19.

Enter an output device symbol
and touch RETURN(EXEC).

o
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Example

Run a Cochran Q test on the
following data: k =10, N = 5.
1121314151617 181(9 110
1101 (1(0]|1]0(1}10(1 10O
20T T (111 (1{1[1]0
3T {110lT{0{0f0O [T 10 1
4110 ([14f0}j1]0(0]J0J0] 0O
5(110j0f1[{0fT}{1]0(0}] 1
DISPLAYS INSTRUCTIONS
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'
17. MOUNT VOL 1 OF FILE NPS1F150 17. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ (For the System S, the file
name is NSS1F150.)
NOTE:
If Volume 1 already is in Unit 1
from the corrections routine,
ignore this step which is
repeated for all volumes in a
multi-volume System A.
18. EXECUTING PROGRAM 18. The system now is executing
the Cochran Q Test.
19. STOP END OF PROGRAM 19. The test results are displayed
T for verification.
20. To rerun test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.
SECTION I

DATA FROM STORAGE

A. INPUT INFORMATION
DO YOU WISH TO CORRECT A DATA
CASSETTE (Y OR N)
?-
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Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 16.




Example
Run a Cochran Q test on the

following data: k = 10, N = 5.

1121314(5]161718191]10
1101 11110111011 10111 0O
ADIRERERERRARR A NN 0
3(1{1(0j110j010f1 101 1
4111011 J0l1f{0f0j010] O 2
51110101 |0}1]1]0j0} 1
DISPLAYS INSTRUCTIONS
MOUNT VOL 1 OF FILE B. Mount the indicated cassette :
NPSTF150 - UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ (For the System S, the file name
is NSS1F150. Go to Section II.)
ENTER # OF TAPE DRIVES (1 OR 2) C. Enter 1 or 2 and touch RETURN
7 (EXEC).
If 1, go to Section II.
If 2, go to Section III.
SECTION II

ONE TAPE DRIVE CORRECTION

ROW # IN ERROR (0 IF END) A. Enter the row in error or 0
? ' and touch RETURN(EXEC).

If a row number is entered,
go to the next step.

If '0', go to step 15.

NOTE :

If the data file contains more
than one volume, the program
determines the location of the
record and displays the appro-
priate volume to mount. See
step B. For the System S, ig-

nore step B.
R
MOUNT VOL 2 OF FILE NPS1F150 B. Mount the indicated volume and
- UNIT 1 touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

L
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Example

Run a Cochran Q test on the

following data: k = 10, N = 5.

1121314151617 18[9]10

110(1 [1T{0[T1T[O0]T1]O][T1] O

20T 111ty (i1l o

3ji1{1jof1iofojol1io0 |1

41110 (14i{0]1j0 O[O (0] O

511101011 10|1|110}0 ] 1

DISPLAYS INSTRUCTIONS

C. CORRECTION ROUTINE FOR C. Enter 'Y' or 'N' and touch

ROW #1, ITEMS #1-10
IS DATA OK (Y OR N)
?-

RETURN(EXEC).

If 'Y', go to step A of Section
II.
If 'N', go to Section IV.

NOTE:

Follow steps A-C for all cor-
rections. If more than 32 items
are entered, only the first 32
are displayed. To view the
remaining items, enter 'Y' and
touch RETURN(EXEC).

SECTION III

TWO TAPE DRIVE CORRECTION

A. ROW # IN ERROR (0O IF END)
?

B. MOUNT VOL 2 OF FILE NPS1F150
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?
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A.

Enter the row in error or 0
and touch RETURN(EXEC).

If a row number is entered, go
to the next step.
If '0', go to step 15.

NOTE :

Row numbers must be entered
sequentially.

Mount the indicated cassette and
touch RETURN(EXEC).

NOTE:

This prompt only appears when
the row selected is not located
in Volume 1.




Example

following data:

Run a Cochran Q

3 7

O 5 [ QDN ==

et el [t | O] O | et

k
6
0
1
0
0
1

OO == ==
O et |} et |
— O |t |t | O |
O =t |O || = |
— OO |

DISPLAYS

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPS1F150 - UNIT 2
KEY RETURN(EXEC) TO RESUME

?

CORRECTION ROUTINE FOR ROW #1,
ITEMS #1-10

IS DATA OK (Y OR N)

?-

INSTRUCTIONS

Mount a scratch cassette in
Unit 2 and touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step A of Section
III.
If 'N', go to Section IV.

NOTE:

The input data is displayed for
verification. If more than 32
items are entered, only the
first 32 are displayed. To
view the remaining items,

enter 'Y' and touch RETURN
(EXEC).

SECTION IV

DATA CORRECTION

CORRECTION ROUTINE FOR ROW #1
ITEMS #1-10

ENTER ITEM # OF BAD DATA

?

162

Counting from left to right,
enter the number of the item

in error and touch RETURN(EXEC).

NOTE :

If the row selected contains
only one item, ignore this
step.

44
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Example
Run a Cochran Q test on the

following data: k = 10, N = 5,

1121314151617 1819110
1Ho[(1[(1{oj1f(oj1(o0oj1{ 0
20111V v {1 f[rinjito
) 3[1j1jof{1{ofojof1lo0]1
411(0f1j01110]010f01}| O
5 0fOo|110f1({1]0j0] 1
. DISPLAYS INSTRUCTIONS
B. CORRECTION ROUTINE FOR ROW #1, B. Enter the correct data value
ITEMS #1-10 and touch RETURN(EXEC).
ENTER CORRECT DATA VALUE
? NOTE :

Follow steps A-B for all
samples. If proceeding from
step 13, that step reappears;
follow the appropriate operating
instructions. If proceeding
from either step C of Section

IT or Step D of Section III,

one of those steps reappears;
follow the appropriate operating
instructions.

Sample Output

THE COCHRAN @ TEST
PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT

DRTE: 4/2/75

® OF ROWS = S
® OF COLUMNS = 10

INPUT DATA:
ROW & 1
-] 1 1 ] 1
8 1 %) 1 -]
ROW # 2
2 ] 1 1 1 1
1 1 1 1 ]
ROW # 3
1 1 "] 1 -]
e (-] 1 -] 1
» ROW # 4
. 1 © 1 %) 1
] e -] () ]
ROW 0 5
1 ] (-] 1 -]
1 1 -} ] 1
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THE COCHRAM @ TEST
FROJECT: WRITER TEST RUM
RUN BY: B. HWRIGHT

DATE: 4/°2/75

# OF ROWS
# OF COLUMNMNS

S
10

COLUMMN TOTALS GCIX:

2 3
2 3
SUMCLY = 26
SUMCL™2> = 148
Q@ = 1. 3928571428571
DF. = 9 '

END OF PROGRAM
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CHAPTER XIX THE FRIEDMAN TWO-WAY ANALYSIS OF VARIANCE BY RANKS TEST
PROGRAM ABSTRACT

The program is used to test k samples to determine if they were drawn from
the same population. The data is from an ordinal scale.

PROGRAM DESCRIPTION

Let us 1look at the procedures for testing for the significance of
differences among three or more groups. The null hypothesis states that k (3 or
more) samples have been drawn from the same population or identical populations.
Such a test is used when comparing three or more samples or conditions to
determine whether there is an over-all difference among the k samples or
conditions before any pair of samples is drawn to determine the significance of
the difference between them. Only after we have rejected the null hypothesis by
some k-sample test are we Jjustified in testing any two of the k samples for
significant differences. The parametric test used in testing to see if several
samples are drawn from identical populations is the analysis of variance or
F-test. However, we must assume that the data is drawn independently from
normally distributed populations, the populations have the same variance, the
means in the populations are Tinear combinations of effects due to rows and
columns, and the variables are at least measured from an interval scale. Many
times these assumptions cannot be realistically met. A nonparametric test for
the case of k samples is the Friedman Two-Way Analysis of Variance by Ranks.

The Friedman Test is useful to test the null hypothesis that the k samples
are drawn from the same population. The data are in at least an ordinal scale.
If the k samples are matched, then in each sample there are the same number of
cases. Matching can be achieved by placing the subject group under k
conditions. Or there could be several sets with k matched subjects. The data
is cast in a two-way table with N rows and k columns with the rows related to
the various subjects or sets of subjects and the columns related to the various
conditions. The data of this test is not the data values but the ranks of the
data. The scores of each row are ranked separately from the others. Thus, the
row ranks range from 1 to k. Therefore, the Friedman Test investigates whether
it is conceivable that the different columns of ranks came from the same
population. If the scores are independent of the conditions, then the sets of
ranks in each column would be random and the column totals would be equal.
Thus, we test to see if the rank totals are different. In the case of tie
values in the row, assign the average ranks to the values. The test statistic
value is as follows:

K
x2 = 12 z (R.)% - 3N(k+1)
rONk(k#1) §=1  J

where N = the number of rows.
k = the number of columns.
R. = sum of ranks in column j.
J
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If N and/or k are not too small, then x% is distributed approximately Chi-Square
with (k-1) degrees of freedom.

For this program, the number of rows, N, is unlimited, but the number of
columns, k, is restricted. (If System S, length of tape restricts N.)

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

The observations on the tape are arranged in groups called records. In this
program, one row is a record. During entry, the record is written on the tape
after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can be
written on it. Two lengths are available: 75 feet (Wang Part # 174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the number of columns. The maximum number
of records on the tape cassette depends on the length of the record. If all the
data cannot be stored on a single cassette, two or more cassettes are used. As
the records are written, they are counted. When the maximum is reached,
cassette changing messages are displayed (only one cassette for data is allowed
in the System S). ~

As it is sold, the program contains the following maximum parameters:

System A: C = 21, 296 for the maximum number of records per cassette.

System S: C = 49, 147 for the maximum number of records per cassette.
Where C = # of columns.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it 1is. For larger maximum parameters, alter the program as
follows (more memory may be requiredg:

1. The following calculation is used to determine the value of C:

5 * C < the number of variables available.

2. Select the appropriate value of C for your System from the fo]]owing‘table:

CAPACITY 8K 12K 16K 20K

C for System A 21 124 226 255

C for System S 49 151 253
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3. Look up the maximum number of records per cassette (D') in the following
table:

24 | 52 180 {108 [ 136 | 164 | 192 | 220 | 248 | 255
3 75 feet |146 | 72 |47 | 35| 27| 22| 19| 16 | 14| 12
150 feet |296 [147 |97 | 72 | 57 | 47 | 40| 35| 31 | 27

“*if your max is not listed, refer to the next highest increment.

NOTE:

In the System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.

4. 1Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and touch RETURN(EXEC).

5. Key LOAD "NPS116AA" for the System A or LOAD "NSST116AA" for the System S,
and touch RETURN(EXEC).

6. Key LIST 170, touch RETURN(EXEC). The screen should display:

System A: 170 DIM X(21),S(21),A(21),P(21),R(21):
SELECT #110A,#210B:D=296:H=32

System S: 170 DIM X(49),S(49),A(49),P(49),
R(49) :SELECT #110A:H=32

7. Rekey Statement 170 using the new maximum parameters:

System A: 170 DIM X(C),S(C),A(C),P(C),R(C):
SELECT #110A,#210B:D=D":H=32

System S: 170 DIM X(C),S(C),A(C),P(C),R(C):
SELECT #110A:H=32

Touch RETURN(EXEC).

8. sewgme System Tape #2 from Unit 1, insert a blank tape cassette, and press
EWIND.

9. Key SAVE "NPS116AA" for the System A, or "NSS116AA" for the System S, and
> touch RETURN(EXEC).

10. Press REWIND and remove the new Program Tape Cassette.
@ﬁa To execute the program with your new parameters, do not use System Tape

#2. Use the new Program Tape Cassette and use Alternate Step 1B of the
operating instructions.
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Example

Use the Friedman Test on the
following data table: k=10 N=3.

9141117161512 181 9 |1

612(119/8(2(5161 7|1

4151112 [816]7 (91135
DISPLAYS INSTRUCTIONS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER USER'S NAME

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY
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To load the MENU 2 program,
follow operating instructions

A.

To bypass the MENU 2 pro-

gram, follow operating instruc-
tions B.

A.

Mount the Nonparametric
System Tape #2 in
logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

Type LOAD and touch RE-
TURN(EXEC).

Touch RUN and RETURN(EXEC).

Follow the operating in-

structions in Chapter XVI.

Mount the Nonparametric
System Tape #2 in
logical Unit 1.

Type CLEAR and touch
RETURN(EXEC).

Type LOAD "NPST16AA" and
touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

(For the System S, the program
name is "NSS116AA".)

Enter the project name and
touch RETURN(EXEC). (Project
name can be up to 32 characters
in length.)

Enter the user's name and touch
RETURN(EXEC). (User's name

can be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).

n
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Example

Use the Friedman Test on the
k=10 N=3.

914111716 1512181 911
612111918 1215161 7
4151112181617 191131]5

following data table:

5.

10.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBCARD 'K’
OR STORAGE 'S’

?

MOUNT SCRATCH VOL TO

BECOME VOL 1 OF FILE NPS1F160
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETERS
ENTER # OF ROWS
?

INPUT PARAMETERS
ENTER # OF COLUMNS

INPUT PARAMETERS
ARE PARAMETERS OK (Y OR N)
?-

INSTRUCTIONS

5. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is displayed
for verification. The message RE-
ENTER is displayed if an incorrect
entry is made. To continue, enter
the appropriate symbol and touch
RETURN(EXEC). This note applies in
all instances where a symbol or a
numeric is entered.
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6. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Mount a scratch cassette and
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F160.)

8. The number of rows = 3, touch
RETURN(EXEC).

9. The number of columns = 10,
touch RETURN(EXEC).

10. Enter 'Y' or 'N' and touch
RETURN (EXEC).

If 'Y', go to the next step.
If 'N', go to step 8.




Example
Use the Friedman Test on the
following data table: k=10 N=3.

11.

12.

13.

DISPLAYS

DATA INPUT FOR ROW #1,
COLUMN 1

ENTER DATA VALUE

?

DATA INPUT FOR ROW #1,
COLUMN 2

ENTER DATA VALUE

?

914|1(7161512]8 ] 9{1
612[1]9[8]2]5[6] 7|1
4151712186 [7]9 (1315
INSTRUCTIONS
NOTE:

The parameters are displayed
for verification.

11.

12.

Row 1, column 1 = 9, touch
RETURN(EXEC).
Row 1, column 2 = 4, touch
RETURN(EXEC).

Enter all items in Row 1

of example.

CORRECTION ROUTINE FOR ROW #
1, ITEMS #1-10

IS DATA OK (Y OR N)

?-
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Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step, or
to enter more data, go to step
]].

If 'N', go to Section IV.

NOTE :

Follow steps 11-13 to enter all
rows. The input data is dis-
played for verification. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN
(EXEC). For System A only: the
program is written to handle
multi-volume files of data.

The program contains a constant
value that dictates the number
of data records which can be
stored per tape cassette. Once
this number of records has been
written, the volume is closed,
and the following example
instructions are displayed,
after data cassette 1 has been
rewound. (Note continued)

2]
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Example

following data table:

Use the Friedman Test on the
k=10 N=3.

914 (1(7161(51218] 911
61211918 (2[5161 7(1
41511])2(8|6(7([9]13]5
DISPLAYS INSTRUCTIONS
a. REMOVE AND LABEL VOL 1
OF FILE NPST1F160 - UNIT 1
KEY RETURN(EXEC) TO RESUME.
?
b.  MOUNT SCRATCH VOL TO BE-
COME VOL 2 OF FILE
NPSTF160 - UNIT 1
KEY RETURN(EXEC) TO RESUME.
?
14. REMOVE AND LABEL VOL 1 OF 14. After labeling the cassette.
FILE NPS1F160 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ (For the System S, the file
name is NSS1F160.)
15. DO YOU WISH TO EXECUTE 15. Enter 'Y' or 'N' and touch
gROGRAM (Y OR N) RETURN(EXEC).
- If 'Y', go to the next step.
If 'N', go to step 19.
16. ENTER QUTPUT DEVICE TYPE 16. Enter an output device symbol
SYMBOL and touch RETURN(EXEC).
?-
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY!
17. MOUNT VOL 1 OF FILE 17. Mount the indicated cassette

NPSTF160 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?
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and touch RETURN(EXEC).

(For the System S, the file
name is NSS1F160.)

NOTE:

If Volume 1 already is in Unit
1 from the corrections routine,
ignore this step which is re-
peated for all volumes in a
multi-volume System A.




following data table:

Example

Use the Friedman Test on the
k=10 N=3.

4 7161512181 9

1 1
2111918121516 ] 711
51112181679 ]13]5

18a.

19.

DISPLAYS
INITIALIZATION

CREATING WORK AREAS
SORTING DATA

SETTING UP AVERAGE RANKS
ALIGNING AVERAGE RANKS

SUM OF COLUMN RANKS

EXECUTING PROGRAM

STOP END OF PROGRAM

INPUT INFORMATION

DO YOU WISH TO CORRECT A DATA
CASSETTE (Y OR N)

?2-

19,

20.

SECTION I
DATA FROM STORAGE
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A'

INSTRUCTIONS

. The system now is initializing

the column totals.

. The system now is creating work

areas. (Ths message appears
for all rows.)

. The system now is sorting the

data. (This message appears
for all rows.)

. The system now is setting

up average ranks. (This mes-
appears for all rows.)

. The system now is aligning

average ranks. (This message
appears for all rows.)

. The system now is calculating

the sum of the column ranks.
(This message appears for all
rows.)

The system now is executing
The Friedman Two-Way Analysis
of Variance by Ranks Test.

The test results are displayed -

for verification.

To rerun test:

Touch RESET.

Touch RUN and RETURN(EXEC).
Go to step 2.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 16.

o~




Example
Use the Friedman Test on the
following data table: k=10 N=3.

9141117161512 181 911
® 61211191812 15161 711
415111218167 1911315
DISPLAYS INSTRUCTIONS
* B. MOUNT VOL 1 OF FILE B. Mount the indicated cassette
NPS1F160 - UNIT 1 and touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

(For the System S, the file name
is NSS1F160. Go to Section II.)

C. ENTER # OF TAPE DRIVES (1 OR 2) C. Enter 1 or 2 and touch RETURN
?_ (EXEC).

If 1, go to Section II.

If 2, go to Section III.

SECTION II
ONE TAPE DRIVE CORRECTION

A. ROW # IN ERROR (0O IF END) A. Enter the row in error or 0
? and touch RETURN(EXEC).

If a row number is entered,

go to the next step.

If '0', go to step 15.

NOTE : o

If the data file contains more
than one volume, the program
determines the location of the
record and displays the appro-
priate volume to mount. See
step B. For the System S, ig-

nore step B.
& B. MOUNT VOL 2 OF FILE NPS1F160 B. Mount the indicated volume and
- UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
’ C. CORRECTION ROUTINE FOR C. Enter 'Y' or 'N' and touch
ROW #1, ITEMS #1-10 RETURN(EXEC).
IS DATA OK (Y OR N)
@ﬁA ?_ If 'Y', go to Step A of Section
II.

If 'N', go to Section IV.
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following data table:

Example

Use the Friedman Test on the
k=10 N=3.

DISPLAYS

914111716 1512181] 911
612[(1(9(81(2]|5{6] 711
415112181679 (1315
INSTRUCTIONS
NOTE:

Follow steps A-C for all
corrections. The input data
is displayed for verification.
If more than 32 items are
entered, only the first 32 are
displayed. To view the re-

maining items, enter 'Y' and

touch RETURN(EXEC).

SECTION III
TWO TAPE DRIVE CORRECTION

ROW # IN ERROR (O IF END)
?

MOUNT VOL 2 OF FILE NPS1F160
- UNIT 1

KEY RETURN(EXEC) TO RESUME

? :

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPSTF160 - UNIT 2
§EY RETURN(EXEC) TO RESUME
CORRECTION ROUTINE FOR ROW #1,
ITEMS #1-10

IS DATA OK (Y OR N)

?-
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A.

c.

Enter the row in error 6r 0
and touch RETURN(EXEC).

If a row number is entered, go
to the next step.
If '0', go to step 15.

NOTE:

Row numbers must be entered
sequentially.

Mount the indicated volume and
touch RETURN(EXEC).

NOTE:

This prompt only appears when
the row selected is not located
in Volume 1.

Mount a scratch cassette in
Unit 2 and touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step A of Section
III.
If 'N', go to Section IV.

("3
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Example
Use the Friedman Test on the
following data table: k=10 N=3.

914 |117(6[51218] 9]1
? 6121119(1812]516] 711
4151112)816(7]19113]5
DISPLAYS INSTRUCTIONS
* NOTE :

Follow steps A-D for all cor-
rections. The input data is
displayed for verification. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN(EXEC).

SECTION IV
DATA CORRECTION

A. CORRECTION ROUTINE FOR A. Counting from left to right,
ROW #1, ITEMS #1-10 enter the number of the item
ENTER ITEM # OF BAD DATA in error and touch RETURN(EXEC).
?

NOTE:

If the row selected contains
only one item, ignore this step.

