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1.1 GRASS
INTRODUCT ION

1.1 INTROOUCTION

NEARLY EVERY INVESTIGATOR HAS A NEED, AT ONE TINE OR ANOTHER , FOR
STATISTICAL COMPUTATIONS. HE MAY USE A SMALL DESK CALCULATOR TO
COMPUTE ME ANS AND STANDARD DEVIATIONS FOR EACH OF HIS VARIABLES.
HOWEVER, AS THE COMPLEX ITY 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 CALCULAT IONS. IN ADDITION, IT DiSTRACTS THE
RESEARCHER AND/OR HIS TECII4IC IANS FROM LABORATOR Y WORK AND PERHAPS
FROM A MORE COMPREHENSIVE ANALYSIS OF THE DATA. 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 SPECIFICATION S OF SUCH A SYSTEM. SINCE MOST BiOMEDICAL
RESEARC HERS ARE NOT READILY CONVERSANT WITH COMPUTER SYSTEMS, NOR DO
THEY GENERALLY HAVE THE TIME TO OEVOTE TOWARDS BECOMiNG SO. IN
THEORY , ALL A RESEARC IIER SHOULD HAVE TO 00 IS TO WRITE HIS DATA ON A
STANDARD FORM IN AN ORGANIZED MANNER, SPECIFY THE STATISTICS HE
DESIRES, AND SUBMIT HIS PROBLEM TO A CENTRAL FACILiTY. ALL HIS
COMPUTATIONS WOULD THEN BE HANDLED BY AN AUTOMATED SYSTEM.

A GENERALIZED RESEARCH ANALYSIS STATISTICAl. SYSTEM, GRASS, HAS
BEEN WRITTEN BY THE DEPAR TMENT OF INFORMATION SCIENCES TO PROVIDE THIS
SUPPORT TO LABORATORY INVESTIGA TORS. GRASS HAS THE CAPABILITY TO
COMPUTE A VARIETY CF DESCRIPTIVE STATISTICS, TO PERFORM MANY
PARAMETRIC AND NON—PARAMETR IC STATISTICAL TESTS, AND TO PRODUCE PLOTS
AND HISTOGRAMS. THE DESCRIPTIVE STATiSTICS INCLUDE MEANS, MEDIANS,
STANDARD DEVIATIONS, STANDARD ERRORS OF THE MEAN, MINIMA, MAXIMA,
RANGES, PEARSON CORRELATION COEFFICIENTS AND KENDALL~ S RANK
cOaRELArIoN COEFFICIENTS. THE STATISTICAL TESTS INCLUDE PAIRED AND
MUM— PA IRED T—TESTS , hILCOXONt S RANK SUM AND SIGNED RANKS TESTS,
GENERAL ONE—WAY ANALYSIS OF VARIANCE, DUNCANtS NEW MULTIPLE RANGE
TEST, NEWMAN—K EULeS RANGE TEST, KRUSKAL—WALL IS TEST, MULTIPLE
COMPAR ISONS BASED ON THE KRUSKAL—WALL TS STATISTIC, CPU—SQUARE TESTS,
TESTS OF SIGNIFICANCE OF KENDALL$S CORRELATI ON COEFFICIENT , TESTS OF —

SI GNIFICANCE OF SIMPLE LINEAR, MULTIPLE, STEP—WISE, AND/OR POLYNOMIAL
REGRESSIONS, AND NORMAL ITY TESTS.

GRASS ALSO HAS A VARiETY OF DATA TRANSFORMATION AND DA TA
MANIPULATION CAPABILITIES (I.E., NEW VARIABLES CAN BE CREATED AS
FUNCTION S OF EXISTING VAR iA BLES OR EXISTING VARIABLES CAN BE
REWRITTEN).

