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l.1 GRASS 1
INTRODUCT ION

le1 INTRODUCTION

NEARLY EVERY INVESTIGATOR HAS A NEED, AT ONE TIME OR ANOTHER, FOR
STATISTICAL COMPUTATIONS. HE MAY USE A SMALL DESK CALCULATOR TO
COMPUTE MEANS AND STANDARD DEVIATIONS FOR EACH OF HIS VARIABLES.
HOWEVER, AS THE COMPLEXITY OF THE ANALYSES INCREASES OR AS THE NUMBER
OF VARIABLES AND/OR THE NUMBER OF OBSERVATIONS INCREASES, MANY HOURS
HAVE TO BE SPENT BEHIND THE CALCULATOR. THIS INCREASES THE CHANCE FOR
HUMAN ERRORS IN THE CALCULATIONS. IN ADOITION, IT DISTRACTS THE
RESEARCHER AND/OR HIS TECHNICIANS FROM LABORATORY WORK AND PERHAPS
FROM A MORE COMPREHENSIVE ANALYSIS OF THE OATA. AN EASY TO USE
AUTOMATED SYSTEM WOULD BE OF GREAT BENEFIT TO RESEARCHERS, PROVIDED IT
WAS IN PRACTICE EASY TO USE. THIS REQUIREMENT IS ONE OF THE MOST
IMPORTANT SPECIFICATIONS OF SUCH A SYSTEM. SINCE MOST BIOMEDICAL
RESEARCHERS ARE NOT READILY CONVERSANT WITH COMPUTER SYSTENS, NOR DO
THEY GENERALLY HAVE THE TIME TO DEVOTE TOWAROS BECOMING SO. IN
THEORY, ALL A RESEARCHER SHOULOD HAVE TO DO IS TO WRITE HIS DATA ON A
STANDARD FORM IN AN ORGANIZED MANNER, SPECIFY THE STATISTICS HE
DESIRESy AND SUBMIT HIS PROBLEM TO A CENTRAL FACILITY. ALL HIS
COMPUTATIONS WOULD THEN B8E HANDLED BY AN AUTOMATED SYSTEM.

A GENERALIZED RESEARCH ANALYSIS STATISTICAL SYSTEM, GRASS, HAS
BEEN WRITTEN BY THE ODEPARTMENT OF INFORMATION SCIENCES TO PROVIDE THIS
SUPPORT TO LABORATORY INVESTIGATORS. GRASS HAS THE CAPABILITY 7O
COMPUTE A VARIETY CF DESCRIPTIVE STATISTICS, TO PERFORM MANY
PARAMETRIC AND NON-PARAMETRIC STATISTICAL TESTS, AND TG PRODUCE PLOTS
AND HISTOGRAMS. THE DESCRIPTIVE STATISTICS INCLUDE MEANS, MEDIANS,
STANDARD OEVIATIUNS, STANDARD ERRORS OF THE MEAN, MINIMA, MAXIMA,
RANGESy PEARSON CORRELATION COEFFICIENTS AND KENDALL#S RANK
CORRELATION COEFFICIENTS. THE STATISTICAL TESTS INCLUDE PAIRED AND
NON-PAIRED T-TESTS, WILCOXON®S RANK SUM AND SIGNED RANKS TESTS,
GENERAL ONE~WAY ANALYSIS OF VARIANCE, DUNCAN®S NEW MULTIPLE RANGE
TESTy NEWMAN-KEUL ¢S RANGE TEST, KRUSKAL-WALLIS TEST, MULTIPLE
COMPARISONS BASED ON THF KRUSKAL-WALLIS STATISTIC, CHI-SQUARE TESTS,
TESTS OF SIGNIFICANCE OF KENDALL®S CORRELATION COEFFICIENT, TESTS OF
SIGNIFICANCE OF SIMPLE LINEARy, MULTIPLE, STEP-WISE, AND/OR POLYNOMIAL
REGRESSIONSy AND NCRMALITY TESTS.

GRASS ALSO HAS A VARIETY OF DATA TRANSFORMATION AND DATA
MANIPULATION CAPABILITIES (l1.E.y, NEW VARIABLES CAN BE CREATED AS
FUNCTIONS OF EXISTING VARIABLES OR EXISTING VARIABLES CAN BE
REWRITTEN).

ALL THAT IS RZQUIRED OF THE INVESTIGATOR IS TO PREPARE A PUNCHED
CARD OECK WHICH CONSISTS OF THE EXPERIMENTAL DATA TO BE ANALYZED AND A
LIST OF THE ANALYSES TO BE PERFORMED. FOR USER CONVENIENCE, GRASS
WILL ACCEPT THE EXPERIMENTAL DATA FROM INPUT SOURCES OTHER THAN CARDS.
GRASS ALSO ALLOWS THE USER TO WRITE VARIABLES OF HIS CHOICE TO A
VARIETY OF OUTPUT STORAGE FACILITIES.
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1.1 GRASS 2
INTRODUCTION

PREPARATION OF THE PUNCHED CARD DECK

PREPARATION OF THE EXPER IMENTAL DATA FOR ANALYSIS BY THE GRASS
PROGRAM REQUIRES THAT A DECK OF PUNCHED CARDS BE ASSEMBLED. A PUNCHED
CARD IS A SPECIAL PURPOSE CARD WHICH CAN BE READ BY A DIGITAL COMPUTER
SYSTEM, IT HAS 80 SEQUENTIALLY NUMBERED CONTIGUOUS COLUMNS. DATA
WITH ONE CHARACTER PER COLUMN [S PUNCHED ONTO THESE CARDS. INPUT DATA
ARE PUNCHED EITHER IN FIXED OR FORMAT-FREE DATA FIELDS. A DATA FIELD
IS ONE OR MORE CONTIGUOUS COLUMNS ON A SINGLE CARD WHICH ARE ASSIGNED

TO A VARIABLE.

THE GRASS DECK IS ASSEMBLED USING THREE TYPES OF CARDS - SYSTEM
CONTROL CARDS, GRASS CUNTROIOL CARDS, AND EXPERIMENTAL DATA CARDS.
THESE CARDS MUST Bt IN A SPECIFIC SEQUENCE FOR THE GRASS PROGRAM TO
WORK PROPERLY. THE SYSTEM CONTROL CARDS ARE REQUIRED 8Y ALL J0BS.

THE SYSTEM CONTROL CARDS FOR THE CDC 7600 BKY OPERATING SYSTEM,
(MODIFIED SCOPE), NECESSARY FOR PROCESSING A GRASS RUN WHEN
EXPERIMENTAL DATA IS INPUT VIA CARDS ARE LISTED IN APPENDIX A.
APPENDIX A ALSO CONTAINS EXAMPLES OF THE SYSTEM CARDS TO USE WHEN THE
INPUT DEVICE IS OTHER THAN CARDS. SINCE THE EXAMPLES GIVEN APPLY ONLY
TO THE CDC 7600 BKY CPERATING SYSTEM, THE USER SHOULD CONSULT A LOCAL
COMPUTER SPECIALIST CONCERNING THE APPROPRIATE SYSTEM CARDS TO USE FOR

A PARTICULAR MACHINE.

i &




1.2

1.2 PREPARA

THE FINAL FORM OF THE INPUT DATA MAY BE REPRESENTED SCHEMATICALLY

AS

CASES

Eo o0 0o N

WHERE X11 T
(SUBJECT),

CARDS AS NE
VARIABLE MU
EACH CASE R
1-4 OF THE

OF THE SECO

COLUMNS 1-4 OF A CASE*S FIRST CARD AND HEIGHT PUNCHEO IN COLUMNS 10-13

OF A CASE*S
BE IN THE S

THE RE

IN FIXED FORMAT., FOR SETTING UP FORMAT FREE DATA SEE THE DISCUSSION
OF THE SFMFREE CARD IN APPENDIX B.

TO PRE
SIX STEPS A

THE DESIRED RESULTS ARE TO 8E ATTAINED. THE STEPS ARE?

l.
2.

3.

e
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GRASS 3
PREPARATION OF THE EXPERIMENTAL DATA CARDS

TION OF THE EXPERIMENTAL DATA CARDS

x“z x"a..........xm

*
x
-

VARIABLES
X(1) X(2) X(3)eececcccesX(N)
$
® X11  X12 X13ececccccccXIN @
&
® X21 X22 X23ceccccccccX2N @
 J $
# X31 X32 X33eecccccccccX3N *
. & @ L ) L ] .
. L J L J ® L ] .
g a b .
$ $
 J ]
: ]

HRCUGH X1N ARE ALL THE VALUES FOR THE FIRST CASE,

AND THERE ARE M CASES. A CASE MAY BE PUNCHED ON AS MANY
CESSARY, BUT FOR FIXED FORMAT DATA A VALUE FOR A PARTICULAR
ST BE IN THE SAME LOCATION FROM CASE TO CASEe. THAT 1S IF
EQUIRED 2 CARDS AND THE FIRST CASE®S WEIGHT wAS IN COLUMNS
FIRST CARD AND THE FIRST CASE¢S HEIGHT WAS IN COLUMNS 10-13
NO CARD, ALL SUBSEQUENT CASES MUST HAVE WEIGHT PUNCHED IN

SECOUND CARO. FOR FORMAT-FREE INPUT DATA, VARIABLES MUST
AME ORDER FROM CASE TO CASE.

ST OF THE OISCUSSICN IN THIS SECTION APPLIES TGO DATA SET UuP

PARE THE EXPERIMENTAL DATA CARDS IN THE GENERAL FORM ABOVE,
RE NECESSARY., THESE STEPS MUST BE FOLLOWED CAREFULLY IF

SEQUENTIALLY NUMBER EACH VARIABLE.

DETERMINE THE MAXIMUM FIELD WIDTH, NUMBER OF CHARACTERS OF
EACH VARIABLE. THIS WILL BE THE MINIMUM DATA FIELD
SPECIFICATION.

LAYOUT THE CATA FIELDS FOR EACH VARIABLE ON STANDARD 80
COLUMN DATA SHEETS. ‘

DETERMINE IF THE DECIMAL POINT IS TO BE PUNCHED OR LOCATE
THE POSITION OF THE DECIMAL IN THE DATA FIELD IF THE
DECIMAL POSITION IS TO BE IMPLIED THROUGH THE FORMAY
STATEMENT .

TABULATE THE RAW DATA IN THE APPROPRIATE DATA FIELD ON THE
80 CCLUMN DATA SHEETS.
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PREPARATION OF THE EXPERIMENTAL DATA CARDS

6. DESCRIBE THE LAYGUT OF THE DATA FIELDS IN A FORMAT
STATEMENT .

le SEQUENTIALLY NUMBER EACH VARIABLE.

EACH OF THE VARIABLES IN THE STUDY MUST BE NUMBERED SEQUENTIALLY.
THE VARIABLE NUMBER wWILL Bt USED TO IDENTIFY THE VARIABLE IN THE GRASS
PRUGRAM.

2. DETERMINE THE MINIMUM FIELD WIDTH FOR EACH VARIABLE.

THE TOTAL NUMBER OF CHARACTERS NECESSARY FOR A NUMERICAL
O3SERVAT ION INCLUDES THE DIGITS, THE DECIMAL POINT, THE ALGEBRAIC
SIGN, AND WHEN NECESSARY AN INDICATOR WHICH SPECIFIES THE EXPONENT OF
BASE TEN BY WHICH THE OECIMAL DIGITS ARE TQ BE MULTIPLIED. IF NO SIGN
IS PUNCHED THE SYSTEM WILL ASSUME THE NUMBER IS POSITIVE. THE DECIMAL
POINT MAY BE IMPLIED THROUGH THE USE OF A FORMAT STATEMENT, AS WILL BE
DESCRIBED LATER., THE MINIMUM FIELD WIDTH MUST ALLOW FOR ALL CHARACTERS
WHICH ARE NEEDED TO DESCRIBE A VARIABLE FOR ALL THE CASES. A FIELD
WIDTH GREATER THAN THE MINIMUM MAY BE USEDe UNUSED CHARACTERS MUST BE
BLANKS OR ZEROES. USUALLY BLANKS PRECEDE THE FIRST CHARACTER OF A
NUMBER AND ZEROES ARF USED AFTER THE FIRST THARACTER HAS BEEN
INDICATED. AN ENTIRE FISLD WHICH IS LEFT BLANK IS CONSIDERED A
MISSING DATA POINT B8Y THE GRASS SYSTEM, A FIELD IN WHICH YHE VALUE OF
A VARIABLE IS ZERO MUST HAVE A ZERO PUNCHED IN IT.

3. LAYOUT THE DATA FIELD FOR EACH VARIABLE ON 80 COLUMN DATA SHEETS.

LAIR USERS MAY CBTAIN STANDARD 80 COLUMN DATA SHEETS FROM THE
DEPARTMENT OF INFORMATION SCIENCES. OTHER USERS SHOULD CONTACT THEIR
LICAL COMPUTER FACILITY TGO OBTAIN THESE FORMS. EACH COLUMN ON A SHEET
CIORRESPINDS TO A COLUMN ON AN 80 COLUMN HOLLERITh CARD. A KEYPUNCH
OPERATOR WORKS DIRECTLY FROM THE CODING SHEETS IN PREPARING THE
PUNCHED CARD OECK. THE DATA SHEET IS DIVIDED INTO DATA FIELDS WITH
ONE FIELD FOR EACH VARIABLE. DATA FIELOS MAY BE SEPARATED BY BLANK
FIELDS. FOR CLARIFICATIONy DATA FIELDS MAY BE EMPHASIZED BY DRAWING
HEAVY VERTICAL LINES ON THE SHEETS TO SEPARATE THE FIELDS. ENOUGH
SHEETS ARE LAID OUT SO THAT EACH VARIABLE FOR A SINGLE CASE IS
ASSIGNED AN ADEQUATELY SIZED DATA FIELD.

4. DETERMINE IF THE DECIMAL POINT IS TO BE PUNCHED OR LOCATE THE
POSITION OF THE DECIMAL IN THE DATA FIELD IF IT IS IMPLIED IN
THE FORMAT STATEMENT.

PUNCHING OF A DECIMAL POINY IS OPTIONAL BECAUSE A FORMAT
STATEMENT DESCRIBES EACH DATA FIELD IN DETAIL INCLUDING THE LOCATION
OF THE DECIMAL PUINT. THE NUMBER 3.1416 CUULD BE ENTERED ON THE DATA
SHEET AS 31416 AND COULD BE READ 8Y THE GRASS PROGRAM AS 3.1416 IF SO
SPECIFIED IN THE FCRMAT STATEMENT. WHEN DECIMAL POINTS ARE NOT
PUNCHED, DATA MUST BE ALICNED IN THE DATA FEILD SO THAT THE FIRST
DIGIT FOLLOWING THE IMPLIED DECIMAL POSITION IS ALWAYS ENTERED IN THE
SAME COLUMN OF THE FIELOD.

D
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PREPARATION OF THE EXPERIMENTAL DATA CARDS

Se TABULATE THE RAW DATA IN APPROPRIATE FIELDS.

ENTER ALL DATA FOR ONE CASE CN A HCRIZONTAL LINE ON ONE OR MORE
DATA SHEETS WHICH HAVE OEEN PREPAKED. SUCCESSIVE CASES ARE ENTERED ON
SUBSEQUENT L INES IN TABULAR FASHION. WHEN A SINGLE SET OF DATA SHEETS
ARE EXHAUSTED, NEW SETS OF SHEETS ARE USED WITH THE EXACT FIELD
SPECIFICATIONS OF THE FIRST SET.

6. DESCRIBE THE LAYOUT OF THE DATA FIELDS IN A FORMNAT STATEMENT

THE FGRMAT STATEMENT IS A DESCRIPTION OF THE WAY IN WHICH THE
DATA SHEETS ARE LAID OUT AND CONSEQUENTLY, THE WAY IN WHICH THE DATA
WILL APPEAR ON PUNCHED CARDS. THE GRASS FORMAT STATEMENT BEGINS WITH
A DOLLAR SIGNy $y IN COLUMN 1, FOLLOWED BY THE WORD FORMAT IN COLUMNS
2=-T. FOLLOWING THIS IS A STANDARD FORTRAN IV FORMAT STATEMENT. THE
SPECIFICATIONS WHICH MAY BE USED ARE F, E, AND/OR Xe NUMERLCAL DATA
MAY BE OF EITHER F OR E TYPE. F COR E TYPE DATA ARE READ USING F OR E
TYPE SPcCIFICATIONS RESPECTIVELY. 80TH TYPES OF DATA CONSIST OF ONE
OR MORE OIGITS WITH A SINGLE DECIMAL PCINT AND A SIGN. AN E TYPE
NUMBER DIFFERS FRGCM AN F TYPE NUMBER IN THAT IT ALSO HAS AN EXPONENT
FOLLOWING THE DIGITS. THE EXPONENT IS THE LETTER ~-E~ FOLLOWED BY AN
OPTIONAL SIGN POSITICN FOLLOWED BY CNE OR TWO DIGITS. THE MEANING OF
THE EXPUNENT IS THAT THE PRECEDING NUMBER IS TQ BE MULTIPLIED BY TEN
RAISEC TO THE POWER GIVEN BY THE SIGN AND THE FOLLOWING DIGIVSy (I.E.
2¢5810=2.5 TIMES 10 TO THE 1OTH POWER). SOME EXAMPLES OF F AND E TYPE
NUMBERS AND THE NUMERICAL VALUES THEY REPRESENT ARE

NUMERIC E TYPE F TYPE
VALUE
200 2.00E02 200.0
-10.5 '1005501 -10.5
«0033 3.3E-03 « 0033

THE GENERAL FCORM OF AN F OR € TYPE SPECIFICATION IS NCW.D WHERE
N — NUMBER OF SUCCESSIVE REPETITIONS OF THIS FIELD
C - TYPE OF SPECIFICATION, F OR E
W - AN INTEGER SPECIFYING THE WIDTH OF THE FIELD
INCLUDING OECIMAL POINT (IF ANY) AND SIGN (LF ANY)
D - NUMBER OF DECIMAL PLACES UNDERSTOOD VO BE IN THE FIELD.

SOME EXAMPLES ARE

NUMERIC INPUT SPECIFICATION
VALUE DATA
2245 22.5 Féel
999.9 9999 Fé4el
99.99 9999 Fé.2
9.999 9999 F4e3
-+00001 -1.0€E-05 E8.1
155.7 1.557€02 E8.3
1000 10.00E02 E8.2

IT CAN BE SEEN IN THE ABOVE THAT -W-, THE WIDTH OF THE FIELD INCLUDES

o

]
,’g
.
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PREPARATION OF THE EXPERIMENTAL DATA CARDS

THE DECIMAL POINT AND SIGN IF THESE ARE PRESENT. FURTHER BY CHOOSING
AN APPROPRIATE VALUE FOR -D-, THE DECIMAL POINT CAN BE IMPLIED WHEN
USING F TYPE NUMBERS. A DECIMAL POINT [S USUALLY PUNCHED WHEN THE RAW
DATA IS OF THE E TYPE. A USEFUL RULE TO REMEMBER IS THAT A PUNCHED
DECIMAL POINT OVERRIDES THE -D- CHARACTER SPECIFIED IN THE FORMAT.
THUS IF THE NUMBER 225 IS PUNCHED, ANY OF THE FORMATS Fé.4, F4.3,
F&.2y F4.1l, OR F4.0 WOULD CAUSE THE VALUE 22.5 TO BE READ.

THE X SPECIFICATION IS USED TO SKIP OVER BLANKS OR NUMERIC DATA.
THE GENERAL FORM OF THE X SPECIFICATION IS NX WHERE N REPRESENTS THE
NUMBER OF COLUMNS TO BE SKIPPED. THUS 10X WOULD CAUSE 10 COLUMNS TO
BE SKIPPED.

ELEMENTS OF A FORMAT STATEMENT ARE SEPARATED BY COMMAS. IF THE
VARIABLES FOR A CASE ARE PUNCHED ON MORE THAN ONE CARD, A SLASH, (/).
INDICATES THAT A NEW CARD IS TO 8E READ. SINCE THE FORMATS FOR ALL
CASES ARE IDENTICAL, ONLY ONE $FORMAT CARD IS USED. THE GRASS PROGRAM
WILL READ AS MANY CASES AS ARE SPECIFIED ON THE $DATA CARD.

EXAMPLES OF GRASS FORMAT STATEMENTS

1. IN A HYPOTHETICAL STUDY, 4 VARIABLES ARE MEASURED. THE VALUES
FOR THE FIRST CASE ARE 35.5, 799, 81000, AND 2. THESE MIGHT BE
PUNCHED ON CARDS AS

11111 1112
COLUMN 1 23 45678901234561789
8100

© WV

N ON
!
o®

VALUES 355 799

USING THE F AND X SPECIFICATIUNS THIS DATA CCULD BE READ USING THE
FORMAT STATEMENT

SFORMAT(2X9F3.192XeF3.09F5.094X:Fl.0)e

IF WE CONSIDER HOWEVER THAT ALL NUMBERS ARE IN FIELDS CF 5, (THE FIRST
AND SECOND NUMBER HAVE 2 LEZADING BLANKS, AND THE FOURTH NUMBER HAS 4
LEADING BLANKS)y WE SEE THAT THE INPUT DATA CCULD BE READ WITH THE
FORMAT STATEMENT

SFORNAT(F’. l'FSoO' FS.O.FS.OD e

THIS FORMAT STATEMENT COULD BE FURTHER CONTRACTED. NOTE THAT THE LAST
THREE ELEMENTS ARE F5.0. THESE CAN BE COMBINED AS 3F5.0 (THREE
SUCCESIVE FIELDS IN F5.0 FORMAT ARE TO BE READ)s THUS THE FORMAT
STATEMENT CGULD BE REWRITTEWN AS

$SFORMAT(F5.193F5.0).
THIS IS A MUCH SHORTER FORM THAN THE FIRST FUORMAT STATEMENT BUT

CONTAINS THE SAME INFORMATION AND WILL RESULT IN THE SAME NUMBERS,
35.5, 799, 81000 AND 2 BEING READ.

2. A HYPOTHETICAL STUDY INVOLVES THE MEASUREMENT OF 5 VARIABLES.
THE VALUES FOR THE FIRST CASE ARE .211, <333, 2100, 57.8, AND 100.
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THESE VALUES MIGHT BE ARRANGED AND PUNCHED AS

1111111111222222 8
COLUMN 1 2 3 4567890123456789012345-—0
e 211 «333 2100 578 100

THE RZADER SHOULD CONVINCE HIMSELF THAT ANY OF THE FOLLOWING FORMAT
STATEMENTS wILL RESULT IN THE VALUES <211}y o333, 2100, 57.8, AND 100
BEING READ.