B. CORRECTION ROUTINE FOR B. Enter the correct data va]de
ROW #1, ITEMS #1-10 and touch RETURN(EXEC).
ENTER CORRECT DATA VALUE
?-

NOTE :

If proceeding from step 13,

that step reappears; follow

the appropriate operating

e instructions. If proceeding
from either step C of Section

II or Step D of Section III,

one of those steps reappears;
follow the appropriate operating
instructions.
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THE FRIEDMAN TWO-WAY ANARLYSIS OF VARIANCE BY RANKS TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT
DATE: 4/2/7S

# OF ROWS = 3
# OF COLUNMNS = 10

DATA INPUT/RANK VRLUES:

ROW # 1

9 4
s 2
9.5 4
5 3
ROW # 2

6 2
2 S
€.5 25
35 s
ROW # 3

4 5
6 7
3 4.5
6 7

THE FRIEDMAN TWO-WAY ANALYSIS OF VARIANCE BY RAMKS TEST

FROJECT: WRITER TEST RUN
RUN BY: B. MWRIGHT
DATE: 4/2,7S

# OF ROWS
# OF COLUMMS

3
10

COLUMN TOTALS RCJ>:

19 12
14. 5 15

SUMC(R™2> = 3211

Sample Output

P oP

or ok
4]

oL VR

CHI-SGQURRE = 17 7€3€363636

D. F. 9

END OF PROGRAM
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19
27.5

PO PO

PO PO

A0 GO
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CHAPTER XX THE CHI-SQUARE TEST FOR k INDEPENDENT SAMPLES
PROGRAM ABSTRACT

The program tests to determine whether k independent samples are drawn from
the same population or k identical populations. The data is frequencies in
discrete categories (nominal or ordinal).

PROGRAM DESCRIPTION

In the analysis of data from several independent samples, the researcher is
always interested in testing to see if these samples could have conceivably come
from the same population. However, sample data almost always differ somewhat,
and the problem then is to determine if the observed differences are due to the
differences between populations or are due to just chance variations. Thus, the
null hypothesis under test 1is to determine whether k independent samples are
drawn from the same population or from k identical populations. The wusual
parametric test is the one-way analysis of variance or F-test. However, we need
to assume that the data values are drawn independently from normally distributed
populations which have the same variance, and the measurement of the variable
must be on at least an interval scale. However, these assumptions cannot be
always met realistically. Therefore, we need a test which has relaxed
assumptions. A nonparametric test which can be used is the x> Test for k
Independent Samples.

The X2 Test for k Independent Samples is just a continuation of the test for
two independent samples. If the q?ta has frequencies in discrete categories
(nominal or ordinal), then the x“Test is used to determine the significance of
differences among the k independent samples.

The procedure in this program is to cast the frequencies (observed) into a
(kxr) contingency table with k rows for the groups or samples. Then, the
expected frequencies are determined for each cell by taking the product of the
marginal totals common to the cell and dividing by N, where N is the sum of each
group of marginal totals or the total number of independent observations. The
table has the following form:

1 2 r
110 0 ... |0
11 12 Tr
210 0 eee |0
21 22 2r
k 0 0 * o0 0
k1 k2 kr
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NOTE:

The table form denoted here is slightly different than from
the text books. They have the table set up as (rxk). The
reason for the use of (kxr) is this program has each sample
read from a row rather than down a column.

To test the null hypothesis that the k samples do not differ among themselves,
we use the following formula:

2
r k (0;; - E:.)
2= 1z 1JE 1]
i=1  j=1 ij
where 0 = the observed frequency value in the ith row and jth column.
ij
E = the expected frequency value in the ith row and jth column.
ij
r = the number of columns in the table.
k = the number of rows in the table, the number of samples.

The sampling distribution of x2 can be shown if necessary to be approximately
Chi-Square with (k-1)(r-1) degrees of freedom. Thus, for significance, we can
use a Chi-Square table.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statements 180 and 190 of the program. By
changing Statements 180 and 190, new maximum parameters can be defined, but they
musﬁ. not exceed absolute maximum parameters which depend on the capacity of the
machine.

The observations on the tape are arranged in groups called records. In this
program, one row is a record. During entry, the record is written on the tape
after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can be
written on it. Two lengths are available: 75 feet (Wang Part #174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the number of columns. The maximum number
of records on the tape cassette depends on the length of the record. If all the
data cannot be stored on a single cassette, two or more cassettes are used. As
the records are written, they are counted. When the maximum is reached,
cassette changing messages are displayed (only one cassette for data is allowed
in the System S).
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As it is sold, the program contains the following maximum parameters:

System A: C = 76, 97 for the maximum number of records per cassette.

System S: C = 147, 47 for the maximum number of records per cassette.

Where C = number of columns.
If the parameters for your data do not exceed the given maximum parameters, use
the program as it dis. For Tlarger maximum parameters, alter the program as
follows ?more memory may be required):
1. The following calculation is used to determine the value of C:

2 * C < the number of variables available.

2. Select the appropriate value of C for your system from the following table:

CAPACITY 8K 12K
C for System A 76 255
C for System S 147 255

3. Look up the maximum number of records per cassette (D') in the following
table:

24 | 52180 (108 [136 | 164 | 192 | 220 | 248 | 255

75 feet (146 | 72 (47 | 35| 27 | 22| 19| 16 | 14| 12
150 feet | 296 | 147 |97 { 72 | 57 | 47 | 40| 35 | 31 | 27

*if your max is not listed, refer to the next highest increment.

NOTE:

In the System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.

4, Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and RETURN(EXEC).

5. Key LOAD "NPS117AA" for the System A or LOAD "NSS117AA" for the System S,
and touch RETURN(EXEC).
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10.

Key LIST 180, and touch RETURN(EXEC). The screen should display:

System A: 180 DIM X(76),C(76) .
190 SELECT #110A,#210B:D=97:H=32

System S: 180 DIM X(147),C(147):
SELECT #110A

Rekey Statements 180 and 190 using the new maximum parameters:

. System A: 180 DIM X(C),c(cC)

190 SELECT #110A,#210B:D=D":H=32

System S: 180 DIM X(C),C(C):
SELECT #110A

Touch RETURN(EXEC).

Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

Key SAVE "NPS117AA" for the System A, or "NSS117AA" for the System S, and
touch RETURN(EXEC).

Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example
Given 4 samples of 5 elements

each, test using the x2 test.

1 2 3 4 5
22 | 39 1 [15 9
74 {13 (106 | 10 | 22

3 6 5 118 129
16 | 33 8 | 23 7

O N —

DISPLAYS

TEST INFORMATION
ENTER PROJECT NAME

TEST INFORMATION
ENTER USER'S NAME

181

INSTRUCTIONS

1. To load the MENU 2 program,
follow operating instructions
A. To bypass the MENU 2 pro-
gram, follow operating instruc-
tions B.

A. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch
RETURN (EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD "NPST17AA"
and touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

(For the System S, the program
name is "NSS117AA".)

2. Enter the project name and touch
RETURN(EXEC). (Project name can
be up to 32 characters in length.)

3. Enter the user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in length.)

4. Enter the date and touch RETURN
(EXEC).



Example
Given 4 samples of 5 elements

each, test using the X2 test.

1] 2] 3[4a]5
72 {39 |1 |15 [ 9
78 [ 13 [ 106 [ 10 | 22

31 61 5 |18 |29
T6 [ 33 | 8 |23 | 7

ool ol —

5.

10.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K' OR
STORAGE 'S'

?-

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPSTF170 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETERS
ENTER # OF ROWS
?

INPUT PARAMETERS
ENTER # OF COLUMNS
?

INPUT PARAMETERS
ARE PARAMETERS OK (Y OR N)
?-

INSTRUCTIONS

5. Enter 'Y' or 'N' and touch RE-
TURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol
or a numeric is entered.

6. Enter 'K' or 'S' and touch
RETURN (EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Mount a scratch cassette and
touch RETURN(EXEC).
(For the System S, the file name
is NSS1F170.)

8. The number of rows = 4, touch
RETURN (EXEC).

9., The number of columns = 5,
touch RETURN(EXEC).

10. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 8.
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Example
Given 4 samples of 5 elements

each, test using the x 2 test.

1 2 3 4 5

1 122 |39 1 |15 9
o 2 [ 74 13 106 110 | 22
3 3 6 5 [18 | 29
4 116 | 33 8 | 23 7
T DISPLAYS T T T INSTRUCTIONS
) NOTE :
The parameters are displayed
for verification.
11. DATA INPUT FOR ROW #1, 11. Row 1, column 1 = 22, touch
COLUMN 1 RETURN(EXEC).

ENTER OBSERVED VALUE
?

12. DATA INPUT FOR ROW #1, 12. Row 1, column 2 = 39, touch
COLUMN 2 RETURN(EXEC).
ENTER OBSERVED VALUE
?

Enter all items in Row 1 of example.

13. CORRECTION ROUTINE FOR 13. Enter 'Y' or 'N' and touch
ROW #1, ITEMS #1-5 RETURN(EXEC).
IS DATA OK (Y OR N)
?-

If 'Y', go to the next step, or to enter
more data, go to step 11.
If 'N', go to Section IV.

NOTE:

The input data is displayed for
verification. If more than 32
items are entered, only the
first 32 are displayed. To
view the remaining items, enter
'Y' and touch RETURN(EXEC).

a
Follow steps 11-13 for all rows. 1
!

For System A only: The program
is written to handle multi-
volume files of data. The pro-
gram contains a constant value
» that dictates the number of data
records which can be stored per
tape cassette. Once this number
g%h of records has been written, the
volume is closed, and the fol-

lowing example instructions are
displayed, after data cassette .
1 has been rewound. (Note continued)
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Example
Given 4 samples of 5 elements
each, test using the x? test.

1 2 3 4 5
22 |1 39 1115 9
74 113 | 106 [10 |22

3 6 5 118 [29
16 | 33 8 |23 7

B LWIN |~

14.

15.

16.

FOR
FOR

" DISPLAYS

REMOVE AND LABEL VOL 1 OF
FILE NPSTF17C - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?

ENTER OUTPUT DEVICE TYPE
SYMBOL

?2--

CRT ONLY, KEY RETURN(EXEC)
HIGH SPEED, KEY 'HS'

FOR THERMAL, KEY 'TH'

FOR

PLOTTER(2202), KEY 'P'

FOR TYPEWRITER, KEY 'TY'

17.

MOUNT VOL 1 OF FILE
NPS1F170 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?
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INSTRUCTIONS

a. REMOVE AND LABEL VOL 1 OF
FILE NPSTF170 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

b.  MOUNT SCRATCH VOL TO BE-
COME VOL 2 OF FILE NPS1F170
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?

14. After labeling the cassette,
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F170.)

15. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 19.

16. Enter an output device symbol
and touch RETURN(EXEC).

17. Mount the indicated cassette and
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F170.)

-~
~




Example

Given 4 samples og 5 elements

each, test using the X“ test.

1 2 3 4 5

DISPLAYS

18a. COMPUTING COLUMN TOTALS

b. EXECUTING PROGRAM

19. STOP END OF PROGRAM

18a.

19.

20.

SECTION I
DATA FROM STORAGE

A. INPUT INFORMATION
DO YOU WISH TO CORRECT
A DATA CASSETTE (Y OR N)

?-

B. MOUNT VOL 1 OF FILE
NPS1F170 - UNIT 1
§EY RETURN(EXEC) TO RESUME
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1 122 | 39 1 {15 9
2 174 113 106 [10 | 22
3 3 6 5 118 |29
4 [16 | 33 8 |23 7
INSTRUCTIONS
NOTE :

If Volume 1 already is in Unit
1 from the corrections routine,
ignore this step which is re-
peated for all volumes in a
multi-volume System A.

The system now is computing
the column totals.

. The system now is executing the

Chi-Square Test for k Indepen-
dent Samples.

The test results are displayed
for verification.

To rerun the test:

Touch RESET.

Touch RUN and RETURN(EXEC).
Go to step 2.

Enter 'Y' or 'N' and touch
RETURN(EXEC) .

If 'Y', go to the next step.
If 'N', go to step 16.

Mount the indicated cassette
and touch RETURN(EXEC).

(For the System S, the file
namg is NSS1F170. Go to Section
I1.




Example
Given 4 samples of 5 elements
each, test using the x? test.

1 2 3 4 5
22 | 39 1115 9
74 { 13 _|106 |10 |22

3 6 5 |18 |29
16 | 33 8 |23 7

Bl N =3

DISPLAYS
ENTER # OF TAPE DRIVES (1 OR 2)
?

ROW # IN ERROR (O IF END)
? :

MOUNT VOL 2 OF FILE
NPS1F170 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-5

IS DATA OK (Y OR N)

?-

INSTRUCTIONS

C. Enter 1 or 2 and touch RETURN
(EXEC).

If 1, go to Section II.
If 2, go to Section III.

SECTION II
ONE TAPE DRIVE CORRECTION
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A. Enter the row in error or 0O
and touch RETURN(EXEC).

If a row number is entered,
go to the next step.
If '0', go to step 15.

NOTE:

If the data file has more than
one volume, the program deter-

and displays the appropriate
volume to mount. See step B.
For System S, jgpore step B.

mines the location of the record

B. Mount the indicated volume and
touch RETURN(EXEC).

C. Enter 'Y' or 'N' and touch

RETURN(EXEC) .

If 'Y', go to step A of Section
II.
If 'N', go to Section IV.

)




Given 4 samples of 5 elements
each, test using the x 2 test.

Example
g@« .

1 2 3 4 5
v 1122 | 39 1 115 9
2 174 113 1106 |10 |22
3 3 6 5 (18 |29
4 116 | 33 8 123 7
‘ DISPLAYS INSTRUCTIONS

NOTE:

Follow steps A-C for all cor-
rections. The input data is
displayed for verification.
If more than 32 items are en-
tered, only the first 32 are
displayed. To view the re-
maining items, enter 'Y' and
touch RETURN(EXEC).

SECTION III
TWO TAPE DRIVE CORRECTION

A. ROW # IN ERROR (0 IF END) A. Enter the row in error or 0
? and touch RETURN(EXEC).

If a row number is entered, go

to the next step.

If '0', go to step 15.

NOTE:
Row numbers must be entered
sequentially.
B. MOUNT VOL 2 OF FILE B. Mount the indicated volume and
NPS1F170 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
? NOTE:

< —_

This prompt appears only when
the row selected is not located

in Volume 1.
> C. MOUNT SCRATCH VOL TO BECOME C. Mount a scratch cassette in
VOL 1 OF FILE NPS1F170 - UNIT 2 Unit 2 and touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

c X
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Example

Given 4 samples of 5 elements

each, test using the x2 test.

1

2

4

22

39

15

78

13

10

3

6

18

PN =

16

33

23

DISPLAYS

CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-5

IS DATA OK (Y OR N)

?-

CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-5

ENTER ITEM # OF BAD DATA
?

~ INSTRUCTIONS

Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to step A of Section

ITI.

If 'N', go to Section IV.

NOTE:

Follow steps A-D for all cor-!

rections.

The input data is

displayed for verification.
If more than 32 items are en- ,
tered, only the first 32 are

displayed.

To view the re-

maining items, enter 'Y' and

touch RETURN(EXEC).

SECTION IV
DATA CORRECTION

Counting from left to right,
enter the number of the item
in error and touch RETURN(EXEC).

NOTE:

If the row selected contains
only one item, ignore this

step.

1

188




Example

Given 4 samples of 5 elements

each, test using the x2 test.

1 2 3 4

22 | 39 1 115

5

9

/4 |13 1106 |10 |22
3 6 5 [18 |29

PN =

16 | 33 8 |23 7

DISPLAYS

B. CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-5
ENTER CORRECT DATA VALUE
?

Sample Qutput

INSTRUCTIONS

Enter the correct data value
and touch RETURN(EXEC).

NOTE:

If proceeding from step 13,
that step reappears; follow
the appropriate operating in-
structions. If proceeding
from either step C of Section
II or step D of Section III,
one of those steps reappears;
follow the appropriate oper-
ating instructions.

THE CHI-SQUARE TEST FOR K INDEPENDENT SAMPLES

PROJECT: WRITER TEST RUN

RUN BY: B.
DATE: 4/2/75

WRIGHT

# OF ROUWS = <4
# OF COLUMNS = 5

INPUT DRTR:
ROW # 1

22 39

ROW & 2
74 i3

ROW # =3

ROW & 4
16 33
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THE CHI-SQURRE TEST FOR K INDEFPEMNDEMT SAMFLES
PROJECT: WRITER TEST RUN

RUN BY: B.

WRIGHT

DATE: 4/°2/75

# OF ROWS
# OF COLUMNS

I J 0c¢I, J> E<I, J2 XCI, I
1 1 22. BBBL 21. 546248358 8. 809538544
1 2 39. BBBo 17. 858168332 28. 257750128
1 2 1. 66606 22. 483668130 28, 528136874
1 4 15. 800 12. 36€013671 8. 561844784
1 S5 9. 8068 12. 55337692086 1. 885823973
2 1 74. 6029 S€. 372543819 5. 512827288
2 2 13. 88006 44. 6878431327 22. 395414565
2 3 1096, 8000 58. 823529411 37. 835529412
2 4 198. 8600 32. 352941476 15. 443856267
2 5 22. 8880 32. 843137254 3. 379853672
3 1 3. 000606 15. 28322440606 9. 8721685379
3 2 €. BB66 12. 893681917 3. B784428¢51
3 3 S. 8OGO 15. 947712418 7. 515335369
3 4 18. 8808 8. 771241830 S. 718138992
2 5 25. BoBo 8. 8841329423 435. 3545320828
4 1 1€. 28BS 21. 7973856208 1. 541913357
4 2 33. 8BO6 17. 2483266013 14. 384781322
4 3 . 6Ye0 22. 7450980329 8. 558891142
4 4 23. 8600 12. 5098083921 8. 79€637777
4 5 7. 8800 12. 692346485 2. 557812694

THE CHI-SQURRE TEST FOR K INDEPENDENT SAMPLES
PROJECT: WRITER TEST RUN

RUN BY: B.

WRIGHT

DATE: 4/2/75

# OF ROWS
# OF COLUMNS

CHI-SQURRE =

U

247. 4926124845

*

D.F. = 12

END OF PROGRAM
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CHAPTER XXI THE EXTENSION OF THE MEDIAN TEST (MEDIAN KNOWN)
PROGRAM ABSTRACT

This program version assumes that the median is known. It tests to
determine whether k independent samples are drawn from the same population or
from populations with equal medians. The samples may be of unequal size. The
variable is measured in at least an ordinal scale.

PROGRAM DESCRIPTION

In the analysis of data from several independent samples, the researcher is
always interested in testing to see if these samples could have conceivably come
from the same population. However, sample data almost always differ somewhat,
and the problem then is to determine if the observed differences are due to the
differences between populations or are due to just chance variations. Thus, the
null hypothesis under test is to determine whether k independent samples are
drawn from the same population or from k identical populations. The usual
parametric test is the one-way analysis of variance or F-test. However, we need
to assume that the data values are drawn independently from normally distributed
populations which have the same variance, and the measurement of the variable
must be on at least an interval scale. However, these assumptions cannot be
always met realistically. Therefore, we need a test which has relaxed
;sgumpt}ons. A nonparametric test which can be used is the Extension of the

edian Test.

This particular program version of the Median Test assumes that the median
is known. The test determines whether k independent samples (may be of unequal
sizes) are drawn from the same population or from populations with equal
medians. It is useful for variables measured in at least an ordinal scale.

The procedure is to accumulate for each sample two frequency values: the
number of values above the median and the number less than or equal to the
median. This is done for all k samples and the resulting frequencies are placed
in a 2 x k table.

1 2 k

Data > M 0 0 «c .. |0
D 11 12 1k

Data < M 0 0 ... 10
D 21 22 2k

To test the nu]] hypothesis that the k samples come from the same population or
populations with equal medians, we then compute the expected frequencies for
each cell in the table and compute the x2 value using the following formula:
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2
2 k (0;. - E,.)
2= 1 ij  ij
i=1 j=1 ij
where 0.. = the observed frequency in the ith row and jth column.
1]
E.. = the expected frequency in the ith row and jth column.
1J
k = the number of columns, the number of samples.

It can be shown that the sampling distribution of x> is approximately Chi-Square
with (k-1) degrees of freedom. Thus, for significance values, we can use a
Chi-Square table.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 180 of the program. By changing
Statement 180, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

After information is temporarily stored internally in the System 2200, it is
stored permanently on a tape cassette. When the system is turned off,
information stored in the system is lost, but information stored on the tape
cassette remains intact.

The observations on the tape are arranged in groups called records. In this
program, one sample is a record. During entry, the record is written on the
tape after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can be
written on it. Two lengths are available: 75 feet (Wang Part # 174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the maximum sample size. The maximum
number of records on the tape cassette depends on the length of the record. If
all the data cannot be stored on a single cassette, two or more cassettes are
used. As the records are written, they are counted. When the maximum is
reached, cassette changing messages are displayed (only one cassette for data is
allowed in the System S).
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As it is sold, the program contains the following maximum parameters:

System A: N = 90, R = 23, 72 for the maximum number of records per cassette.

90, R = 90, 72 for the maximum number of records per cassette.

System S: N

Where N = maximum sample size.
R = number of samples.

If the parameters for your data do not exceed the given maximum parameters, usé
the program as it is. For larger maximum parameters, alter the program as
follows %more memory may be required();:

1. The following calculation is used to determine the value of N and R:

N + (2 * R) < the number of variables available (C).