SFORMAT { 1X9F4e391X9F4e391XoF%e092XyF3.192X9F3.0)
SFORMAT(2(1XoF4:3) 91X oF4.092XeF301,2X9F3.0)
SFORMAT(FS5¢39F5:.39F5.0:F5.19F5.0)
SFORMAT(2F5.39F5.09sF5.1,F5.0)
SFORMAT(FS5.0¢F5.09F5.09F5.1,F5.0)
$SFORMAT(3F5.09F5.19F5.0)
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1.3 GRASS CONTROL CARDS

OVERVIEW

THERE ARE THREE TYPES UF GRASS CONTROL CARDS - INFORMATION
CONTRIOL CARDS, STATISTICAL ROUTINE SPECIFICATION CARDS, AND DATA
TRANSFORMATION CARDS. THE INFORMATION CONTROL CARDS SPECIFY GENERAL
INFORMATION TO THE GRASS PROGRAM, SUCH AS THE NUMBER OF VARIABLES AND
OBSERVATIONS AND THE FORMAT OF THE INPUT DATA. THE STATISTICAL
ROUTINE SPECIFICATION CARDS SPECIFY WHICH STATISTICAL ROUTINES ARE TO
BE USED IN THE ANALYSES. THE DATA TRANSFORMATION CARDS SPECIFY THE
TYPES OF DATA TRANSFORMATIONS AND MANIPULATIONS THE USER DESIRES TO
PERFORM CN THE DATA.

ALL GRASS CONTROL CARUS HAVE A DCLLAR SIGNy $y PUNCHED IN COLUMN
1y FOLLOWED BY A GRASS CONTROL WORD PUNCHED IN COLUMNS 2 THROUGH 7,
FOLLOWED BY A PARAMETER FIELD PUNCHED IN COLUMNS 8 THROUGH 79.

®NOTE THE FOLLOWING IN THE PREPARATION OF INFORMATION CONTROL CARDS
AND STATISTICAL ROUTINE SPECIFICATION CARDS-

1) IF THE PARAMETER FIELO HAS TO B8E CONTINUED ON SUBSEQUENT CARDS, THE
LETTER ~C= MUST BE PUNCHED IN COLUMN 80 OF THE CURRENT CARD.

2) WHEN A CONTINUATION CARD IS NEGESSARY THE CARD LABEL, CONTROL WORD,
MUST NOT BE INCLUDED ON THE CGNTINUATION CARD.

3) THE PARAMETER FIELDS OF CERTAIN CARDS MAY NOT BE CONTINUED ONTO
SUBSEQUENT CARDSe THIS LIMITATION IS NOTED FOR AFFECTED CONTROL CARDS
IN APPENDICES B ANC C.
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INFORMATION CONTROL CARDS

THE FOLLOWING IS AN INDEX OF GRASS INFORMATION CONTROL CARDS.
THESE CAKROS ARE DESCRIBED IN DETAIL IN APPENDIX B.

$TITLE

$OATA

SFORMAT

$FNFREE

SWRITE

SFILE

SFILEB

SCNT

$SCALE

$ADO

A TITLE OF THE USERtS CHOICE IS PUNCHED IN THE PARAMETER
FIELD. THIS TITLE APPEARS AT THE TOP OF EACH PAGE OF
OUTPUT, UNTIL ANOTHER STITLE CARD IS USED.

THE PARAMETER FIELD INCLUDES THE NUMBER OF VARIABLES,
NUMBER OF USSERVATIONS, AND AN INDICATION OF WHETHER THE
INPUT CATA IS TO BE PRINVED IN THE OUTPUT,

THE PARAMETER FIELD IS A FORTRAN FORMAT STATEMENT IN WHLCH
Fye Ey+ OR X TYPE SPECIFICATIONS MAY BE USED YO READ INPUT
DATA WHICH ARE PUNCHED QR WRITTEN IN FIXED FORMAT.

THERE IS NO PARAMETER FIELG. DATA PUNCHED IN A
FORMAT-FREE MANNER, (EACH VALUE HAS THE DECIMAL POINT
PUNCHED AND VALUES ARE SEPARATED BY BLANK OR COMMAS), WILL
BE READ.

THE PARAMETER FIELD INCLUDES A SPECIFICATION OF WHICH
VARIABLES ARE TO BE WRITTEN.

THE PARAMETER FIELD IS A 1 THROUGH 7 CHARACTER NAME. IF
$SFILE IS USED AFTER THE $OATA CARDy THE FORMATTED INPUT
DATA WILL BE READ FROM THE FILE NAMED IN THE PARAMETER
FIELD. IF THE SFILE CARD IS USED AFTER THE SWRITE CARD,
THE VARIABLES SPECIFIED ON THE $WRITE CARD WILL BE WRITTEN
TO THE FILE NAMED OR TO BCDOVT IF THE PARAMETER FIELD ON
THE SFILE CARD IS LEFT BLANK., A SFORMAT CARD MUST FOLLOW
THE SFILE CARD. THE SFILE CARD IS NCT USED WHEN INPUT
DATA IS ON CARDS.

THE PARAMETER FIELD INCLUDES A 1 THROUGH 7 CHARACTER NAME.
IF USED AFTER THE $DATA CARD, THE NON-FORMATTED INPUT DATA
WILL BE READ FROM THE FILE NAMED. IF USED AFTER THE
SWRITE CARDy, THE VARIABLES SPECIFIED ON THE SWRITE CARD
WILL BE WRITTEN IN NON-FORMATTED, (BINARY), FORM TO THE
FILE NAMED. NO $FORMAT CARD SHQULD FOLLOW THE SFILES
CARD. THE SFILEB CARD IS NOT USED WHEN THE INPUT DATA IS
ON CARDS IN NON-FORMATTED FORM.

THE PARAMETER FIELD INCLUDES ANY COMMENT THE USER WISHES
YO MAKE. THE COMMENT(S) WILL BE PRINTED IN THE OUTPUT.

THE PARAMETER FIELD INCLUDES A 1 THROUGH 7 CHARACTER NAME.
THE FILE NAMED WILL BE REWCUND.

THE PARAMETER FIELD SPECIFIES THE SCALE TG BE USED IN
SETTING UP THE AXES FOR A PLOT OR HISTOGRAM.

THE PARAMETER FIELD SPECIFIES TWO VARIABLES WHICH ARE TO
BE COMBINED AND A THIRD VARIABLE WHICH WILL CONTAIN THE
COMBINED VARIABLES.

2l
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SEND THIS IS THE LAST GRASS CONTROL CARD OF EVERY DECK.

STITLE,$SDATA AND SEND ARE REQUIRED ON ALL GRASS RUNS.
CONDITIONAL CARDS ARE AS FOLLOWS--

1) SFORMAT MUST BE USED WHEN INPUT DATA IS ON CAROS IN FORMATTED FORM
OR WHEN THE SFILE CARD IS USED.

2) SFILE MUST BE USED WHEN INPUT DATA IS IN FORMATTED FORM ON A SOURCE
OTHER THAN CARDS.

3) SFMFREE MUST BE USED WHEN INPUT DATA IS ON CARDS IN NON-FORMATTED
FORM,

4) SFILEB MUST BE USEC WHEN INPUT DATA IS IN NON-FORMATTED, BINARY,
FORM ON A SOURCE OTHER THAN CARDS. ALL OTHER INFORMATICN CCNTROL
CARDS ARE OPTIONAL.

APPENDICES A AND D CONTAIN SOME SAMPLE JOB SETUPS.

....J

B Satia dtitia b o et L s o
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STATISTICAL ROUTINE SPECIFICATION CONTROL CARDS

THE FOLLOWING IS AN INDEX OF THE STATISTICAL ROUTINE
! SPECIFICATION CONTROL CARDS. A THOROUGH DESCRIPTION OF THESE CARDS
AND THE ANALYSES PERFORMED ARE PRESENTED IN APPENOIX C.

] $BSTAT THE NUMBER OF OBSERVATIONS, MINIMUM, MAXIMUM, RANGE,
& MEDIAN, MEANy, STANDARD DEVIATION, AND THE STANDARD ERROR
: GF THE MEAN ARE PRINTED FOR EACH VARIABLE REQUESTED. :

3 SNTST NGN-PAIRED T-TESTS ARE PERFORMEC BETWEEN PAIRWISE
| COMBINATIONS GF ALL VARIABLES SPECIFIED IN THE PARAMETER
1 FIELD.

$PTST PAIRED T-TESTS ARE PERFORMEC BETWEEN PAIRWISE CCMBINATIONS
OF ALL VARIABLES SPECIFIED.

SRNKSM WILCOXCNtS RANK SUM STATISTIC IS CALCULATED FOR THE 2
VARIABLES SPECIFIED. THE LARGE SAMPLE APPROXIMATION OF THE
RANK SUM STATISTIC IS ALSO PRINTED. IN ADDITION, THE
SIEGEL-TUKEY TEST STATISTIC IS PRINTED.

$SNRNK WILCOXCON®S SIGNED RANK STATISTIC AND ITS LARGE SAMPLE
APPROXIMATION ARE COMPUTED FOR THE 2 VARIABLES SPECIFIED.

$ANOVA A ONE-WAY ANALYSIS OF VARIANCE FCR EQUAL OR UNEQUAL :
NUMBERS OF REPLICATES IS PERFORMED FOR THE VARIABLES 1
REQUESTED.

SONMRT OUNCAN®S NEW MULTIPLE-RANGE TEST IS USED TO COMPARE THE

MEANS GF THE VARIABLES SPECIFIED.

SNKMRT NEWMAN-KEUL ¢S TEST IS USED TO COMPARE THE MEANS OF THE
VARIABLES SPECIFIED.

$KRUWL THE KRUSKAL-WALLIS H STATISTIC FOR TESTING THE HYPOTHESIS
OF NO DIFFERENCES AMONG K TREATMENTS IS CALCUALTEO FOR THE
K VARTABLES SPECIFIED.

$KRUNWC THE OUTPUT INCLUDES THE KRUSKAL-WALLIS H STATISTIC AND
ALSU INCLUDES A MULTIPLE CCMPARISON TEST BETWEEN ALL
PAIRWISE COMBINATIONS OF THE K VARIABLES SPECIFIED.

$CORR PEARSON PRODOUCT MOMENT CORRELATION COEFFICIENTS ARE
COMPUTED FOR ALL PAIRWISE CCMBINATIONS OF VARIABLES
REQUESTED.

SRNKCR KENDALL#S RANK CORRELATION COEFFICIENTS ARE CUMPUTED FOR
ALL PAIRWISE COMBINATICNS OF VARIABLES REQUESTED.

$CHISQ THE CHI-SQUARE STATISTIC ANO CCONTINGENCY CCEFFICIENT ARE
CALCULATED FOR A TWO-WAY CONTINGENCY TABLE.

$LSQR A LEAST-SQUARES REGRESSION ANALYSIS IS PERFORMED FOR A
SPECIFIED OEPENDENT VARIABLE ANC A SPECIFIED INDEPENDENT
VARIABLE,.
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SMREG

$SWREG

$POLRG

SNORNT

$PLOT

$PLOTN

$PLOTI

SHSTGM

SFOIST
$CDIST

$TOIST
$RSDST

GRASS 12
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A MULTIPLE REGRESSION ANALYSIS IS PERFORMED FOR A
SPECIFIED DEPENDENT VARIABLc AND SPECIFIED INDEPENDENT
VARIABLES.

A STEPWISE MULTIPLE REGRESSION ANALYSIS IS PERFORMED FOR A
SPECIFIED DEPENNDENT VARIABLE AND SPECIFIED INDEPENDENT
VARTIABLES.

A POLYANOMIAL REGRESSION ANALYSIS IS PERFORMED ON THE
DEPENDENT AND INDEPENDENT VARIABLES REQUESTED. A
PCLYNOMIAL OF DEGREE FIVE QR LESS MAY BE FITTED.

VARIOUS TESTS OF NORMALITY ARE PERFORMED ON EACH VARIABLE
REQUESTED. THESE INCLUDE A CHI-SQUARE GOCDNESS OF FIT
TESTy AND TESTS OF SKEWNESS AND KURTOSIS.

A PLOT IS ACCOMPLISHED BETWEEN 2 VARIABLES.

A PLOT OF A SPECIFIED DEPENDENT VARIABLE VERSUS EACH
SPECIFIED INDEPENDENY VARIABLE 1S OUTPUT.

A PLOT OF A SPECIFIED INDEPENDENT VARIABLE VERSUS EACH
SPECIFIED OEPENDENT VARIABLE [S OUTPUT.

A HISTCGRAMy FREQUENCY DISTRIBUTION, IS PRINTED FOR EACH
VARIABLE REQUESTED,

THE LEVEL OF SIGNIFICANCE OF THE INPUT F-VALUE IS PRINTED.

THE LEVEL OF SIGNIFICANCE OF THE INPUT CHI-SQUARE VALUE IS
PRINTED.

THE LEVEL OF SIGNIFICANCE OF THE INPUT T-VALUE IS PRINTED.
THE LEVEL OF SIGNIFICANCE OF EITHER THE INPUT WILCOXONtS

RANK SUM STATISTIC OR THE INPUT WILCOXON®S SIGNED RANK
STATISTIC IS PRINTED.
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OATA TRANSFORMATION CARDS ~ THE STRANS STATEMNENT

THE STRANS CARDS GIVE THE GRASS USER A GREAT DEAL OF FLEXIBILITY
IN TRANSFORMING AND/OR EDITING THE EXPERIMENTAL DATA.

THE CONTROL STATEMENT BEGINS WITH A DOLLAR SIGNy, 8y IN COLUMN 1
FOLLOWED B8Y THE CONTROL WORD TRANS IN COLUMNS 2 THROUGH 6. THE
PARAMETER FIELD IN COLUMNS 8-79 CONTAINS A TRANSFORMATION STATEMENT.
THERE ARE FOUR TYPES OF TRANSFORMATION SYATEMENTS -~ THE VARIABLE
STATEMENT, THE TRANSPOSE STATEMENT, THE ASSIGNMENT STATEMENT, AND THE
CONDITICNAL STATEMENT.

le THE VARIABLE STATEMENT ALLOWS THE USER TO ASSIGN A NAME TO
THE INPUT VARIABLES. NORMALLY AN INPUT VARIABLE IS REPRESENTED BY THE
SUBSCRIPTED VARIABLE X,(I.E. VARIABLE 1 IS X(1l), VARIABLE 10 IS
X(10)). THE VARIABLE STATEMENT ALLOWS THE USER TO CHANGE THE NAME X,
TO ANY NAME. THE NEW NAME IS NOT OUTPUT AS A LABEL. AFTER SUPPLYING
A NEW NAME WITH THE VARIABLE STATEMENTY EITHER THE NEW NAME OR X MAY BE
USED IN SUBSEQUENT TRANSFCRMATICN STATEMENTS. THIS ALLOWS SOME
DIFFERENTIATION QR CLARIFICATION IN THE SUBSEQUENT STATEMENTS.

EXAMPLES
$TRANS VARIABLE DATA

INPUT VARIABLE 1 COULD BE CALLED DATA(l). INPUT VARIABLE 10 COULD BE
CALLED DATA(10).

STRANS VARIABLE CURVE
INPUT VARIABLE 1 COULD BE CALLEC CURVE(1l). INPUT VARIABLE 10 COULD BE
CALLED CURVEI(10).

2¢ THE TRANSPOSE TRANSFORMATION STATEMENT ALLOWS THE USER TO
INTERCHANGE THE ROWS AND COLUMNS OF THE INPUT DATA. THIS EFFECTIVELY
INTERCHANGES OBSERVATIONS (ROWS) AND VARIABLES(COLUMNS).

EXANPLE
S$TRANS TRANSPOSE

IF THE DATA WAS INPUT WITH 3 VARIABLES AND 2 CBSERVATIONS PER VARIABLE

= l-Eo'
Z2 3 &
5 &6 7

THE ABOVE $STRANS STATEMENT WOULD RESULT IN DATA WITH 2 VARIABLES AND 3
OBSERVATIONS PER VARIABLE - [e¢Eey

e 9

3 6

© 7

3¢ THE ASSIGNMENT STATEMENT ALLOWS THE USER TO DEFINE NEW
VARIABLES OR TO REDEFINE OLD INPUT VARIABLES. THE FORM OF THE
STATEMENT MAY BE ANY LOGICALLY CONSISTENT COLLECTION OF OPERANOS,
(VARIABLES OR CONSTANTS)y OPERATIONS, AND FUNCTIONS EXPRESSING A
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RELATION BETWEEN A DEPENDENT VARIABLE AND ONE OR MORE INDEPENDENT
VARIABLES. THE OPERATIONS WHICH ARE ALLOWED ARE?

ADDITION
SUBTRACI TGN
MULTIPLICATION
OIVISION
EXPONENTIATION

>N % 1@

UNLESS OTHERWISE INDICATED BY PARENTHESES THE OPERATIONS ARE PERFORMED
IN THE FOLLOWING ORDER?

1) EXPONENTIATION IS PERFORMED FIRST,

2) MULTIPLICATICON AND DIVISION ARE PERFORMED NEXT.

3) ADDITION AND SUBTRACTICN ARE PERFGRMED LAST.

OPERATIONS OF THE SAME PRIDRITY (l.E. MULTIPLICATION AND DIVISION) ARE
PERFORMED IN ORDER OF OCCURENCE FROM LEFT TO RIGHT.

EXAMPLES
GRASS ALGEBRAIC
EXPRESSION EQUI VALENT
A*B-C (A)(B)-C
A*(B-C) A(8-C)
A*8/C*D (A)(82(D)/(C)
A*B/ (C*D) (A)ta)/(cl (o)
AtB8+C (A RAISED TO THE POWER B)+C
At(B+C) A RAISED TO THE POWER (8¢C)

THE FOLLOWING FUNCTIONS ARE AVAILABLE IN THE TRANS COMPILER

FUNCTICN FUNCTIGN
NAME PERFORMED
SIN SINE
cas COSINE
TAN TANGENT
ASIN ARC SINE
ACOS ARC COSINE
AT AN ARC TANGENT
LN LOG BASE E
LOoG LOG BASE 10
EXP EXPONENTIATION BASE E
ABS ABSOLUTE VALUE
SQRT SQUARE ROGT
PROBIT PROBIT OF A NUMBER BETWEEN 0 AND 1
APROBIT INVERSE OF PROBIT .
LINE WHEN USED AFTER $LSQR OR $POLRG
COMPUTES NEW DEPENDENT VARIABLE
VALUES USING THE LEASY SQUARE
ESTIMATES
RANF
LOGICAL LCGICAL VALUE 1 OR O
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EXAMPLE
STRANS X(2)= 3*LN{1¢SIN(X(1)))

THE ABOVE S$TRANS STATEMENT WOULD CAUSE A NEW SECOND VARIABLE TO BE
CREATED EQUAL TO 3 TIMES THE NATURAL LGG OF THE QUANTITY 1 PLUS THE
SINE OF VARIABLE 1.

IN CREATING NEW VARIABLES THE FCLLOWING SHOULD BE NOTEO?

A) WHEN ANY OF THE VALUES OF INDEPENDENT VARIABLES ARE MISSING THE
CORRESPONDING VALUES OF THE DEPENDENT VARIABLE WILL BE MISSING.

B) IF THE DEPENDENT VARIABLE IN AN ASSIGNMENT STATEMENT IS AN ALREADY
EXISTING VARIABLE, THE OLD VALUES WILL BE REWRITTEN AS DICTATED BY THE
ASSIGMENT STATEMENT.

4o THE CONDITIONAL STATEMENTS TEST A GIVEN COMPARISON AND TAKE
ONE OF TWO BRANCHES, (ASSIGNMENT STATEMENTS), DEPENDING ON THE RESULT
OF THE COMPARISON. THE GENERAL FCRM OF THE CONDITIONAL STATEMENT IS
STRANS IF A THEN B
$TRANS ELSE C

WHERE -A- IS A COMPARISON STATEMENT, AND -B8- AND -C- ARE ASSIGNMENT
STATEMENTS. A COMPARISON STATEMENT IS COMPOSED OF TWD EXPRESSIONS
SEPARATED BY A SIGN OF COMPARISON, A COMPARATOR. THE COMPARATORS
AVAILABLE TO THE USER ARE?

EQUAL

NOT EQUAL

LESS THAN

LESS THAN OR EQUAL
GREATER THAN

GREATER THAN OR EQUAL

VVIAA®MN

IF THE COMPARISON -A- PROVES TRUE, THEN THE STATEMENT DEFINED AS THE
OBJECT OF THE THEN CLAUSE -8- 1S EXECUTED. OCTHERWISE THE OBJECT OF
THE ELSE CLAUSE -C- IS EXECUTED. THE ELSE CLAUSE IS OPTIONAL. IF 1T
IS DESIRED TJD LEAVE UNCHANGED THE VALUE OF THE DEPENDENT VARIABLE WHEN
-A- PROVES FALSEs THE ELSE CLAUSE NEED NOT BE INCLUDED.

THE OBJECTS OF THE THEN ANO ELSE CLAUSES MAY BE A DO STATEMENT,
IN WHICH CASE ALL OF THE ASSIGNMENT STATEMENTS FOLLOWING THE DO
STATEMENT WILL BE EXECUTED UNTIL AN END STATEMENT TERMINATES THE LIST.
DO STATEMENTS MAY ALSO BE NESTEDe THIS FACILITY ALLOWS THE EXECUTION
OF SEVERAL ASSIGNMENT STATEMENTS UPON THE RESULT OF A SINGLE
COMPARISON STATEMENT.

IN AODITION, THE UBJECTS OF THE THEN OR ELSE STATEMENT MAY BE
ANQTHER IF STATEMENT ALLOWING FURTHER FLEXIBILITY.
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EXAMPLES

le STRANS IF X(2)<LOG(X(1)) THEN X(3)=5%X(1)
STRANS ELSE X(3)=1-4%ATAN(X(3))

WHENEVER A VALUE OF X(2) IS LESS THAN LCG BASE 10 OF X(1) THE
THIRD VARIABLE, X(3)y WOULD BE ASSIGNED A VALUE EQUAL TO 5 TIMES THE
VALUE OF X(1), OTHERWISE THE THIRD VARIABLE WGULD BE ASSIGNED A VALUE
EQUAL TGO 1 MINUS 4 TIMES THE ARCTANGENT OF THE THIRD VARIABLE. THIS
WOULD NATURALLY RESULT IN REPLACEMENT CF VALUES PREVIOUSLY ASSIGNED TO
THE THIRD VARIABLE.

2« STRANS [IF X(2)=0 THEN IF LOGICAL(X(2))=]1 THEN X(2)=]

THIS STATEMENT WOULD DETECT MISSING VALUES IN THE SECGND
VARIABLE, X(2)y AND ASSIGH A VALUE OF 1 WHERE THE MISSING VALUES
NCCURED.

3. STRANS IF X(3)>0 THEN DO
STRANS X(1)=X(3)*5-2
S$TRANS X(2)=SQRT(X(4))
$TRANS END
$TRANS ELSE DO
$TRANS X(1)=0
$TRANS X(2)=0
STRANS X(3)=1
$TRANS END

WHENEVER A VALUE CF THE THIRD VARIABLE, X{(3)y IS GREATER THAN O,
THE FIRST VARIABLEy X(1)y WILL BE ASSIGNED A VALUE EQUAL TO
(X{3)(5))-2 AND THE SECCND VARIABLE WILL BE ASSIGNED A NEW VALUE EQUAL
TO THE SQUARE ROUT OF THE FOURTH VARIABLE, CTHERWISE, X(1) AND X(2)
WILL BE ASSIGNED A VALUE OF 0 AND X(3) WILL BE REPLACED BY THE VALUE
1.

S#NOTE THE FOLLOWING REGARDING THE USE OF S$TRANS CARDS.