2. Calculate the maximum N, R, using the appropriate value of C for your system
from the following table:

CAPACITY 8K 12K 16K

C for System A 137 649 1161

C for System S 271 782

3. Look up the maximum number of records per cassette (D') 1in the foilowing
table:

24| 52180 {108 | 136 | 164 | 192 | 220 | 248 | 255

75 feet |146 | 72 |47 | 35| 27 | 22| 19| 16| 14| 12

150 feet |296 |147 |97 | 72 | 57 | 47| 40| 35| 31| 27

*if your max is not listed, refer to the next highest increment.

NOTE:

In yhe System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.

4. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and RETURN(EXEC).
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5. Key LOAD "NPST18AA" for the System A or LOAD "NSS118AA" for the System S,
and touch RETURN(EXEC).

6. Key LIST 180, and touch RETURN(EXEC). The screen should display:

System A: 180 DIM X(90),T(2,23): ' )
SELECT #110A,#210B:D=72:H=32

System S: 180 DIM X(90),T(2,90):
SELECT #110A

7. Rekey Statement 180, using the new maximum parameters:

System A: 180 DIM X(N),T(2,R):
SELECT #110A,#210B:D=D":H=32

System S: 180 DIM X(N),T(2,R):
SELECT #110A

Touch RETURN(EXEC).

8. Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS118AA" for the System A, or 'NSS118AA" for the System S, and
touch RETURN(EXEC).

10. Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #2.
Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example

Given the Median for 6 samples,

use the Median Test for the fol-
lowing data:

1 2] 3] 4(5| 61718|9{10[11}112
11 31 713.5} 1
2{ 3| 1] 5[ 419! 1i6(3{21 8| 7! 6
31 5] 4| 1] 8{2] 3]114]16f 2
413.5] 5] 6! 3i1
5/ 5{3.5} 2| 7(4] 1[316]2]3] 2
6] 10{3.5] 5|3.5]/4]3.5
m= 3.5
DISPLAYS INSTRUCTIONS

TEST INFORMATION
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To Toad the MENU 2 program,
follow operating instructions
A. To bypass the MENU 2 pro-
gram, follow operating in-
structions B.

A. Mount the Nonparametric
System Tape #2
in logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS118AA"
and touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

(For the System S, the pro-
gram name is "NSS118AA".)

Enter the project name and touch
RETURN(EXEC). (Project name can
be up to 32 characters in length.)

Enter the user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)




Example
Given the Median for 6 samples,

use the Median Test for the fol-
lowing data:

11 2] 3| 4{5| 6/7]8|9]10|11}12
11 31 713.5] 1
2] 3| 1] 5] 4(9| 1164131218l 7|6
31 5 4] 1| 8|2} 3{1/4162
413.5] 5| 6] 3]1
51 513.5] 2| 714 11316)213| 2
6| 10/3.5| 5|3.5|4|3.5

m= 3.5
DISPLAYS INSTRUCTIONS

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K' OR
STORAGE 'S’

?-

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPS1F180 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETERS
ENTER # OF SAMPLES
?
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Enter the date and touch RE-
TURN(EXEC).

Enter 'Y' or 'N' and touch RE-
TURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification.

The message RE-ENTER is dis-
played, if an incorrect entry is
made. To continue, enter the
appropriate symbol and touch
RETURN(EXEC). This note applies
in all instances where a symbol
or a numeric is entered.

Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

Mount a scratch cassette and
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F180.)

The number of samples = 6,
touch RETURN(EXEC?.




Example

Given the Median for 6 samples,
use the Median Test for the fol-
lowing data:

hd 11_2[ 3] 4ls] elz[8lel10011
11_3[ 7(3.5] 1
2 3 11 s| alo] 1l6|3[2] 8] 7
30 5] 4] 1] 8121 3[1l4l612
. 413.5] 5| 6] 31
5] 5(3.5] 2] 714] 113|612 32
6] 10]3.5] 5]3.5(413.5
m= 3.5
DISPLAYS INSTRUCTIONS
9. INPUT PARAMETERS 9. The median value = 3.5, touch
ENTER MEDIAN VALUE RETURN(EXEC).
?
10. INPUT PARAMETERS 10. Enter 'Y' or 'N' and touch
ARE PARAMETERS OK (Y OR N) RETURN(EXEC).
?-

If 'Y', go to the next step.
If 'N', go to step 8.

NOTE :

The parameters are displayed
for verification.

11. INPUT SAMPLE SIZE FOR 11. Sample 1 = 4, touch RETURN
SAMPLE 1 (EXEC).
ENTER SAMPLE SIZE
?

12. INPUT SAMPLE SIZE FOR 12. Enter 'Y' or 'N' and touch

SAMPLE 1 RETURN(EXEC).
SAMPLE SIZE OK (Y OR N)
?-

If 'Y', go to the next step.
If 'N', go to step 11.

NOTE:

The sample size is displayed
for verification.

13. DATA INPUT FOR SAMPLE 1, 13. Sample 1, item 1=3, touch

) ITEM #1 RETURN (EXEC).
ENTER DATA VALUE
?

14. DATA INPUT FOR SAMPLE 1, 14.. Sample 1, item 2=7, touch

ITEM #2 RETURN (EXEC).
ENTER DATA VALUE
?
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Example

Given the Median for 6 samples,
use the Median Test for the fol-
lowing data:

11 2| 3| 4|5 6/7]8]9/[10j11[12 3
11 31 713.5] 1
2] 3] 1] 5{ 419! 1]6|3{2]| 8] 7| 6
3] 51 4] 11 8121 311]4]l6] 2
413.51 5] 6! 3101
51 513.5] 2| 714! 11316421 3| 2 2
6] 10/3.5! 5[3.5]4]3.5
m= 3.5
DISPLAYS - INSTRUCTIONS
Enter all items in Sample 1 of example.
. CORRECTION ROUTINE FOR 15. Enter 'Y' or 'N' and touch
SAMPLE 1, ITEMS #1-4 RETURN(EXEC).

IS DATA OK (Y OR N)
?- If 'Y', go to the next step,
or to enter more data, go to
step 11.

If 'N', go to Section IV.
NOTE :

Follow steps 11-15 for all
samples. The input data is
displayed for verification.
If more than 32 items are en-
tered, only the first 32 are
displayed. To view the re-
maining items, enter 'Y' and
touch RETURN(EXEC).

For System A only: the program
is written to handle multi-
volume files of data. The pro-
gram contains a constant value
that dictates the number of
data records which can be
stored per tape cassette. Once
this number of records has been
written, the volume is closed,
and the following example in-
structions are displayed,

after data cassette 1 has been
rewound.

a. REMOVE AND LABEL VOL 1 OF
FILE NPSTF180 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

<

(Note continued)
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Example

Given the Median for 6 samples,
use the Median Test for the fol-
Towing data:

¥ 11 21 3] 45| 6]|7]8]9]10]11([12
1] 31 7[3.51 1
2] 31 1] 5} 419! 1i6/3|2] 8| 7
3] 5] 4| 11 82| 3(114i6] 2
413.5] 5] 6] 3|1
3 5/ 513.5| 2| 714] 1/3161]2] 3| 2
6] 10{3.5} 5]3.5/4{3.5
m= 3.5
DISPLAYS INSTRUCTIONS
b.  MOUNT SCRATCH VOL TO BE-
COME VOL 2 OF FILE NPS1F180
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?
16. REMOVE AND LABEL VOL 1 OF 16. After labeling the cassette,
FILE NPS1F180 - UNIT 1 touch RETURN(EXEC).
KEY RETURN{EXEC) TO RESUME
r (For the System S, the file
name is NSS1F180.)
17. DO YOU WISH TO EXECUTE 17. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 21.
18. ENTER OUTPUT DEVICE TYPE 18. Enter an output device symbol
SYMBOL and touch RETURN(EXEC).
?--
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'
19. MOUNT VOL 1 OF FILE NPS1F180 19. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME '
?_ (For the System S, the file name
. is NSS1F180.)
NOTE:
If Volume 1 already is in Unit
1 from the corrections routine,
ignore this step which is
repeated for all volumes in a
multi-volume System A.
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Examp

Given the Median for 6 samples,
use the Median Test for the fol-
lowing data:

1 3| 4(5]| 6|7]8[9[10{11]12
11 3] 713.5] 1
2] 3| 11 5| 4j9| 116|3|2| 8] 71 6
31 51 4] 1| 8i2] 3|1/4]16] 2
413.5] 5] 6] 3|1
51 513.5] 2| 714f 1i316]2] 3| 2
611013.51 5|3.5(413.5
m= 3.5
DISPLAYS INSTRUCTIONS
20. EXECUTING PROGRAM 20. The system now is executing the
Extension of the Median Test
(median known).
21. STOP END OF PROGRAM 21. The test results are displayed
T for verification.
22. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.
SECTION I

DATA FROM STORAGE

A. INPUT INFORMATION
DO YOU WISH TO CORRECT A
DATA CASSETTE (Y OR N)
?-

B. MOUNT VOL 1 OF FILE
NPS1F180 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

C. ENTER # OF TAPE DRIVES (1 OR 2)
?
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C.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 18.

Mount the indicated cassette
and touch RETURN(EXEC).

(For the System S, the file name
is NSS1F180. Go to Section II.)

Enter 1 or 2 and touch RETURN

(EXEC).

If 1, go to Section II.
If 2, go to Section III.




Example

Given the Median for 6 samples,
use the Median Test for the fol-
lowing data:

1120 3] 4|s| s6l718/9110111112
1] 3] 7]3.5] 1
2] 3] 1 5] 4|9l 1]6[3[2] 8] 7] 6
31 5 4 1] 8l2] 311lal6] 2
4(13.5] 5| 6] 3
5| 5/3.5] 2| 7[4] 1]3]6]2] 3] 2
6] 10/3.5| 5[3.5[413.5

m= 3.5
DISPLAYS | INSTRUCTIONS

SECTION II

ONE TAPE DRIVE CORRECTION

A. SAMPLE # IN ERROR (O IF END)
?

B. MOUNT VOL 2 OF FILE NPS1F180
- UNIT 1

KEY RETURN(EXEC) TO RESUME
?

—

C. CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
IS DATA OK (Y OR N)
?-
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Enter the sample in error or 0
and touch RETURN(EXEC).

If a sample number is entered,
go to the next step.
If '0', go to step 17.

NOTE:

If the data file has more than
one volume, the program deter-

mines the location of the record

and displays the appropriate
volume to mount. See Step B.
For System S, ignore Step B.

Mount the indicated cassette
and touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step A of Section
IT.

If 'N', go to Section IV.

NOTE :

Follow steps A-C for all

corrections. The input data is
displayed for verification. If
more than 32 items are entered,

only the first 32 are displayed.

To view the remaining items,

enter 'Y' and touch RETURN(EXEC).




Example

Given the Median for 6 samples,

use the Median Test for the fol-
lowing data:

11 2] 31 415 6/718({9]10[11[12
11 31 713.5] 1
2] 3] 1] 5| 4|9] 1163|121 8| 7| 6
3] 51 4 1[ 8i2| 3|1]416/ 2
413.5]1 5] 6] 311
5| 513.5] 2] 714 1[3l6l2] 3] 2
6] 10(3.5f 513.5]413.5
m= 3.5
DISPLAYS INSTRUCTIONS
SECTION III
TWO TAPE DRIVE CORRECTION
SAMPLE # IN ERROR (0 IF END) A. Enter the sample in error or 0
? and touch RETURN(EXEC).
If a sample number is entered,
go to the next step.
If '0', go to step 17.
NOTE:
Sample numbers must be entered
sequentially.
MOUNT VOL 2 OF FILE NPS1F180 B. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ NOTE :
This prompt appears only when
the sample selected is not
located in Volume 1.
MOUNT SCRATCH VOL TO BECOME C. Mount a scratch cassette in
VOL 1 OF FILE NPSTF180 - UNIT 2 Unit 2 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
CORRECTION ROUTINE FOR D. Enter 'Y' or 'N' and touch

SAMPLE 1, ITEMS #1-4
IS DATA OK (Y OR N)
?-
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RETURN(EXEC) .

If 'Y', go to step A of Section
II1.
If 'N', go to Section IV.




Example

Given the Median for 6 samples,

use the Median Test for the fol-
lowing data:

11 2] 3| 415] 617(8(9110]11
11 3] 713.5] 1
2l 3| 1] 5| 4|9 1]/6{3|2] 8} 7
3] 5] 41 1] 8|21 31114161 2
413.5| 5] 61 3|1
5/ 513.51 2| 714 1]31612: 3] 2
6! 1013.5{ 513.51413.5 i

m= 3.5
DISPLAYS INSTRUCTIONS
NOTE:

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
ENTER ITEM # OF BAD DATA
?

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
ENTER CORRECT DATA VALUE
?

Follow steps A-D for all

corrections. The input data is
displayed for verification. If
more than 32 items are entered,

only the first 32 are displayed.

To view the remaining items,

enter 'Y' and touch RETURN(EXEC).

H

i

SECTION IV

DATA CORRECTION

Counting from left to right,
enter the number of the items
in error and touch RETURN
(EXEC).

NOTE:

If the sample selected contains

only one item, ignore this step.

Enter the correct data value
and touch RETURN(EXEC).

NOTE:

Follow steps A-B for all sam-
ples. If proceeding from step
15, that step reappears; follow
the appropriate operating in-
structions. If proceeding from
either step C of Section II or
step D of Section III, one of
those steps reappears; follow
the appropriate operating
instructions.
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THE EXTENSION OF THE MEDIAN TEST
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DATE: 4/2/75

# OF SAMPLES = 6
MEDIRN = 3.5

INPUT DATA:

SAMPLE 1 , SIZE = 4
3

SAMPLE 2 , SIZE = 12

3 1

1 6

? 6
SAMPLE 3 , SIZE = 10
S 4

3 1

SAMPLE 4 . SIZE = S
35S B

SAMPLE SIZE =
S 3.
1 3

2

(]
~

ap

SRMPLE 6 , SIZE =
1@ 3.
3S

"o

THE EXTENSION OF THE MEDIAN TEST
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DATE: 4/2/7S

# OF SAMPLES = 6
MEDIARN = 3.3

I J oL I
1 1 1. goee
2 1 3. ecee
1 2 7. oG08
2 2 S. 8800
1 3 3. eees
2 3 3. 8009
1 4 2. 9006
2 4 3. 9880
1 3 4. 8880
2 S 7. 8060
1 6 3. ooee
2 6 3. 2200

Sample OQutput

‘MEDIRN KNOWN>

3.5 1
S 4
3 2
1 8
4 6
6 3
2 7
6 2
S 35

C(MEDIAN KNOWN)>

ECI, J>

833333333
166666666
508280800
Se8eeseen
383333333
416666666
291666666
708333333
841666666
938333333
750282000
25eeeesoe

whNsanNNUAANE
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X1, I

378787878
320512820
405090909
346133846
037878787
832051282
037121212
931410256
215220385
182109857
922727272

. 919230769




THE EXTENSION OF THE MEDIAM TEST (MEDIRN KNOMN>
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DRTE: 4/2/75

# OF SAMPLES = 6
MEDIAN = 2.5

CHI-SGUARE = 2. 832294977725

D.F. = S

END OF PROGRRM
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CHAPTER XXII THE EXTENSION OF THE MEDIAN TEST (MEDIAN UNKNOWN)
PROGRAM ABSTRACT

This program version assumes that the median 1is unknown and must be
determined. It tests to determine whether k independent samples are drawn from
the same population or from populations with equal medians. The samples may be
of unequal size. The variable is measured in at least an ordinal scale.

PROGRAM DESCRIPTION

In the analysis of data from several independent samples, the researcher is
always interested in testing to see if these samples could have conceivably come
from the same population. However, sample data almost always differ somewhat,
and the problem then is to determine if the observed differences are due to the
differences between populations or are due to just chance variations. Thus, the
null hypothesis wunder test is to determine whether k independent samples are
drawn from the same population or from k didentical populations. The usual
parametric test is the one-way analysis of variance or F-test. However, we need
to assume that the data values are drawn independently from normally distributed
populations which have the same variance, and the measurement of the variable
must be on at least an interval scale. However, these assumptions cannot be
always met realistically. Therefore, we need a test which has relaxed
assumptions. A nonparametric test which can be used is the Extension of the
Median Test. '

This particular version of the Median Test assumes that the median is
unknown and must be determined in the program. The test determines whether k
independent samples (may be of unequal sizes? are drawn from the same population
or populations with equal medians. It is useful for variables measured in at
least an ordinal scale.

The procedure is to first determine the median score for the combined k
samples of data. Then we accumulate for each sample two values or frequencies:
the number of values above the median and the number less than or equal to the
median. This 1is done for all k samples. Then the resulting frequencies are
placed in a 2 x k table.

1 2 k

DATA > M 0 0 0
D 1) 12 1k

DATA< M 0 0 0
D 21 22 2k

value using the following formula:
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To test the null hypothesis, we compute the expected frequencies for each cell
in the table and then compute the x




2
2 k (0:. - E;.)
2= . I 1JE LN
i=1  j=1 ij
where 0 = the observed frequency in the ith row and jth column.
iJ
E = the expected frequency in the ith row and jth column.
ij
k = the number of columns, the number of samples.

It can be shown that the sampling distribution of x2 is approximately Chi-Square
with (k-1) degrees of freedom. Thus, for significance values, we can use a
Chi-Square table.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 180 of the program. By changing
Statement 180, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

After information is temporarily stored internally in the System 2200, it is
stored permanently on a tape cassette. When the system is turned off,
information stored 1in the system is lost, but information stored on the tape
cassette remains intact.

The observations on the tape are arranged in groups called records. In this
program, one sample is a record. During entry, the record is written on the
tape after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can e
written on it. Two lengths are available: 75 feet (Wang Part # 174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the sample size. The maximum number of
records on the tape cassette depends on the length of the record. If all the
data cannot be stored on a single cassette, two or more cassettes are used. As
the records are written, they are counted. When the maximum is reached,
cassette changing messages are displayed (only one cassette for data is allowed
in the System S).
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As it is sold, the program contains the following maximum parameters:

System A: N =10, C =70, R = 7, 296 for the maximum number of records
per cassette.

System S: N =18, C = 196, R = 11, 296 for the maximum number of records
per cassette.

Where N = maximum sample size.
C = total combined sample.
R = # of samples.

If the parameters for your data do not exceed the given maximum parameters, use
the program as it is. For larger maximum parameters, alter the program as
follows ?more memory may be requiredg:

1. The following calculation is used to determine the values of N, R, and C:

N+ C+ (2*R) < the number of variables available (E).

2. Calculate the maximum N, R, C, using the appropriate value of E for your
system from the following table:

CAPACITY 8K 12K 16K
E for System A 99 611 1123
E for System S 240 752 1264

3. Look up the maximum number of records per cassette (D') in the following
table:

24| 52(80|108 |136 (164 |192 | 220 | 248 | 255

75 feet |146 | 72|47 | 35| 27| 22 | 19| 16| 14| 12
150 feet | 296 {147 |97 | 72 | 57 | 47 | 40| 35| 31| 27

*if your max is not listed, refer to the next highest increment.

NOTE:

In the System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.
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10.

Insert System Tape #2 into Unit 1 (on the Console), close the
door and press REWIND.

Key LOAD "NPS119AA" for the System A or LOAD "NSS119AA" for the System S,
and touch RETURN(EXEC).

Key LIST 180 and touch RETURN(EXEC). The screen should display:

System A: 180 DIM X(10),S(70),T(2,7):SELECT
#110A,#210B :D=296 :H=32

System S: 180 DIM X(18),S(196),T(2,11)
190 SELECT #110A:H=32

Rekey Statement 180, using the new maximum parameters:

System A: 180 DIM X(N),S(C),T(2,R):SELECT
#110A,#210B:D=D" :H=32

System S: 180 DIM X(N),S{C),T(2,R)
-~ 190 SELECT #110A:H=32

Touch RETURN(EXEC)

Reﬁove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

Key SAVE "NPS119AA" for the System A, or "NSS119AA" for the System S, and
touch RETURN(EXEC).

Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example

Not given the Median for the

samples, use the Median Test for the
following data:

6[7 10

3.

8

1
311 2

~Niwoo|
(=] W o
N N (Yo}

1{3 3

Y oni|winof—

L
ojooijojwlw]—

Wi

.
GO O~

3
5
5
1
6
2
5

£ iP =N (3]

3.5|4(3.5

DISPLAYS

TEST INFORMATION
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INSTRUCTIONS

To Toad the MENU 2 program,
follow operating instructions A
To bypass the MENU 2 program,

follow operating instructions B.

A. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RETURN
(EXEC).

Touch RUN and RETURN(EXEC).

Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

Type LOAD "NPST19AA" and
touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

(For System S, the program
name is “NSS]]QAA".?

Enter the project name and
touch RETURN(EXEC). (Project
name can be up to 32 characters
in length.)

Enter the user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

od




Example

Not given the Median for the
samples, use the Median Test for the
following data:

1 2] 31 4|5( 6/7]8191]10

11 31 713.5] 1
2l 3| 11 5( 419 11613[2] 8
3] 5 4, 1{ 8|2] 3]114l6] 2
413.5] 5] 6 3|1
5] 5(3.5| 2y 714] 1!316]/2] 3
6| 1013.5] 5]3.5]4]3.5

DISPLAYS INSTRUCTIONS

TEST INFORMATION q. Enter the date and touch RE-

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K' OR
STORAGE 'S'

?-

MOUNT SCRATCH VOL TO BECOME
VOL T OF FILE NPSTF190 - UNIT 1
KEY RETURN(EXEC) TO RESUME

? v

INPUT PARAMETER
ENTER # OF SAMPLES
?

INPUT PARAMETER
IS PARAMETER OK (Y OR N)
?-
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TURN(EXEC).

5. Enter 'Y' or 'N' and touch RE-
TURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
-played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol
or a numeric is entered.

6. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Mount a scratch cassette and
touch RETURN(EXEC).

(For the System S, the file name
is NSS1F190.)

8. The number of samples = 6,
touch RETURN(EXEC?

9. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 8.



Example

samples, use the Median Test for the

Not given the Median for the

following data:

11 2] 3| 4|5} 6]718]9]10
11 3] 713.5] 1
2 3| 1| 5| 419] 1]|6/3(|2{ 8
3! 5] 4 11 82| 3}1(4]6] 2
413.5| 5| 61 311
5( 5i3.5] 2] 714 1]3/6]2] 3
6] 1013.5{ 53.5]413.5
DISPLAYS INSTRUCTIONS
NOTE :
The parameter is displayed for
verification.
10. INPUT SAMPLE SIZE FOR 10. Sample 1 = 4, touch RETURN
SAMPLE 1 (EXEC).
ENTER SAMPLE SIZE
?
11. INPUT SAMPLE SIZE FOR SAMPLE 1 11. Enter 'Y' or 'N' and touch RE-
SAMPLE SIZE OK (Y OR N) TURN(EXEC).
?2-
B If 'Y', go to the next step.
If 'N', go to step 10.
NOTE:
The sample size is displayed
for verification.
12. DATA INPUT FOR SAMPLE 1, 12. Sample 1, item 1=3, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
13. DATA INPUT FOR SAMPLE 1, 13. Sample 1, item 2=7, touch
ITEM #2 RETURN(EXEC).
ENTER DATA VALUE
5
Enter all items in Sample 1 of example.
14. CORRECTION ROUTINE FOR 14. Enter 'Y' or 'N' and touch

SAMPLE 1, ITEMS #1-4
IS DATA OK (Y OR N)
?-
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RETURN(EXEC).

If 'Y', go to the next step, or
to enter more data, go to step
10.

If 'N', go to Section IV.

[T




Example
Not given the Median for the
samples, use the Median Test for the

following data:

~ 11 2] 3] 45| 61718]|91]10
1] 3| 7{3.5} 1
2] 3| 1| 5| 4(9] 116131218
3/ 5] 4) 1] 8l2] 3[1{4]6] 2
413.5] 5] 6] 3|1

y) 5[ 5|3.5] 2] 714] 1]316/2}3
6110/3.5| 5|3.5]|413.5

DISPLAYS INSTRUCTIONS
NOTE:

Follow steps 10-14 to enter

all samples. The input data

is displayed for verification.
If more than 32 items are
entered, only the first 32 are
displayed. To view the re-
maining items, enter 'Y' and
touch RETURN(EXEC). For Sys-
tem A only: The program is
written to handle multi-volume
files of data. The program
contains a constant value that
dictates the number of data
records which can be stored per
tape cassette. Once this number
of records has been written, the
volume is closed, and the fol-
lowing example instructions are
displayed, after data cassette

1 has been rewound.

a. REMOVE AND LABEL VOL 1 OF
FILE NPSTF190 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

b.  MOUNT SCRATCH VOL TO BE-

v COME VOL 2 OF FILE NPS1F190
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?
* 15. REMOVE AND LABEL VOL 1 OF 15. After labeling the cassette,
FILE NPS1F190 - UNIT 1 touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

_ (For the System S, the file
name is NSS1F190.)
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Example

Not given the Median for the

samples, use the Median Test for the
following data:

20. STOP END OF PROGRAM

214

1{ 2 3| 4|5| 6/718[9]10
1] 3 7(3.5] 1
21 31 1] 5| 4]9| 1]61]3{2| 8
31 5] 41 1| 8{2| 3[1]4]l6! 2
413.51 5| 6] 3|1
5[ 513.5( 2| 71/4| 11316(2]| 3
6] 1013.51 5(3.51413.5
DISPLAYS INSTRUCTIONS
16. DO YOU WISH TO EXECUTE 16. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N). RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 20.
17. ENTER OUTPUT DEVICE TYPE 17. Enter an output device symbol
SYMBOL and touch RETURN(EXEC).
?-
FOR CRT ONLY, KEY RETURN(EXEC)
‘FOR HIGH SPEED, KEY 'HS'
FOR THERMAL , KEY 'TH'
FOR PLOTTER(2202), KEY ‘P’
FOR TYPEWRITER, KEY 'TY'
- 18. MOUNT VOL 1 OF FILE NPS1F190 18. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
? (For the System S, the file
name is NSS1F190.)
NOTE:
If Volume 1 already is in Unit
1 from the corrections routine,
ignore this step which is re-
peated for all volumes in a
multi-volume System A.
19a. COMPUTE MEDIAN VALUE 19a. The system now is computing
the median value.
b. EXECUTING PROGRAM b. The system now is executing
the Extension of the Median
Test (median unknown).
20. The test results are displayed

for verification.




Example

Not given the Median for the
samples, use the Median Test for the
following data:

(=]

10

bl 122

8
2

A |=—t

Y (=23 Sl B A %

8
3
4
6

G0 10O [ || b

1
3.5

3

O\U‘!-lel\)-—‘
O oo || =~
(48] (#1)

|| NN
G [OY | =2 [N o

5
9
2
1
4
4

3.5

DISPLAYS

INPUT INFORMATION

DO YOU WISH TO CORRECT
A DATA CASSETTE (Y OR N)
?-

MOUNT VOL 1 OF FILE NPS1F190
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

ENTER # OF TAPE DRIVES (1 OR 2)
?

SAMPLE # IN ERROR (0 IF END)
?

INSTRUCTIONS
21. To rerun the test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 17.

Mount the indicated cassette
and touch RETURN(EXEC).

(For the System S, the file
name is NSS1F190. Go to
Section 1I.)

Enter 1 or 2 and touch RETURN
(EXEC).

If 1, go to Section II.
If 2, go to Section III.

SECTION II
ONE TAPE DRIVE CORRECTION
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Enter the sample in error or 0
and touch RETURN(EXEC).

If a sample number is entered,
go to the next step.
If '0', go to step 16.



Example

Not given the Median for the

samples, use the Median Test for the
following data:

(=]
~J

W |=—
-
|I'\)OO o

[0 |00 | =
(=2} 10 [o¢]
N NN (Vo]
w

MO |- IWIN |~

.
QoW |wW|—

wiWw
(] o

QOO = NN
L]

N[O |[—jn| O

P = PO O (3]

3.51413.5

DISPLAYS

MOUNT VOL 2 OF FILE NPS1F190
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
IS DATA OK (Y OR N)

?-
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INSTRUCTIONS

NOTE:

If the data file has more than
one volume, the program deter-
mines the location of the
record and displays the appro-
priate volume to mount; see
step B. For System S, ignore
Step B.

Mount the indicated cassette
and touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step A of Section
IT.
If 'N', go to Section IV.

NOTE:

Follow steps A-C for all
corrections. The input data is
displayed for verification.

If more than 32 items are
entered, only the first 32 are
displayed. To view the remain-
ing items, enter 'Y' and touch
RETURN(EXEC).




Example

Not given the Median for the
samples, use the Median Test for the
following data:

1] 21 3 415] 6{7(8]9]10
17 3] 713.5[] 1
21 3] 1] 5] 4|9| 1]6(3i{2| 8
3; 5| 4| 1| 8|2 3]1]4i6] 2
413.5] 5] 6{ 3|1
5/ 513.5] 2] 714] 1136/2] 3
6 10i3.5] 5|3.514]3.5

DISPLAYS INSTRUCTIONS

SECTION III
TWO TAPE DRIVE CORRECTION

A. SAMPLE # IN ERROR (O IF END)
?

B. MOUNT VOL 2 OF FILE NPS1F190
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?

C. MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPSTF190 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

D. CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
IS DATA OK (Y OR N)
?-
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D. Enter 'Y' or 'N'

A. Enter the sample in error or

0 and touch RETURN(EXEC).

If a sample number is entered,
go to the next step.
If '0', go to step 16.

NOTE:

Sample numbers must be entered
sequentially.

B. Mount the indicated cassette

and touch RETURN(EXEC).

NOTE:

This prompt appears only when
the sample selected is not
located in Volume 1.

C. Mount a scratch cassette and

touch RETURN(EXEC).

and touch
RETURN(EXEC).

If 'Y', go to step A of Section
III.

If 'N', go to Section IV.



Example

Not given the Median for the
samples, use the Median Test for the
following data:
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DISPLAYS INSTRUCTIONS

NOTE:

Follow steps A-D for all
corrections. The input data is
displayed for verification.

If more than 32 items are
entered, only the first 32 are
displayed. To view the remain-
ing items, enter 'Y' and touch
RETURN(EXEC).

SECTION IV
DATA CORRECTION

CORRECTION ROUTINE FOR A. Counting from left to right,
SAMPLE 1, ITEMS #1-4 enter the number of the sample
ENTER ITEM # OF BAD DATA in error and touch RETURN(EXEC).
?

NOTE:

If the sample selected contains
only one item, ignore this

step.
CORRECTION ROUTINE FOR B. Enter the correct data value
SAMPLE 1, ITEMS #1-4 and touch RETURN(EXEC).
ENTER CORRECT DATA VALUE ®
? NOTE:

Follow steps A and B for all
samples. If proceeding from
step 14, that step reappears;
follow the appropriate oper-
ating instructions. If pro-
ceeding from either step C of
Section II or step D of Section
IIT, one of those steps re-
appears; follow the appropriate
operating instructions.
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Samplie Output

THE EXTENSION OF THE MEDIAN TEST (MEDIRN UNKNOWN>
PROJECT: WRITER TEST RUN
RUN BY: B. KRIGHT

* DRTE: 4/2/75

# OF SAMPLES = €

INPUT DATA:
SRAMPLE 1 ., SIZE 4
2 35 1
SAMPLE 2 , SIZE 10
3 ] 4 9
1 3 2 g
SRAMPLE 3 ., SIZE 10
S 1 -] 2
3 4 [ 2
SAMPLE 4 , SIZE S
35 6 3 1
SAMPLE 35 , SIZE 16
S .S 2 ? 4
1 6 2 3
SAMPLE 6 , SIZE 6
10 .5 S 3.5 4
35
THE EXTEMSION OF THE MEDIAN TEST (MEDIAM UNKMNOWN>
FROJECT: WRITER TEST RUN
RUN BY  B. WRIGHT
DATE. 4/2/7S
® OF SAMPLES = €
I J ocI, I E<I, J> XL, I
1 1 1. 8800 1. 7777707777 0. 340277777
2 1 3. 0600 2. 222222222 - 8. 272222222
1 2 S. 0980 4. 444444444 0. 869444444
2 2 5. 0000 5. 555555555 8. 855555555
1 3 S. 600 4. 444444444 9. 869444444
2 3 S. 0000 5. 555555555 8. 855555555
1 4 2. 8060 2. 222222222 8. 822222222
2 4 3. 66608 2. 7077072777 Q. BATTTPPTT
1 S 4. 6680 4, 444444444 9. 8444344344
2 3 6. 6880 5. 585555555 0. 835355555
1 6 3. 8800 2. 666666666 8. B4166EEEE
2 [ 3. 9806 3. 333333333 0. 833333333
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THE EXTENSION OF THE MEDIAN TEST <(MEDIAN UNKNOWND
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHKT

DRTE: 4/2/73

# OF SAMPLES = 6

MEDIAN = 3.5

CHI-SQURRE 1. 857500008006
DF. = 5

END OF PROGRAM
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CHAPTER XXIII THE KRUSKAL-WALLIS ONE-WAY ANALYSIS OF VARIANCE BY RANKS TEST
PROGRAM ABSTRACT

The program tests to see if k independent samples are from different
populations. The test assumes that the variable has a continuous distribution
and is measured on at least an ordinal scale.

PROGRAM DESCRIPTION

In the analysis of data from several independent samples, the researcher is
always interested in testing to see if these samples could have conceivably come
from the same population. However, sample data almost always differ somewhat,
and the problem then is to determine if the observed differences are due to the
differences between populations or are due to just chance variations. Thus, the
null hypothesis under test is to determine whether k independent samples are
drawn from the same population or from k identical populations. The usual
parametric test is the one-way analysis of variance or F-test. However, we need
to assume that the data values are drawn independently from normally distributed
populations which have the same variance, and the measurement of the variable
must be on at least an interval scale. However, these assumptions cannot be
always met vrealistically. Therefore, we need a test which has relaxed
assumptions. A nonparametric test which can be used is the Kruskal-Wallis
One-Way Analysis of Variance by Ranks.

The Kruskal-Wallis Test is extremely useful in determining if k independent
samples are from different populations. Samples differ somewhat naturally.
Thus, when testing for sample differences, we must determine if it 1is genuine
population differences or chance variations. The null hypothesis tested is that
the k samples come from the same population or from identical populations with
respect to averages. The test assumes the variable has a continuous
distribution and that it is measured on at least an ordinal scale.

The procedure is to combine all k samples into one group of N observations,
rank the group, and then sum the ranks of each sample. The test determines
whether these rank sums are so disparate that they are likely not to come from
samples drawn from the same population. The following formula is used:

12 k Ei
H = ey jfl ; - 3(N+1)

where k = number of samples.
n = Jth sample size.
J
N = total number of cases in all samples combined.
Rj = sum of ranks in jth sample (column).
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It can be shown that H 1is distributed approximately Chi-Square with (k-1)
degrees of freedom for sufficiently large sample sizes. In the case of tied
observations, the mean of the ranks involved are assigned. Also a correction
term is needed in the formula. '

2 kR (W41)
R .5 Ry - 30w
A S
- -
NS - N

where T =t3-t (where t is the number of tied values in a tied group of
scores). The correction term increases the value of H and the results are more
significant. '

To determine significance, the value k and the sample sizes determine the
method used. If k = 3 and the sample sizes are all less than or equal to 5, we
use a table of critical values. For all other cases, we use a Chi-Square table
with (k-1) degrees of freedom.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

After information is temporarily stored internally in the System 2200, it is
stored permanently on a tape cassette. When the system is turned off,
information stored 1in the system is lost, but information stored on the tape
cassette remains intact.

The observations on the tape are arranged in groups called records. In this
program, one sample is a record. During entry, the record is written on the
tape after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can be
written on it. Two lengths are available: 75 feet (Wang Part # 174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the sample size. The maximum number of
records on the tape cassette depends on the length of the record. If all the
data cannot be stored on a single cassette, two or more cassettes are used. As
the records are written, they are counted. When the maximum is reached,
cassette changing messages are displayed (only one cassette for data is allowed
in the System S).
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As it is sold, the program contains the following maximum parameters:

System A: N = 4, A =12, R = 3, 296 for the maximum number of records per
cassette.

System S: N = 11, A = 44, R = 4, 296 for the maximum number of records
per cassette.

~ Where N = sample size.
A = total combined sample.
R = number of samples.

If the parameters for your data do not exceed the given maximum parameters, use
the program as it is. For Tlarger maximum parameters, alter the program as
follows (more memory may be requiredg:

1. The following calculation is used to determine the value of E:

N + (4*A) + R < the number of variables available (E).

2. Calculate the maximum N, A, R, using the appropriate value of E for your
system from the following table:

CAPACITY 8K 12K 16K 20K
E for System A 60 572 1084 1596
E for System S 192 704 1216

3. Look up the maximum number of records per cassette (D') 1in the following
table:

24 | 52 |80 108 | 136 | 164 | 192 | 220 | 248 | 255

75 feet | 146 | 72 |47 | 35| 27| 22| 19| 16 | 14| 12

150 feet {296 |147 (97 | 72 | 57 | 47 | 40| 35| 31 | 27

*if your max is not listed, refer to the next highest increment.

NOTE:

In @he System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.

4. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and RETURN(EXEC).
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5. Key LOAD "NPS120AA" for the System A or LOAD "NSS120AA" for the System S,
and touch RETURN(EXEC).

6. Key LIST 170, and touch RETURN(EXEC). The screen should display:

System A: 170 DIM X(4),D(12),S(12),A(12),P(12),R(3): -
SELECT #110A,#210B:D=296:H=32

System S: 170 DIM X(11),D(44),5(44),A(44),
P(44),R(4):SELECT #110A:H=32

7. Rekey Statement 170, using the new maximum parameters:

System A: 170 DIM X(N),D(A),S(A),A(A),P(A),R(R):
SELECT #110A,#210B:D=D":H=32

System S: 170 DIM X(N),D(A),S(A),A(A),P(A),R(R):
SELECT #110A:H=32

Touch RETURN(EXEC).

8. Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS120AA" for the System A, or "NSS120AA" for the System S, and
touch RETURN(EXEC).

10. Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #2.
Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example

Run the Kruskal-Wallis Test on

the following samples of data:

n

1

4, n =4, n =4,
2 3

98 |80 | 84 73

94 180 {126 | 59

WA=

113 194 [ 162 | 145

DISPLAYS

TEST INFORMATION

225

INSTRUCTIONS

To load the MENU 2 program,
follow operating instructions A.
To bypass the MENU 2 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC) .
Type LOAD "NPST120AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

(For the System S, the pro-
gram name is "NSST120AA".)

Enter the project name and touch
RETURN(EXEC). (Project name can
be up to 32 characters in
length.)

Enter the user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC) .



Example

Run the Kruskal-Wallis Test on
the following samples of data:
n =4, n =4, n =4,
1 2 3

98180 | 84| 73
94 180 {126 | 59
113 194 162 | 145

WINY| —

5.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K' or
STORAGE 'S’

?-

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPS1F200 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETER
ENTER # OF SAMPLES
?

INPUT PARAMETER

IS PARAMETER OK (Y OR N)
?-
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INSTRUCTIONS

5. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol or
a numeric is entered.

6. Enter 'K' or 'S' and touch

RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Mount a scratch cassette and

touch RETURN(EXEC).

(For the System S, the file name
is NSS1F200.)

8. The number of sam§]es = 3,

touch RETURN(EXEC

9. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 8.

NOTE:

The parameter is displayed
for verification.




Example
Run the Kruskal-Wallis Test on
the following samples of data:
n =4, n =4, n =4,
1 2 3

11 98[80] 84 73
2 | 9480126 | 59
3 (113 | 94 | 162 | 145
. DISPLAYS INSTRUCTIONS
10. INPUT SAMPLE SIZE FOR 10. Sample 1 = 4, touch RETURN
SAMPLE 1 (EXEC).
ENTER SAMPLE SIZE
?
11. INPUT SAMPLE SIZE FOR SAMPLE 1 11. Enter 'Y' or 'N' and touch
SAMPLE SIZE OK (Y OR N) RETURN(EXEC) .
?-

If 'Y', go to the next step.
If 'N', go to step 10.

NOTE:

The sample size is displayed
for verification.

12. DATA INPUT FOR SAMPLE 1, 12. Sample 1, item 1 = 98, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
13. DATA INPUT FOR SAMPLE 1 13. Sample 1, item 2 = 80, touch
ITEM #2 RETURN(EXEC).
ENTER DATA VALUE
?
Enter all items in Sample 1 of example.
14. CORRECTION ROUTINE FOR 14. Enter 'Y' or 'N' and touch

. SAMPLE 1, ITEMS #1-4 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to the next step, or
to enter more data, go to step
10.

i If 'N', go to Section IV.
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Example

Run the Kruskal-Wallis Test on

the following samples of data:

n
1

4, n =4, n =4,
2 3

15.

16.

DISPLAYS

REMOVE AND LABEL VOL 1 OF FILE
NPS1F200 - UNIT 1

KEY RETURN(EXEC) TO RESUME

?

DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-
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11 98180) 8] 73
2194180126 | 59
3 (113194 {162 |145
INSTRUCTIONS
NOTE:

The input data is displayed for
verification. If more than 32
items are entered, only the
first 32 are displayed. To
view the remaining items, enter
'Y' and touch RETURN(EXEC).
Follow steps 10-14 to enter all
samples. For System A only:
The program is written to handle
multi-volume files of data.

The program contains a constant
value that dictates the number
of data records which can be
stored per tape cassette. Once
this number of records has been
written, the volume is closed,
and the following example
instructions are displayed,
after data cassette 1 has been
rewound.

a. REMOVE AND LABEL VOL 1 OF
FILE NPS1F200 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

b. MOUNT SCRATCH VOL TO BECOME
VOL 2 OF FILE NPS1F200 -
UNIT 1
KEY RETURN(EXEC) TO RESUME
o

15.

16.

After labeling the cassette,
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F200.)