1) FOLLUWING ANY TRANSFOURMATION THE NUMBER OF VARIABLES AND
OJSERVATIUNS IS AUTOMATICALLY UPDATED. THE $DATA CARD SHOULD REFLECT
THE NUMJER OF VARIABLES AND CBSERVATICNS INPUT AND NOT THE NUMBERS
FOLLOWING TRANSFORMAT IUNS .

2) GROUPS UF STRANS CARDS WHICH APPEAR AFTER THE INPUT DATA HAS BEEN
ENTERED MUST BE FOLLOWED BY A SEXECU CARD OR ANY STATISTICAL ROUTINE
SPECIFICATION CARD., FOK EXAMPLE, IF THE CARDS IN EXAMPLE 3 WERE
INSERTED AFTER THt INPUT DATA HAD BEEN ENTEREO, A SEXECU CARD OR A
STATISTICAL ROUTINE SPECIFICATION CARD MUST FOLLOW THE STRANS END
STATMENT BEFQRE ADOITIGNAL STRANS STATEMENTS COULD BE INSERTED.

3) NOU MORE THAN 10,000 DATA ELEMENTS MAY BE HANDLEO WITH ONE SET OF
$TRANS CARDS (l<Esy UNE ASS IGNEMNT OR TRANSPOSE STATEMENT OR A
CONDITIGNAL STATEMENT WITH ITS ASSIGNMENT STATEMENTS).

P
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le4 SAMPLE PROBLEMS

FIVE SAMPLE PRUBLEMS ARE PRESENTED TO SHOW ASSEMBLED CARD DECKS
AND JUTPUT FCR SUME TYPICAL GRASS RUNS. IN THE FIRST EXAMPLE, THE SIX
STEPS USED IN PREPARING THE EXPERIMENTAL OATA wWILL BE DETAILED. IN
ALL FXAMPLES, THE DATA ARE FICTITIOUS.

EXAMPLE 1

AN INVESTIGATOR HAS 4 VARIABLES WITH 6 CBSERVATIONS OF EACH
VARIABLE. HE DESIRES TU CUMPUTE MEANS ANDO STANDARD DEVIATIONS FOR
EACH VARIABLE, CIRRELATIONS BETWEEN TIME ON TREADMILL, AGE, BODY
TEMPERATURE AND PULSEy AND A REGRESSION LINE RELATING TIME OF WALK TO
THE OTHER 3 VARIABLES. THE RAWwW DATA ARE SHOWN IN TABLE 1.

TABLE 1
SRS SR SRR KA SRR AR XX R KR E R R ERE R R R KR EEE K R R KEE X
®SUBJECT TREADMILL TIME OF BODY  PULSE®
#NUMBER  SPEED(MPH) AGE WALK(MIN) TEMP. (BPM)*
rwmcmee cecccaccccece ace cecccccces —eeoe- —— -
1 5 20 10.0 98.9 123 *
+ 2 5 18 15.8 98.7 147 *
* 3 5 35 8.8  99.1 109 *
* 4 5 24 8.0 98.6 118 *
£ 5 5 41 12.5  99.4 131 *
* 6 5 43 12.8 99.7 135 *
RS E RS R R R AR RRAEER R ESEE R RN KR K AR KRR R SR RE Rk gk

THE STEPS FUR PUTTING THIS DATA [N A SUITABLE FORM FOR GRASS USE
ARE AS FOLLOWS.

le ASSIGN SEQUENTIAL NUMBERICAL IDENTIFIERS TO EACH VARIABLE.

VARIABLE NUMERIC IDENTIFIER

AGE

TIME OF WALK
BOOY TEMP.
PUL SE

S W -

2e DETERMINE THE MAXIMUM FIELD WIDTH (NUMBER OF CHARACTERS) FOR
EACH VARIABLE.

VARIABLE MAXIMUM FIELD WIDTH
AGE 2

TIME OF WALK 4 (3)

BOOY TEMP. 4 (3)
PULSE 3

NUMBERS IN PARENTHESES ARE THE MAXIMUM FIELC WIDTH IF THE DECIMAL IS
NOT PUNCHED.

394¢5. THE DATA ARE ENTERED ON 80 COLUMN DATA SHEETS, (FIGURE
1)y FOR KEYPUNCHING. IN THIS EXAMPLE, THE DECIMAL POINT IS TO BE
PUNCHED FOR TIME OF wALK AND WILL BE IMPLIED FOR BODY TEMPERATURE.

dntaa
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6o THE DATA COULD BE DESCRIBED BY THE FORMAT STATEMENT,
SFORMAT(F2.09F5.09F4.19F4.0).

THE ASSEMBLED CARD DECK, INCLUDING SYSTEM CONTROL CARDS,
INFORMATION CONTROL CARDS, DATA CARDS AND STATISTICAL ROUTINE
SPECIFICATION CARDS, [S SHOWN IN FIGURE 2. NOTE THAT THE DATA CARDS
IMMEDIATELY FOLLOW THE SFORMAT CARD.

COMPUTER JUTPUT FOR THIS RUN IS GIVEN IN FIGURES 3 THROUGH 15.
FIGURE 4 IS A LISTING OF THE RAw DATA. FIGURE 5 IS THE OUTPUT FROM
THE BASIC STATISTICS ROUTINE. FIGURE 6 SHOWS THE PEARSON CCRRELATION
COEFFICIENTS FOR ALL VARIABLES. FIGURES 7 THROUGH 12 GIVE THE QUTPUT
FROM THE RANK CORRELATION ROUTINE. FIGURES 13 THROUGH 15 ARE THE |
RESULTS FRCM MULTIPLE REGRESSIIN. |

EXAMPLE 2

AN INVESTIGATOR HAS COLLECTED DATA ON 8 SUBJECTSe. THE VARIABLES
MEASURED ARE HEIGHT, WEIGHT, AGEy AND HEART RATE. THE INVESTIGATOR IS
INTERESTED IN THE RELATIONSHIPS BETWEEN THESE VARIABLES. HE DECIDES
TO CALCULATE BASIC STATISTICS FOR ALL VARIABLES AND PEARSON
CORRELATIONS BETWEEN ALL PAIRS CF VARIABLES. HE WISHES TO COMPUTE THE
REGRESSION EQUATIGN BETwWEEN HEART RATE AND WclIGHT, A PLOT BETWEEN
THESE 2 VARIABLES, A FOURTH DEGREE POLYNOMIAL REGRESSION EQUATION
BETWEEN HEART RATE AND HEIGHT, AND THE BEST REGRESSION EQUATION E
RELATING THE DEPENDENT VARIABLE, WEIGHT, WITH THE INDEPENDENT
VARTABLESy HEIGHY AND AGE. A PLOT BETWEEN THESE 3 VARIABLES IS ALSO
DESIRED. THE RAW DATA ARE SHCWN IN TABLE 2.

TABLE 2
FREGEEREEEBE SRV EHE XX SV E VRS DL BB E B IR LB ANBBEE RSB EE
*SUBJECT HEIGHT(IN) WEIGHT(LBS) AGE HEART RATE=*
Remcmwme cocccccmces ecweececcae- - cm - —e—-—k
=k 68 150 22 0 =
* 2 69 160 23 78 *
+ 3 70 169 25 79 =
* 4 71 167 217 g2
+ 5 72 170 29 83 =
* 6 73 175 24 871  x
s 7 74 180 23 89 =
*+ 38 75 180 21 2.  *
SR LS EL LR LR E LR YE LB LS D CR B LR P TL B H T FE ST S BEBRBRP

A LIST OF THE ASSEMBLED CARD DECK IS SHOWN IN FIGURE 16. FIGURES
17 THROUGH 29 SHCW THE COMPUTER GQUTPUT, THIS EXAMPLE DEMONSTRATES HOW
SCMYT AND STITLE CARDS MAY BE USED FOR LABELING.

EXAMPLE 3

2% TEST ANIMALS WERE RANDOMLY ASSIGNED IN GROUPS OF 8 TO 3
TREATMENTS, DIETS. THE ACTIVITY OF EACH ANIMAL WAS MEASURED. THE
HYPOTHES1IS OF NO DIFFERENCES BETWEEN DIETS COULD BE TESTED USING
EITHER A ONE-WAY ANALYSIS OF VARIANCE OR THE KRUSKAL-WALLIS ROUTINE.
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A PARAMETRIC GR A NON-PARAMETRIC MULTIPLE CCMPARISON PROCEDURE COULD
BE USED TO OECIDE WHICH TREATMENTS DIFFER. (AN INVESTIGATOR COUNFRONTED
WITH A SIMILAR PROBLEM SHOULD CHOOSE EITHER THE PARAMETRIC OR
NON-PARAMETRIC APPRIACH TO ANALYZING THE DATA. BOTH METHODS ARE
DEMONSTRATED IN THIS EXAMPLE GNLY TO SHOW THE DIFFERENT QUTPUTS.) THE
RAW DATA ARE PRESENTED IN TABLE 3,

TABLE 3
XSRS EE SRV ERE AP SRR SEE

*0IET 1 OIET 2 DIET 3*

e mm—w mccace cceca—- *
& 14 12 19 =*
* LS 16 17 =
* 14 12 19 =%
* 17 13 17 =*
* 1l¢ 17 18 *
* 18 14 19 =
L 13 16 =
* 15 16 17 =*
PRV EIEBIDEIB LB REH AR HBR

A LIST OF THE ASSEMBLED CARD OECK IS SHOWN IN FIGURE 30. FIGURES
31 THROUGH 37 SHOW THE GUTPUT FOR THIS EXAMPLE.

EXAMPLE 4

AN INVESTIGATOR PERFOURMEC TWO EXPERIMENTS. [IN THE FIRST STUDY, 7
TEST ANIMALS WERE FED A CCNTRCL DIET AND THEIR ACTIVITIES WERE
MEASURED. THE SAME 7 ANIMALS WERE THEN FED AN ENRICHED DIET AND THEIR
ACTIVITIES WERE AGAIN MEASURED. IN THE SECOND STUDY 20 TEST ANIMALS
WERE RANDOMLY ASSIGNED IN GROUPS CF 10 TO EITHER THE CONTRGL OIET GR
ENRICHED DIETe FOR REASONS UNRELATED TO EITHER TREATMENT, ONE ANIMAL
IN THE CCNTROL GROUP AND TWO ANIMALS IN THE TEST GROUP WERE NOT
MEASURED. (THE INVESTVIGATOR®S CHILC QOPENED 3 CAGES AND THE ANIMALS
ESCAPED. THEY WERE LATER RETRIEVED FROM SOME GARBAGE CANS WHERE THEY
HAD BEEN FEASTING. NATURALLY, THEY HAD TO BE DISQUALTIFIED.) THE
INVESTIGATOR WAS INTERESTED IN THE EFFECTS OF THE ENRICHED DIETS, IF
ANY, ON ACTIVITY. HE MIGHT HAVE USED EITHER A PAIRED T-TEST OR
WILCOXON®S SIGNED RANKS TEST TO EVALUATE THE DATA FRCM THE FIRST
STUDY, AND HE MIGHY HAVE USED EITHER A NON-PAIREOD T-TEST OR WILCOXONtS
RANK SUM TEST YO ANALYSE THE DATA FROM THE SECOND STUDY. THE OUTPUT
INCLUDES ALL 4 TESTS. THE RAW DATA ARE PRESENTED IN TABLE <.
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TABLE 4
28630 E GBS LY SB I 4S B H VSRR LS BERR PR SV RS2 EE NSRS DS
% sSTuDY 1 % STuoy 2 *
*#*CONTROL ENRICHED % CONTROL ENRICHED*
& DIET DIET ** DIET DIET =
emmmec e — e e c e ———— Y S —— ——
* 15 13 *% 13 15 *
* 17 19 *% 15 19 *
10 15 ** 14 13 *
* 19 17 *x 10 20 *
* 12 16 x% 12 17 *
*+ 13 15 % 17 16 *
* 16 18 *% 17 15 *
* %% 18 18 *
* =% 15 *

SRS SV EXEERB LSS 6B E XL R OBRLF ISP S SV EE TR B LHG L CERNEL BB

S PRI Ry e A R

A LISTING OF THE ASSEMBLED CARD DECK IS GIVEN IN FIGURE 38.
FIGURES 39 THROUGH 47 SHOW THE OQUTPUT FCR THIS EXAMPLE.
EXAMPLE S

EXAMPLE 5 SHOWS SOME USES OF STRANS AND $ADD. FIGURE 48 SHOWS
THE ASSEMBLED CARD DECK. FIGURES 49 THROUGH 57 SHOW THE QUTPUT.
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ALL SYSTEM CARDS IN THIS AND FOLLOWING SECTIONS ARE FOR THE
CDC7600 BKY OPERATING SYSTEMe IN THE FOLLOWING EXAMPLES, THE GRASS
CONTROL CARDSy (THCSE BEGINNING WITH A DOLLAR SIGN), INDICATE THAT
THERE ARE 10 INPUT VARIABLES WITH 15 OBSERVATIONSy (CASES). THE INPUT
DATA [S NOT TO BE PRINTED AND BASIC STATISTICS ARE TO BE CALCULATED
FJOR ALL VARIABLES.

THE FIRST CARD OF EVERY DECK IS THE JOB CARD. THE GENERAL
ABBREVIATED FGRMAT GF THE JOB CARD IS

JOBNAME.ACCNUM, YOUR NAME

WHERE
JOBNAME - 1-7 ALPHANUMERIC CHARACTERS BEGINNING WITH A LETTER
IN CCLUMN 1
ACCNUM - YOUR 6 DIGIT ACCOUNT NUMBER
YOUR NAME - ANYTHING IN THE REMAINING COLUMNS.

LAIR USERS SHOULD CONSULT MEMORANDUM FOR ALL UT200 USERS DATED AUGUST
169 1974 FCR SPECIFIC CHAKACTERS TO BE USED FOR =JOBNAME-, —ACCNUN-,
AND =YOUR NAME-.

EXAMPLES

1. INPUT DATA ON CARDS
JOB CARD
FETCHPS(GRASZyGRAZZyGRASS)
HRAZZ,
(7/8/9 MULTIPUNCH CARD)
$TITLE EXAMPLE wITH INPUT DATA CN CARDS
$DATA 10,15,0
$FORMAT(10F5.0)

DATA CARDS
$3STAT ALL
$END
(6/7/8/79 MULTIPUNCH CARD)

2. INPUT DATA IN FORMATTED OR BINARY FORM ON MAGNETIC TAPE.
JaB8 CARD

FETCHPS(GRASZyGRAZZyGRASS)

STAGE y4AYTAPE,TAPENO.

GRAZLZ.

(7/8/9 MULTIPUNCH CARD)

$STITLE EXAMPLE wITH INPUT DATA ON MYTAPE

$DATA 1041540

$FILE MYTAPE OR $FILEB MYTAPE
$FORMAT(10F5.0) NC FCRMAT STATEMENT
DATA CN MYTAPE MUST BE IN BINARY FORM
$3STAT ALL
$END

(6/7/6/9 MULTIPUNCH CAKD)




A. SAMPLE JOB OECKS

3« INPUT DATA IN FORMATTED OR BINARY FORM ON A PERMANENT FILE DISK.
JU3 CARD

FETCHPS(GRASZ,GRAZZ,GRASS)

ATTACH(MYDATA,MYFILE)

GRAZ2.

(7/78/9 MULTIPUNCH CARD)

STITLE EXAMPLE wITH INPUT DATA ON OISK

$DATA 10,15,0

$FILE MYDATA Ok $FILEB MYDATA
$FORMATLL0F5.0) ND FCRMAT STATEMENT
DATA ON MYDATA MLST BE IN BINARY FORM
$8STAT ALL
$END

(6/7/8/9 MULTIPUNCH CARD)

4. INPUT DATA 1S ON CARDS IN FORMATTED FORMes THO NEW VARIABLES
ARE CREATED USING STRANS CARDS. THESE NEW VARIABLES ARE WRITTVTEN
IN FORMATTED OR BINARY FORM TO A MAGNETIC TAPE.

JOB CARD

F=TCHPS(GRASZ,GRAZZ(GRASS)

GRAZZ.

STAGEyNEWVAR yTAPENOyWe

(7/8/9 MULTIPUNCH CARD)

STITLE WRITING NEW VARIABLES TG NEWVARe.

$DATA 10415,0

$TRANS X(1l1)=2%* X(1)

$TRANS X(12)=20-X(11)

$FIRMAT(10F5.C3

DATA CARDS
$BSTAT ALL
$SWRITE 11,12
$FILE NEWVAR OR $FILEB NEWVAR
$FORMAT (2F5.0) NO FORMAT CARD

$END
(6/7/8/9 MULTIPUNCH CARD)

IF NONE OF THESE EXAMPLES SUITS YOUR PROBLEMy, OR MACHINE, OR 1IF
YOU ARE UNSURE ABOUT THE APPROPRIATE SYSTEM CARDS TO USEs SPEAK TO A
LOCAL CONSULTANT.
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TITLE

1 8
STITLE A TITLE

PARAMETER FIELD (COLUMNS 8~79)
ANY ALPHANUMERIC TITLE IN COLUMNS 8-79

OUTPUT
THE TITLE IS PRINTED ON THE TCP OF ALL PAGES OF QUTPUT UNTIL

ANOTHER STITLE CARD IS USED.

USAGE
1. THE TITLE MUST BE CONTAINED ON ONE STITLE CARD.
2. COLUMN 80 MUSY NOT BE PUNCHED ON THIS CARD.

EXAMPLE
1 8
STITLE ANALYSES OF MY DATA

sk it il




DESCRIPTION GF INFORMATICN CCNTROL CARDS

DESCRIBING INPUT DATA

1 8
SOATA 11,12,13

PARAMETER FIELD (COLUMNS 8-79)
Il NUMBER OF VARIABLFES
12 NUMBER OF CASES
I3 0-DC NCT PRINT INPUT DATA
1-PRINT INPUT DATA

ouTPUT
le INPUT DATA IS PRINTED IF I3=1.
USAGE

l. MAXIMUM OF 50 INPUT VARIABLES (11s50)
2o NO LIMIT ON NUMBER CF CBSERVATIONS

EXAMPLES
CARDS COMMENTS
1 8
$DATA 6,30,1 6 VARTIABLESy 30 OBSERVATIONS
PRINT INPUT DATA
$DATA 7,10,0 7 VARIABLES, 10 OBSERVATIONS

DG NOT PRINT INPUT DATA

24
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B. DESCRIPTION OF INFORMATION CONTROL CARDS

WRITING SPECIFIED VARIABLES

1 8

: SWRITE (141290009150

PARAMETER FIELD (COLUMNS 8-79)
Il
12

oo VARIABLES TO BE WRITTEN

LR
150

RESULT
le¢ IF SWRITE IS IMMEDIATELY FOLLOWED BY A SFORMAT CARD, ALL

VALUES (CASES) OF THE VARIABLES SPECIFIED IN THE PARAMETER
FIELD WILL BE WRITTEN ACCORDING TO THE FORMAT SPECIFIED
ON THE SFORMAT CARD TO THE LOCAL FILE BCDOUT.

2o IF SWRITE IS FOLLOWED BY A SFILE CARD AND A SFORMAT CARD,
ALL CASES OF THE VARIABLES SPECIFIED WILL BE WRITTEN TO
THE FILE NAMED ON THE SFILE CARD IN THE FORMAT SPECIFIED
ON THE SFORMAT CARD.

3. IF SWRITE IS FOLLOWED BY A SFILEB CARD, ALL CASES OF THE
THE VARIABLES SPECIFIED WILL BE WRITTEN IN BINARY,
(NON-FORMATTED), FORM TO THE FILE NAMED ON THE SFILEB CARD.
NO $FORMAT CARC IS USED wWITH SFILEB. IF ONE IS USED IT WILL
BE IGNORED.

USAGE
le A MAXIMUM OF S0 VARIABLES MAY BE WRITTEN.

2. NO LIMIT ON NUMBER OF CASES WRITTEN.

EXAMPLES
CARDS COMMENTS
1 8
SWRITE 1,345 VARIABLES 1,3, AND 5 WILL BE
SFORMAT (3F5.0) WRITTEN TO BCOOUT IN 3 FIELDS OF FS.0.
SWRITE 13,45 VARIABLES 143 AND 5 WILL BE
SFILE MYDATA WRITTEN TO MYOATA IN 3F5.0 FORMAT.
SFORMAT (3F5.0)
SWRITE 1+345 VARIABLES 143 AND 5 WILL BE WRITTEN
SFILEB BINDATA TO BINDATA IN BINARY (UNFORMATTED) FORM.

25
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CODED FILES

1 8
SFILE LFNAME

PARAMETER FIELD (COLUMNS 8-14)
1. THE LOCAL FILE NAME OF THE CODED, FORMATTED, FILE THAT
CONTAINS THE INPUT DATA, OR
2. THE LOCAL FILE NAME OF THE FILE THE OATA IS TO BE
WRITTEN TO IN FORMATTED FORM.

USAGE
l. WHEN READING FORMATTED DATA FROM A SGURCE OTHER THAN CARDS,
THE SFILE CARD MLST CCME BETWEEN THE SOATA AND SFORMAT CARDS.
2. WHEN WRITING FORMATTED DATA TO AN ALTERNATE OUTPUT DEVICE,
THE SFILE CARD MUST COME BETWEEN THE SWRITE AND S$FORMAT CARDS.
IF NO LOCAL FILE NAME IS PUNCHED IN THE PARAMETER FIELD OF
THE SFILE CARD, OATA SPECIFIED WILL BE WRITTEN TO BCOOUT.

RESULT
le INPUT DATA wILL BE RFEAD FROM THE FILE NAMED, OR
2. SPECIFIED DATA WILL BE WRITTEN TO THE FILE NAMEOD.

EXAMPLES
le FOR READING DATA FROM AN ALTERNATE INPUT SOURCE SEE
APPENDIX A, EXAMPLES 2 AND 3,
2. FGR WRITING DATA TO AN ALTERNATE CUTPUT DEVICE SEE
APPENDIX Ay EXAMPLE 4.
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BINARY FILES

1 3
SFILEB LFNAME

PARAMETER FIELD (CCLUMNS 8-14)
l. THE LOCAL FILE NAME OF THE BINARY, (UNFORMATTEC), FILE THAT

CCONTAINS THE INPUT DATA, OR
2. THE LUCAL FILE NAME OF THE BINARY FILE THAT SPECIFIED
VARIABLES ARE TU BE WRITTEN TC IN BINARY FORM.

USAGE
l. WHEN READING DATA FROM BINARY FILE, THE SFILEB CARD

FOLLOWS THE $DATA CARD.
2. WHEN WRITING A BINARY FILE, THE SFILEB CARD FOLLOWS THE

$SWRITE CARD.
‘3, NO $FORMAT CARD IS USED WITH THE SFILEB CARD.

RESULTY
DATA MAY BE READ FRCM CR WRITTEN TG A BINARY FILE.

EXAMPLE
1. TO READ DATA FRCM A BINARY FILE, SEE APPENDIX A,

EXAMPLES 2 AND 3.
2. TO WRITE A BINARY FILE, SEE APPENDIX A, EXAMPLE 4.
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FORMAT STATEMENT

1 8
SFORMAY (FORTRAN FORMAT STATEMENT)

PARAMETER FIELD (COLUMNS 8-79)
ANY FORTRAN FORMAT STATEMENT USING F, E, AND/OR X SPECIFICATIONS

RESWLT
DESCRIBES THE FIELDS OF INPUT DATA.