Enter 'Y' or 'N' and touch
RETURN(EXEC) .




ye

Example

Run the Kruskal-Wallis Test on

the following samples of data:
n =4, n =4, n =4,
1 2 3
1{98/8 | 84| 73
21 94180 (126 59
3 [113[94 (162 ] 145
DISPLAYS INSTRUCTIONS
If 'Y', go to the next step.
If 'N', go to step 20.
17. ENTER OUTPUT DEVICE TYPE 17. Enter an output device symbol
SYMBOL and touch RETURN(EXEC).
?-
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'
18. MOUNT VOL 1 OF FILE 18. Mount the indicated cassette
NPSTF200 - UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ (For the System S, the program
name is NSS1F200.)
NOTE:
If Volume 1 already is in Unit 1
from the corrections routine,
ignore this step which is re-
peated for all volumes in a
multi-volume System A.
19a. SETTING UP WORK AREAS 19a. The system now is setting up work
areas.
b. SORTING DATA b. The system now is sorting data.
c. SETTING UP AVERAGE RANKS c. The system now is setting up
average ranks.
d. ALIGNING AVERAGE RANKS d. The system now is aligning
average ranks.
e. SUM OF SAMPLE RANKS e. The system now is calculating
the sum of the sample ranks.
f. EXECUTING PROGRAM f. The system now is executing the
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Kruskal-Wallis One-Way Analysis
of Variance By Ranks Test.




Example

Run the Kruskal-Wallis Test on
the following samples of data:
n =4, n =4, n =4,
1 2 3

98 180 | 84| 73
94 180 |126 | 59
113 {94 [162 [ 145

WIN|—

DISPLAYS
20. STOP END OF PROGRAM

A. INPUT INFORMATION
DO YOU WISH TO CORRECT A DATA
CASSETTE (Y OR N)
?-

B. MOUNT VOL 1 OF FILE
NPS1F200 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

C. ENTER # OF TAPE DRIVES (1 OR 2)
?

A. SAMPLE IN ERROR (0 IF END)
?

“INSTRUCTIONS

20. The test results are displayed
for verification.

21. To rerun test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

A. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 17.

B. Mount the indicated cassette

and touch RETURN(EXEC).

(For the System S, the file
name is NSS1F200. Go to
Section II.)

C. Enter 1 or 2 and touch RETURN

(EXEC) .

If 1, go to Section II.
If 2, go to Section III.

SECTION II
ONE TAPE DRIVE CORRECTION

230

A. Enter the sample in error or 0

and touch RETURN(EXEC).

If a sample number is entered,
go to the next step.
If '0', go to step 16.

g




Example
Run the Kruskal-Wallis Test on

the following samples of data:
n =4, n =4, n =4,
1 -2 3

—

98 180 84| 73
2194180126 | 59
3 |113 194 | 162 | 145

s DISPLAYS INSTRUCTIONS

NOTE:

If the data file contains more
than one volume, the program
determines the location of the
record and displays the appro-
priate volume to mount; see

step B. For the System S, ignore
step B.

B. MOUNT VOL 2 OF FILE B. Mount the indicated cassette
NPST1F200 - UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?

C. CORRECTION ROUTINE FOR C. Enter 'Y' or 'N' and touch
SAMPLE 1, ITEMS #1-4 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to step A of Section

II.

If 'N', go to Section IV.

NOTE :

The input data is displayed for
verification. Follow steps

A-C for all corrections. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN(EXEC).

SECTION III
TWO TAPE DRIVE CORRECTION

- A. SAMPLE # IN ERROR (0 IF END) A. Enter the sample in error or
?_ 0 and touch RETURN(EXEC).

If a sample number is entered,
go to the next step.
If '0', go to step 16.
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Example

Run the Kruskal-Wallis Test on
the following samples of data:

DISPLAYS

MOUNT VOL 2 OF FILE NPS1F200
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPST1F200 - UNIT 2
KEY RETURN(EXEC) TO RESUME

?

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
IS DATA OK (Y OR N)

?-
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n =4, n =4, n =4,
1 2 3
1198|801/ 84| 73
2] 94180126 | 59
3[T13194 162|145
INSTRUCTIONS
NOTE:

Sample numbers must be entered
sequentially.

B. Mount the indicated cassette

and touch RETURN(EXEC).

NOTE:

This prompt only appears when
the sample selected is not
located in Volume 1.

C. Mount a scratch cassette in

Unit 2 and touch RETURN(EXEC).

D. Enter 'Y' or 'N' and touch RE-

TURN(EXEC).

If 'Y', go to step A of Section
II1.
If 'N', go to Section IV.

NOTE :

Follow steps A-D for all
corrections.

The input data is displayed for
verification. If more than 32
jtems are entered, only the
first 32 are displayed. To
view the remaining items, enter
'Y' and touch RETURN(EXEC).

[N




Example
Run the Kruskal-Wallis Test on
the following samples of data:
n =4, n =4, n =4,
1 2 3

98 {80 | 84 | 73
94 180 [126 | 59
113 {94 |162 |145

WIN =

DISPLAYS

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
ENTER ITEM # OF BAD DATA
?

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-4
ENTER CORRECT DATA VALUE
?

INSTRUCTIONS

SECTION IV
DATA CORRECTION

A. Counting from left to right,
enter the number of the item
in error and touch RETURN
(EXEC).

NOTE:

If the sample selected contains
only one item, ignore this step.

B. Enter the correct data value
and touch RETURN(EXEC).

NOTE :

Follow steps A and B for all
samples. If proceeding from
step 14, that step reappears;
follow the appropriate operating
instructions. If proceeding
from either step C of Section

IT or step D of Section III,

one of those steps reappears;
follow the appropriate operat-
ing instructions.
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Sample Output

THE KRUSKAL-WALLIS ONE-WAY ANARLYSIS OF VARIANCE BY RANKS
FROJECT: WRITER TEST RUN TEST

RUN BY: B. WRIGHT
DATE: 4./2/75 ' -

# OF SRMPLES = 3

DATR INPUT:

SAMPLE 1 , SIZE = 4 4
98 se 24 73

SAMPLE 2 . SIZE = 4
94 80 126 59

SRMPLE 3 , SIZE = 4
113 94 162 145

THE KRUSKAL-WALLIS ONE-WARY ANRLYSIS OF VARIANCE BY RANKS TEST
PROJECT: WRITER TEST RUN

RUN BY: B. HRIGHT

DATE: 4/2/75

® OF SARMPLES = 3
RANK VALUES:

SAMPLE 1 ,» SIZE =
8

SAMPLE 2 , SIZE =

695 3. 10 1

ad s Re

SAMPLE 3 , SIZE =
3

9 12 11

THE KRUSKRL-WALLIS OME-WAY ANALYSIS OF VARIANCE BY RANKS TEST
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DATE: 4/2/75

# OF SAMPLES = 3

SAMPLE RRANK TOTALS R¢J>:
18. 5 21 38.5

SUMCRC(IDT2/NCIY)D
CORRECTION TERM

566. 375
12

H = 4, 36730769231
HCC) = 4. 599471838988
DF = 2

END OF PROGRAM
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CHAPTER XXIV THE CONTINGENCY COEFFICIENT: C
PROGRAM ABSTRACT

The program computes the measure of the extent of association between the
attributes. It is extremely useful for categorical data.

PROGRAM DESCRIPTION

Frequently, it is desirable to determine if two sets of scores are related
and if so, to what degree. It may also be relevant to determine the
significance of this association. In parametric statistics, the test usually
employed to determine correlation is the Pearson product-moment correlation
coefficient r. To determine r, we require that the scores are measured in at
least an equal-interval scale. If we also desire the significance level, then
we must assume that the scores are from a bivariate normal distribution. When
these assumptions cannot be met, we now can apply nonparametric methods which
assume nothing about the shape of the sample's population. A nonparametric test
which can be used is the Contingency Coefficient: C.

The value C is the measure of the extent of association between two
attributes. It 1is especially useful for categorical (nominal) data. These
frequency values are placed in a contingency table and the computed value is the
same regardless of how the categories are arranged in columns and rows. There
are k columns and r rows, and the two categories are A,...A and B "'Br'

1 k 1
A A A . e . A Total
1 2 3 k
(AB) |(AB) | (AB) (AB)
11 2 1 31 k1
(AB) |(AB) |(AB) (AB)
12 2 2 32 k 2
(AB) |(AB) |(AB) (AB)
Tr 2r 3r kr
Total
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We then compute the expected frequencies that would occur if there were no
association between the two variables. The 1larger the values between the
observed and expected frequencies, the 1larger is the degree of association
betgeen the two variables, and the larger is C. The following formulas are
used:

C = __.Xz_
N+x2
where: r k (0, E .)2
x2 = 7 T 1) iJ
i=1  j=1 ij

“For critical values, we use the x2 value used in the formula for C and use a
Chi-Square table with (k-1)(r-1) degrees of freedom.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statements 180 and 190 of the program. By
changing Statements 180 and 190, new maximum parameters can be defined, but they
musﬁ_ not exceed absolute maximum parameters which depend on the capacity of the
machine.

After information is temporarily stored internally in the System 2200, it is
stored permanently on a tape cassette. When the system is turned off,
information stored in the system is lost, but information stored on the tape
cassette remains intact.

The observations on the tape are arranged in groups called records. In this
program, one row is a record. During entry, the record is written on the tape
after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can be
written on it. Two lengths are available: 75 feet (Wang Part # 174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the number of columns. The maximum number
of records on the tape cassette depends on the length of the record. If all the
data cannot be stored on a single cassette, two or more cassettes are used. As
the records are written, they are counted. When the maximum is reached,
cassette changing messages are displayed (only one cassette for data is allowed
in the System S).
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As it is sold, the program contains the following maximum parameters:

75, 97 for the maximum number of records per cassette.

System A: C

System S: C = 145, 47 for the maximum number of records per cassette.
Where C = number of columns.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it is. For 1larger maximum parameters, alter the program as
follows (more memory may be requiredg:

1. The following calculation is used to determine the value of C:

2 * C < the number of variables available.

2. Select the appropriate value of C for your system from the following table:

CAPACITY 8K 12K
C for System A 75 255
C for System S 145 255

3. Look up the maximum number of records per cassette (D') in the following
table:

24 | 52|80 |108 |136 [164 | 192 |220 | 248 | 255

75 feet |146 | 72 (47 | 35| 27 | 22| 19| 16| 14 | 12

150 feet |296 | 147 |97 | 72 | 57 | 47 | 40 | 35| 31 | 27

*if your max is not listed, refer to the next highest increment.

NOTE:

In the System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.

4. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and RETURN(EXEC).

5. Key LOAD “NPS121AA" for the System A or LOAD "NSS121AA" for the System S,
and touch RETURN(EXEC).
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10.

Key LIST 180, and touch RETURN(EXEC). The screen should display:

System A: 180 DIM X(75),R(75)
190 SELECT #110A,#210B:D=97:H=32

System S: 180 DIM X(145),R(145):SELECT #110A v

Rekey Statements 180 and 190 using the new maximum parameters:

System A: 180 DIM X(C),R(C)
190 SELECT #110A,#210B:D=D':H=32 2

System S: 180 DIM X(C),R(C):SELECT #110A
Touch RETURN(EXEC).

Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

Key SAVE "NPS121AA" for the System A, or "NSS121AA" for the System S, and
touch RETURN(EXEC).

Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating

instructions.
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Example

Compute the value of C for the

following data:

k=4
20 37 13 1
r=3 12 76 93 13
3 33 57 11
DISPLAYS INSTRUCTIONS

TEST INFORMATION

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY
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To load the MENU 2 program,
follow operating instructions A
To bypass the MENU 2 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RE-
TURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS121AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

(For the System S, the pro-
gram name is "NSS121AA".)

Enter the project name and
touch RETURN(EXEC). (Project
name can be up to 32 characters
in length.)

Enter the user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

Enter the date and touch RE-
TURN(EXEC).



Example
Compute the value of C for the
following data:

k=4

20 | 37 | 13 1
r=3 [T12 | 76 | 93 | 13
3 [ 33 | 57 | 1

5.

10.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION
IS INPUT FROM KEYBOARD 'K' or

STORAGE 'S’
?-

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPS1F210 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETERS
ENTER # OF ROWS
?

INPUT PARAMETERS
ENTER # OF COLUMNS
?

INPUT PARAMETERS

ARE PARAMETERS OK (Y OR N)
?-
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INSTRUCTIONS

5. Enter 'Y' or 'N' and touch RE-
TURN(EXEC) .

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification.

The message RE-ENTER is dis-
played if an incorrect entry is
made. To continue, enter the
appropriate symbol and touch RE-
TURN(EXEC). This note applies
in a1l instances where a symbol
or a numeric is entered.

6. Enter ‘K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Mount a scratch cassette and
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F210.)

8. The number of rows = 3, touch
RETURN(EXEC).

9. The number of columns = 4, touch
RETURN(EXEC).

10. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 8.




Example !

Compute the value of C for the

following data:

k = 4
20 37 13 1
=3 12 76 93 13
3 33 57 11
DISPLAYS INSTRUCTIONS
11. DATA INPUT FOR ROW #1, COLUMN 1 11. Row 1, column 1 = 20, touch
ENTER DATA VALUE RETURN(EXEC).
-
12. DATA INPUT FOR ROW #1, COLUMN 2 12. Row 1, column 2 = 37, touch

13.

ENTER DATA VALUE
?

RETURN{EXEC).

Enter all items in Row 1

of example.

CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-4

IS DATA OK (Y OR N)

?
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13.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step, or
to enter more data, go to step
1.

If 'N', go to Section IV.

NOTE:

Follow steps 11-13 to enter all
rows. The input data is dis-
played for verification. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN
(EXEC). For System A only:

The program is written to handle
multi-volume files of data.

The program contains a constant
value that dictates the number
of data records which can be
stored per tape cassette.

Once this number of records

has been written, the volume is
closed, and the following example
instructions are displayed,
after data cassette 1 has been
rewound. (Note continued)




Example

Compute the value of C for the

following data: '

k=4
20 37 13 1
r=3 12 76 93 13
3 33 57 11
DISPLAYS INSTRUCTIONS
a. REMOVE AND LABEL VOL 1 OF
FILE NPS1F210 -~ UNIT 1
KEY RETURN(EXEC) TO RESUME
?
b. MOUNT SCRATCH VOL TO BE-
COME VOL 2 OF FILE NPS1F210
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?
14. REMOVE AND LABEL VOL 1 14. After labeling the cassette,
OF FILE NPS1F210 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
7 (For the System S, the file
name is NSS1F210.)
15. DO YOU WISH TO EXECUTE 15. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 19.
16. ENTER OUTPUT DEVICE TYPE 16. Enter an output device symbol
SYMBOL and touch RETURN(EXEC).
?-
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'
17. MOUNT VOL 1 OF FILE NPS1F210 17. Mount the indicated cassette

- UNIT 1
KEY RETURN(EXEC) TO RESUME
?
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and touch RETURN(EXEC).

(For the System S, the file
name is NSS1F210.)

NOTE:

If Volume 1 already is in Unit
1 from the corrections routine,
ignore this step.

&



Example
Compute the value of C for the

following data:

k=4
N 20 37 13 1
=3 12 76 93 13
3 33 57 11

DISPLAYS INSTRUCTIONS

18a. COMPUTE COLUMN TOTALS 18a. The system now is computing the
column totals.

b. EXECUTING PROGRAM b. The system now is executing the
Contingency Coefficient Test.

19. STOP END OF PROGRAM 19. The test results are displayed
P for verification.

20. To rerun test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

A. INPUT INFORMATION A. Enter 'Y' or 'N' and touch
DO YOU WISH TO CORRECT RETURN(EXEC).
A DATA CASSETTE (Y OR N)
2

If 'Y', go to the next step.
If 'N', go to step 16.

B. MOUNT VOL 1 OF FILE NPS1F210 B. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?

(For the System S, the file name
is NSS1F210. Go to Section II.)

C. ENTER # OF TAPE DRIVES (1 OR 2) C. !(Enter)l or 2 and touch RETURN
8 ?_ EXEC).

If 1, go to Section II.
If 2, go to Section III.

SECTION II
ONE TAPE DRIVE CORRECTION

A. ROW # IN ERROR (0 IF END) A. Enter the row in error or 0
?_ and touch RETURN(EXEC).
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Example

Compute the vé]ue of C for the

following data:

20 37 13 1
12 76 93 13
3 33 57 1

DISPLAYS

B. MOUNT VOL 2 OF FILE
NPSTF210 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

C. CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-4
IS DATA OK (Y OR N)
?-

INSTRUCTIONS

If a row number is entered,
go to the next step.
If '0', go to step 15.

NOTE:

If the data file contains more
than one volume, the program
determines the location of the
record and displays the
appropriate volume to mount.
See step B. For the System S,
ignore step B.

Mount the indicated cassette
and touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step A of Section
II.
If 'N', go to Section IV.

NOTE:

Follow steps A-C for all cor-
rections. The input data is
displayed for verification.

If more than 32 items are en-
tered, only the first 32 are
displayed. To view the remain-
ing items, enter 'Y' and touch
RETURN(EXEC).

SECTION III

TWO TAPE DRIVE CORRECTION

A. ROW # IN ERROR (O IF END)
?

A.

Enter the row in error or O
and touch RETURN(EXEC).

&

ra




Example
Compute the value of C for the

following data:

k=14
20 | 37 | 13 1
12 | 76 | 93 | 13
3 | 33 1 57 | 1

U]
w

r

DISPLAYS

MOUNT VOL 2 OF FILE
NPSTF210 - UNIT 1

KEY RETURN(EXEC) TO RESUME
?

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPS1F210 - UNIT 2
KEY RETURN(EXEC) TO RESUME

?

CORRECTION ROUTINE FOR ROW #1,
ITEMS #1-4

IS DATA OK (Y OR N)

?-
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* INSTRUCTIONS
If a row number is entered, go
to the next step.
If '0', go to step 15.

NOTE:

Row numbers must be entered
sequentially.

B. Mount the indicated cassette and
touch RETURN(EXEC).

NOTE:

This prompt only appears when
the row selected is not located
in Volume 1.

C. Mount a scratch cassette in
Unit 2 and touch RETURN(EXEC).

D. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step A of Section
III.
If 'N', go to Section IV.

NOTE :

Follow steps A-D for all cor-
rections. The input data is
displayed for verification. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'y' and touch RETURN
(EXEC).




Example
Compute the value of C for the
following data:

20
r=3 [ 12__| 76 | 93 13
3 | 33 | 57 1

DISPLAYS

CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-4

ENTER ITEM # OF BAD DATA
?

CORRECTION ROUTINE FOR
ROW #1, ITEMS #1-4

ENTER CORRECT DATA VALUE
?

INSTRUCTIONS

SECTION IV
DATA CORRECTION

A. Counting from left to right,
enter the number of the item in
error and touch RETURN(EXEC).

NOTE:

If the row selected contains
only one item, ignore this step.

B. Enter the correct data value
and touch RETURN(EXEC).

NOTE:

Follow steps A and B for all
rows. If proceeding from

step 13, that step reappears;
follow the appropriate operating
instructions. If proceeding
from either step C of Section II
or step D of Section III, one

of those steps reappears; fol-
low the appropriate operating

. instructions. '

246




Sample Output

THE CONTIMNGEMCY COEFFICIENMT TEST
FROJECT: WRITER TEST RUN

RUM BY: B. WRIGHT

DARTE: 4./2/75

# OF ROWS = 3
# OF COLUMNS = 4
N INPUT DRTA:
ROW & 1
20 37 13 1
ROW & 2
1z 7e as 13
ROW # 3
3 33 Erd 11
THE CONTIMNGENCY COEFFICIENT TEST
PROJECT: WRITER TEST RUNM
RUN BY: B,  WRIGHT
CATE: 4/2/75
# OF ROWS = 3
# OF COLUMNS = 4
I J 0CI, J> ECTI, J> EAE SIS
1 1 20. 6000 €. 734417344 25, 12879514
1 2 37. 6B06 22. 992140921 2. 824€3175¢
1 3 13. 88GG 31. 3€3143631 18. 75163403
1 4 1. 6866 4. 819298162 3. 818185427
2 1 12. 8060 18. 401084010 2 22E7B9931
2 2 76. 9680 76. 7568807588 8. 80758127
2 3 93. 8660 £5. 636476964 0. 62244822¢
2 4 13. 80006 13 14363143¢ 8. 881563588
3 1 3. e6o6 9. BE443EE44 4. 776861282
3 2 33. 8088 41. 145051490 1. 813817033
3 3 S57. eeee 45. 948379463 2. 662477081
3 4 11 80060 7. 0460704606 2 218782768

THE CONTINGENCY COEFFICIENT TEST
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DRTE: 4/2/75

# OF ROWS = 3
# OF COLUMNS = 4

CHI-SQURRE = 356. 85539207056
D.F. = 6

C = . 365388398€8

END OF PROGRAM

247



CHAPTER XXV THE SPEARMAN RANK CORRELATION COEFFICIENT: r
S

PROGRAM ABSTRACT

The program computes the statistic which is used to indicate if two samples
are related and to what degree. It requires that both variables are measured in
at least an ordinal scale.

PROGRAM DESCRIPTION

Frequently, it is desirable to determine if two sets of scores are related
and if so, to what degree. It also may be relevant to determine the
significance of this association. In parametric statistics, the test usually
employed to determine correlation is the Pearson product-moment correlation
coefficient r. To determine r, we require that the scores are measured in at
least an equal-interval scale. If we also desire the significance level, then
we must assume that the scores are from a bivariate normal distribution. When
these assumptions cannot be met, we now can apply nonparametric methods which
assume nothing about the shape of the sample's population. One such test is the
Spearman Rank Correlation Coefficient: -

The Spearman coefficient is probably the best known today since it was the
earliest to be developed. It requires that both variables are measured in at
least an ordinal scale so that the subjects can then be ranked in two ordered
series. Then, by taking the difference between these two series, we compute the
correlation:

N
6 I d?