USAGE

le A FORMAT STATEMENT MAY BE CONTINUED CN FOLLOWING CARDS
BUT THE TOTAL LENGTH CANNOT EXCEED 250 CHARACTERS.

2 THE SFORMAT CARD MUST FOLLOW THE $DATA CARD IF INPUT
DATA IS ON CARDS IN FORMATTEO FORM.

3 THE SFORMAT CARD FOLLOWS THE SFILE CARD IF INPUT DATA
IS ON AN ALTERNATE INPUT SOURCE IN FORMATTED FORM OR
IF VARIABLES ARE TO BE WRITTEN IN FORMATTED FORM TO AN
ALTERNATE OUTPUT CEVICE.

%o SFORMAT IS NOT USED WITH THE SFILEB CARD.

EXANPLES
CARDS
1 8
SFORMAT(2F3.2¢ 1XyF4.2)
SFORMAT (F4.19F3.09F4.2¢F2.0)
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DESCRIPTIGN OF INFORMATION CONTROL CARDS 29

FORMFREE INPUT DATA
8

SFMFREE

PARMETER FIELO (COLUMNS 8-79)
NO ENTRY

RESWLT

DATA PUNCHED IN A FORMAT-FREE MANNER IS READ.

USAGE
l.

2
3.
4e

Se

DATA VALUES ARE PUNCHED ON CARDS IMMEDIATELY FOLLOWING
SFMFREE CARL.

EACH DATA VALUE MAY BE PUNCHED IN EITHER F-TYPE OR

E-TYPE FORMAT WITH AS MANY DIGITS AS DESIRED, BUT

A DECIMAL POINT MUST BE PUNCHED.

DATA VALUES MUST BE SEPARATED BY BLANK SPACES OR COMMAS.
AS MANY VALUES PER CARD AS DESIRED MAY BE PUNCHED, BUT

A DATA VALUE MUST BE PUNCHED ENTIRELY ON ONE CARD.

DATA VALUES FOR EACH CBSERVATION MUST BEGIN ON A NEW CARD.

" anissbiis

Py
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COMMENT CARD

1 8
SCNT  ANY COMNENT

s

PARAMETER FIELD (COLUMNS 8-79)
ANY COMMENT

ouTPUT
} THE COMMENT IN COLUMNS 8-79 WILL BE PRINTED ON THE NEXT
PAGE OF OUTPUT. 1IF TWO OR MORE $CMT CARDS ARE IN SEQUENCE,
ALL COMMENTS WILL BE PRINTED ON THE NEXT PAGE USING TRIPLE
SPACING.

USAGE
COLUMN 80 MUST NOT BE PUNCHED ON THE SCNT CARD.

EXAMPLE
COoLumMn
1 8
SCNMT VARIABLE 3 IS HEART RATE.

VTSR Tre SR o " p : . o > sadeis Soiinsiic
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1 8
SRWD  LFNANE

PARAMETER FIELD (COLUMNS 8-14)
THE LOCAL FILE NAME OF THE FILE TO BE REWOUND

RESULT
THE FILE SPECIFIED wILL BE REWCUND.

USAGE

le ONLY ONE FILE MAY BE REWCUND WITH ANY ONE $SRMD CARD.

2. THE LOCAL FILE NAMED MUST REFER TO THE FILE IN
CURRENT USE.

3. DO NOT REWIND TAPE3 OR TAPE4.

EXAMPLES
r CARDS COMMENTS
' 1 8
‘ SRMD  MYDATA MYDATA WILL BE REWOUND.
SRWD  MYTAPE MYTAPE WILL BE REWUUND.
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8. DESCRIPTION OF INFORMATION CGONTROL CARDS

HISTOGRAR SCALING

1 8
$SCALE Y1,Y2

PARAMETER FIELD (COLUMNS 8-79)
Y1 - MINIMUM
Y2 = MAXIMUM

RESWLY
SETS THE MINIMUM AND MAXIMUM FOR THE BASE AXIS, AND
THEREBY DETERMINES THE SCALE FACTOR FOR THE HISTOGRAM
RUUTINE.

USAGE
l. IF THE $SCALE CARGC IS USED, IT MUST PRECEED THE $HSTGM CARD.
2¢ ABSENCE OF THE $SCALE CARD WILL CAUSE AUTQO-SCALING.

EXANPLES
CARDS COMMENTS
1 8
$SCALE 20, 160 SCALE FRCOM 20 TO 160.

$SCALE 10.3, 100.3 SCALE FROM 10.3 TO 100.3.

32
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PLOT SCALING

1 8
$SCALE Y1,Y2,X1,X2

PARAMETER FIELD (COLUMNS 8-79)

Y1l - MINIMUM FOR THE DEPENDENT VARIABLE (Y-AXIS)

Y2 - MAXIMUM FOR THE DEPENDENT VARIABLE (Y-AXIS)

X1 = MINIMUM FOR THE INDEPENDENT VARIABLE (X-AXIS)

X2 = MAXIMUM FOR THE INDEPENDENT VARIABLE (X-AXIS)
RESULT

SETS THE MINIMUM AND MAXIMUM FOR THE X AND/OR Y AXIS,
AND THERERBY DETERMINES THE SCALE FACTORS FOR THE PLOT
ROUTINES.

USAGE
1l WHEN USED, THE $SCALE CARD MUST PRECEED EITHER THE
$PLOT, SPLOTN, OR $PLOTI CARD.
2+ ABSENCE OF THE $SCALE CARD WILL CAUSE AUTO-SCALING.
3. IF ONLY ONE AXIS IS TO BE MANUALLY SCALED, THEN THE
MINIMUM AND MAXIMUM VALUES OF THE AUTC SCALED AXIS
MUST BOTH BE SET TO ZERO.

EXAMPLES
CARDS COMMENTS
1 8
$SCALE 0,04100300 AUTO SCALING ON THE Y-AXIS,

SCALING FROM 10 TO 300 ON THE Xx-AXIS
$SCALE 309100+4.3,6.9 SCALING FROM 30 TO 100 ON THE Y-AXIS,
SCALING FROM 4.3 TO 6.9 ON THE X-AXIS
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COMBINING VARIABLES - $SADD

1 8
$ADD 1112013

PARAMETER FIELD (COLUMNS 8-T79)
I1 - VARIABLE WHICH IS TO BE ON THE TOP
12 - VARIABLE WHICH IS TO BE CN THE 80TTOM
I3 - CREATED NEW VARIABLE

RESWLT
TwWO VARIABLESy Il AND [2, ARE VERTVTICALLY JOINED IN A NEW
VARIABLE, I3.

USAGE
1l THE BOTTOM VARIABLE, 12, MAY CONTAIN NO MORE THAN
200 OBSERVATIONS, (CASES)y IGNORING BLANKS,.
2. OLD VARIABLES CAN AND WILL BE REWRITTEN WITH INCORRECT

USE OF 13.
EXAMPLE
SUPPOSE THERE ARE 2 VARIABLES WITH THE VALUES
1 5
2 6
3 1
4 8

$ADD 19293 WOULD RESULT IN THE CREATION OF A 3RD VARIABLE
WITH VALUES

'™

ONOVeoWN




B. DESCRIPTION OF INFORMATION CCNTROL CARDS
END

1 8

$END

PARAMETER FIELD
NO ENTRY

RESULY
$END INDICATES THAT THE CURRENT GRASS RUN IS FINISHED.

USAGE
THE SEND CARD MUST BE THE LAST GRASS CONTROL CARD.
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C. STATVISTICAL ROUTINE SPECIFICATION CARDS

BASIC STATISTICS

1 8
SBSTAT 11l9l200ee2l%0

PARAMETER FIELD (COLUMNS 8-79)
Il
12

.o INPUT VARIABLES

150

ouTPUT
l. VARIABLES
2. OBSERVATIONS
3¢ MINIMUM
4o MAXIMUM
5. RANGE
6. MEDIAN
7. MEAN
8. STANDARD DEVIATICN
9. ST. ERROR OF THE MEAN

USAGE
MAXIMUM OF 50 VARIABLES
NGO LIMIT ON NUMBER OF OBSERVATIONS
THE MEDIAN WILL NOT BE CALCULATED IF CBSERVATIONS>500.

EXAMPLE
CARDS COMMENTS
1 8
$BSTAT 4495499410 BASIC STATISTICS FOR VARIABLES 49549 AND 10
$BSTAT ALL BASIC STATISTICS FOR ALL VARJABLES

36
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FOR EACH VARIABLE REQUESTED THE BSTAT ROUTINE COMPUTES A VARIETY
OF DESCRIPTIVE STAVISTICS. THESFE INCLUDE

1. MINIMUM - THE OBSERVATICN WITH THE SMALLEST VALUE
2. MAXIMUM - THE OBSERVATION WITH THE LARGEST VALUE
3. RANGE - THE MAXIMUM VALUE MINUS THE MINIMUM VALUE
4. MEDIAN - THE VALUE FOR WHICH 50~ OF THE VALUES ARE GREATER AND

50~ ARE LESS. FOR AN UODUC NUMBER OF OBSERVATIONS, THE MEDIAN IS THE
MIDDLE VALUE IN A SEQUENTIALLY ORDERED SET. FOR AN EVEN NUMBER OF
OBSERVATIONS, THE MEDIAN IS THE AVERAGE OF THE TWO MIDDLE VALUES.

Se MEAN - THE AVERAGE OF THE CBSERVATIONS

6o STANDARD DEVIATION - THE STANDARD DEVIATION IS DEFINED AS THE
SQUARE ROOT OF THE SUM OF THE SQUARED DEVIATION OF EACH OBSERVATION
FROM THE MEAN DIVIDED BY THE NUMBER OF OBSERVATICNS LESS 1.

SO= SQRTISUMI(X(I)-MEANX)¢2)/(N-1)1]

WHERE- X(I) IS AN OBSERVATION, MEANX IS THE OVERALL MEAN, ¢ MEANS
RAISED TO THE FOLLOWING POWERs N 1S THE NUMBER OF OBSERVATIONS AND SUM
INDICATES THE SUM OVER ALL OBSERVATICNS. THE STANDARD DEVIATION IS
CCMPUTED BY THE FORMULA

SUM(X(ID*2)-T(SUM X(I))22)/N

V = —=ea- -——-

N-1

SD = SQRT(V)
vV IS THE VARIANCE.

Te STANDARD ERROR OF THE MEAN - STD. ERROR = SO/SQRT(N) -~ WHERE
SO IS THE STANDARD DEVIATION ANO N IS THE NUMBER OF CBSERVATIONS.
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NON-PAIRED T-TEST

1 8
SNTST 1191240000150

PARAMETER FIELD COLUMNS(8-79)
Ii
12

.o INPUT VARIABLES
150

ouTPuUT
lo MEANS, STANCARD DEVIATIONS, AND NUMBER OF OBSERVATIONS,
(CASES)y FOR ALL INPUT VARIABLES ARE PRINTED.
2« T-VALUES; DEGREES OF FREEDOM, AND LZVELS OF SIGNLFICANCE OF
T=VALUES FOR ALL PAIRS OF INPUT VARIABLES ARE PRINTED.

USAGE
A MAXIMUM OF S0 VARIABLES MAY BE USED.
THERE IS NO LIMIT GN THE NUMBER OF OBSERVATIONS.

EXANPLES

CARDS CONNMENTS

1 b

$NTST 3,5 A NON-PAIRED T-TEST BETWEEN
VARITABLES 3 AND S WILL BE PERFORMED.

SNTST ALL NON-PAIRED T-TESTS BETWEEN ALL
PAIRS OF INPUT VARIABLES WILL BE
PERFORMED.
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IN GENERAL, THE NON-PAIRED T~-TEST IS USED TO TEST HYPOTHESES
CONCERNING THE MEANS OF 2 POPULATIONS. THE USUAL HYPOTHESIS IS THAT
THE MEANS OF THE 2 POULATIONS ARE EQUAL. A RANDOM SAMPLE IS CHOSEN
FROM EACH OF THE 2 POPULATIONS. THE SAMPLE MEANS ARE USED TO MAKE
INFERENCES ABOUT THE POPULATION MEANS. IT IS APPROPRIATE TO USE THE
NON-PAIRED T-TEST TUO HELP MAKE THESE INFERENCES WHEN THE DESIGN OF THE
EXPERIMENT INCLUDES SAMPLING FROM ONLY 2 POPULATIONS. IF INFERENCES
ARE TO BE€ MADE ABIUT THE MEANS OF MORE THAN 2 POPULATIONS, THE
ANALYSIS OF VARIANCE OR THE KRUSKAL-WALLIS TEST SHOULO BE USED.

A TEST STATISTICe Ty IS CALCULATED WHICH MAY BE USED TO TEST THE
HYPOTHESIS THAT THE TRUE MEAN OF POPULATION 1, MUL, EQUALS THE TRUE
MEAN OF POPULATION 24 MU2, THE TEST STATISTIC 1S CALCULATED AS

T= (MX1-MX2)/SQRT(V/N1 + V/N2)

WHERE MX1,MX2 ARE THE MEANS OF SAMPLES 1 AND 2,
N1sN2 ARE THE NG. OF OBSERVATIONS IN SAMPLES 1 AND 2,
AND V IS THE POOLED VARIANCE OF THE 2 SAMPLES.
THE FORMULA FOR -v- IS

V= [(N1-1)V1 ¢ (N2-1)V2]/N1¢N2-2

WHERE V1 AND V2 ARE THE VARIANCES OF SAMPLES 1 AND 2. T HAS DEGREES
OF FREEDOM (D.F.) = N1+N2-2. THE LEVEL OF SIGNIFICANCE, ALPHA,
PRINTED IN THE OUTPUT IS EQUAL TO TWICE THE PROBABILITY OF FINDING A
RANDOM VALUE OF T GREATER THAN THE ABSOLUTE VALUE OF THE OBTAINED T.
IN OTHER WORDSy ALPHA IS THE SMALLEST SIGNIFICANCE LEVEL AT WHICH THE
HYPOTHESIS MUl=MU2 COULO Bt REJECTED IN FAVOR OF THE TWO-SIDED
ALTERNATIVE HYPOTHESIS, MUl#MU2., FCR THE SMALLEST SIGNIFICANCE LEVEL
FOR WHICH THE HYPOTHESIS MUl=MU2 COULO BE REJECTED IN FAVOR OF ELFHER
OF THE ONE-SIDED ALTERNATE HYPOTHESES ,MUL<MU2 OR MU1l>MU2, USE ALPHA/2.

REFERENCE
STEELEys R.GeDe AND J.He TORRIE (19601 PRINCIPLES AND PROCEDURES OF
STATISTICS MCGRAW-HILL, NEW YORK. PP 73-78.
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PAIRED T-TESY

8
SPTST [1¢12v0ceel2S

PARAMETER FIELD (COLUMNS 8-79)

Il
12

.o INPUT
125

OUTPUT

VARIABLES

le. MEANS, STANCARD DEVIATIONS, AND NUMBERS OF OBSERVATIONS
ARE PRINTED FOR ALL INPUT VARIABLES.

2. T-VALUES, DEGREES OF FREEDOM, AND LEVELS OF SIGNIFICANCE OF
T-VALUES ARE PRINTED FOR ALL PAIRS OF INPUT VARIABLES.

USAGE

A MAXIMUM OF 25 VARIABLES MAY BE USED.
THERE IS NO LIMIT ON THE NUMBER CF OBSERVATIONS, (CASES).

EXAMPLES
CARDS
1 8
$PTST 446

$PTST ALL

COMMENT S

A PAIRED T-TEST BETWEEN VARIABLES

4 AND 6 WILL BE PERFORMED.

PAIRED T-TESTS BETWEEN ALL PAIRS OF
INPUT VARIABLES WILL BE PERFORMED.
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PAIRED T-TESTS ARE USED TO TEST THE HYPOTHESIS THAT THE MEAN OF THE
DIFFERENCESy MUD, BETWEEN TWO POPULATIONS IS 0. THE SAMPLES MUST BE
OAIRED. SCME EXAMPLES OF PAIRED SAMPLES ARE BEFORE AND AFTER
TREATMENTS ON THE SAME SUBJECT OR SAMPLES IN WHICH SUBJECTS ARE PAIRED
ON SOME CRITERIA OTHER THAN THAT BEING MEASUREO. THE DECISICION OF
WHETHER OR NOT TO USE PAIRING MUST BE MADE BEFORE THE EXPERIMENT IS
CONDUCTED. PAIRED T-TESTS SHOULD NCT BE USED UNLESS THE SAMPLES WERE
IN FACT PAIRED.

THE TEST STATISTIC, T, [S OEFINED AS
T= MD/SQRT(VOD/N)

WHERE MD IS THE AVERAGE OF THE OIFFERENCES BETWEEN SAMPLES 1 AND 2,
VD IS THE VARIANCE OF THE DIFFERENCES,
AND N IS THE NUMBER OF PAIRS OR DIFFERENCES.
T HAS DEGREES OF FREEOOM (D.F.) EQUAL TO N-1l.

TWICE THE PROBABILITY OF FINDING A RANDOM VALUE OF T GREATER THAN
THE ABSOLUTE VALUE OF THE OBTAINED T VALUE IS PRINTED AS THE LEVEL OF
SIGNIFICANCE, ALPHA. THIS IS THE SMALLEST SIGNIFICANCE LEVEL AT WHICH
THE HYPOTHESIS, MUD=0, MAY BE REJECTED IN FAVOR OF THE TWO-SIDED
ALTERNATE HYPOTHESIS MUD#20. FOR THE SMALLEST SIGNIFICANCE LEVEL AT
WHICH THE HYPOTHESIS MUD=0 COULD BE REJECTED IN FAVOR OF EITHER OF THE
ONE-SIDEOD ALTERNATE HYPOTHESES, MUD<O OR MUD>Q, USE ALPHA/2.

REFERENCE
STEELEy ReGeDe AND J.He TORRIE (1960) PRINCIPLES AND PROCEDURES OF
STATISVICS. MCGRAW-HILL, NEW YORK. PP 78-80.
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WILCOXON®S RANK SUM TEST

1 8
SRNKSMH 11,12

PARANETER FIELD (COLUMNS 8-79)
Il - THE FIRST VARTABLE
12 - THE SECCNOD VARIABLE

ouTPUT

le THE RELATIVE RANKS OF THE SECCND INPUT VARIABLE, 12,
AND THE SUM OF THOSE RANKSy THE WILCOXON STATISTIC, Wy
ARE PRINTED.

2. WHEN THE TOTAL NUMBER CF CBSERVATIONS IN Il ANC 12 IS
LESS THAN 16, UPPER TAIL PROBABILITIES FOR -w- AND FOR
EN(MeNel )-we* ARE PRINTED WHERE M= NO. OF CBSERVATIONS
OF THE FIRST VARIABLE, Il, AND A= NO. OF CBSERVATIONS
OF THE SECOND VARIABLE. 12.

3. THE LARGE SAMPLE APPROXIMATION TO -wWw- AND THE LEVEL
OF SIGNIFICANCE OF THE LARGE SAMPLE APPROXIMATIGN ARE PRINTED.

4o THE RELATIVE RANKS OF THE SECOND INPUY VARIABLE, 12,
FOLLOWING A RERANKING FOR THE SIEGEL-TUKEY TEST ARE QUTPUT.
THE SUM OF THESE RANKS IS ALSO CUTPUT.

USAGE
le TO AVOID OIFFICULTIES IN THE INTERPRETATION OF THE OUTPUT,
THE VARIABLE WITH THE LESSER NUMBER OF OBSERVATIONS SHOULD
BE INPUT AS THE SECOND VARIABLE, I12.
2. THE TOTAL NUMBER OF CBSERVATICONS MAY NOT EXCEED 1000, AND
EACH VARIABLE MAY CONTAIN NC MORE THAN 500 OBSERVATIONS.

EXAMPLE
CARD COMMENT S
1 8
$RNKSM 9,7 WILCOXON®S RANK SUM TEST WILL BE |

PERFORMED FOR VARIABLES 9 AND 7.

B - o o rabe S ble bl Ut

ente oo e o MRl e A
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Te THE WILCOXON RANK SUM STATISTIC IS USED TC TEST HYPOTHESES ABOUT
THE OIFFERENCE BETWEEN THE MEDIANS OF TWO POPULATIONS. IN PARTICULAR,
THE NULL HYPOTHESIS IS MED(P1)-NED(P2)=DELTA=0, WHERE MED(P1l) AND

MED( P2) ARE THE MEDIANS OF POPULATIONS 1 AND 2.

SUPPOSE WE HAVE OBTAINED 2 SAMPLES OF KsMeN OBSERVATIONSy Xloeeos
XM ANO ¥ljseeer YNo FIRST THE K CBSERVATIGNS ARE ORDERED FROM LEAST TO
GREATEST. THE ORDERED OBSERVATIONS ARE ASSIGNED RANKS 1 TO K. TIED
OBSERVATIONS ARE ASSIGNED THE AVERAGE RANK OF THE TIED OBSERVATIONS.
THE SUM OF THE N RANKS OF THE ¥ VARIABLE IS THE RANK SUM STATISTIC, W.
THE SMALLEST SIGNIFICANCE LEVEL, ALPHAL, AT WHICH THE HYPOTHESIS,
NEO(PY)-MED(PX)=DELTA=0, COULD BE REJECTED IN FAVOR OF THE ALTERNATE
HYPOTHESIS, DELTA>0 IS PRINTED AS THE UPPER TAIL PROBABILITY OF We
THE SMALLEST SIGNIFICANCE, ALPHA2, AT WHICH THE HYPOTHESIS, DELTA=0
COULD BE REJECTED IN FAVOR OF THE ALTERNATE HYPQTHESIS DELTA<O IS
PRINTED AS THE UPPER TAIL PROBABILITY OF N(MeNel)-W. FOR THE LEVEL OF
SIGNIFICANCE AGAINST THE TWO-SIDED ALTERNATE HYPOTHESIS, DELTA#0,
CALCULATE ALPHA=ALPHALS(1-ALPHAZ) IF ALPHA2>ALPHALl OR
ALPHA=(1-ALPHAL)¢ALPHA2 [F ALPHAL>ALPHA2.. I[F W IS NOT A WHOLE
NUMBER, IT IS ROUNDED TO THE NEXT HIGHEST WHOLE NUMBER FOR CALCULATION
OF ALPHAL,s AND NiNeM#1)-W IS ROUNDED TO THE NEXT LOWEST WHOLE NUMBER
FOR CALCULATION OF ALPHAZ2.

FOR EASE OF INTERPRETATION ALWAYS USE NsH. THIS CAN BE
ACCOMPL ISHED BY OESIGNATING THE VARIABLE WITH THE SMALLER NUMBER OF
OBSERVATIONS AS THE SECCND INPUT VARIABLE, 2.