R O
s NS - N

where N is the number of sample values and d, is the difference between the
series at the ith spot in the series. 1

If the proportion of ties in the samples 1is small, it has a negligible
effect on the coefficient value. However, with a high proportion, a correction
factor is necessary. In the case of ties, the program breaks ties by allocating
average ranks. The coefficient values are computed by the program with and
without the correction term. The formula with a correction term is:

_zx% 4 3v? - pd?

S 2
J S AL

r
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where X2 =N3 - N - zT

T =13 -t Correction term
12

where t is the number of ties values at a given rank.
If N is less than 10, we use the table generated for the Spearman Test to

determine critical values. If N is greater than or equal to 10, we use a
Student's t with N-2 degrees of freedom and then the t-tables.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

N = 48, where N = sample size.
[f the parameters for your data do not exceed the given maximum parameters, use

the pro?ram as it 1is. For 1larger maximum parameters, alter the program as
follows (more memory may be required?:

1. The following calculation is used to determine the value of N:

5 * N < the number of variables available.
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9.

10.

Select the appropriate value of N for your system from the following table:

CAPACITY 8K 12K 16K

20K

N for System A 48 151 253

255

Insert System Tape #2 into Unit 1 (on the Console),
press REWIND.

Key LOAD "NPS122AA", and touch RETURN(EXEC).
Key LIST 170, and touch RETURN(EXEC).
The screen should display:

170 DIM X(48),Y(48),5(48),A(48),P(48):
SELECT #110A:D=32

Rekey statement, using the new maximum parameters:

170 DIM X(N),Y(N),S(N),A(N),P(N):
SELECT #110A:D=32

Touch RETURN(EXEC).

Remove System Tape #2 from Unit 1, insert a blank tape cassette,

REWIND.
Key SAVE "NPS122AA", and touch RETURN(EXEC).

close the door,

Press REWIND and remove the new Program Tape Cassette.

and

and press

To execute the program with your new parameters, do not use System Tape #2.
Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Exam

le
To what degree do the following

samples X and Y correspond?

X

0] 9(9]27(36(45154163]72]72|101

0
Y141

4513813664187 {8555 (6119153 | 80

DISPLAYS

TEST INFORMATION

TEST INFORMATION
ENTER TODAY'S DATE AS MM/DD/YY

TEST INFORMATION
INFORMATION OK (Y OR N)
?-
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INSTRUCTIONS

To load the MENU 2 program,
follow operating instructions
To bypass the MENU 2 program,
follow operating instructions
A. Mount the Nonparametric
System Tape #2 in

logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

Type LOAD and touch RETURN
(EXEC).

Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

Mount the Nonparametric
System Tape #2 in

logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

Type LOAD "NPS122AA" and-
touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

Enter the project name and touch
RETURN(EXEC). (Project name
can be up to 32 characters

in length.)

Enter the user's name and touch
RETURN(EXEC). (User's name can
be up to 32 characters in
length.)

Enter the date and touch
RETURN(EXEC).
Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.




Example

To what degree do the following

samples X and Y correspond?

X| 0] 0] 9! 9]27136]{45(54163|72]|72{101
Y]41]45(38]36164 [87(85[55[61]91|53| 80
DISPLAYS INSTRUCTIONS
NOTE:
The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol or
a numeric is entered.
6. INPUT INFORMATION 6. Enter 'K' or 'S' and touch
IS INPUT FROM KEYBOARD 'K' OR RETURN(EXEC).
STORAGE 'S’
?- If 'K', go to the next step.
If 'S', go to Section I.
7. INPUT INFORMATION 7. Enter 'Y' or 'N' and touch
STORE INPUT DATA ON TAPE RETURN(EXEC).
CASSETTE (Y OR N)
?- If 'Y', go to the next step.
If 'N', go to step 9.
8. MOUNT SCRATCH VOL TO BECOME 8. Mount a scratch cassette and
VOL 1 OF FILE NPS1F220 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
9. INPUT PARAMETER 9. The sample size = 12, touch
ENTER SAMPLE SIZE RETURN(EXEC).
?
10. INPUT PARAMETER 10. Enter 'Y' or 'N' and touch
IS PARAMETER OK (Y OR N) RETURN(EXEC).
?
- If 'Y', go to the next step.
If 'N', go to step 9.
NOTE:
The parameter is displayed
for verification.
11. DATA INPUT FOR SAMPLE X, 11. Sample X, item 1=0, touch

ITEM #1
ENTER DATA VALUE
-
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RETURN(EXEC).
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Example )
To what degree do the following
samples X and Y correspond?

X{ 0] 0] 9] 9127]36145]|54163172]|72]101

® Y[41[45(38]36 |64(87185155(61]91153] 80
DISPLAYS INSTRUCTIONS
12. DATA INPUT FOR SAMPLE X, 12. Sample X, item 2=0, touch
s ITEM #2 RETURN (EXEC).

ENTER DATA VALUE
?

Enter all items in Sample X of example.

13. CORRECTION ROUTINE FOR 13. Enter 'Y' or 'N' and touch
SAMPLE X, ITEMS #1-12 RETURN(EXEC).
IS DATA OK (Y OR N)
?-

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample X is
displayed for verification. 1If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN

(EXEC).
14. DATA INPUT FOR SAMPLE Y, 14. Sample Y, item 1=41, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
15. DATA INPUT FOR SAMPLE Y, 15. Sample Y, item 2=45, touch
ITEM #2 RETURN(EXEC).

ENTER DATA VALUE
?

Enter all items of Sample Y in example.gj

* 16. CORRECTION ROUTINE FOR 16. Enter 'Y' or 'N' and touch
SAMPLE Y, ITEMS #1-12 RETURN(EXEC).
IS DATA OK (Y OR N)

7= If 'Y', go to the next step.
If 'N', go to Section III.
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Example
To what degree do the following

samples X and Y correspond?

X{ 0] 0] 9] 9427[36|45(54|63[72172{101
Y|41/45]38]36 |64]8785[55{61]/91{53| 80
DISPLAYS INSTRUCTIONS
NOTE:
The input data for Sample Y
is displayed for verification.
If more than 32 items are en-
tered, only the first 32 are
displayed. To view the remain-
ing items, enter 'Y' and touch
RETURN(EXEC).
17. REMOVE AND LABEL VOL 1 OF 17. After labeling the cassette,
FILE NPS1F220 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ NOTE:
If step 7 was answered nega-
tively, ignore this step and
go to step 18.
18. DO YOU WISH TO EXECUTE 18. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 22.
19. ENTER OUTPUT DEVICE TYPE 19. Enter an output device symbol
SYMBOL. and touch RETURN(EXEC).
e
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'
20. MOUNT VOL 1 OF FILE NPS1F220 20. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?_ NOTE:
If step 7 was answered nega-
tively, ignore this step and
go to step 21b.
2la. READING DATA RECORD 21a. The system now is reading the
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data record.




Example

To what degree do the following

samples X and Y correspond?

X

0

0] 91 9127136/45154163[72]72]1

01

Y

Y

451381366487 18515516191 |53

80

DISPLAYS
CREATING WORK AREAS

SORTING DATA

SETTING UP AVERAGE RANKS
ALIGNING AVERAGE RANKS
EXECUTING PROGRAM

22. STOP END OF PROGRAM

A. INPUT INFORMATION
DO YOU WISH TO CORRECT DATA
CASSETTE (Y OR N)
?-

A. MOUNT VOL 1 OF FILE

NPS1F220 - UNIT 1
§EY RETURN(EXEC) TO RESUME

22.

23.

SECTION 1
DATA FROM STORAGE

SECTION II
ONE TAPE DRIVE CORRECTION

A.

INSTRUCTIONS

. The system now is creating work

areas.

. The system now is sorting the
(This message is repeated

data.
for each sample.)

. The system now is setting up

average ranks. (This message
is repeated for each sample.)

. The system now is aligning

average ranks. (This message
is repeated for each sample.)

. The system now is executing

the Spearman Rank Correlation
Coefficient Test.

The test results are displayed
for verification.

To rerun test:

Touch RESET.

Touch RUN and RETURN(EXEC).
Go to step 2.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section II.
If 'N', go to step 19.

Mount the indicated cassette
and touch RETURN(EXEC).




Example

To what degree do the following
samples X and Y correspond?

X10] 0|9 9[27]36]45(54{63{72]|72|101

Y |41(45|38 (36 {6487 |85(55(61{91(53| 80 ¥
DISPLAYS INSTRUCTIONS
MOUNT SCRATCH VOL TO BECOME B. Mount a scratch cassette and

VOL 1 OF FILE NPS1F220 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

CORRECTION ROUTINE FOR C.
SAMPLE X, ITEMS #1-12
IS DATA OK (Y OR N)
?-

touch RETURN(EXEC). 4

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE : |

The input data for Sample X

and Sample Y are displayed for
verification in steps C and

D, respectively. If more than
32 items are entered, only the
first 32 are displayed. To
view the remaining items, enter
'Y' and touch RETURN(EXEC).

.. CORRECTION ROUTINE FOR

SAMPLE Y, ITEMS #1-12
IS DATA OK (Y OR N)
?-

SECTION III
DATA CORRECTION

CORRECTION ROUTINE FOR
SAMPLE X, ITEMS #1-12
ENTER ITEM # OF BAD DATA
?
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Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step 17.
If 'N', go to Section III.

Counting from left to right,
enter the number of the item

in error and touch RETURN(EXEC).

NOTE:

If there is only one item re-
maining in a sample, ignore
step A.

y




DISPLAYS

B. CORRECTION ROUTINE FOR
SAMPLE X, ITEMS #1-12
ENTER CORRECT DATA VALUE
?

Example

To what degree do the following

samples X and Y correspond?

x] o] ol 9] 9[27[36]a5[54[63[72]721101
" Y[41145[38736 |64 87(85]55[61]91[53] 80
""""" INSTRUCTIONS -

B. Enter the correct data values

and touch RETURN(EXEC).

NOTE:

If proceeding from either step
13 or step 16, one of those
steps reappears; follow the
appropriate operating in-
structions. If proceeding
from either step C or step D
of Section II, one of those
steps reappears; follow the
appropriate operating

Sample Output

THE SPERRMAN RANK CORRELATIOM COEFFICIENT TEST

PRUJECT® WRITER TEST RUN

RUN 8Y: B.
DATE: 4.'2/7S

WRIGHT

SAMPLE SIZE = 12

INPUT DATA/RAMNK VRLUES:

INFUT DRTA X
4 ")
45
101

2€
72

RANK DATA X.
15 1.5
6 7
18 5

INFUT DATA v
41
87
33

RANK DATA v
3 a4
11 10
3 ]

RANK DIFFERENCES :
-13 -2. 5
..5 _3

S. 5 3

38
SS
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instructions.
9 27
63 72
2S5 s
3 10. 5
36 €3
€1 91
1 8
v 12
2.5 -3

2 -1.8



THE SPERRMAMN RANK CORRELATION COEFFICIENT TEST
PROJECT: WRITER TEST RUNM

RUN BY: B. WRIGHT

DATE: 4/2/75

SAMPLE SIZE = 12

VALUE WITH CT cT ‘
SUM OF X72 = 143 141. 5 1.5
SUM OF ¥°2 = 1423 143 8
SUM OF D72 = 1689. 5
RC(S> = | 617132867133 . 6151227852535
2. 467163559942

18

A
nan

END OF PROGRAM
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CHAPTER XXVI THE KENDALL RANK CORRELATION COEFFICIENT
PROGRAM ABSTRACT

The program gives a measure of the degree of association between two
variables X and Y. It uses the rank values for each sample as test data. It is
sort of a coefficient of disarray. '

PROGRAM DESCRIPTION

" Frequently, it is desirable to determine if two sets of scores are related
and if so, to what degree. It may also be relevant to determine the
significance of this association. In parametric statistics, the test usually
employed to determine correlation 1is the Pearson product-moment correlation
" coefficient r. To determine r, we require that the scores are measured in at
least an equal-interval scale. If we also desire the significance level, then
we must assume that the scores are from a bivariate normal distribution. When
these assumptions cannot be met, we now can apply nonparametric methods which
assume nothing about the shape of the sample's population. A nonparametric test
which can be used is the Kendall Rank Correlation Coefficient: t.

The Kendall Test can be used for categorical data. In other words, both the
X and Y variables must be from an ordinal scale. Then each data subject can be
assigned a rank on both X and Y. The value will then give a measure of the
degree of association between the two sets of ranks. Given N objects to rank,
the data would be of a form:

1 2 3 4 N

X X X X X X
1 2 3 4 N

Y y y y y . y
1 2 3 4 N

1 2 3 4 N
X xr xr xr xr . xr
1 2 3 4 N
Y yr yr yr yr . yr
1 2 3 r N
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Let us arrange the rank values in natural order for X, moving the Y ranks as a
matched pair of the X rank.

1 2 3 4 N

X r r r r . r
1 2 3 4 N
Y e fr g g .. r'
] 2 3 4 N

Now let us determine the number of pairs of ranks in Y in -natural order with
respect to each other. In other words, given the Y rank pair example (r ,r ),
we assign the following values for the three situations: For i j,

Ifri<-p', § =41

i J ij
Ifrt=yv', S =0
i j ij
Ifr'>y', S =2
i J ij

This is done for all values of i =1, ..., Nand j =2, ..., N. The degree of
association is then computed from the ratio of the total of +1's and -1's to the
possible maximum total.

- _Actual Total - zsij
Maximum Possible (2)

The ratio value is a sort of coefficient of disarray. In the case of tied
observations, the average ranks are handed out. Thus, we have two formulas for
computation:

If there are no tied observations, S =z:S._
1)

TTON where {NY = N (N-1
:(l‘zj)__ N 2_£_l

If there are tied values,

S

JN(N-])/z -7
X y

T =

ct

JN(N-U/Z - T
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It(t-1)/2 )
No. tied observations in each group of ties.

where T
t

For critical values, we use the value N to choose the approach.
If N< 10, we use a table generated to give the values.

If N> 10, we use a normal approximation and the normal tables, N(0,1).

T

2(2N+5
9N(N-1

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

N = 49, where N = sample size.
If the parameters for your data do not exceed the given maximum parameters, use

the program as it dis. For larger maximum parameters, alter the program as
follows (more memory may be requiredg

1. The following calculation is used to determine the value of N:

5 * N < the number of variables available.

2. Select the appropriate value of N for your system from the following table:

CAPACITY 8K 12K 16K 20K

N for System A 49 151 253 255

3. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND.

4. Key LOAD "NPS123AA", and touch RETURN(EXEC).
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5. Key LIST 170, and touch RETURN(EXEC).

The screen should display: B

170 DIM X(49),Y(49),5(49),A(49),P(49):
SELECT #110A:D=32 , ¥

6. Rekey statement, using the new maximum parameters:

170 DIM X(N),Y(N),S(N),A(N),P(N):
SELECT #110A:D=32 §

7. Touch RETURN(EXEC).

8. Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS123AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape #2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.

262



Example
Compute the value t for the

following data: N = 12.

. , | 40144 [37 [35 6384
82 | 54 | 60 |90 | 52 | 79

y .11l 11 313|638
T0 [ 12 [ 14 [16 | 16 | 21

DISPLAYS INSTRUCTIONS

1. To load the MENU 2 program,
follow operating instructions
A. To bypass the MENU 2 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #2
in logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD and touch
RETURN(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.
Type CLEAR and touch
RETURN(EXEC).
Type LOAD "NPS123AA"
and touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

2. TEST INFORMATION 2. Enter the project name and
ENTER PROJECT NAME ' touch RETURN(EXEC). (Project
[ e L L L P LR name can be up to 32 characters
in length.)
3. TEST INFORMATION 3. Enter the user's name and
B ENTER USER'S NAME touch RETURN(EXEC). (User's
D e L L R name can be up to 32 characters
in length.)
4. TEST INFORMATION 4. Enter the date and touch
» ENTER TODAY'S DATE AS MM/DD/YY RETURN(EXEC) .
?
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Example

following data:

Compute the value t for the

N =12.

40 | 44 | 37 | 35 | 63 | 84

£S PARAMETER OK (Y OR N)

- 264

X sz 54 60 90 [52]79]
Y 1 1 3 3 61 8
10112114 [ 16 | 16 | 21
DISPLAYS INSTRUCTIONS
5. TEST INFORMATION 5. Enter 'Y' or 'N' and touch
INFORMATION OK (Y OR N) : RETURN(EXEC).
?2-
- If 'Y', go to the next step.
If 'N', go to step 2.
NOTE:
The test information is dis-
played for verification. The ,
message RE-ENTER is displayed ‘
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol or
a numeric is entered.
6. INPUT INFORMATION 6. Enter 'K' or 'S' and touch
IS INPUT FROM KEYBOARD 'K' OR RETURN(EXEC).
STORAGE 'S’
?- If 'K', go to the next step.
If 'S', go to Section I.
7. INPUT INFORMATION 7. Enter 'Y' or 'N' and touch
STORE INPUT RETURN(EXEC).
DATA ON TAPE CASSETTE
(Y OR N) If 'Y', go to the next step.
?- If 'N', go to step 9.
8. MOUNT SCRATCH VOL TO BECOME 8. Mount a scratch cassette and
VOL 1 OF FILE NPS1F230 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?
9. INPUT PARAMETERS 9. Sample size = 12, touch RETURN
ENTER SAMPLE SIZE (EXEC).
?
10. INPUT PARAMETER 10. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.




Example
Compute the value <t for the
following data: N = 12,

s X 40 144 | 37 | 35 | 63 | 84
82 | 54 | 60 | 90 |52 | /9

vy L1111 3]|3]|6]|§8
10 [12 |14 [ 16 [ 16 | 21

DISPLAYS INSTRUCTIONS
11. DATA INPUT FOR SAMPLE X, 11. Sample X, item 1=40, touch
ITEM #1 RETURN(EXEC).

ENTER DATA VALUE
?

12. DATA INPUT FOR SAMPLE X, 12. Sample X, item 2=44, touch
ITEM #2 RETURN (EXEC).
ENTER DATA VALUE
?

Enter all items in Sample X of example

13. CORRECTION ROUTINE FOR 13. Enter 'Y' or 'N' and touch
SAMPLE X, ITEMS #1-12 RETURN(EXEC).
IS DATA 0K (Y OR N)
2

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample X is
displayed for verification.

If more than 32 items are en-
tered, only the first 32 are
displayed. To view the remain-
ing items, enter 'Y' and touch

RETURN(EXEC).
14. DATA INPUT FOR SAMPLE Y, 14, Sample Y, item 1 = 1, touch
b ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
15. DATA INPUT FOR SAMPLE Y, 15. Sample Y, item 2 = 1, touch
> ITEM #2 RETURN(EXEC).

ENTER DATA VALUE
?

Enter all items in Sample Y of example.
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Example

following data:

Compute the value T for the

N =12.

X

40 | 44 | 37 | 35 | 63 | 84

82 | 54 | 60 |90 | 52 |79

1 1 3 3 6 8

101 12 114 |16 116 |21

DISPLAYS

16. CORRECTION ROUTINE FOR
: SAMPLE Y, ITEMS #1-12
IS DATA OK (Y OR N)
?-

17. REMOVE AND LABEL VOL 1
OF FILE NPSTF230 - UNIT 1
KEY RETURN(EXEC) TO RESUME
?

18. DO YOU WISH TO EXECUTE
PROGRAM (Y OR N)
?-

19. ENTER OUTPUT DEVICE TYPE
SYMBOL

?-

FOR CRT ONLY,

FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
FOR PLOTTER(2202), KEY 'P'
FOR TYPEWRITER, KEY 'TY'

KEY RETURN(EXEC)

266

16.

15.

18.

19.

INSTRUCTIONS

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample Y is
displayed for verification.

If more than 32 items are en-
tered, only the first 32 are
displayed. To view the re-
maining items, enter 'Y' and
touch RETURN(EXEC).

After labeling the cassette,
touch RETURN(EXEC).

NOTE :

If step 7 was answered nega-
tively, ignore this step and
go to step 18.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 22.

Enter an output device symbol
and touch RETURN(EXEC).




Example

Compute the value t for the

following data: N = 12.

X

40 | 44 [ 37 |35 |63 | 84

82 | 54 160 |90 [52 |79

1 1 3 3 6 8

10 |12 |14 (16 {16 | 21

20.

21a.

22.

DISPLAYS

MOUNT VOL 1 OF FILE NPS1F230
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

READING DATA RECORD
CREATING WORK AREAS

SORTING DATA

SETTING UP AVERAGE RANKS

ALIGNING AVERAGE RANKS

SORTING X & Y DATA SAMPLE

EXECUTING PROGRAM

STOP END OF PROGRAM
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20.

INSTRUCTIONS

Mount the indicated cassette
and touch RETURN(EXEC).

NOTE: 1

If step 7 was answered nega-
tively, ignore this step and
go to step 21b.

21

a.

22.

23.