ALL OQUTPUT INCLUDES THE LARGE SAMPLE APPROXIMATION TO W, WS, FOR
LARGE K, W¢ FOLLOWS A STANDARD NORMAL DISTRIBUTION. THE GENERAL
FORMULA FOR W® IS

W= (NeNe1)/2])
e = )
SQRT(VAR(W) S

IN GENERAL,
VAR(WI=(MN/12)INeNGL = SUNITWIDILTIID2=-10/(NeN) (NeNel) ]
WHERE T¢J)= THE NUMBER OF DBSERVATIONS IN THE JTH GROUP DF TIED
OBSERVATIONS ANO SUM INDICATES SUMMING (TCJ)IIT(J)®2-k) OVER ALL J
GROUPSe. FOR UNTIED OBSERVATIONS, TeJ)=l. WHEN THERE ARE NO TIED
OBSERVATIONSy VAR(M) REDUCES TO
VARIN) = MN(MeNel)/12

AND
H=-IN(NeNe1)/2)

WS =
SQRT(MN(NeNEL)/12)

THE LEVEL OF SIGNIFICANCE OF W& IS THE PROBABILITY OF FINDING A RANDOM
VALUE OF W® GREATER THAN THE OBTAINED VALUE CF Ws,

THE WILCOXON RANK SUM TEST MAY BE USED INSTEAD OF THE UNPAIRED
T-TEST TO DISCERN INFORMATION ABCUT THE EQUALITY OF THE CENTERS OF TWO
POPULATIONS.

Ile THE SIEGEL~TUKEY TEST MAY BE USED TO TEST HYPOTHESES ABOUT THE




C. STATISTICAL ROUTINE SPECIFICATION CARDS 44

DIFFERENCES IN THE SPREAC OR VARIANCES OF TWO POPULATIONS. FOR
EXAMPLE, IT MIGHT BE USED TO TEST THE HYPCTHESIS THAT THE PRECISION OF
TWO MEASURING INSTRUMENTS IS THE SAME. IN GENERAL, THE NULL
HYPOTHESIS IS VAR(PY)=VAR(PX). THE K=Me¢N CBSERVATIONS ARE CRDERED
FRJM LEAST TO GREATEST. RANKS ARE THEN ASSIGNED 8Y GIVING RANK 1 TO
THE SMALLEST OBSERVATIONy RANK 2 TC THE LARGEST, RANK 3 TO THE SECOND
LARGESTy RANK 4 TO THE SECOND SALLEST AND SO ONe. THE ORDERED MeN
OBSERVATIONS THEN HAVE RANKS

1940598990 ce0er(M*N)yeeer70693,2.

TIED CBSERVATIONS ARE ASSIGNEC THE AVERAGE RANK OF THE TIED
OBSERVATIONS. AS IN THE RANK SUM TEST, THE SUM OF THE N RANKS OF THE
¥ VARIABLE IS THE TEST STATISTICy We A PRIMARY ASSUMPTION OF THE
SIEGEL-TUKEY TEST IS THAT THE CENTERS OF THE TWO POPULATIONS ARE
COINCIDENT. IF THERE IS REASCN TO BELIEVE THAT THE CENTERS ARE NOT
CIINCIDENT, A TRANSFORMATION MAY BE PERFORMED ON THE OBSERVATICNS TO
EQUALIZE THE MEOIANS. CAUTION SHOULD BE USED SINCE ADJUSTMENT OF THE
DATA ALTERS THE NULL OISTRIBUTION OF M. IT IS PROBABLY BETTER TO USE
THE F-TEST FOR COMPARISONS OF 2 VARIANCES WHEN THERE IS REASON TO
BELIEVE THAT THE POPULATIONS OO NOT HAVE THE SAME CENTER.

REFERENCES

HOLLANDERy Me AND D.A. WOLFE (1973) NON-PARAMETRIC STATISTICAL
METHOOS. WILEY, NEW YORK. PP 67-75

CONOVERy WeJde (1971) PRACTICAL NONPARAMETRIC STATISTICS. WILEY, NEW
YORK.
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WILCOXON®S SIGNED RANKS TEST

1 8
SSNRNK [1,12

PARAMETER FIELD (COLUMNS 8-79)
I
INPUT VARIABLES TGO BE COMPARED
12

ouTPUT

l. THE RANKS OF THE ABSOLUTE VALUES OF THE DIFFERENCES
BETWEEN THE PAIRED VARIABLES ARE PRINTED.

2. THE SUM OF THE RANKS CORRESPONDING TO POSITIVE DIFFERENCES, T+,
THE SUM OF THE RANKS CORRESPONDING TO NEGATIVE DIFFERENCES, T-»
AND THE MINIMUM OF THESE TwQ SUMS, T, ARE OUTPUT. THE LEVEL
OF SIGNIFICANCE OF T IS ALSO OUTPUT.

3. THE LARGE SAMPLE APPROXIMATION OF -T- AND THE LEVEL OF
SIGNIFICANCE OF THE LARGE SAMPLE APPROXIMATION ARE PRINTEOD.

USAGE
le A MAXIMUM OF 500 OBSERVATIONS, DIFFERENCES, MAY BE USED.
2. THE NUMBER OF OBSERVATIONS FOR THE TWO INPUT VARIABLES
MUST BE EQUAL.

EXAMPLE
CARD COMNMENTS
1 8
$SNRNK 3,5 A SIGNED RANKS TEST wILL BE
PERFORMED FOR VARIABLES 3 AND 5.
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WILCOXON®S SIGNED RANK TEST 1S USED TO TEST HYPOTHESES ABOUT THE
MEDIAN OF THE DIFFERENCES OF 2 PAIRED POPULATIONS.

CONSIDER A SET OF PAIRED OBSERVATIONSy (X1leVY1l)y (X2eY¥2)sewe9 ( XNy
¥YN). FROM THIS SET N DIFFERENCES ARE CALCULATED?
01 = Xx1-Y1
D2 = X2-Y2

DN = XN-YN.
THE NULL HYPOTHESIS OF NO DIFFERENCES BETWEEN THE PAIRED OBSERVATIONS
MAY BE FORMULATED AS MED(D)=0, WHERE MED(D) IS THE MEDIAN OF THE
DIFFERENCESs ALTERNATIVE HYPOTHESES ARE MED(D)#0, MED(D)>0, OR
MED(D)<O.

TO TEST THE NULL HYPOTHESIS, THE ABSOLUTE VALUES CF THE
DIFFERENCES AKRE ORDERED FRUM LEAST TO GREATEST. RANKS OF 1 TO N ARE
THEN ASSIGNED TO THE ORDERED VALUES. THE SUM OF THE RANKS OF THE
POSITIVE DIFFERENCES, T®#, AND THE SUM OF THE RANKS OF THE NEGATIVE
DIFFERENCESy T-y ARE CCMPUTED. TMIN, THE MINIMUM OF T+ AND Tw, MAY BE
USED AS THE TEST STATISTIC WHEN THE ALTERNATE HYPOTHESIS IS MED(D)#0.
THE PROBABILITY OF FINDING A RANDOM VALUE OF T LESS THAN OR EQUAL TO
THEc OBTAINED TMIN IS WRITTEN AS THE LEVEL JOF SIGNIFICANCE. THIS IS
EQUIVALENT TO THE PROBABILITY OF FINDING A RANDOM VALUE OF T GREATER
THAN OR EQUAL TO TMAX, WHERE TMAX 1S THE MAXIMUM OF Te AND T-. THUS
TO OBTAIN THE SMALLEST SIGNIFICANCE LEVEL AT WHICH THE HYPOTHESIS
MED(D)=0 MAY BE REJECTED IN FAVOR OF THE ALTERNATE HYPOTHESIS MED(D)#0
USE TWICE THE VALUE OF THE SIGNIFICANCE LEVEL PRINTED. IF THE
ALTERNATE HYPOTHESIS OF INTEREST IS MED(D)>0, FIND THE PROBABILITY OF
FINDING A RANDOM VALUE OF T GREATER THAN OR EQUAL TO THE OBTAINED Ve,
IF THE ALTERNATE HYPOTHESIS IS MED(D)<O, FIND THE PROBABILITY OF
FINDING A RANDOM VALUE OF T GREATER THAN OR EQUAL TO THE OBTAINED
VALUE OF T-. THE ABOVE PROBABILITIES MAY BE FOUND USING SRSOST IF THE
NUMBER OF DIFFERENCES IS LESS THAN OR EQUAL TO 30.

ANY PAIR (XIoYI) IS EXCLUDED FRCM CONSIOERATIGN IF XI=Yl, AND THE
NUMBER OF OBSERVATIONS IS REODUCED ACCORDINGLY. LF THERE ARE TIES
AMONG THE ABSOLUTE VALUES OF THE DIFFERENCES, THE AVERAGE RANK OF THE
TIcD GROUP IS ASSIGNED.

THE LARGE SAMPLE APPROXIMATION TO TNIN IS CALCULATED AS FOLLOWS?
T=(N(N®1)/4)
AT =

SQRTIVARIT))
IN GENERAL

VAR(T) = [N(N®L)(2N+1)/724]) - (SUMITCIDN(TUIN=-10(TLID®1)/2)

WHERE T IS TMIN, N [S THE NUMBER CF DIFFERENCES, T{(I) IS THE NUMBER OF
OBSERVATIONS IN THE ITH TIED GROUP, AND SUM INDICATES SUMMING OVER ALL
I GROUPS. FOR AN UNITED OBSERVATION T(I)=1. WHEN THERE ARE NO TIES
THE LARGE SAMPLE APPROXIMATICON REDUCES YO

T=I(NIN®1)/4)
AT =

SQRTIN(IN®1) (2N+1)/24)




T p——

C. STATISTICAL KOUTINE SPECIFICATION CARDS 47

FUR LARGE N, AT FCLLOWS THE STANDARD NORMAL OISTRIBUTION. THE
PROBABILITY OF FINDING A RANOOM VALUE OF AT GREATER THAN THE ABSOLUTE
VALUE OF THE OBTAINED AT (S ALSO PRINTED.

REFERENCES

HOLLANDER, M. AND C. A. WOLFE (1973) NON-PARAMETRIC STATISTICAL
METHODS. WILEY, NEW YORK. PP 27-33,

NOETHER, Go. (1971) INTRODUCTION TO STATISTICS? A FRESH APPROACH.
HIUGHTON-MIFFLIN CO., BCSTON. PP 122-129.
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1

SANOVA 11912vce09150

PARAMETER FIELD (COLUMNS 8-79)

Il
I2
oo INPUT VARIABLES (TREATMENTS)
I50
ouTPUT .
l. THE NUMBERS OF OBSERVATIONS, MEANS, AND STANDARD DEV IATIONS

2.

USAGE
l. A MAXIMUM OF 50 INPUT VARIABLES MAY BE USED. ;
2. THERE IS NO LIMIT ON THE NUMBER OF OBSERVATIONS.
EXANPLES
CARDS COMMENTS ]
1 8 ‘
$ANOVA 5,9+10 A ONE WAY ANALYSIS OF VARIANCE
WITH 3 TREATMENTS, VARIABLES
Ss 99 AND 10, WILL BE PERFORMED.
SANOVA ALL A ONE WAY ANALYSIS OF VARIANCE

STATISTICAL ROUTINE SPECIFICATION CARDS 48

ONE WAY ANALYSIS OF VARIANCE
8

ARE PRINTED FOR EACH VARIABLE, TREATMENT, SPECIFIED.

AN ANALYSIS OF VARIANCE TABLE FOR A ONE WAY CLASSIFICATION
WITH EQUAL OR UNEQUAL NUMBERS OF REPLICATES IS PRINTEOD.

THE TABLE INCLUDES THE BETWEEN TREATMENTS, WITHIN TREATMENTS,
AND TOTAL SUMS OF SQUARES AND DEGREES OF FREEDOM, THE
BETWEEN TREATMENTS AND WITHIN TREATMENTS MEAN SQUARES, THE
F-RATIO OF THESE TWO MEAN SQUARES, AND THE PROBABILITY, P,

OF FINDING A RANDOM VALUE OF ~-F- GREATER THAN THE OBTAINED
VALUE.

WILL BE PERFORMED USING ALL
INPUT VARIABLES AS TREATMENTS.
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IN GENERALy THE ANALYSIS OF VARIANCE IS A METHOD OF PARTITIONING
THE OVERALL VARIATION IN AN EXPERIMENT INTO RECOGNIZED SOURCES OF
VARIATION. IN A ONE-WAY DESIGN THE TCTAL VARIATION IS CONSIDERED TO
BE EQUAL TO THE SUM OF THE VARIATION BETWEEN TREATMENTS AND THE
VARIATION ASSOCIATED WITH EXPERIMENTAL ERRORy (WITHIN TREATMENTS).

IN THE ONE-WAY DESIGN WITH K TREATMENTS AND R(I) REPLICATES IN
THE ITH TREATMENT, AN OBSERVATION CAN BE DESCRIBED BY THE MODEL

Y(IJ) = M ¢ T(I) + E(1J)

FOR l = llnoo'K
J = leeeesRI(I)
WHERE
Y(IJ) IS THE JTH OBSERVATION IN THE 1TH TREATMENT,
M IS THE OVERALL MEAN,
T(I) IS THE EFFECT OF THE ITH TREATMENT, AND
E(IJ) IS A RANDOM ERROR ASSOCIATED WITH THE IJTH OBSERVATION.

IT IS ASSUMED THAT THE SUM OF THE T(I)¢S IS ZERO AND THAT THE E(IJ)*S
ARE INDEPENDENT AND NORMALLY DISTRIBUTED WITH MEAN O AND AND A COMMON
VARIANCE. (IT SHOULD BE NOTED THAT THE ASSUMPTIONS ABO0UT THE E(LJ)¢S
ARE MORE STRINGENT IN THIS MCOOEL THAN IN THE CORRESPONDING MODEL FOR
THE KRUSKAL-WALLIS® TEST.)

THE NULL HYPOTHESIS TESTED IS ALL TUI)s0 FOR I=lsece9sKs THIS IS
EQUIVALENT TO THE HYPOTHESIS THAT THE MEANS OF ALL TREATMENTS ARE
EQUAL. THE USUAL ALTERNATE HYPOTHESIS 1S NOT ALL T(18=0. THIS IS
EQUIVALENT TO THE STATEMENT THAT AT LEAST ONE PAIR OF TREATMENT MEANS
ARE NOT EQUAL.

THE COMPLETE ANALYSIS OF VARIANCE TABLE HAS THE FORM?

* SOURCE * SUM OF * DEGREES OF *  MEAN s F =
. * SQUARES * FREEDCM SQUARE * #
#TREATMENTS # SSTRT * K-1 ®  MSTRT=SSTRT/K-1 * MSTRT/MSE®
3 ] * * *
*WITHIN * * * = =
STREATMENTS * SSE  * SUMIR(I)-1) * MSE=SSE/SUM(R(I)~1) * *
] ] ] %* & ]
STOTAL *  SST % N-1 * . -

= > gy ey gy T

WHERE K IS THE NUMBER OF TREATMENTS, R(I) IS THE NUMBER OF REPLICATES
IN THE ITH TREATMENT, N IS THE TOTAL NUMBER OF OBSERVATIONS, AND SUM
INDICATES SUMMING OVER ALL TREATMENTS. FOR THE DEFINITIONAL AND
COMPUTATIONAL FORMULAE OF THE SUMS OF SQUARESy PLEASE SEE THE
REFERENCE LISTED BELOW.

THE OUTPUT INCLUDES THE PROBABILITY, Py OF FINDING A RANDOM VALUE
OF F LARGER THAN THE OBTAINED F. THIS IS THE SMALLEST SIGNILIFICANCE
LEVEL AT WHICH THE NULL HYPOTHESIS ALL T{1)=0 MAY BE REJECTED IN FAVOR
OF THE ALTERNATE HYPOTHESIS NOT ALL T(1I)=0.
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STEELE, R. Go D. AND J. H. TORRIE (1960) PRINCIPLES AND PRICEDURES OF
STATISTIGS. MCGRAW-HILL, NEW YORK. PP 99-119.
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DUNCAN®S NEM WULTIPLE RANGE TESY

1 8
ODMRI' ll.ll-....l’ﬂ

PARAMETVER FIELD (COLUMNS 8-79)
Il
12

oo INPUT VARIABLES
150

ouTPUT
l. THE MEANS OF THE SPECIFIED VARIABLES ARE PRINTED.
2. THE ERROR MEAN SQUARE IS PRINTEOD.
3. VARIABLES ARE TESTED FOR A SIGNIFICANT DIFFERENCE
BETWEEN THE MEANS AT THE .05 LEVEL (ALPHA = .05).

USAGE
1o« A MAXIMUM OF 50 VARIABLES MAY BE USED.
2. THERE IS NO LIMIT ON THE NUMBER OF OBSERVATIONS.

EXAMPLES
CARDS COMMENTS
1 8
SDNMRT 1,3,6 THE MEANS OF VARIABLES 1y 3, AND 5 ARE COMPARED.
SONMRT ALL THE MEANS OF ALL VARIABLES ARE COMPARED.
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AS MENTIONED PREVIOUSLY, A ONE-WAY ANALYSIS OF VARIANCE MAY BE
USED TO TEST THE HYPOTHESIS THAT THE TREATMENT MEANS IN A ONE-WAY
DESIGN ARE ALL EQUAL AGAINST THE ALTERNATE HYPOTHESIS THAT AT LEAST
ONE PAIR OF TREATMENT MEANS ARE NOT EQUAL. AN INVESTIGATOR MAY BE
INTERESTED IN MORE SPECIFIC INFORMATION ABOUT THE TREATMENT MEANS THAN
PROVIDED BY THE ANALYSIS OF VARIANCE. [T MAY BE OF INTEREST TO KNOW
WHICH TREATMENT MEANS DIFFER. DUNCANtS NEW MULTIPLE RANGE TEST IS A
MZETHOD OF COMPARING ALL PAIRWISE COMBINATIONS OF TREATMENT MEANS.

CONSIDER AN EXPERIMENT WITH K TREATMENTS ANC R REPLICATES PER
TREATMENT. THE TOTAL NUMBER OF CBSERVATIONS IS N=RK. THERE ARE THREE
STEPS INVOLVEO IN DUNCAN®S NEW MULTIPLE RANGE TESTe.

1. SXBAR, THE STANDOARD ERROR OF THE MEAN IS CALCULATED AS
SXBAR=SQRT(ERROR MEAN SQUARE/R)

WHERE R IS THE NUMBER OF REPLICATES PER TREATMENT AND THE ERRGR MEAN
SQUARE IS THE EQUIVALENT OF THE WITHIN TREATMENTS MEAN SQUARE IN THE
ANALYSIS OF VARIANCE. (NOTE -- WHEN THERE ARE UNEQUAL REPLICATES PER
TREATMENT THE HARMONIC MEAN OF THE NUMBERS OF REPLLICATES IS USED
INSTEAD OF R.) SXBAR HAS N-K DEGREES OF FREEDOM. SIGNIFICANT RANGES
AT THE S~ LEVEL ARE OBTAINED FOR THE APPROPRIATE OEGREES OF FREEDOM,
N-K, AND FOR THE NUMBER OF MEANS TO BE COMPAREDy P=24e0e9K. THESE
RANGES ARE CONTAINEO IN A TABLE IN THE PROGRAM. THE APPROPRIATE
RANGES ARE THEN MULTIPLIED BY SXBAR TO GIVE THE CRITICAL VALUE WHICH 2
MEANS P STEPS APARY ON AN ORDERED SCALE MUST EXCEED TO BE CONSIDERED
DIFFERENT AT THE S5-~ LEVEL.

11. THE TREATMENT MEANS ARE RANKED FROM LEAST TO GREATEST.

1. THE DIFFERENCES BETWEEN TREATMENT MEANS ARE COMPARED TO THE
CRITICAL VALUES. THE MEANS ARE COMPARED IN THE FOLLCWING ORDER?
LARGEST MEAN WITH SMALLEST MEANy LARGEST WITH SECOND SMALLESTjseeces
LARGEST WITH SECOND LARGEST, THEN SECOND LARGEST WITH SMALLEST, AND ON
THROUGH SECOND SMALLEST WITH SMALLEST. A DIFFERENCE BETWEEN TWO MEANS
IS DEEMED SIGNIFICANY IF IT EXCEEDS ITS CRITICAL VALUE AND IS NOT
WITHIN A NON-SIGNIFICANT RANGE.

AN EXAMPLE MAY HELP TO CLARIFY THE ABOVE. SUPPOSE WE HAVE FIVE
TREATMENT MEANS Ay By Cy» Dy AND Ee 1IN STEP 1o 4 CRITICAL VALUES, 1,
II, I1Ek, AND 1V, WOULD BE CALCULATED FOR P (NUMBER OF STEPS BETWEEN
MEANS)= 2, 3, &y AND 5. SUPPOSE THE MEANS ARE RANKED FROM SMALLEST TO
LARGEST AS FOLLOWS?

8 A E 0O C.
THE DIFFERENCE C-B WOULD BE CONSIDERED FIRST. C-8 WOULD BE CCOMPARED
TO CRITICAL VALUE IV SINCE THE RANGE ENCOMPASSED 8Y € AND B CONTAINS 5
MEANS. IF C-B<IV, WE WOULD CONCLUDE THAT ALL THE MEANS ARE THE SAME
AT THE .05 LEVEL. HOWEVERy IF C-8>IV, WE WOULD CONTINUE BY COMPARING
C=A WITH CRITICAL VALUE III AND SO ON UNTIL A NON-SIGNIFICANT RANGE
WAS FOUND OR UNTIL THE LAST COMPARISCNy A-B, WAS MADE.

THE RESULTS ARE SUMMARIZED B8Y UNDERSCORING MEANS WHICH ARE THE
SAME AT THE .05 LEVEL.
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REFERENCE
STEELE, Re Ge O« AND J. He TORRIE (1960) PRINCIPLES AND PROCEDURES OF

STATISTICS. MCGRAW-HILL, NEW YORK. PP 107-109.

e Dt b NN e
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NEWMAN - KEUL®S MNULTIPLE RANGE TEST

1 8
SNKMRT I1912¢ce0901l15

PARAMETER FIELD (COLUMNS 8-79)
Il
12

.e INPUT VARITABLES
I15

OuUTPUT
l. MEANS OF THE SPECIFIED VARIABLES ARE PRINTED,
2. THE ERRJR MEAN SQUARE IS CCMPUTED.
3« VARIABLES ARE TESTED FOR SIGNIFICANT DIFFERENCES
BETWEEN THE MEANS AT THE .05 LEVEL (ALPHA=,05).

USAGE
1. A MAXIMUM OF 15 INPUT VARIABLES MAY BE USED.
2. THERE IS NO LIMIT ON THE ANUMBER OF OBSERVATIONS.

EXAMPLES
CARDS COMMENTS
1 8
SNKMRT 1,20921 THE MEANS CF VARIABLES 1, 20 AND 21
ARE COMPARED.
SNKMRT ALL THE MEANS OF ALL VARIABLFS ARE CGMPARED.




Ce. STATISTICAL ROUTINE SPECIFICATION CARDS 55

THE PROCEDURES INVOLVEC IN PERFORMING THE NEWMAN-KEUL®*S MULTIPLE
RANGE TEST ARE IDENTICAL TO THOSE USED IN DUNCAN®S NEW MULTIPLE RANGE
TEST EXCEPT THAT DIFFERENT RANGE VALUES ARE USED. THE RANGE VALUES
FOR THE TWO TESTS ARE ICENTICAL WHEN THE NUMBER OF MEANS BEING
COMPARED EQUALS 2. WHEN THE NUMBER CF MEANS IN A RANGE EXCEEDS 2,
RANGE VALUES FOR THE NEWMAN-KEUL®S TEST ARE LARGER THAN CORRESPONDING
RANGE VALUES FOR DUNCAN®S TEST.