The system now is reading the
data record.

The system now is creating work
areas for both samples.

. The system now is sorting data

from sample X. (This message
reappears for Sample Y.)

. The system now is setting up

average ranks for Sample X.
(This message reappears for
Sample Y.)

The system is aligning average
ranks for Sample X. (This mes-
sage reappears for Sample Y.)

. The system now is sorting the X

and Y data samples.

. The system now is executing the

Kendall Rank Correlation
Coefficient Test.

The test results are displayed
for verification.

To rerun test:

Touch RESET.

Touch RUN and RETURN(EXEC).
Go to step 2.



Example
Compute the value Tt for the

following data: N = 12.

X 40 {44 137 | 35 | 63 | 84
8 |54 |60 | 90 [ 52 | 79

vyL1l1]13|3|6]|@8
10 (12 |14 [ 16 | 16 | 21

DISPLAYS ' INSTRUCTIONS

SECTION 1
DATA FROM STORAGE

INPUT INFORMATION A. Enter 'Y' or 'N' and touch
DO YOU WISH TO CORRECT RETURN(EXEC).

DATA CASSETTE (Y OR N)

- If 'Y', go to Section II.

If 'N', go to step 19.

SECTION II
ONE TAPE DRIVE CORRECTIGN

MOUNT VOL 1 OF FILE A. Mount the indicated cassette
NPS1F230 - UNIT 1 and touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

MOUNT SCRATCH VOL TO B. Mount a scratch cassette and
BECOME VOL 1 OF FILE NPS1F230 touch RETURN(EXEC).
- UNIT 1

KEY RETURN(EXEC) TO RESUME
?

CORRECTION ROUTINE FOR C. Enter 'Y' or 'N' and touch
SAMPLE X, ITEMS #1-12 RETURN(EXEC).

IS DATA OK (Y OR N)
?-

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample X

and Sample Y are displayed for
verification in Steps C and D,
respectively. If more than 32
items are entered, only the
first 32 are displayed. To
view the remaining items, enter
'Y' and touch RETURN(EXEC).

268



&2

Example

Compute the value t for the

following data: N = 12.

40 |44 | 37 | 35 | 63 | 84

X 82156 60 [90 | 52 | 79
Y e T e e

DISPLAYS INSTRUCTIONS
CORRECTION ROUTINE FOR D. Enter 'Y' or 'N' and touch

SAMPLE Y, ITEMS #1-12
IS DATA OK (Y OR N)
?-

CORRECTION ROUTINE FOR
SAMPLE X, ITEMS #1-12
ENTER ITEM # OF BAD DATA
?

CORRECTION ROUTINE FOR
SAMPLE X, ITEMS #1-12
ENTER CORRECT DATA VALUE
?

SECTION III
DATA CORRECTION
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RETURN(EXEC).

If 'Y', go to step 17.
If 'N', go to Section III.

Counting from left to right,
enter the number of the item
in error and touch RETURN
(EXEC).

NOTE:

If only one item remains in a
sample, go to step B.

Enter the correct value and
touch RETURN(EXEC).

NOTE:

If proceeding from either step
13 or step 16, one of those
steps reappears; follow the
appropriate operating instruc-
tions. If proceeding from
either step C or step D of
Section II, one of those steps
reappears; follow the appro-
priate operating instructions.




Sample Output

THE KENDALL RANK CORRELATION COEFFICIENT TEST
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DATE: 4/2/75

SAMPLE SIZE = 12

INPUT DRTA X:

40 44 37 35 €3
g4 82 54 60 %) £
52 2

RANK DATAR X: .

3 4 2 1 8

11 10 & 7 12

S 9

INPUT DRTA Y

1 1 3 3 £

e 18 12 14 1¢é
1% 21
RANK DRTA V¥:

1.5 1.5 3.5 3.5 S

€ 7 8 9 10. 5
18. 5 12

ORDERED RANK DATA ¥:

39 3.5 1.5 1.5 10. 5
8 S S 12 ?

€ 10. 5

THE KENDALL RANK CORRELATION COEFFICIENT TEST
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DATE: 4/2/75

SAMPLE SIZE = 12

CTCXS

-~

-

%] CT¢y> = 3
25

r.

TRU
TAUCCT)

. 3787878787879
. 3877017543341

2 = 1 754€56015838

END OF PROGRAM
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CHAPTER XXVII THE KENDALL PARTIAL RANK CORRELATION COEFFICIENT
PROGRAM ABSTRACT

The program computes the measure of the degree of association be?ween two
variables X and Y, keeping the third variable Z constant to eliminate its effect
on the other two. The data is assumed to be measured on at least an ordinal
scale.

PROGRAM DESCRIPTION

Frequently, it is desirable to determine if two sets of scores are related
and if so, to what degree. It may also be relevant to determine the
significance of this association. In parametric statistics, the test wusually
employed to determine correlation 1is the Pearson product-moment correlation
coefficient r. To determine r, we require that the scores are measured in at
least an equal-interval scale. If we also desire the significance level, then
we must assume that the scores are from a bivariate normal distribution. When
these assumptions cannot be met, we now can apply nonparametric methods which
assume nothing about the shape of the sample's population. A nonparametric test
which can be used is the Kendall Partial Rank Correlation Coefficient:rxy.z

When testing for correlation between two variables, it is always possible
that the results are due to the relations between the two variables and a third
unknown. Thus, the Kendall Partial Test eliminates the third variable Z by
keeping it constant and looks for the correlation between the X and Y variables.
The only  assumption necessary is that the data can be measured in at least an
ordinal scale:

1 2 3 N

X X X X X
1 2 3 N

Y y y y y
1 2 3 N

yA z Z z Z
1 i 2 3 N

Each data value in the X variable set is replaced by its corresponding rank
value. The same is done for the Y and Z variable sets.

1 2 3 N
X xr Xxr Xxr Xr
1 2 3 N
Y | yr | yr |yr yr
12 3 N
z r r zr zr
] 2 | 3 N
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With the original data values replaced by rank values, place the Z variable set
in natural order moving the corresponding X and Y variable values into the same
position as if the three values were a matched triplet.

1 2 3 N -
Z r r r r
1 2 3 N
X Xr' | Xr' | Xr! . e Xr! =
1 2 3 N
Y Yre' | Yr' | Yr' Yr'
1 2 3 N

Let us look at all the possible rank pairs in Z, X, and Y. Assume the pairs are
of the form (r;, rj), where i < j for i=1, ..., N and j=2, ..., N, then

ifr <r , assign the pair a + sign.
i J

ifr r , assign the pair a + sign.

i J

if r > r , assign the pair a - sign.
i

Thus every pair will have a sign assigned to it.

PAIR  (1,2)  (1,3) (1.,4) ' (N-1, N)
Z + + + . . . +
X +/- +/- +/- e +/-
Y +/- +/- - .. +/-

We summarize our findings in the following (2 x 2) table.

Y PAIR SIGN Y PAIR SIGN

= Z PAIR SIGN # Z PAIR SIGN =
X PAIR SIGN A B A+B
=Z PAIR SIGN
X PAIR SIGN C D C+0D *
#Z PAIR SIGN
A+ C B+ D (:g)
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For example, if we look at pair (a,b), we have three signs under it. Say, bqth
X and Y have + signs; then we would assign the pair to cell A since both pairs
agree with Z. We then compute the coefficient using the following formu]a;

AD - BC

J(A+B) (c+D) (A+C) (B+D)

T
Xy.zZ =

If we desired to find the correlation between each pair of the three variables,
keeping the third constant, we could use the results from Kendall's Rank
Correlation Coefficient procedure. Then the following formula can be used:

T T T
Xy - 2y X2

Txy.z =
‘V&] - .2)0-_2)
zy ZX

However, for this particular program, we use the first formula.

PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

Because of the nature of the problem, only one data record is written.
During entry, the record is written on the tape after the entire cell is entered
and checked.

As it is sold, the program contains the following maximum parameters:

N = 33, where N = sample size.
If the parameters for your data do not exceed the given maximum parameters, use
the program as it is. For Tlarger maximum parameters, alter the program as
follows (more memory may be required?:
1. The following calculation is used to determine the value of N:

6 * N < the number of variables available.

2. Select the appropriate value of N for your system from the following table:

CAPACITY 8K 12K 16K 20K

N for System A 33 | 118 | 208 | 255
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3. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND. Key CLEAR and touch RETURN(EXEC).

4. Key LOAD "NPS124AA", and touch RETURN(EXEC).

5. Key LIST 170, and touch RETURN(EXEC). 4
The screen should display:

170 DIM X(33),Y¥(33),2(33),5(33),A(33),P(33):
SELECT #110A:D=32 z

6. Rekey statement, using the new maximum parameters:

170 DIM X(N),Y(N),Z(N),S(N),A(N),P(N):
SELECT #110A:D=32

7. Touch RETURN(EXEC).

8. -Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.

9. Key SAVE "NPS124AA", and touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.
To execute the program with your new parameters, do not use System Tape =2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.
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Example

samples:

Compute T for the following

Xy.2
N =12.

X

35

19147 12712339

43

31| 3| 7(15( 1

50

3055 ({15{10 35

40

45| 0120|125 5

141

105 105 {27 {26 |17

15

13| 8 8] 5] 5

DISPLAYS

TEST INFORMATION

- = - = - = = = - = -
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INSTRUCTIONS

To load the MENU 2 program,

follow operating instructions
To bypass the MENU 2 program,
follow operating instructions B.

J

A. Mount the Nonparametric
System Tape #2 in
Togical Unit 1.
Type CLEAR and touch RE-
TURN(EXEC).
Type LOAD and touch RETURN
(EXEC).
Touch RUN and RETURN(EXEC).
Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

Type LOAD "NPS124AA" and
touch RETURN(EXEC).
Touch RUN and RETURN(EXEC).

Enter the project name and
touch RETURN(EXEC).

(Project

name can be up to 32 characters

in length.)

Enter the user's name and touch

RETURN(EXEC).

(User's name can

be up to 32 characters in
length.)

Enter the date and touch RE-
TURN(EXEC).



Example

Compute T for the following

Xy.zZ

samples: N = 12.

X{ 35| 19] 47127 { 23] 39
43311 3| 7(15]1 1

Y| 50| 30| 55 15 (10|35
40| 45| 0120|125 5

z [141 [105{105 | 27 | 26 | 17
15(13] 8 8] 5] 5

5.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION

IS INPUT FROM KEYBOARD 'K' OR
STORAGE 'S’

?-

INPUT INFORMATION

STORE INPUT DATA ON TAPE
CASSETTE (Y OR N)

?-

MOUNT SCRATCH VOL TO BECOME
VOL 1 OF FILE NPS1F240 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETER
ENTER SAMPLE SIZE
?
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INSTRUCTIONS

5. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN
(EXEC). This note applies in
all instances where a symbol
or a numeric is entered.

6. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 9.

8. Mount a scratch cassette and
touch RETURN(EXEC).

9. Sample size = 12, touch
RETURN (EXEC).




Example

Compute =< Zfor the following

Xy
samples: N = 12.
X1. 351 19] 47 {27231 39
43131 31 7(15| 1N
Y{ 50[30] 55 115]10]} 35
40145 020{25| 5
Z (141 105105 |27 | 26 | 17
15113] 8| 8] 5] 5
DISPLAYS INSTRUCTIONS
10. INPUT PARAMETER 10. Enter 'Y' or 'N' and touch
IS PARAMETER OK (Y OR N) - RETURN(EXEC).
?
B If 'Y', go to the next step.
If 'N', go to step 9.
11. DATA INPUT FOR SAMPLE X, 11. Sample X, item 1 = 35, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
12. DATA INPUT FOR SAMPLE X, 12. Sample X, item 2 = 19, touch
ITEM #2 RETURN(EXEC).
ENTER DATA VALUE
?
Enter all items in Sample X of example.
13. CORRECTION ROUTINE FOR 13. Enter 'Y' or 'N' and touch
SAMPLE X, ITEMS #1-12 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to the next step.
If 'N', go to Section III.
NOTE:
The input data for Sample X
is displayed for verification.
If more than 32 items are
entered, only the first 32 are
displayed. To view the re-
maining items, enter 'Y' and
touch RETURN(EXEC).
14. DATA INPUT FOR SAMPLE Y 14, Sample Y, item 1 = 50, touch

ITEM #1
ENTER DATA VALUE
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Example
Compute L for the following

samples: N = 12.

X[ 35| 19| 47| 27) 23| 39 >
431 311 3| 7[15¢( 1

Y| 50{.30| 55{15]1035
45| 020|251 5

40
z (141 ]105 [105 | 27 | 26 | 17
15[13] 8] 8] 5] 5

DISPLAYS INSTRUCTIONS
15. DATA INPUT FOR SAMPLE Y, 15, Sample Y, item 2 = 30, touch
ITEM #2 ' RETURN(EXEC) .

ENTER DATA VALUE
?

Enter all items in Sample Y of example.

16. CORRECTION ROUTINE FOR 16. Enter 'Y' or 'N' and touch
SAMPLE Y, ITEMS #1-12 RETURN(EXEC).
IS DATA OK (Y OR N)
?- If 'Y', go to the next step.

If 'N', go to Section III.

NOTE:

The input data for Sample Y

is displayed for verification.
If more than 32 items are en-
tered, only the first 32 are
displayed. To view the remain-
ing items, enter 'Y' and touch

RETURN(EXEC).
17. DATA INPUT FOR SAMPLE Z, 17. Sample Z, item 1 = 141, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
18. DATA INPUT FOR SAMPLE Z, 18. Sample Z, item 2 = 105, touch
ITEM #2 RETURN(EXEC).
ENTER DATA VALUE .
? 2

Enter all items in Sample Z of example.
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Example
@ﬁk Compute Tyy.2 for the following

samples: N = 12.

bt X 35119] 47127123 {39
431311 3| 711511

Y1 50130} 5515 (10 |35
40 |45 0|20 |25 | 5

Z|141 [105)105 |27 | 26 |17
15(13] 81 8] 515

DISPLAYS INSTRUCTIONS
19. CORRECTION ROUTINE FOR 19. Enter 'Y' or 'N' and touch
- SAMPLE Z, ITEMS #1-12 RETURN(EXEC).

IS DATA OK (Y OR N)
?-

If 'Y', go to the next step.
If 'N', go to Section III.

NOTE:

The input data for Sample Z

is displayed for verification.
If more than 32 items are en-
tered, only the first 32 are
displayed. To view the re-
maining items, enter 'Y' and
touch RETURN(EXEC).

20. REMOVE AND LABEL VOL 1 OF 20. After labeling the cassette,
FILE NPSTF240 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?

NOTE:

If step 7 was answered nega-
tively, ignore this step and
go to step 21.

21. DO YOU WISH TO EXECUTE 21. Enter 'Y' or 'N' and touch
gROGRAM (Y OR N) RETURN(EXEC).

14 g

If 'Y', go to the next step.
If 'N', go to step 25.

22. ENTER OUTPUT DEVICE TYPE 22. Enter an output device symbol
< EYMBOL and touch RETURN(EXEC).
) FOR CRT ONLY, KEY RETURN(EXEC)
- FOR HIGH SPEED,  KEY 'HS'
FOR THERMAL, KEY 'TH'

FOR PLOTTER(2202), KEY 'P’
FOR TYPEWRITER, KEY 'TY!
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Example

sampl

Compute t for the following

Xy.z
es: N =12.

X[ 35| 19] 47| 27| 23| 39

431 311 3| 711511

Y| 50} 30| 55} 15{ 10|35

40( 45] 0 20125| 5

141

105105 27 | 26 | 17

15| 13| 8] 8] 5[ 5

DISPLAYS

23. MOUNT VOL 1 OF FILE NPS1F240
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?

24a. READING DATA RECORDS

b. CREATING WORK AREAS

c. SORTING DATA

d. SETTING UP AVERAGE RANKS
e. ALIGNING AVERAGE RANKS

f. SORTING X,Y, & Z DATA SAMPLES

g. EXECUTING PROGRAM

25, STOP END OF PROGRAM
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23.

INSTRUCTIONS

Mount the indicated cassette
and touch RETURN(EXEC).

NOTE:

If step 7 was answered nega-
tively, ignore this step and
go to step 24b.

24a.

25.

The system now is reading the
data records.

. The system now is creating the

work areas. (This step is
repeated for Samples Y and Z.)

. The system now is sorting the

data in Sample X. (This step
is)repeated for Samples Y and
Z.

. The system now is setting up

average ranks. (This step is
repeated for Samples Y and Z.)

. The system now is aligning

average ranks. (This step is
repeated for Samples Y and Z.)

. The system now is sorting the

X, Y and Z data samples.

. The system now is executing

the Kendall Partial Ranks
Correlation Coefficient Test.

The test results are displayed
for verification.

)




Example

Compute T for the following

Xy.z

samples: N = 12,

X1 35
43

19| 47 | 27
311 3| 7

23
15

39

Y| 50
40

30 55
45| 0

15
20

10 {35
25| 5

21141
15

105105 | 27 |26 |17
13] 81 8] 5[ 5

DISPLAYS

INPUT INFORMATION

DO YOU WISH TO CORRECT DATA
CASSETTE (Y OR N)

?-

MOUNT VOL 1 OF FILE NPS1F240
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPS1F240 - UNIT I

KEY RETURN(EXEC) TO RESUME
?

CORRECTION ROUTINE FOR
SAMPLE X, ITEMS #1-12
IS DATA OK (Y OR N)

?-

INSTRUCTIONS
26. To rerun test:
Touch RESET.
Touch RUN and RETURN(EXEC).
Go to step 2.

SECTION I
DATA FROM STORAGE

A. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to Section II.
If 'N', go to step 22.

SECTION II
ONE TAPE DRIVE CORRECTION

281

A. Mount the indicated cassette
and touch RETURN(EXEC).

B. Mount a scratch cassette and
touch RETURN(EXEC).

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to Section III.



Example

Compute t for the following

Xy.z
samples: N = 12.

w

X1 35| 19] 47127 )| 23] 39
43| 31} 3| 7 11

—

Y| 50] 30] 55 [ 15[ 10} 35
401 45| 0|20]125| 5

z|141[105]105 | 27 | 26 [ 17
15/ 13] 8] 8] 5] 5

DISPLAYS

CORRECTION ROUTINE FOR
SAMPLE Y, ITEMS #1-12
IS DATA OK (Y OR N)

-

CORRECTION ROUTINE FOR
SAMPLE Z, ITEMS #1-12
IS DATA OK (Y OR N)

?-

CORRECTION ROUTINE FOR
SAMPLE X, ITEMS #1-12
ENTER ITEM # OF BAD DATA
?

INSTRUCTIONS

NOTE:

The input data for Samples X, Y,
and Z are displayed in steps

C, D, and E, respectively. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,

enter 'Y' and touch RETURN(EXEC).

D. Enter 'Y' or 'N' and touch

RETURN(EXEC) .

If 'Y', go to the next step.
If 'N', go to Section III.

E. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to step 20.
If 'N', go to Section III.

SECTION III
DATA CORRECTION
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A. Counting from left to right,

enter the number of the item
in error and touch RETURN(EXEC).

NOTE:

If only one item remains in a
sample, go to Step B.

3




Example
Compute Tt

Xy .z for the following

samples: N = 12.

® X{35] 19] 47 |27 ) 23|39
43| 311 3| 7115|111

' Y| 50] 30| 55 115[10 |35
2 40| 451 0(20(25| 5

Z|141|105{105 | 27 | 26 | 17
15) 13| 8| 8} 5| 5

DISPLAYS INSTRUCTIONS
B. CORRECTION ROUTINE FQOR B. Enter the correct data value
SAMPLE X, ITEMS #1-12 and touch RETURN(EXEC).

ENTER CORRECT DATA VALUE
?

NOTE:

Follow steps A and B for all
corrections. If proceeding
from step 13, step 16 or step
19, one of those steps reap-
pears; follow the appropriate
operating instructions. If
proceeding from step C, step D
or step E of Section II, one
of those steps reappears; follow
the appropriate operating in-
structions.

Sample Qutput
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THE KENDALL PARTIARL RANK CORRELATION COEFFICIENT TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT
DATE: 4/72/7S5

SAMPLE SIZE = 12

INPUT DATA X:

35 19
39 43
15 11
RANK DATA X:

S S
10 11
4 3

INPUT DRTA V:

1%) 38
35 40
23 S
RANK DATA VY.

11 ?
g8 S
(= 2

INPUT DRATH Z:

141 165
17 15
S S
RANK DATA Z:

12 10. 5
4 3
1.5 1.5

ORDERED RANK DRATAR X

4 3

11 10
S 9
ORDERED RANK DRTA VY
6 2

S 8

7 11
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47
21

55
435

12
18

185
1z

LV

10
20

N
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THE KENDALL PARTIAL RANK CORRELATION COEFFICIENT TEST
PROJECT: WRITER TEST RUN

RUN BY: B. WRIGHT

DATE: 4-/2/7S

SAMPLE SIZE = 12

2X2 FREQUENCY TRBLE:

39 &
S 16
T = . €2165980324071

END OF PROGRAM
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CHAPTER XXVIII THE KENDALL COEFFICIENT OF CONCORDANCE: W
PROGRAM ABSTRACT

The program computes a value that measures the degree of correlation between
k ?amples of size N. The program uses the ranks of the data values for test
values.

PROGRAM DESCRIPTION

Frequently, it is desirable to determine if two sets of scores are related
and if so, to what degree. It may also be relevant to determine the
significance of this association. In parametric statistics, the test usually
employed to determine correlation is the Pearson product-moment correlation
coefficient r. To determine r, we require that the scores are measured in at
least an equal-interval scale. If we also desire the significance level, then
we must assume that the scores are from a bivariate normal distribution. When
these assumptions cannot be met, we now can apply nonparametric methods which
assume nothing about the shape of the sample's population. A nonparametric test
which may be used is the Kendall Coefficient of Concordance: W.

The value W is used as a measure of the correlation between k samples of
rankings of N sample values. This is useful for studies of interjudge or
intertest reliability and of clusters of variables. There are two avenues of
approach presented in the text. One uses the Spearman Test and computes all the
possible coefficient values and averages them.

r = kW-1
s(AV) k-1
However, there are [ k) rank correlations and if k is not small, the computation

2

is tedious. The other approach is to assume that there is no agreement between
our k samples. Then we can project results with perfect agreement. Thus given
the ranks of the data, the sum of the ranks in each column under perfect
agreement would be a multiple of k (k,...,Nk). But if there is no agreement,
then the sum of the ranks would all be approximately equal. Therefore, if we
look at the degree of variance between the N rank sums, W is a function of that
degree of variance.
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The procedure is to sum the columns of a (k x N) table of ranks.

1 2 3 N
1 r r r . . . lr
? 11 12 13 N
21 r r r . . . r
) 21 22 23 2N
3 ’ . .
k| r r r . . . r
k1 k2 k3 kN
R R R R
1 2 3 N

Then, we compute W using the following formula:

_ s
e >3
Z k (N - N)

where k = No. of samples.

N = Sample size.

In the case of tied observations, we assign the average ranks and add a
correction term to our formula which becomes:

_ s 3

W=
1 2 3 where IT = I(t - t)
2 k (N - N) - k IT

where t = No. of samples tied in a group.

g For critical values, we use two methods:
If N <7, we use a table generated for the test.

If N> 7, we compute a x2 value and use the Chi-Square table with (N-1) degrees
P of freedom.

x2 = k (N-1) W
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PROGRAM RESTRICTIONS

The parameters are entered through the keyboard during program operation.
The maximum parameters are defined in Statement 170 of the program. By changing
Statement 170, new maximum parameters can be defined, but they must not exceed
absolute maximum parameters which depend on the capacity of the machine.

After information is temporarily stored internally in the System 2200, it is
stored permanently on a tape cassette. When the system 1is turned off,
information stored in the system is lost, but information stored on the tape
cassette remains intact.

The observations on the tape are arranged in groups called records. In this
program, one sample is a record. During entry, the record is written on the
tape after the entire cell is entered and checked.

Because the tape has a fixed length, a maximum number of records can be
written on it. Two lengths are available: 75 feet (Wang Part # 174-1250) and
150 feet (Wang Part # 174-1251). The program is designed for use of 150 foot
tapes.

The length of a record depends on the sample size. The maximum number of
records on the tape cassette depends on the length of the record. If all the
data cannot be stored on a single cassette, two or more cassettes are used. As
the records are written, they are counted. When the maximum is reached,
cassette changing messages are displayed (only one cassette for data is allowed
in the System S).

As it is sold, the program contains the following maximum parameters:

System A: C = 22, 296 for the maximum number of records per cassette.

System S: C = 48, 147 for the maximum number of records per cassette.

Where C = sample size.

If the parameters for your data do not exceed the given maximum parameters,

use the program as it is. For larger maximum parameters, alter the program as
follows (more memory may be required):

1. The following calculation is used to determine the value of C:

5 * C < the number of.variables available.

2. Select the appropriate value of C for your system from the following table:

CAPACITY 8K 12K 16K 20K
C for System A 22 124 226 255
C for System S 48 151 253
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3. Look up the maximum number of records per cassette (D') in the following
table:
24 | 52 {80108 | 136|164 | 192|220 | 248 | 255
75 feet {146 | 72 |47 | 35| 27| 22| 19| 16| 14| 12
150 feet | 296 | 147 |97 | 72| 57| 47| 40| 35| 31| 27
*if your max is not listed, refer to the next highest increment.
NOTE : ]
In the System S, the number of records used is not checked
against the number allowed. Remember not to exceed the
table value or an error results.
4. Insert System Tape #2 into Unit 1 (on the Console), close the door, and
press REWIND.
5. Key LOAD "NPS125AA" for the System A or LOAD "NSS125AA" for the System S,
and touch RETURN(EXEC).
6. Key LIST 170, and touch RETURN(EXEC). The screen should display:
System A: 170 DIM X(22),S(22),A(22),P(22),R(22):
SELECT #110A,#210B:D=296:H=32
System S: 170 DIM X(48),5(48),A(48),P(48),R(48):
SELECT #110A:H=32
7. Rekey Statement 170, using the new maximum parameters:
System A: 170 DIM X(C),S(C),A(c),P(C),R(C):
SELECT #110A,#210B:D=D":H=32
System S: 170 DIM X(C),S(cC),A(C),P(C),R(C):
SELECT #110A:H=32
Touch” RETURN(EXEC).
8. Remove System Tape #2 from Unit 1, insert a blank tape cassette, and press
REWIND.
9. Key SAVE "NPS125AA" for the System A, or "NSS125AA" for the System S, and
touch RETURN(EXEC).
10. Press REWIND and remove the new Program Tape Cassette.

To execute the program with your new parameters, do not use System Tape #2.

Use the new Program Tape Cassette and use Alternate Step 1B of the operating
instructions.

{k
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Example

Measure the correlation between

the following samples:

N=10 k=3

314 5 7] 8] 9{10

16(36}36]|71]81}56191]56

WM~

2 6
8] 3| 8] 5{14]|11117]14}19
1 1
11 7|7] 7] 7129|29|29]37

DISPLAYS

TEST INFORMATION

- e - . " - - - Gn S - .

290

INSTRUCTIONS

To load the MENU 2 program,
follow operating instructions

A. To bypass the MENU 2 program,
follow operating instructions B.

A. Mount the Nonparametric
System Tape #2 in
logical Unit 1.

Type CLEAR and touch
RETURN(EXEC) .

Type LOAD and touch RE-
TURN(EXEC).

Touch RUN and RETURN(EXEC).

Follow the operating in-
structions in Chapter XVI.

B. Mount the Nonparametric
System Tape #2 in
logical Unit 1.

Type CLEAR and touch RE-
TURN(EXEC).

Type LOAD "NPS125AA" and
touch RETURN(EXEC).

Touch RUN and RETURN(EXEC).

(For the System S, the

program name is "NSS125AA".)

Enter the project name and
touch RETURN(EXEC). (Project
name can be up to 32 characters
in length.)

Enter the user's name and

touch RETURN(EXEC). (User's
name can be up to 32 characters
in length.)

Enter the date and touch
RETURN(EXEC).

%
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Example
Measure the correlation between

the following samples:

3/ 41 5)6]7]|38] 910

81 5|14]11{171141]19

16 (36 (36 |71 [81 56 |91 |56

—
— ool
(FV)

7171717]29)29]29137

5.

10.

DISPLAYS

TEST INFORMATION
INFORMATION OK (Y OR N)
?-

INPUT INFORMATION
IS INPUT FROM KEYBOARD 'K' OR

STORAGE 'S'
?-

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPSTF250 - UNIT 1
KEY RETURN(EXEC) TO RESUME

?

INPUT PARAMETERS
ENTER # OF SAMPLES
?

INPUT PARAMETERS
ENTER SAMPLE SIZE
?

INPUT PARAMETERS
ARE PARAMETERS OK (Y OR N)
?-
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INSTRUCTIONS

5. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 2.

NOTE:

The test information is dis-
played for verification. The
message RE-ENTER is displayed
if an incorrect entry is made.
To continue, enter the appro-
priate symbol and touch RETURN .
(EXEC). This note applies in
all instances where a symbol
or a numeric is entered.

6. Enter 'K' or 'S' and touch
RETURN(EXEC).

If 'K', go to the next step.
If 'S', go to Section I.

7. Mount a scratch cassette and
touch RETURN(EXEC).

(For the System S, the file
name is NSS1F250.)

8. The number of samples = 3,
touch RETURN(EXEC).

9. The sample size = 10, touch
RETURN(EXEC).

10. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 8.



Example

Measure the correlation between

the following samples:

N=10 k=3
112] 3|1 4] 5] 6] 7| 8] 9]10
11 118] 3| 8} 5|14}11({1714]19
2]16[1]16]36/36]71(81|56 (91|56
31 5(11 71 7| 7| 7{29]29{29|37
DISPLAYS INSTRUCTIONS
11. DATA INPUT FOR SAMPLE 1, 11. Sample 1, item 1 = 1, touch
ITEM #1 RETURN(EXEC).
ENTER DATA VALUE
?
12. DATA INPUT FOR SAMPLE 1, 12. Sample 1, item 2 = 8, touch

13.

ITEM #2
ENTER DATA VALUE
?

RETURN (EXEC).

Enter all items in Sample 1 of example.

CORRECTICON ROUTINE FOR
SAMPLE 1, ITEMS #1-10
IS DATA OK (Y OR N)

?-

292

13.

Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step, or
to enter more data, go to step
11.

If 'N', go to Section IV.

NOTE:

Follow steps 11-13 to enter all
samples. The input data is
displayed for verification. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN(EXEC).
For System A only: The program
ijs written to handle multi-
volume files of data. The
program contains a constant value
that dictates the number of data
records which can be stored per
tape cassette. Once this number
of records has been written, the
volume is closed, and the
following example instructions
are displayed, after . data

cassette 1 has been rewound.
(Note continued)
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Example
Measure the correlation between
the following samples:

=10 k=3

N

2] 31 4] 5] 6] 7[ 8] 9110
118} 3] 8| 5114111{17]14]19

1

1

16 /36136(71]81/56(91156
717] 7| 7129{29|29(37

DISPLAYS INSTRUCTIONS

OF FILE NPS1F250 - UNIT 1
KEY RETURN(EXEC) TO RESUME -
?

a. REMOVE AND LABEL VOL. 1 ]
|

b. MOUNT SCRATCH VOL. TO BECOME
VOL. 2 OF FILE NPS1F250 -
UNIT 1
KEY RETURN(EXEC) TO RESUME
?

- |

14. REMOVE AND LABEL VOL 1 OF 14, After labeling the cassette,
FILE NPS1F250 - UNIT 1 touch RETURN(EXEC).
KEY RETURN(EXEC) TO RESUME
?

(For the System S, the file
name is NSS1F250.)

15. DO YOU WISH TO EXECUTE 15. Enter 'Y' or 'N' and touch
PROGRAM (Y OR N) RETURN(EXEC).
?-
- If 'Y', go to the next step.
If 'N', go to step 19.

16. ENTER QUTPUT DEVICE TYPE 16. Enter an output device symbol
SYMBOL and touch RETURN(EXEC).
?-
FOR CRT ONLY, KEY RETURN(EXEC)
FOR HIGH SPEED, KEY 'HS'
FOR THERMAL, KEY 'TH'
. FOR PLOTTER(2202), KEY ‘'P‘
3 FOR TYPEWRITER, KEY 'TY'
17. MOUNT VOL 1 OF FILE NPS1F250 17. Mount the indicated cassette
- UNIT 1 and touch RETURN(EXEC).

KEY RETURN(EXEC) TO RESUME
?

(For the System S, the file
name is NSS1F250.)
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Example
_ Measure the correlation between
the following samples:

3[4/ 5/ 6|7]8] 9110

16 {3636 71 |81 |56 |91 [56

2
8] 3/ 8] 5]14]11]17]1419
1
1

7171 7] 71292912937

18a.

DISPLAYS

INITIALIZATION

CREATING WORK AREAS

SORTING DATA

SETTING UP AVERAGE RANKS

ALIGNING AVERAGE RANKS

EXECUTING PROGRAM .

19. STOP END OF PROGRAM

294

INSTRUCTIONS

NOTE:

If Volume 1 already is in Unit
1 from the corrections routine,
ignore this step.

18a.

19.

20.

The system now is initializing
the column rank totals array.

. The system now is creating work

areas (This message appears for
each sample.)

. The system now is sorting the

data. (This message appears
for each sample.)

. The system now is setting up

average ranks. (Tis message
appears for each sample.)

. The system now is aligning

average ranks. (This message
appears for each sample.)

. The system now is executing the
Kendall Coefficient of Concordance

Test.

The test results are displayed
for verification.

To rerun test:

Touch RESET.

Touch RUN and RETURN(EXEC).
Go to step 2.

9
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Example

Measure the correlation between

the following samples:

N=10 k=3
112131 41 5| 6] 7 8 9{10
1] 18] 3] 8| 5[14(11]17)14]19
2|16[1]16]36 {36 (71 |81(56{91 |56
3 5|17 7|7]| 7|29(29{29 |37
DISPLAYS INSTRUCTIONS
SECTION I

DATA FROM STORAGE

INPUT INFORMATION

DO YOU WISH TO CORRECT A
DATA CASSETTE (Y OR N)
?-

MOUNT VOL 1 OF FILE NPS1F250
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

ENTER # OF TAPE DRIVES (1 OR 2)
?

SAMPLE # IN ERROR (O IF END)
5

SECTION II
ONE TAPE DRIVE CORRECTION
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Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to the next step.
If 'N', go to step 16.

Mount the indicated cassette
and touch RETURN(EXEC).

(For the System S, the file name
is NSS1F250. Go to Section II.)

Enter 1 or 2 and touch RETURN
(EXEC).

If 1, go to Section II.
If 2, go to Section III.

Enter the sample in error or 0
and touch RETURN(EXEC).

If a sample number is entered,
go to the next step.
If '0', go to step 15.

NOTE :

If the data file contains more
than one volume, the program
determines the location of the
record and displays the appro-
priate volume to mount; see
Step B. For the System S,
ignore this step.



Example
Measure the correlation between

the following samples:

N=10 k=3

3| 4] 51 6] 7] 8] 9]10

8
16136136]71]81 56191 |56

2

118] 3 5114] 11117114119
1
1

71 71 7] 712912929 (37

DISPLAYS

B. MOUNT VOL 2 OF FILE NPS1F250
- UNIT 1
KEY RETURN(EXEC) TO RESUME
?

C. CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-10
IS DATA OK (Y OR N)
?-

A. SAMPLE # IN ERROR (0 IF END)
?

INSTRUCTIONS

B. Mount the indicated cassette
and touch RETURN(EXEC).

C. Enter 'Y' or 'N' and touch
RETURN(EXEC).

If 'Y', go to step A of Section
II.
If 'N', go to Section IV.

NOTE:

Follow steps A-C for all cor-
rections. The input data is
displayed for verification. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN(EXEC).

SECTION III
TWO TAPE DRIVE CORRECTION

296

A. Enter the sample in error or 0
and touch RETURN(EXEC).

If a sample number is entered,
go to the next step.
If '0', go to step 15.

NOTE:

Sample numbers must be entered
sequentially.

&

Ae

LP

~




Example
Measure the correlation between

the following samples:

N=10 k=3
112] 31 4|/ 5]6/| 78] 9]i0
11 1(8] 3| 8] 5[14[11]17{14]19
2(16]1]16136(36]71181|56(91 {56
3[5 7] 7[7]7]29|29]29|37
DISPLAYS INSTRUCTIONS

MOUNT VOL 2 OF FILE NPSTF250
- UNIT 1

KEY RETURN(EXEC) TO RESUME

?

MOUNT SCRATCH VOL TO BECOME

VOL 1 OF FILE NPSTF250 - UNIT 2.
KEY RETURN(EXEC) TO RESUME

?

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-10
IS DATA OK (Y OR N)

?-

B. Mount the indicated cassette
and touch RETURN(EXEC).

NOTE:

This prompt only appears when
the sample selected is not
located in Volume 1.

C. Mount a scratch cassette in
unit 2 and touch RETURN(EXEC).

D. Enter 'Y' or 'N' and touch

RETURN(EXEC).

If 'Y', go to step A of Section
ITI.
If 'N', go to Section IV.

NOTE:

Follow steps A-D for all cor-
rections. The input data is
displayed for verification. If
more than 32 items are entered,
only the first 32 are displayed.
To view the remaining items,
enter 'Y' and touch RETURN
(EXEC).

SECTION IV
DATA CORRECTION

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-10
ENTER ITEM # OF BAD DATA
?
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A. Counting from left to right
enter the number of the item
in error and touch RETURN(EXEC).
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Examp

Measure the correlation between

the following samples:

N=10 k=3

314/ 5/ 617 8] 910

81 5114111(17]14119

16 (36 {36171 {81 {56191 |56

== 00| N
(O8]

7171 7] 712912929 (37

DISPLAYS

CORRECTION ROUTINE FOR
SAMPLE 1, ITEMS #1-10
ENTER CORRECT DATA VALUE
?

INSTRUCTIONS

NOTE:

If the sample selected contains
only one item, ignore this
step.

Enter the correct data value
and touch RETURN(EXEC).

NOTE:

Follow steps A and B for all
samples. If proceeding from
step 13, that step reappears;
follow the appropriate operating
instructions. If proceeding
from either step C of Section

IT or step D of Section III,

one of those steps reappears;
follow the appropriate operating
instructions.

Sample Qutput
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THE KENDALL COEFFICIENT OF CONCORDANCE TEST

PROJECT: WRITER TEST RUN
RUN BY: B. WRIGHT
DATE: 4/2/7S

¥ OF SAMPLES = 3
SAMPLE SIZE = 1@

INFUT DATA/RANK VALUES:

SAMPLE 1

1 8
14 11
1 4.5
7S €
SAMPLE 2

16 1
71 81
2.5 1
e 9
SAMPLE 3

S 1
7 29
2 1
4.5 8

THE KENDARLL COEFFICIENT OF CONCORDARMCE TEST

PROJECT: WRITER TEST RUN
RUN BY. B WRIGHT
DATE 4/2/7S

® OF SAMPLES = 3
SAMPLE SIZE = 10

SUM OF R = 165
S = 3591

WCU> = | 7939395959596
WCC> = | 827731092437

CHI-SQUARE = 21. 49090309091

D.F. = 9

END OF PROGRRM
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APPENDIX A: ERROR MESSAGES

ERR
1.
2.

ERR

ERR

ERR

ERR

ERR

ERR

01, 02:
Operating System A on an 8K machine contrary to published 1imits.

Using maximum parameters that exceed the published limits. Touch RESET and
enter new maximum parameters.

03:

Entering parameters through the keyboard that result in a math error; for
example; when zero degrees of freedom result in division by zero. Press
REWIND and start over, after checking that your experiment fits the
conditions of the program.

18:
Using a dimension greater than 255 in an array.

In a two-dimensional array, using dimensions whose product is greater than
4096. Touch RESET and reenter DIM Statement.

23:
Keying RUN, EXEC, when there is no program in memory. Start over.
29:

Entering a letter or other symbol when a number is required. Key the number
requested, EXEC. Continue to follow displayed instructions.

43:

Using an unscratched tape cassette when requested to mount a scratch volume.
Press REWIND, and start over.

Using an incomplete data file created by removing a data tape cassette from
a unit before instructed to do so. The file 1is no good and must be
recreated.

Attempting to read numeric data into alphanumeric variables or vice versa.
Usually occurs when the tape is not positioned correctly. Press REWIND and
start again.

48:
Depressing a Special Function key not in the range from 01 to 11. Depress

the correct Special Function key and continue to follow displayed
instructions.
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ERR 49:

1. Using other than the correct System Tape Cassette. Press REWIND and start
over.

2. Leaving door of tape cassette drive open. Press REWIND, and start over.

3. In the System S, exceeding the published maximum number of records per
cassette. Press REWIND and start over.

ERR 50:

1. Leaving the protected System Tape Cassette in the unit instead of removing
it when instructed. Press REWIND and start over.

2. Using a protected tape cassette for a scratch cassette. Press REWIND,

remove the tape cassette, cover the holes on the bottom by turning over the
colored flaps or using cellophane tape, and start over.

INCORRECT VOL.:

1. HWrong volume or wrong file. Mount the volume and file requested by the
display and touch RETURN(EXEC).

RE-ENTER:

1. Entering other than the 1letters requested, when alphabetic entries are
required.

2. Exceeding the number of letters indicated by dashes.
3. Asking for a record not on the tape, when correcting a data tape.

4, Using two tape cassette drives when correcting a data tape; not entering the
record numbers in sequence from lowest to highest.

Enter the correct response and proceed.

SEQUENCE ERROR:

1. Because of an attempt to run the program starting from a statement other
than the first, the records are not stored in orderly sequence from i to i,

j to j, and so on. The data cannot be used and must be reentered through
the keyboard.

ERROR CONDITIONS:
1. Using two tape cassette drives when correcting a data tape. If the

processing 1ight stays on, but nothing else happens, turn on the second tape
cassette drive.
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=To help us to provide you with the best manuals possible, please make your comments and suggestions
! concerning this publication on the form below. Then detach, fold, tape closed and mail to us. All comments
=and suggestions become the property of Wang Laboratories, Inc. For a reply, be sure to include your

. § name and address. Your cooperation is appreciated.

700-3672
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