REFERENCE
STEELEy Re Ge De AND J. He TORRIE (1960) PRINCIPLES AND PROCEDURES OF
STATISTICS. MCGRAW-HILLy NEW YORK. PP 110-111.

T O T
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[ STATISTICAL ROUTINE SPECIFICATION CARDS
THE KRUSKAL-WALLIS STATISTIC
1 8
SKRUWL 1101290009150
PARAMETER FIELD (COLUMNS 8-79)
11
12
s INPUT VARIABLES
150
ouTPUT
lLe THE RANK JF EACH VALUZ IN THE DATA SET IS PRINTED. THE
SUMS OF THE RANKS FOR EACH VARIABLE ARE GIVEN. TIES ARE
GIVEN THEIR AVERAGE RANKINGe.
2o THE KRUSKAL = wALLIS -H=- STATISTIC AND ITS LEVEL OF
SIGNIFICANCE ARE PRINTED.
USAGE
le A MAXIMUM OF 50 VARIABLES MAY BE USED.
2. THE TUTAL NUMBER OF CBSERVATICNS CANNOT EXCEEC S000.
EXAMPLES
L 8
CARDS COMMENTS
$SKRUNWL 1,290 THE H STATISTIC IS CALCULATED
USING VARIABLES 1, 2 AND 6.
SKRUWL ALL THE H STATISTIC IS CALCULATED

USING ALL VARIABLES,

56
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THE KRUSKAL-wALLIS TEST IS AN EXTENSION CF WILCCXCN®S RANK SUM
TEST FRIOM 2 INDePENDENT GRCUPS, TREATMENTS QR CLASSIFICATIONS YO K
[NDEPENDENT GRIUPS., THFE BASIC MCCEL IS
Y(IJ)= M ¢ T(J) ¢ E(LY)

FOR  I=lsesssNlJ)
J=1l9eee K
dHc Rz

Y(IJ) IS THE ITh CBScRVATION IN ThE GRCUP J, |

4 IS THc UVEXKALL MEAN, |
T(J) IS THE EFFECT UF THE JTh TREATMENT, |
cellJ) IS A RANGUM EKRCR ASSCCIATED WITH THE IJTH CBSERVATION, AND
N{J) IS THE NCe. UF REPLICATES IN TREATMENT J.

IT IS ASSUMED THAT THE 5SUM OF THE T(J)#S IS Z2ERC, ANC THAT THE E(1J)*S
ARZ MUTUALLY INDEPENDENT AND CCME FROM THE SAME CONTINUOUS POPULATICN.

THE NULL HYPZTHESIS IS HO? T(1)aT(2)=cee=T(J), AGAINST THE
ALTERNATIVE THAT NOT ALL THE T(J)*S ARE EQUAL.

ALL N=N(1)+N(2)¢--=-+N(K) OBSERVATIONS ARE ORCERED FRCM LEAST TO
GREATEST AND RANKS 1 TO N ARE ASSIGMED. THE SUM OF THE RANKS IS THEN
CUMPUTED FOR FACH TREATMENT GRCUP, IF REIJ) IS THE RANK OF Y(1J),
THEN THE SUM OF THE RANKS FCR TREATMENT J IS RCEJDI= SUMIR(IJ)I), WHERE
SJ4 INDICATES SUMMING CVER [ FRCM 1 TO NUJD. THE AVERAGE RANK FOR
TREATMENT J IS MREJDI=R(JII/N(JD). THE CGVERALL AVERAGE OF THE RANKS IS
MR=(N#1)/2.

THE KRUSKAL-WALLIS STATISTIC IS DEFINED AS

H = [12/N(N¢1) JCSUMINCJII(NR(J) - NR)I®2)],
WHERE SUM INDICATES SUMMING OVER J FROM 1 TC K. THIS FORMULA CAN BE
CCNVERTED YO THE CCMPUTATIONAL FORMULA

H = [(12/NIN¢LDD)(SUMLIR(JDI®2)/NCJID) 1-3(NeL).

FIR LARGE N(J)y, H FOLLCWS AN APPRCXIMATE CHI-SQUARE CISTRIBUTION WITH ]
K-1 DEGREES OF FREEDCM. THE PROBABILITY OF FINDING A LARGER H BY .
CHANCE ALONE IS GIVEN AS THE LEVEL GF SIGNIGICANCE. THIS IS THE ?
LIWEST SIGNIFICANCE LEVEL AT WHICH THE NULL HYPOTHESIS MAY BE REJECTED

IN FAVUR OF THE ALTERNATE HYPOTHESIS.

AHEN THERE ARE TIEC OBSERVATIONS, THE AVERAGE OF THE RANKS OF THE
TIED VALUES ARE ASSIGNED AND THE STATISTIC

He = H/[1-C(SUM(SIL) #3-SIL))/(NE3=N))])

IS UScD INSTEAD OF H. IN THE ABOVE FORMULA, SUM INDICATES SUMMING 8
OVER L FROM 1 TO G WHERE 6 IS THE NUMBER OF TIED GROUPS, AND S(L) IS 4
THE NUMBER OF TIED VALUES IN GROUP L. FOR UNTIED OBSERVATIONS StLI=1.
FOR DATA WITH NJ TIES H#=H,

FOR SMALL NEJ) THE USER IS REFERRED TO TABLES OF THE
KRUSKAL=-WALLISy Hy STATISTIC TO DETERMINE SIGNIFICANCE OF H. THESE
TABLES ARE TOO LENGTHY TO BE PRESENTED HERE. ONE SOURCE IS TABLE A.7
IN HCLLANDER AND WOLFE (1973).
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REFERENCES

HOLLANDERy M« AND D, A. WOLFE (1973). NON—-PARAMETRIC STATISTICAL |
METHODS. WILEY, NEW YCRKe PP 115-119, |

NOETHERy Ge (1971). INTRODUCTION TO STATISTICS? A FRESH APPROACH.
HOUGHTUN-MIFFLIN CO.y BCSTUN. PPl43-146.
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MULTIPLE COMPARISONS BASED ON THE KRUSKAL-WALLIS H STATISTIC

1 8
SKRUNWC I19129ee09150

PARAMETER FIELD (CCLUMNS 8-79)

Il
12

150

auTPUT
1.

2e

USAGE
l.
2.

EXAMPLE
CAR
) §
$KR

INPUT VARIABLES

ALL OUTPUT GIVEN BY $KRUWLe.

THE MULTIPLE COMPARISON PROCEDURE INCLUDES A LIST
JF THt TREATMENT, VARIABLE, PAIRS COMPARED, THE
ABSOLUTE DIFFFRENCE BETWEEN THF AVERAGE RANKS QF
TREATMENT PAIRS, THE YEST STATISTICS, Z(I,J)¢S, AND
THE LEVELS CF SIGNIFICANCE 3F THE Z(1,J)%S.

A MAXIMUM GF 50 VARIABLES MAY BE USED.
THE TOTAL NUMBER UF CBSERVATICNS CANNCT EXCEEC 5000.

0 COMMENTS
8
UWC 1¢3+6 THE H STATISTIC IS CALCULATED USING
VARIABL:S 1y 3 AND 6. THE OIFFERENCES
OF THE AVERAGE RANKS CF THE
VAR IABLE PAIRS (1e3)s (1,e6)
AND (3,6) ARE TESTED.
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THIS PROGRAM CALCULATES THE KRUSKAL-NWALLIS H STATISTIC AS IN
SKRUWLy ANO PCRFURMS ALL PAIRWISE COMPARISONS BETWEEN THE AVERAGE
RANKS OF THE K TREATMENTS,

IF THERE ARt K TREATMENTS, K(K-1)/2 COMPARISONS ARE PERFORMED,

THE STATISTICS CALCULATED FCR ALL [,Jy AND I2J ARE

ABSILRBARII) = RoAR(J)!

2(1J) =
SQRTEN(N=L)CL/N(T) + 1/NWLJ)]1/12)

WHERE

R3AR(I) ANO RBAR(J) ARE THE AVERAGE RANKS OF THE ITH AND JTH
TREATMENTS

N = TOTAL NUMBER CF CoBSERVATICNS

N(I) AND N(J) = NUMBER OF 0OBSERVATIONS IN ITH AND JTH TREATMENTS
RESPECTIVELY.

Z(IJ) FCLLOWS A STANDARD NORMAL DISTRIBLTION. THE LEVELS OF
SIGNIFICANCE GIVEN CN THE QUTPUT ARE THE UPPER TAIL PROBABILITIES FOR
EACH 2Z(lJ)e TO MAKE A DECISICN CCNCERNING ANY GIVEN PAIR, CHCOSE A
DESIRzU OVERALL SIGNIFICANCE LEVEL, ALPHA. THIS WILL INSURE THAT THE
PRIBASILITY wILL BE AT MOST ALPHA CF DECLARING THAT TWO OR MORE
TRZATMENTS DIFFER WHEN IN FACT ALL K TREATMENTS ARE IDENTICAL. THEN
COMPUTE C = ALPHA/KI(K-1). C CAN THEN BE COMPARED WITH THE LEVELS GF
SIGNIFICANCE GIVEN FCR EACH Z(IJ)e IF THE LEVEL OJF SIGNIFICANCE FOR A
PARTICULAR Z(IJ) IS LESS THAN CR EQUAL TO C, WE MAY DECIDE THAT THE
AVERAGE RANKS FOR THE ITH AND JTH TREATMENT DIFFER AT THE CHOSEN
JVERALL SIGNIFICANCE LEVEL ALPHA.

REFERZNCES?

le NOETHER,y Ge (1971) INTRODUCTION TO STATISTICS? A FRESH APPROAGH.
HOUGHTON-MIFFLIN CC.y BCSTUNe PP 147-148.
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PEARSON®S CORRELATION

8
ll'l:vo.o'lzs

ER FIELD (COLUMNS 8-79)

INPUT VARIABLES

PEARSON®S CCRRELATICN CCFFFICIENTS BETWEEN ALL
PAIRWISE CCMBINATICNS OF INPUT VARIABLES AND
CORRESPONDING NUMBERS UF C3SERVATIONS ARE PRINTED,

THE FCRM OF THE JUTPUT IS (CBSERVATICNS, CORRELATION).

A MAXIMUM OF 25 VAKIABLES FAY BE USED.

THERE IS NO LIMIT ON THE NUMBER OF O3SERVATICNS.
S
DS COMMENTS
8
RR  ly4s06y CURRELATICNS OF VARIABLE PAIRS
(le4)y, (146) AND (4,6) ARE CCMPUTED,
RR ALL CORRELATIGNS CF ALL PAIRS OQOF

VARTABLES ARE CALCULATED.

R e it e A
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A CORRELATION COEFFICIENT IS A MEASURE OF THE DEGREE CF
ASSOCIATION BETWEEN TWO VARIABLES. THERE ARE MANY TYPES OF
CIRRELATION COEFFICIENTS. THE ONE CALCULATED BY THIS PROGRAM IS THE
PRODUCT MOMENT CORRELATION COEFFICIENT, R, SPECIFICALLY, R IS A
MEASURE OF THE LINEAR ASSOCIATION BETWEEN TWC VARIABLES. THE VALUES ;
OF R CAN RANGE FRGM -1 (SMALL VALUES GF ONE VARIABLE ARE LINEARLY 3
ASSOCIATED WITH LARGE VALUES OF THt OTHER VARIABLE) TO ¢1 (VALUES OF ]
THE T40 VARIABLES TEND TO INCREASE TOGETHER)e A VALUE OF O INDICATES :
NO LINFEAR ASSOCIATIGN BETWFEN THE VARIABLES.

THE PRODUCT MOMENT CORRELATION IS OEFINED AS

SUMLIX(T)-XBARILY(I)-YBAR]])
R 3 =mccccccccccce=- -

JHERE
SUM INOICATES SUMMING OVER VALUES OF I = ly2veeerN

¢ 1S EXPONENTIATION

XU{I) = THE ITF VALUE OF VARIABLE X
Y(I) = THE ITH VALUE CF VARIABLE Y

XBAR AND YBAR ARE THE SAMPLE MEANS CGF X AND Y RESPECTIVELY
THE COMPUTING ALGORITHM USED IS

SUM AB - (SUM A) (SUM BI/N

R =
SQRTILISUM(A®2)=((SUM A)*2)/NTI[(SUM(B22)-((SUM B)*2)/N]])

WHERE

A IS X(I)

8 IS Y(D)

N = NUMBERS OF X AND Y VALUES

FIR TESTS OF HYPOTHESES ABCUT RHO, THE PCPULATION CORRELATION
CIEFFICIENT (ESTIMATED BY R), SEE STEELE AND TORRIE (1960).
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REFERENCES?

STEELEy ReGeDe ANO JoHo TORRIE (1960) PRINCIPLES AND PROCEDURES OF
STATISTICS. MCGRAW-HILL, NEW YORK. PP 183-193,
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KENDALL ¢S RANK CORRELATION

1 8
SRNKCR I1912¢e0e90125

PARAMETER FIELD (CCLUMNS 8-79)
11
12

.o INPUT VARIABLES
125

auTPUT

Lo THE RANK UF EACH VALUE WITHIN A VARIABLE AND THE
VALUES OF EACH VARIABLE [N A VARIABLE PAIR ARE
PRINTED.,

2e THE -S- STATISTIC, KENDALL*S CCRRELATION COEFFICIENT,
(TAU), THE LARGE SAMPLE APPRUXIMATION TO -S-, ANC THE
SIGNIFICANCE LEVEL OF THE LARGE SAMPLE APPROXIMATION
ARE GIVEN FOR ALL PAIRWISE COMBINATICNS OF THE VARIABLES
REQUESTED.

USAGE
le A MAXIMUM OF 25 OBSEZRVATICNS MAY BE USED.
2. THE MAXIMUM NUMBER OF GBSERVATIONS PER VARIABLE

1S 50¢C.
EXAMPLES

CARDS COMMENTS

1 8

$RNKCR 194496 RANK CORRELAITON FOR VARIABLE
PAIRS (Ly4)y (L46) AND (446)

$RNKCR ALL RANK CGRRELATIGN FOR ALL VARIABLE
PAIRS

et b
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KENDALL®S RANK CORRELATION IS A METHOD CGF DISCERNING THE
ASSUCIATION, IF ANY, BETWEEN Tw3] VARIABLES.

SUPPOSE WE HAVE TwO VARIABLES WITH N CBSERVATICNS EACH? (X(1),
YEL)) e (X(2)9Y(2))peeen (XINDgY(N))e THE HYPCTHESIS OF INTEREST IS HO?
X AND Y ARE INDEPENDENT (UNASSOCIATED). AN INTUITIVE APPRCACH TO
DISCERNING THE RELATIONSHIP BETWEEN X AND Y IS TC CCUNT HCwW CFTEN THE
RELATIVE RANKINGS WITHIN EACH VAR]ABLE MOVE IN THE SAME DIRECTION AND
H3W OFTEN THEY MOVE IN CPPCSITE CIRECTIONS.

IN PARTICULAR FOR I AND J=ljy29eseeN ANC I#J, IF THE PRODUCT
[XCII=-XCIPILY(TD-Y(J)]) IS GREATER THAN 0Oy (l.E., THE OBSERVATIONS ARE
CHANGING IN THE SAME DIRECTION) wWE CCUNT +1. CONVERSELY, IF THE
PRODUCT IS NEGATIVE, WE COUNT -1, [IF THE PRCDUCT IS 0, WE COUNT O,
dECAUSE AT LEAST CNE CF THE VARIABLES HAD NC CHANGE BETWEEN
J3SERVATIONS T AND J.

THec SUM OF THE 1¢S, -1¢S, ANC O¢S IS THec STATISTIC Se IF ALL N
O3SERVATIONS OF X AND Y MUVED IN THE SAME DIRECTION, S WOULD EQUAL
N(N=1)/72, WHILE IF ALL UBSSRVATIONS MOVED IN OPPJSITE DIRECTIONS, S
WUOULD EQUAL -N(N-1)/2. IT wOULD B8E HELPFUL TD HAVE A STATISTIC WHICH
GAVE THE STRENGTH CF ASSGCIATION BETWEEN THE TwO VARIABLES CN A SCALE
FROM -1 (EVERY INCREASE IN UNE VARTIABLE IS ACCOMPANIED 8Y A DECREASE
IN THc OTHER VARIABLE) TC +1 (THE VARIABLcS INCREASE TOGETHER). SUCH
A STATISTIC IS TAU #FrERZ TAU IS THE OBTAINEC VALUE OF S DIVIDED BY THE
MAXIMUM OF Se THE MAXIMUM OF S IS N(N-1)/2 30

5 25
TAU = =
N(N=-1)/2 NIN-1)

THE SIGNIFICANCE OF TAU CAN BE EVALUATEC FOR LARGE SAMPLES IN THE
FILLUWING WAY? THE LAKGE SAMPLE APPRCXIMATICN IS

S
$¢ =

SQRTIN(N=-1)(2N+5)/18]

FOR LARGE Ny THE LARGE SAMPLE APPROXIMATION FULLCWS THE STANDARD
NORMAL DISTRIBUTION., THE LEVEL GF SIGNIFICANCF PRINTEO IS TWICE THE
UPPER TAIL PRCBABILITY CF THE ABSULUTE VALUE GF Se

FIR N GREATER THAN 3y THE NCRMAL APPROXIMATION IS ADEQUATE. FOR
N LESS THAN OR EQUAL TO 8, THE READER IS REFERRED TO TABLE A.21 IN
HOLL ANDER AND WOLFE (1573).

-




C. STATISTICAL ROUTINE SPECIFICATION CARDS 66

REFERENCES?

1. HOLLANDER, Mo AND D.A. WOLFE (1973) NONPARAMETRIC STATISTICAL
METHODS. WILEY, NEW YORK. PP 185-193, 384-393.

2. NOETHERy Ge (1971) INTRODUCTION TO STATISTICS? A FRESH APPROACH.
HOUGHTON-MIFFLIN CO., BOSTON. PP 155-162.
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CHI-SQUARE

1 8
$CHISQ 110129009150

PARAMETER FIELD (CCLUMNS 8-79)
Il
[2

50

ouTPUT
Le A CHI-SQUARE STATISTIC IS CALCULATED FOR A TWO-WAY
CONTINGENMCY TABLE IN WHICH THE INPUT VARTAS3LES FCRM
THE CULUMNS ANC THE CASES FORM THE ROWS.
2. DEGREES JF FREEUCM AND SIGNIFICANCE LEVEL OF THE
CHI-SQUARE VALUE AND THE CONTINGENCY CCEFFICIENY ARE
GIVEN.

USAGE
Le A MAXIMUM OF 50 VARIABLES MAY Bt US=D.
2, THERFE [S A LIMIT CF 100 CASES.
3. THe PRODUCT OF THE NUMBER CF VARIABLES TIMES THE
NUMBER OF CASES MAY NOT EXCEEC 1400.

EXAMPLES
CARDS COMMENTS
1 8
$CHISQ 1,2,3 A CHI-SQUARE TEST WILL BE CALCULATED

USING VARIABLE 1y 2 ANO 32 AS COLUMNS
AND ALL CASES AS ROwS.

$CHISQ ALL ALL VARTARIABLES ANC CASES wWILL B¢ :
USED TC PERFORM A CHI-SQUARE TEST.
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THE CHI-SQUARE STATISTICy CHI-SQUARE = SUMI((OBS~EXP)*2)/EXP]),

MAY BE USED TC TEST A NUMBER OF HYPCTHESFS. THIS PRCGRAM COMPUTES A
CHI-SQUARE STATISTIC TG TEST THE HYPOTHESIS CF INDEPENDENCE OF THE 2
VARTABLES OF CLASSIFICATION IN AN RXC CONTINGENCY TABLEy WHERE R IS

THE NUMBER JF ROwWSy (DISCRETE CATEGORIES OF ONE VARIAELE)y AND C 1S

THE NUMBER OF CJULUMNS, (DISCRETE CATEGORIES OF THE OTHER VARIABLE).

THE DATA ARE THE NUMBERS CF JBJECTS CR SUBJECTS FALLING INTC EACH OF
THE RXC CELLS.

AN RXC CONTINGENCY TABLE

VARIABLE A
HEEKERREEEEREF R E SR ER SR AR AR ERE R KR

£ L ® 2. % 4 s e e ® C %
EEERKERREREREREREB KR SRR SRR RRE KRR E & &

x % * * * *

¥l * N11 * N12 * , ., o+ o+ * NI1C * Nl.
V * x * * * *
A SEEH e e e e *
R *= = * * * s

I %2 * N21 * N22 * , .+ o o *= N2C * N2.
A * = * * * *
B *#$Meeccccmcm e m e e — e ~—eecem———— *
L ‘. ‘ L] * L ] * L] L ] L] [ ] . L ‘
E *, x L R, ot D gl
*. * L ] ‘ L ] t L ] - ° L ] ‘ L .
B *%x%%k B ceemccaea—a *
* % * * * *

*R * NR1 * NR2 * ., . o e * NRC * NRe.
% * * % *
AEEE KRR B ERERRRRRERRRRRERARSRRE SRR RS

Nel Ne2 NeC Neo

IF THE TWO VARIABLES OF CLASSIFICATICN ARE INCEPENDENT, THE
PRIBABILITY OF AN UBSERVATION FALLING IN THE TJTH CELLy (I=lyeeeRy
J=1l9e0e9C)y WwILL BE EQUAL TO THE PROBABILITY OF THE OBSERVATION
FALLING IN THE ITH RCw TIMES THE PROBABILITY CF THE CBSERVATION
FALLING IN THE JTH COLUMN., EXPECTED NUMBERS OF CBSERVATIONS IN EACH
CELL ARE THEN CALCULATED ASSUMING THE RCWS ANC COLUMNS ARE
INDEPENDENT. SPECIFICALLYy THIS PROGRAM CALCULATES THE EXPECTED
NUMBERS FOR EACH TJTH CELL AS: EXP(IJ)=(NI<)(NeJ)/Neesy WHERE NIe IS
THE TITAL NUMBER OF CBSERVATIGNS IN THE ITH RCwWy Ned IS THE TCTAL
NJMBER (OF GCBSERVATIONS IN THE JTH CCLUMNy AND Nee IS THE TCTAL NUMBER
OF OBSERVATIONS IN THE EXPCRIMENT. [T MAKES SENSE INTUITIVELY THAT
THE LARGER THE OEVIATIONS OF THE OBSERVED AND EXPECTED VALUES, THE
LESS LIKELY IT IS THAT THE ROWS ANC CGLUMNS ARE INDEPENDENT. THE
CHI-SQUARE STATISTIC PROVIDES A METHOD OF DECIDING WHAT THE
PRABABILITY IS THAT THE ROWS AND COLUMNS ARE INDEPENDENT, BASED ON THE
MAGNITUDE OF THE DEVIATIONS BETWEEN THE CBSERVED AND EXPECTED NUMERS
IN EACH CELL., THE FOLLJOWING STATISTIC IS COMPUTED.

CHI-SQUARE=SUMIL ( (OBS(TIJ)-EXP(IJ))¢2)/EXP(IJ) ],
WHERE SUM INDICATES SUMMING OVER I AND J FOR I=ljseeceosRy AND J=lgeeerl.

CHI-SQUARE FOLLOWS AN APPRUXIMATE CHI-SQUARE DISTRIBUTION WITH
(R-1)(C~1) DEGREES OF FREEDOM. THE PROBABILITY OF FINDING A GREATER
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CHI-SQUARE VALUE BY CHANCE ALCNE IS GIVEN. ThIS IS THE LOMWESY
SIGNIFICANCE LEVEL AT wHICH THE NULL HYPOTHESIS OF INDEPENDENCE MAY BE
REJECTED.

FOR 2X2 TABLES, (R=29(=2)y THE CHI-SQUARE STATISTIC IS CALCULATED
WITH A CORRECTION FUR CONTINUITY ANDO WITHOUT SUCH CORRECTION. THE
CHAI-SQUARE CORRECTEC FCR CUNTINUITY IS CALCULATED AS

(CABSCINLL) (N22)=(N12) (N21))-Nea/2142]Nes
CHI=SQUARE = == === m s m e e oo e
(NLe)IN24 ) (Na1)(NS2)

WITH 1 DEGREE OF FREEDCM. THE CFI-SQUARE STATISTIC FOR THE 2X2 TABLE
WITHOUT CORRECTIGN FCR CONTINUITY IS CALCULATED AS ABOVE BUT WITHOUT
THE TERM Nee/2. GENERALLYy, THE CCRRECTED CHI-SQUARE GIVES A BETTER
APPRIXIMATION TO THE CHI-SQUAKE DISTRIBUTION. HOWwWEVER, SOME PREFER NOT
Y3 use IT,

REFERENCE

OF STATISTICS. MCGRAW-HILLy NEW YCRKe PP 366-375.




i Ce STATISTICAL ROUTINE SPECIFICATION CARDS 70

LEAST SQUARES REGRESSION

| § 8
SLSQR  [19127ce09150

PARAMETER FIELD (COLUMNS 8-79)
I1L - DEPENDENT VARIABLES
12 =

.o INDENDENT VARIABLES

150 -

ouUTPUT i
FOR EACH COMBINATION OF THE DEPENDENT VARIABLE WITH AN
INDEPENDENT VARIABLE -

1. INTERCEPT ANC SLCOPE FNR THE LEAST SQUARES LINE ARE GIVEN.

2. T-STATISTIC wWITH DEGREES CF FREEDCM AND SIGNIFICANCE LEVEL
ARE COMPUTED TO TEST THE HYPOTHESIS THAT THE SLOPE IS ZEROC.

5. THE NUMBER CF OBSERVATIONS IS GIVEN.

4. THE STANDARD ERRCR OF THE SLCPE ESTIMATE, THE CORRELATICN
COEFFICIENTy AND THE COEFFICIENT OF DETERMINATION ARE GIVEN.

5. THE F-STATISTIC, DEGREES CF FREEDCM, ANO SIGNIFICANCE
LEVEL FOR TESVING THE OVERALL SIGNIFICANCE GF REGRESSION
ARE PRINTcD, AND

6o MEANS AND STANDARD DEVIATIONS ARE PRINTED.

USAGE
Le A MAXIMUM OF GUNE UEPENUDENT ANC 49 INDEPENDENT VARIABLES
ARE ALLOWED.
2. THERE IS NO LIMIT ON THE NUMBER OF OBSERVATICNS.

EXAMPLE
CARD COMMENTS
1 8
$LSQR 1,340 TWO LEAST SQUARES ANALYSFES WILL BE

PERFORMED- (DEPENDENT VARIABLE-1 WITH
INOEPENDENT VARIABLE-3) ANO (DEPENDENT
VARIABLE-1 WITH INDEPENDENT VARIABLE-6).

|
i




C. STATISTICAL ROUTINE SPECIFICATION CARCS 71

SIMPLE LINEAR REGRESSION IS A METHOD OF FITTING A STRAIGHT LINE
TO A COLLECTION OF POINTS (Y(I)yX(I))e THE MODEL IS

Y(I)= B0 ¢+ B1X([) ¢+ E(I)

WHERE Y(I) AND X(I) ARE THE ITH OBSERVATIONS OF Y AND X (I=lseee3N),
B0 = THE UNKNCWN INTERCEPT PARAMETER,
Bl = THE UNKNCWN SLOPE PARAMETER, AND
E(I) = AN UNKNCWN INCREMENT BY WHICH ANY Y(I) MAY VARY FROM
THE TRUE LINE Y=80 + B1X.

LEAST SQUARES IS A METHCD CF ESTIMATING B0 ANC B1 WITH BO AND 81
(ZSTIMATES ARE NGT IN BULDFACE) SO THAT

SUM (E(I)%2)= SUMILY(I)-B0-BlXx(1)1¢2]
IS A MINIMUM., THAT IS, SC THAT THE SUM CF THE SCUARED DEVIATICNS OF
THe PREOICTED Y¢Sy YHAT(I)= B8O ¢ B1X(l)s AND THE OBSERVED Y¢S IS A
MINIMUM,
THE ESTIMATES OF B0 AND Bl ARE
SUMEIXETI-MXI(Y(T)=-MY)] SUMEIXET)MYCT))I-L(SUMX(T)IISUMY(I))I/N

Bl e cmcac e co o oo - cm e D e e e e - - s - - - - -

SUML (X(I)-MX)¢2] SUMIX(I)*2)-C(SUMX(I})It2]/N

AND
BO = MY - BLMX

WHERE MY AND MX ARE THE MEANS OF Y AND Xy AND SUM INDICATES SUMMING
OVER I FOR I=lseee9Ne

ANOTHER OdJECT OF L INcAR REGRESSION IS TC TEST HYPOTHESES AB0UT
THE RELATIONSHIP BETWEEN THE 2 VARIABLES OF INTEREST. THE MOST
FREQUENTLY STATED NULL HYPOTHESIS IS THAT THERE 1S NC RELATIOGNSHIP
BETWecid THE VARIABLES: HO? B81=0 AGAINST POSSIBLE ALTERNATIVES, B1l#0,
81>0, BL<0. THE TEST STATISTIC IS

T = B1/STANDARD ERROR OF Bl

T HAS N-2 DEGREES OF FREEDCM. THE COMPUTATIONAL FORMULA FOR THE
STANDARD ERROR OF 81 IS RATHER LENGTHY AND WILL NOT BE PRESENTED HERE,
BUT MAY HBE FOUND IN THE REFERENCE GIVEN.

ANOTHER EQUIVALENT TEST IS THE F TEST FCR SIGNIFICANCE OF
RZGRESSICON. THE COMPUTATION OF THE F-STATISTIC IS MOST INTELLIGIBLE
PRESENTED IN TABULAR FORM., THE SOURCES OF VARIATION IN THE REGRESSION
MOOEL MAY BE PARTIONED AS TOTAL VARIATIGON= VARIATION CUE TO REGRESSION
+ VARIATICON ABOUT REGREZSSION. THE VARIATION ASSOCIATED WITH EACH
SJURCE ARE DEFINED AS IN THE TABLE BELOW. CUOMPUTATIONAL FORMULA OF
SST AND SSR MAY BFf FOUND IN THE REFERENCE GIVEN.

e e R S i o
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XSS VRS ERLFRREBE R SRS L XSRS B LS S0P SB S LSS S S SSESE LSS ERBES S

SCURLE * DF* SUMS OF SQUARES * MEAN SQUARES
TOTAL ¥N-1% SS5T= SUMI(Y(TI)-MY)E2) *
* * *
DUE T2 * * SSK= *
REGRESSICN® | * BLISUMI(X(I)=-MX)(Y(I)~MY)]) * MSR=SSR
& &
ABWUT * * %

REGRESSICN*N-2% SSE=SUM[(Y(T)-YHAT)#2]=SST-SSR* MSE=SSE/N=-2
PREH RS BEFREL SR AR RFIR XL R BB L X B4R B2 R A GEE RO LTS SRRSO 0R

THE TeST STATISTIC IS F=NSR/MSE wITH 1 AND N-2 DEGREES OF FREEDOM.
NOQTE THAT Te2=F. THE SIGNIFICANCE LEVELS IF T ANO F ARE GIVEN,

OTHER QUANTITIES CALCULATED ARE THE CGRRELATICN CCEFFICIENT R,
AND THE COEFFICIcNT OF NETERMINATION, R¢2=SSR/SST. Rt2 IS A MEASURE
JF THE PRUPORTIIN CF THE TOTAL VARIATION ABCUT THE MEAN, MY, EXPLAINED
BY THE REGRESSIIN OF Y ON Xo NATURALLY, THE LARGER R¢2 THE BEVTVER THc
FIT IS.

REFERENCE

DRAPERy Ne Ro AND Ho SMITH (1966). APPLIED REGRESSION ANALYSIS. JOHN
WILEY AND SONSy INCey NEW YORK. PP 1-34,
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MULTIPLE REGRESSION

1 8
SMREG 1191250009125

PARAMETER FIELD (CCLUMNS 8-79)
Il - DEPENDENT VARIASBLE
125~

.o INDEPENDENT VARIABLES

125 -

ouTPUT

L. THE MEANS, AND STANDARD DEVIATICONS OF ALL VARIABLES
ARE PRINTED.

2. CORRELATIONS BETWEEN ALL VARIABLES ARE GIVEN.

3. INTERCEPT, REGRESSICN COEFFICIENTSy STANDARD ERRORS
JF REGKESSIGN COcFFICIENTS, T-VALUES, DEGREES CF
FREEDOM AND SIGNIFICANCE LEVELS OF THE T-VALUES FOR
TESTING HYPCTHESES THAT THE REGRESSICN COEFFICIENTS
ARE ZERJ ARE INCLUDED.

4. MULTIPLE CORRELATION ANC DETERMINATION ARE GIVEN.

5. THE STANDAXD ERROUOR UF THE ESTIMATE IS PRINTED.

6. AN ANALYSIS UF VARIANCE FCk THE REGRESSION IS GIVEN.
THIS INCLUDES TrHE SUMS CF SQUARES ATTRIBUTABLE TO
REGRESSION, ABOUT THE REGRESSICN, AND CF THE TOTAL.
DEGREES OF FREEDOM, MEAN SQUARES, THTS F-STATISTIC
AND ITS LEVEL OF SIGNIFICANCE ARE PRINTED.

USAGE

1. CNE DEPENDENT VARIABLE MAY BE USED. :

2. NC MURE THAN 24 INDEPENDENT VARIABLES MAY BE USED.

3, THERE IS NO LIMIT CN THE NUMBER OF OBSERVATLONS. 1
EXAMPLES

CARDS COMMENTS

1 8

$MREG ALL A MULTIPLE REGRESSION ANALYSIS

USING VAR. 1 AS THE DEPENDENT
VARTABLE AND REMAINING VARIABLES
AS THE INDEPENDENT VARIABLES
wILL BE PERFORMED.
SMREG 3,12 A MULTIPLE REGRESSION ANALYSIS ]
wilLL BE PERFORMED USING VAR, 3
AS THE DEPENDENT VARIABLE AND
VARIABLES 1 AND 2 AS THE INDEPENDENT
: VAR [ABLES.
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IN MULTIPLE RcGReSSION, THE MJIDEL IS
Y(l)= BO + B1*X1(I) + B2*x2(]) + ... + BK*XK(l) ¢ E(IL),

WHERE Y(I) IS ThE ITH MEASURCMENT QOF THE DEPENDENT VARIABLE Y,
(I=ljeeerN),
X1(I)y X2(I)oeeeoXK({I) ARE THE ITH MEASUREMENTS OF THE
INDEPENDENT VARIABLESy X1y X2900e09XK (I=lgeeeeN),
B0y Bly B2jyeee9BK ARE THE UNKNOWN COCFFICIENTS ASSOCIATED WITH
THE INTERCEPT AND THE K INDEPENDENT VARIABLES, AND
E(I) = ERROR ASSOCIATED WITH THE ITH MEASUREMENT.

ONE OBJECT OF THIS PROGRAM 1S TC ESTIMATE BOy BlreessBK SO THAT THE
SUMLE(TI)®2]) IS A MINIMUM, ANOTHER OBJECT IS TO OECIDE IF THE OVERALL
REGRESSION OF Y ON X1y X29see9XK IS SIGNIFICANT (I<.Eey ACCOUNTS FOR
O3SERVED VARIATIUN IN Y)e IN THIS REGARD, A TEST IS PROVIDED OF THE
HYPOTHESIS HO? Bl=B2=eee=BK=0y AGAINST THE ALTERNATE HYPOTHESIS, NOT
ALL BI=0 FOR I=lj,eee9Ke FURTHER TESTS ARE PROVICED FCR HYPCTHESES OF
THE FORM HO? BI=0y [=lyecerKe

THE FOLLOWING STATISTICS ARE CUTPUT.
Lle THE MEANS AND STANDARD DEVIATIONS OF Y AND Xljyese XK ARE PRINTED.

2. THE CORRELATION MATRIX OF THE CEPENDENT AND INCEPENDENT VARIABLES
IS GIVENe THIS GIVES MEASURES OF ASSOCIATION BETWEEN THE DEPENDENT
VARIABLE AND EACH INDEPENDENT VARIABLE AND AMONG THE INDEPENDENT
VARIABLES.

3. THE ESTIMATES OF Blyeeee9BK AND THE STANDARD ERRORS OF THE
ESTIMATES ARE PRINTED. T STATISTICS ARE PRINTED FOR TESTING EACH
HYPOTHES IS HO? Bl=0' l""l. -oo'K.

T= BI/STANDARD ERROR(BI) WITH N-K DEGREES CF FREEDOM.

THE LEVEL GCF SIGNIFICANCE 1S GIVEN FOR THE TEST OF EACH NULL
HYPOTHESIS AGAINST THE TWO-SIDED ALTERNATIVE BI#0. FOR TESTS AGAINST
ONE~-SIDED ALTERNATIVES, BI>0 OR BI<O, USE THE PRINTED LEVEL OF
SIGNIFICANCE CIVIDED 8Y 2.

4. THE ESTIMATE OF BO IS OUTPUT AS THE INTERCEPT.

S« MULTIPLE CORRELATIONy Ry IS A MEASURE OF THE COMBINED EFFECT OF
THE INOEPENDENT VARIABLES ON THE DEPENDENT VARIABLES.

6« THE COEFFICIENT OF MULTIPLE DETERMINATICN, R®2y IS A MEASURE OF
THE PROPORTIUN OF THE TOTAL VARIATICN ABOUT THE MEAN OF Y EXPLAINED BY
THE REGRESSION OF Y ON XljseeesXKe [IT CAN BE THOUGHT OF AS A MEASURE
OF THE USEFULNESS OF THE INDEPENDENT VARIABLES IN ACCOUNTING FOR
VARIATION IN THE Y(I)*S.

7. THE STANDARD ERROR OF THE ESTIMATE IS AN ESTIMATE OF THE PRECISIGN
OF THE REGRESSION. IT IS EQUAL TO THE SQRT(MEAN SQUARE ABOUT THE
REGRESSION) .

8., AN ANALYSIS OF VARIANCE TABLE FCR THE OVERALL REGRESSION IS
INCLUDED. THE SOURCES CF VARIATIUN AND ASSOCIATED DEGREES CF FREEDOM,
SUMS OF SQUARES AND MEAN SQUARES ARE GIVEN. AN F-STATISTIC IS

Cd akilalt Bl ttS At Ll et L
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CALCULATED AS THE RATIO OF THE MEAN SQUARE DUE TG REGRESSION/MEAN
SQUARE ABOUT THE REGRESSION. THE DEGREES OF FREEDOM OF THE CALCULATED
F ARE K, N-K (K=NO. NF PARAMETERSy N= NO., OF CBSERVATIONS). THE
F-STATISTIC MAY BE USED TO TEST THE HYPOTHESIS, HO? Bl=82=...=8K
AGAINST THE ALTERNATIVE, NOT ALL BI=0y I=l,.e.09Kes THE LEVEL OF
SIGNIFICANCE 1S THE PRCBABILITY OF OBTAINING A LARGER F WITH K¢N-K
D.F. 3Y CHANCE ALONE.

REFERENCE
DRAPERy Ne Ro AND He SMITH (1966). APPLIED REGRESSION ANALYSIS. JOHN
WILEY AND SONS. INCe.» NEW YORK. PP 44-85,
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$SHREG

STAVISTICAL RCUTINE SPECIFICATION CARCS

STEP-WISE MULTVIPLE REGRESSION

8
1101240009125

PARAMETER FIELD (CULUMNS 8-79)

Il
12

125

ouTPUT

- DEPENCENT VAR]ABLFE

= INDEPENDENT VARJABLES

THE OJUTPUT INCLUDES

l.
3.
4.
5.
6.

Te
8.

USAGE
i.
2e
3.

MEANS AND STANDARD DEVIATIONS OF ALL VARIABLESS
CORRELATICN MARTIX;

SUM OF SQUARES RECUCED IN EACH STEP;

CUMULATIVE SUM ([F SQUARES RFCUCEDs

MUTIPLE CORRELATICN CCEFFICIENTS FOR EACH STEP;
F-VALUE, DEGREES OF FREEDCMy ANTC SIGNIFICANCE LEVEL CF
F-VALUE FGOR TESTING SIGNIFICANCE UF CVERALL REGRESSIGN
AT EACH STEP;

STANDARD ERROR CF ESTIMATE, AND

AT EACH STEP FOR EACH INDEPENDENT VARIABLE ENTERED,
REGRESSION CUEFFICIENTS, STANDARD ERROR OF REGRESSION
COEFFICIENTSy AnD T-VALUES WITH DEGREES CF FREEDOM AND
SIGNIFICANCE LEVEL FCR TESTING HYPOTHESES THAT REGRESSION
CCEFFICIENTS ARE ZERO.

ONE OEPENDENTY VARIASLE MAY Bt USED.
NC MORE THAN 24 INDEPENDENT VARIABLES MAY Be USED.
THERE IS NC LIMIT ON THE NUMBER COF NBSERVATIONS.

EXAMPLES
CARDS COMMENTS

1

8

$SWREG ALL STEPWISE REGRESSICN wWILL BE PERFORMED

WITH VAK, 1 AS THe DEPENDENT VARIABLE,
AND KEMAINING VARIABLES AS INDEPENDENT
VARTABLES.

$SSHREG 4939241 STEPWISE RcUGRESSION wILL BE PERFORMED

WITH VAR, 4 AS THE DEPENCENT VARIABLE,
AND VARIABLES 3y 2 AND 1 AS THE
INDEPENDENT VARIABLES.

Npo it ot
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STEP-WISE MULTIPLE REGRESSION IS A METHCOD OF DECIDING WHICH
INDEPCNDENT VARIABLES AkE IMPGRTANT IN TERMS COF ACCOUNTING FOR
VARIATION IN THE DEPENDENT VARIABLE Yo INDEPENDENT VARIABLES ARE
ENTERED INTO THE REGRESSIUN SEQUENTIALLY, AND AS EACH VAKIABLE IS
ENTERED, A TEST MAY BE MADE TO DECIDE IF THS RESIDUAL SUM GF SQUARES
HAaS BEEN REDUCED SIGNIFICANTLY.

IN THE FIKST STeP, THE INUEPENDENT VARIABLE WHICH IS MGST HIGHLY |
CORRELATED WITH THE DEPENDENT VARIABLE IS ENTERED INTJ THE REGRESSION .
EQUATION. OUTPUT INCLUNES SUM CF SCUARES RETCUCEL dY INCLUSICN CF THIS
INDEPCNDENT VARIABLE ANC THE PROPORTION OF THZ TO3TAL REDUCED. AN
F-TEST IS PERFORMED CON THIS REGRESSICN AND THE SIGNIFICANCE LEVEL OF
TH: CALCULATED F-STATISTIC IS PRINTEDe A DZCISICN MAY THEN BE MADE AS
T) WHETHGR THt REGREeSSICN OF Y UN THE INDEPENDENT VARIABLE MOST HIGHLY
CIRRELATED WITH Y IS SIGNIFICANT. IF IT IS CECICED THAT THIS 3
R=GESSICN IS SIGNIFILANT, PRICEED TO STEP 2,

IN THE SECGND STEP, THE INDEPENDENY VARIABLE WHICH HAS THE
HIGHZST PARTIAL CJUKRELATIUN WITH Y (ALLOWINSG F3R THE INDEPENDENT
VARTABLE ENTEKED IN THE FIRST STEP) IS ENTERED INTO THE REGRESSIGN
£ )JATIONe A DECISION MAY HBE MADE WHETHER THE NEWLY ENTERED VARIABLE
MAKES A SIGNIFICANT REDUCTIUN IN THE RESIDUAL SUM OF SQUARES 8Y
RCFERRING TC THE SIGNIFICANCE LEVEL CF THE COMPUTED T-VALUE FOR THE
REGRESSSION CUEFFICIENT CF THE NEWLY ENTERED VARIABLE. IF IT IS
DECIDED THAT THE NEWLY ENTERELU VARIABLE MAKES A SIGNIFICANT
CONTRIBUTION T3 REGUCING THE RESIDUAL SUM OF SQUARES, PROCEED TC STEP
3.

IN STEP 3 AND SUBSEQUENT STEPS, THE INDEPENDENT VARIABLE WITH THE
HIGHEST PARTIAL CORRELATION WITH THE ODCSPENDENT VARIABLE (ALLCWING FOR
PREVICUSLY ENTCREC INDEPENDENT VARTABLES) IS ENTERED INTC THE
REGRESSION EQUATICN. A CECISIUN MAY BE MADE WHETHER THE NEWLY ENTERED
VARIABLE MAKES A SIGNIFICANT REOULCTION IN THE RESIDUAL SUM CF SQUARES
OVER THE REOUCTION PFOCUCED BY VARIABLES ALREATY IN THE EQUATION BY
REFERRING TO THE SIGNIFICANCE LEVEL CF THE COMPUTED T-VALUE OF THE
NEWLY ENTERED VARIABLE. WHEN IT IS CECIDED THAT A NEWLY ENTERED
VARIABLE DOES NUT TAKE UP A SIGNIFICANT AMOUNT OF VARIATION IN Y,
3EYIND THAT ACCOUNTED FuR BY PREVICUSLY ENTERED VARTABLES, THE NENWLY
ENTERED VARIABLE AND ALL VARIABLES NOT ALREADY IN THE KEGRESSION
EQUATION ARE NJIT INCLUDED IN THE REGRESSION EQUATION.

THE REGRESSION COEFFICIENTS AND F-STATISTICS FOR THE REGRESSION

EQUATION WILL BE THOSE IN THE STEP PRECEDING THE STEP IN WHICH IT IS
DECIDED NGV TO INCLUDE A VARTABL® IN THE EQUATION.

R=FERENCES

DRAPERy NoR, AND He SMITH (1966) APPLIED REGRESSION ANALYSIS. JOHN
4ILEY AND SONS, NEW YORK. PP 169-1T1.
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POLYNOMIAL REGRESSION

1 8
$SPOLRG I1,12,13

PARAMETER FIELD (CCLUMNS 8-79)
I1 - DEPENDENT VARIABLE
12 ~ INDEPENDENT VARIABLE

I3 - DEGREE POLYNOMIAL TO BE FITTED

ouTPUT
le THE NUMBER OF CASES IS GIVEN.
2. THE INTERCEPT AND REGRESSION COEFFICIENTS ARE PRINTED.
3. AN ANALYSIS OF VARIANCE FOR THE REGRESSION IS COMPUTED.

USAGE
1. ONLY ONE DEPENDENT AND ONE INDEPENDENT VARIABLE MAY BE USED.
2. THERE IS NO LIMIY ON THE NUMBER OF OBSERVATIONS.
3. A 5TH DEGREE PCLYNOMIAL OR A LESSER DEGREE MAY BE FITTED,

(I3 < 5),
EXAMPLE
CARDS COMNENT S
1 8
$POLRG 244,3 A 3RD DEGREF POLYNOMIAL WILL BE

FITTED USING VAR. 2 AS THE DEPENDENT
VARIABLE AND VAR. 4 AS THE INDEPENDENT
VARIABLE.

L e T
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IN THIS ROUTINE, THE METHOD CF LEAST SQUARES [S USED TO ESTIMATE
THE BJ#Sy J=0secer 59 IN ANY OF THE FOLLCWING FIRST THRCUGH FIFTH
DEGREE POLYNOMIAL MOOELS?

Y(I)=B0 + B1 X(I) + E(I)

Y(1)=80 + BL X(I) + B2 [X(I)#2]) + E(I)

Y(I)=BO ¢+ Bl X(L) + B2 [X(I)¢e2] ¢« 83 [(X(I1)*3]1 + EL(I)

Y(I1=B0 + Bl X(I) + B2 [X(1)¢2] ¢ B3 [X(I)*3] + B4 (X(I)t4] + EL])
Y(1)=80 « 81 X(I) + B2 [X(I)22) + B3 (X(I)t2]) + B4 (X(I)e4] +

85 [X(I)¢5] + E(I)

WHERE

X(I) AND Y(I) ARE QOBSERVATIONS CF THE INDEPENDENT VARIABLE X AND
rHEDEPENDENT VARIABLE Y RESPECTIVELY

BJ®S ARE UNKNOWN PARAMETERS TO BE ESTIMATED AND

E(I) IS A RANDCOM ERRCR,

IT IS ASSUMED THAT ThE E(1)¢S ARE INDEPENDENT AND NORMALLY
DISTRIBUTED WiTH MEANS ZERC AND COMMON VARIANCE.

ONLY ONE MODEL MAY BE CHOSEN WITH ANY SPOLRG CARO. IT wiILL BE

NOTED THAT IF A POLYNOMIAL OF DEGREE 1 IS CHOSEN, SPOLRG WILL PERFORM
THE SAME CALCULATICON AS SLSQR.

REFERENCE

DRAPER, NoR. AND H. SMITH (1966) APPLIED REGRESSION ANALYSIS. JOHN
WILEY AND SONS» NEW YORK. PP 129-130.
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NORMALITY TEST

1 8
SNORMT [19129cee9150

PARAMETER FIELD (COLUMNS 8-79)
Il
12

.e INPUT VARIABLES

150

ouTPUT
FOR EACH VARIABLE SPECIFIED THE CUTPUT INCLUDES

le SUMy MEAN, STANDARD DcVIATION, STANDARD ERROR ‘OF
THE MEAN, NUMBER QOF CBSERVATICNS, MINIMUM, MAXIMUM,
AND RANGE:

2. THE SECOND MUMENT ABOUT THE MEAN, AND THE 3RD AND
4TH MOMENTS RELATIVE TO THE 2ND MCMENT:

3+ COEFFICIENT OF VARIATICN;

4. GEARY®S KURTOSIS TEST STATISTIC:

S HISTOGRAM WITH OBSERVEC AND EXPECTED FREQUENCIES, AND

6+ CHI-SQUARE TEST FOK GOCONESS OF FIT TQO THE NORMAL
DISTRIBUTION.

USAGE
l. A MAXIMUM OF 50 VARIABLES MAY BE USED.
2., THERE IS NO LIMIT ON THE NUMBER OF OBSERVATIONS.

EXAMPLE
CARDS COMMENTS
1 8
$NORMT 1,6 NGRMALITY TESTS WILL BE PERFORMED

ON VARIABLES 1 AND 6.

80
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THIS PROGRAM CONTAINS FOUR TEST STATISTICS WHICH MAY BE USED TO
DECIDE IF THE OBSERVATIONS OF INTEREST ARE NORMALLY DISTRIBUTED.

1« THE RELATIVE THIRD MOMENT ABOUT THE MEAN,
SUML (X{I)-XBAR) ¢31/N

Gll1) = v
[(SUML(X({I)-XBAR)$21/N) ¢(3/2))

IS A MEASURE OF THE SKEWNESS OF THE DISTRIBUTION OF THE QOBSERVATIONS.
FOR A NORMAL DISTRIBUTION G(1) = O, TABLE A.6 IN SNEDECOR AND COCHRAN
{1967) MAY BE USED FOR DECILING IF G(1l) DIFFERS SIGNIFICANTLY FROM 0.

2. THE RELATIVE FOURTH MOMENY ABOUT THE MEAN,
SUMI(X(I)-XBAR)®4]/N

Gl2) = ’
[SUML(X(TI)-XBAR)$#21/N1¢2

IS A MFASURE OF THE KURTOSIS OF THE OISTRIBUTION OF THE OBSERVATVION.
FOR A NORMAL CISTRIBUTION G(2) = 3. WHEN G(2) IS LESS THAN 3, THE
DISTRIBUTION IS SAID TO BE PLATYKURTICs FLATTER THAN THE NORMAL CURVE.
WHEN G(2) IS GREATER THAN 3, THE DISTRIBUTION IS SAID 7O BE
LEPTOXURTIC, MORE PEAKEC THAN THE NORMAL CURVE. TABLE A.6 IN SNEDECOR
AND COCHRAN (1967) MAY BE USED FGR DECIDING IF G(2) OIFFERS
SIGNIFICANTLY FRUM 3.

3, AN ALTERNATE METHGD FCR TESTING KURTOSIS IS GEARY®S TESY
STATISTIC,

{SUMLABSIXUI)~XBAR)]1/N
A= )
SQRTI(SUML (X(I)~-XBAR)I®21)/N]

FOR NORMAL OISTRIBUTIONS, A = 7979, TO CECIDE IF THE OBTAINEO
GEARY®S KURTOSIS STATISTIC DIFFERS SIGNIFICANTLY FROM ,7979, SEE GEARY
(1936).




C. STATISTICAL ROUTINE SPECIFICATION CARDS 82

4e A CHI-SQUARE GOODNESS OF FIV STATISTIC IS USED TO DECIDE IF
THE OBSERVED OISTRIBUTICN FIVS A NORMAL DISTRIBUTION. THE GENERAL
FORMULA IS

SUMI (CBSERVED - EXPECTED)¢2])
CHI-SQUARE = ’
EXPECTED

WITH K-3 DEGREES OF FREEDOMe K IS THE NUMBER OF CLASSES USED IN
CALCULATING CHI-SQUARE, OBSERVED IS THE OBSERVED FREQUENCY OF €EACH
CLASS, AND EXPECTEC IS THE EXPECTED FREQUENCY OF EACH CLASS IF THE
OISTRIBUTION OF THE OBSERVATIONS 1S NORMAL.

REFERENCES

l. SNEDECORy GeWe AND Wo.Ge COCHRAN (1967) STATISTICAL METHOOS. ICWA
STATE UNIV. PRESSy, AMES, IOWA. PP 84-90.

2. GEARY, Ro.C. (1936) BIOMETRIKA, VOL 287 P 295,
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HISTOGRAM

1 8
$HSTGM 11

PARAMETER FIELD (COLUMNS 8-79)
I1 - INPUT VARIABLE

QuTPUT
1. THE MEAN, STANDARD DEVIATION, NUMBER OF OBSERVATIONS,
MINIMUM, MAXIMUM AND RANGE BEFORE AND AFTER SCAL ING
AND THE MEDIAN BEFORE SCALING ARE PRINTED.
2. THE LENGTHS AND MID-POINTS OF THE INTERVALS ARE GIVEN.
3. THE HISTOGRAM IS PLOTTED USING 20 INTERVALS.

USAGE
1. ONLY ONE INPUT VARIABLE MAY BE USEOD.
2. THERE IS A LIMIT OF 1000 CASES.
3. AUTO-SCALING WILL BE USED IF THE $SCALE CARD DOES NOT
PRECEDE THE $HSTGM CARD.
4e REFER TO THE $SCALE DOCUMENTATION FOR MANUALLY
SCALING HISTOGRAMS,

EXAMPLE
CARD COMMENT
1 8
SHSTGM 3 A HISTOGRAM OF VARIABLE 3

WILL BE PLOTTED.
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PLOT ROUTINE

1 8
$PLOT 11,12

PARAMETER FIELD (COLUMNS 8-79)
Il - DEPENDENT VARIABLE (VERTICAL AXIS)

12 - INDEPENDENT VARIABLE (HCRIZCONTAL AXIS)

ouTeutY
A PLOT OF VARIABLE 11 VERSUS VARIABLE [2 IS PRINTED.

USAGE
1. ONLY ONE OEPENDENT AND ONE INDEPENDENT VARIABLE MAY BE USED.
3. OVERLAYING POINTS ARE PLOTTED WITH A § SYMBOL .
4%« AUTO-SCALING IS USED IF THE $SCALE CARD DCES NOT PRECEDE
THE $PLOT CARD,
5. REFER TO THE $SCALE OOCUMENTATION FOR MANUAL SCALING OF
THE AXES.

EXAMPLE
CARD COMMENT
1 8
SPLOT 2,4 DEPENOENT VARIABLE 2 WILL BE

PLOTTED AGAINST INDEPENDENT
VARIABLE 4.

84
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PLOT NORMAL

1 8
SPLOTN 11¢12veecsel50

PARAMETER FIELD (COLUMNS 8-79)
Il - DEPENDENT VARIABLE (VERTICAL AXIS)
12 -

oo INOEPENDENT VARIABLES (HORIZONTAL AXIS)
150 -

ouTPUTY
A PLOT [S MADE OF THE DEPENDENT VARIABLE VERSUS EACH OF THE
INDEPENDENT VARIABLES USING THE SYMBOL —-A- FOR I1 VERSUS 12,
THE SYMBOL -B- FOR 11 VERSUS 13, ETCes» THROUGH THE
COC FORTRAN CHARACTER SET.

USAGE

le A MAXIMUM CF ) DEPENDENT AND 49 INDEPENDENY VARIABLES
MAY BE USED.

2e NC MORE THAN 2500 DATA PCINTS (INCLUDING MISSING DATA)
ARE ALLOWED.

3¢ AUTO-SCALING IS USED IF THE $SCALE CARD DOES NOT PRECEDE
THE SPLOTN CARD.

4o REFER TO THE S$SCALE DOCUMENTATION FOR MANUAL SCALING
JF THE AXES.

EXAMPLES

CARDS COMMENTS

1 8

SPLOTN 4,1,2 PLOT OF DEPENDENY VARIABLE 4
VERSUS INDEPENDENT VARIABLES 1 AND 2

SPLOTN ALL PLOT OF THE 1ST VARIABLE (DEPENDENT)
VERSUS THE REMAINING VARIABLES AS
INDEPENDENT

85
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PLOT INVERTED

1 8
SPLOTI 1191290000150

PARAMETER FIELD (COLUMNS 8-79)
Il - INDEPENDENT VARIABLE (HGRIZONTAL AXIS)
12 -

oo DEPENDENT VARIABLES (VERTICAL AXIS)
150 -

ouTPUT
A PLOT IS MADE OF THE INDEPENDENT VARIABLE VERSUS EACH
OF THE ODEPENDENT VARIABLES USING THE SYMBOL -A- FOR
Il VERSUS 12, THE SYMBOL -B- FCR Il VERSUS I3, ETC.,
THROUGH THE COC FORTRAN CHARACTER SET.

USAGE

le A MAXIMUM OF 1 INDEPENDENT VARIABLE AND 49 DEPENDENT
VARIABLES MAY BE USED.

2. NO MORE THAN 2500 DATA PCINTS (INCLUDING MISSING DATA)
ARE ALLOWED.

3. AUTO-SCALING IS USED IF THE $SCALE CARD DOES NOT PRECEDE
THE $PLOTI CARD.

4e REFER TO THE $SCALE COCUMENTATION FOR MANUAL SCALING
OF THE AXES.

Se THE PLOT SHOULD BE ROTATED 90 DEGREES CCUNTERCLOCKWISE
FOR PROPER AL IGNMENT OF THE AXES.

EXAMPLES

CARDS COMMENTS

1 8

$PLOTI T7s144 PLOT CF INDEPENDENT VARIABLE 7
VERSUS DEPENDENT VARIABLES 1 AND 4

$PLOTI ALL PLOT OF THE 1ST VARIABLE (INDEPENDENT)
VERSUS THE REMAINIG VARIABLES AS
DEPENDENT
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F-DISTRIBUTION

1 S
SFOISTY I1,12,13

PARAMETER FIELD (CULUMNS 8-79)
Il - VARIABLE CONTAINING THE NUMERATOR DEGREES OF FREEDOM - R}
12 - VARIABLE CONTAINING THE DENOMINATOR DEGREES OF FREEOOM - R2
13 - VARIABLE CCNTAINING THE F-STATISTIC

ouTPUT
THE PROBABILITY QF FINDING A RANDGM VALUE QF -F-4 WITH

Rl AND R2 DZGREES OF FREEDUM, GREATER THAN THE INPUT
F-VALUE IS PRINTED AS THE LEVEL SIGNIFICANCE.

EXAMPLE
CARD COMMENTS
1 8
S$FOIST 347,49 Rl 1S IN VARIABLE 3,

R2 IS IN VARIABLE 7.
THE F-STATISTIC IS IN VARIABLE 9.
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CHI-SQUARE DISTRIBUTION

1 8
$COIST 11,12

PARAMETER FIELD (CCLUMNS 8-79)
Il - VARIABLE CONTAINING THE DEGREES OF FREEDOM

I2 - VARIABLE CONTAINING THE CHI-SQUARE STATISTIC

OUTPUT
THE PROBABILITY OF FINDING A RANDOM VALUE OF CHI-SQUARE,
WITH THE GIVEN DEGREES OF FREEDOMy GREATER THAN THE
INPUT CHI-SQUARE IS PRINTED AS THE LEVEL OF SIGNIFICANCE.

EXAMPLE
CARD COMMENT
1 8
$CDIST 446 THE DEGREES OF FREEDCM ARE IN VARIABLE 4.

THE CHI-SQUARE STATISTIC IS IN VARIABLE 6.
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T-O1STRIBUTION

1 8
$TOIST 11,12

PARAMETER FIELD (CCLUMNS 8-79)
I1 -~ VARIABLE CONTAINING THE DEGREES OF FREEDGM

12 ~ VARIABLE CONTAINING THE T-STATISTIC

OUTPUT
TWICE THE PROBABILITY OF FINDING A RANDCM VALUE OF ~T-,
WITH THE GIVEN DEGREES OF FREEDOM, GREATER THAN THE
ABSOLUTE VALUE OF THE INPUT T VALUE IS PRINTED AS THE
LEVEL OF SIGNIFICANCE.

EXAMPLE
CARD COMMENT
1 8
$TOIST 1,2 DEGREES OF FREEDCM ARE IN VARIABLE 1.

T~-VALUE IS IN VARIABLE 2.

89
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WILCOXON®S RANK SUM AND SIGNED RANKS DISTRIBUTIONS

1 8
SRSOST 11,1213,

PARAMETER FIELD (COLUMNS 8-79)
Il - VARIABLE CONTAINING THE NUMBER OF OBSERVATIONS -M-
OF THE FIRST VARIABLE (X)
[2 - VARIABLE CONTAINING THE NUMBER OF CBSERVATIGNS -N-
OF THE SECOND VARIABLE (Y)
I3 - VARIABLE CONTAINING WILCOXON®S RANK SUM OR SIGNED
RANKS STATISTIC

ouTPUT
LEVEL OF SIGNIFICANCE OF THE INPUT WILCOXON®S RANK SUM
OR SIGNED RANKS STATISTIC. IS PRINTED.

USAGE
le WHEN INPUTTING THE WILCOXON®S SIGNED RANKS STATISTIC,
SET M=0 AND N SHOULD BE THE NUMBER OF CIFFERENCES.
2« THIS ROUTINE 1S LIMITED TO M+Ns<30.

EXAMPLE
CARD COMMENT
1 8
$RSOST 35446 ¥ IS IN VARIABLE 3.

N IS IN VARIABLE 4.
THE WILCOXON STATISTIC IS IN VARIABLE 6.

e S S L e it N il u...J
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JOB CARD

FETCHPS (GRASZ,GRAZZ ,GRASS)
GRAZZ.

7/8/9

$TITLE EXAMPLE 1 - HYPOTHETICAL RESEARCH STUDY
$DATA 4,6,)
$FORMAT(F2.0,F5.0,F4.1,F4.0)
20 10.0 989 123

18 15.8 987 147

35 8.8 991 109

24 8.0 986 118

41 12.5 994 131

43 12.8 997 135

$BSTAT ALL

$CORR ALL

$RNKCR ALL

$MREG  2,1,3,4

$END

6/7/8/9

FIGURE 2
DECK SETUP
EXAMPLE 1

92 3
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JOB CARD :
FETCHPS( GRASZ ,GRAZZ ,GRASS)
GRAZZ.
7/8/9
STITLE EXAMPLE 2, ANALYSIS OF HEART RATE DATA
SCHT  EXAMPLE2
$CMT  VARIABLE 1 IS HEIGHT
SCMT  VARIABLE 2 IS WEIGHT
3CMT  VARIABLE 3 IS AGE
SCMT  VARIABLE 4 IS HEART RATE
SDATA 4,8,1
$FORMAT(F2.0,1X,3F3.0)
65 150 22 70
69 160 23 76
70 169 25 79
71 167 27 82
72 170 29 83
73 175 24 a7
74 180 23 89
75 180 21 72
; SBSTAT ALL
y $CORR ALL
! $TITLE (EXAMPLE 2) HEART RATE IS 4, WEIGHT IS 2 :
3LSQR 4,2 ]
; SPLOT 4,2
) STITLE HEART RATE IS 4, HEIGHT IS 1
$POLRG 4,1,3
STITLE DEPENDENT-WEIGHT INDEPENDENT-HEIGHT AND AGE
SSWREG 2,1,3
$PLOTN 2,1,3
SEND
6/7/8/9

DECK SETUP

FIGURE 16
EXAMPLE 2 ]

G
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(EXAMPLE 2)HEART RATE IS 4, WCIGHT IS 2 ««=PLOT RUUTINE--- 05 DEC 74

89.0000. ..+
87.1000...+
+

85.2000...

~
o
.
.§
.
.

~
~
.§
.
.
.

75.7@0...;

.
.
.
.
+
.
.
.
.
+
.
.
.
.
H

70.0000

i . 0000 156.0000 162. 0000 16b. 0000 174.0000 160. 0000

VAR. 4 VERSUS VAR, 2

PR MRS

vesssceesPecassesseteciosceseterascarscPeriiescecternccoicitiiriiernctiriicrssetersiccnnitiiiiioest

153.0000 159.0000 165.0000 171.0000 177.0000

FIGURE 23
COHPUTER QUTPUT
EXAMPLE 2
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DEPENDENT -WEIGHT INDEPENDENT-HEIGH AND AGE ««=PLOTN ROUTINE---
VARIABLE 2 VS VARIABLES 1, 3,

lm.m...’l....--.-’n.n..-.00........0.........’....-..-.0-........*...-.....".........*......‘..4‘.-.......0

21.0000 31.8000 42.6000 63.4000 ' 64.2000 75.0000
26.4000 37.2000 48,0000 §6.8000 69,6000

FIGURE 29
COMPUTER OUTPUT
EXMAMPLL 2
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JOB CARD
FETCHPSAGRASZ ,GRAZZ ,GRASS)
GRAZZ.

7/8/9

$TITLE EXAMPLE 3 - ANALYSIS OF ACTIVITY OF TEST ANIMALS ON THREE DIETS
$CMT  EXAMPLE 3
$CMT  VARIABLE 1 IS DIET 1
$CMT  VARIABLE 2 IS DIET 2
$CMT  VARIABLE 3 IS DIET 3
$DATA 3,8,1

$FORMAT(3F3.0)

14 12 19

15 16 17

14 12 19

17 13 17

16 17 18

18 14 19

19 13 16

15 16 17
$ANOVA ALL
$SNKMRT ALL
$KRUWC ALL
$END
6/7/8/9

FIGURE 30
DECK SETUP
EXAMPLE 3
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JOB CARD
FETCHPS (GRASZ,GRAZZ,GRASS)
GRAZZ.
7/8/9

STITLE EXAMPLE 4, TWO STUDIES INVOLVING ACTIVITY OF SUBJECTS ON 2 DIETS

$CMT
SCMT
SCMT
SCMT
SCMT

SDATA
SFORMAT (4F3.0)

15
17
10
19
12
13
16

13
19
15
17
16
15
18

EXAMPLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
4,9,1

13 15
15 19
14 13
10 20
12 17
17 16
17 15
18 18
15

IBSTAT ALL

$TIT
SPTS

LE
T

STITLE

3SNR

NK

$TITLE
$NTST

STITLE
$RNKSM

SEND

6/7/8/9

(EXAMPLE
1,2
(EXAMPLE
1,2
(EXAMPLE
3,4
(EXAMPLE
3,4

4
1 IS CONTROL DIET STUDY 1
2 IS ENRICHED DIET STuDY 1
3 IS CONTROL DIET STuDY 2
4 IS ENRICHED DIET STUDY 2

4) PAIRED T-TEST FOR STUDY 1 DATA

4) WILCOXON#S SIGNED RANK TEST FOR STUDY 1 DATA
4) NON-PAIRED T-TEST FOR STUDY 2 DATA

4) WILCOXON#S RANK SUM TEST FOR STUDY 2 DATA

FIGURE 38
DECK SETUP
EXAMPLE 4
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JOB CARD
FETCHPS (GRASZ,GRAZZ,GRASS)
GRAZZ.

7/8/9
STITLE EXAMPLE S5A,USING $TRANS FUNCTIONS AND ARITHMETIC FUNCTIONS
$DATA 2,41

$TRANS X(3)=SIN(X(1))

$TRANS X(4)=ASIN(X(3))

$TRANS X(5)=L0G(X(2))

STRANS  X(6)=10*(X(1)42+x(5))

$FORMAT(2F5.0)
0 15
87 25
1.239 30
1.501 90

STITLE EXAMPLE  5B,USING $TRANS IF-THEN-ELSE STATEMENTS

$CMT  THE FIRST 3$TRANS STATEMENTS SHOW HOW TO RECODE BLAWK DATA
$DATA 3,9,]

$TRANS IF X(3)=0 THEN IF LOGICAL (X(3))=1 THEN X(4)=2

$TRANS ELSE X(4)=x(3)

$TRANS ELSE X(4)=x(3)

$TRANS IF X(1)=2 THEN X(5)=X(4)4$2 ELSE X(5)=x(2)+X(1)

SFORMAT(3F5.0)

0 0 1

1 ]

2 1

3 2 4

4 2 5

5 3 6
3 7
4 8
b 9

STITLE EXAMPLE 5C, USING $TRANS TRANSPOSE AND $ADD
$DATA 6,2,]
$FORMAT (6F2.0)

123

456789
$TRANS TRANSPOSE
SEXECU
$ADD  1,2,3
SEND
6/7/8/9

FIGURE 48
DECK SETUP
EXAMPLE 5
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