ALL THAT IS R~ QUIREO OF THE INVESTIGATOR IS TO PREPARE A PUNCHED
CARD DECK WHICH CONSISTS OF THE EXPERIMENTAL DATA TO BE ANALYZED AND A
LIST OF THE ANALYSES TO SE PERFORMED. FOR USER CONVEN IENCE, 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
VAR IETY OF OUTPUT STORAGE FACILITIES. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1.1 GRASS 2
INTRODUCTION

PREPARATION OF THE PUNCh ED CARD DECK

PREPARATION OF THE EXP Ek IMENTAL DATA FOR ANALYSIS BY THE GRASS
PROGRAM REQUIRES THAT A DECK OF PUNCHED CARDS SE ASSEMBLED. A PUNCHED
CARD IS A SPEC IAL PURPOSE CARD WHICH CAN BE READ BY A DIGITAL COMPUTER
SYSTEM . IT HAS 83 SEQUENTIALLY NUMBERED CONTIGUOUS COLUMNS. DATA
WITH ONE CHARACTER PER COLUMN IS PUNCHED ONTO THESE CAR DS. INPUT DATA
ARE PUNC HED EITHER IN FIXED OR FORMAT—FREE DATA FIELDS. A DATA FIELD
IS ONE OP MORE CONTIGUOUS COLUMNS ON A SINGLE CARD WHICH ARE ASSIGNED
TO 4 VAR IABLE.

THE GRASS DECK IS ASSEMBLED USING THREE TYPES OF CARDS — SYSTEM
CONTROL CARDS, GRASS CONTROL CARDS, AND EXPERIME NTAL DATA CARDS.
THESE CARDS MUST Bt IN A SPECIFIC SEQUENCE FOR THE GRASS PROGRAM TO
WORK PROPERLY. THE SYSTEM CONTROL CAR DS ARE REQUIRED BY ALL JOBS.

THE SYSTEM CONTROL CARDS FOR THE COG 7600 SKY OPERATING SYSTEM,
(MODIFIED SCOPEP, NECESSARY FOR PROCESSING A GRASS RUN WHEN
EXPERIMENTAL OATA IS INPUT VIA CARDS ARE LiSTED IN APPENDIX A.
APPENDIX A ALSO CONTAINS EXAMPLES OF THE SYSTEM CARDS TO USE WHEN THE
IN PUT DEVICE IS OTF’EP THAN CARDS. SINC E THE EXAMPLES GIVEN APPLY ONLY
TO THE COG 7600 SKY OPERATING SYSTEM, THE USER SHOULD CONSULT A LOCAL
COMPUTER SPECIALiST CONCERNING THE APPROPRIATE SYSTEM CARDS TO USE FOR
A P~ RTICULAR MACHINE.

--



1.2 GRASS 3
PREPARATION OF THE EXPERIMENTAL DATA CARDS

1.2 PREPARATION OF THE EXPERIMENTAL DATA CARDS

THE FINAL FOR M OF THE INPUT DATA MAY BE REPRESENTED SCHEMATICALLY
AS

VARIABLES
Xli) X (2) X(31.........XIN)

CASES *—— - --—-- -— —  —s
1 * Xli XI~2 X13....... ...XiN •

a a
2 a X21 X22 x23... .......X2N a

a a
3 * X31 X32 X33......... .X3N *
. a . . . . a
. * . . . S

. a . . . . a

. a • . . . a
N a XMl XM2 XN3....... ...XNN a

a——— -——— --- -

WHERE Xii THROUGH X1N ARE ALL THE VALUES FOR THE FIRST CASE,
(SUBJECT), AND THERE ARE N CASES. A CASE MAY BE PUNCHED ON AS MANY
CARDS AS NECESSARY, BUT FOR FIXED FORMAT DATA A VALUE FOR A PARTICULAR
VAR IABLE MUST BE IN THE SAME LOCAT ION FROM CASE TO CASE. THAT IS IF
EACH CASE REQUIRED 2 CARDS AND THE FIRST CASEtS WEIGHT ~AS IN COLUMNS
1— 4 OF THE FIRST CARD AND THE FIRST CASEtS HEIGHT WAS IN COLUMNS 10—13
OF THE SECOND CARD, ALL SUBSEQUENT CASES MUST HA VE WEIGHT PUNCHED IN
COLUMNS 1—4 OF A CASEtS FIRST CARD AND HEIGHT PUNCHED IN COLUMNS 10—13
OF A ~.4SEf S SECOND CARD. FOR FORMAT—FREE INPUT DATA, VARIABLES MUST
BE IN THE SAME ORDER FROM CASE TO CASE.

THE REST OF THE DISCUSSION IN THIS SECTION APPLIES TO DATA SET UP
IN FI XED FORMAT. FOR SETTING UP FORMAT FREE DAT A SEE THE DISCUSSION
OF THE SFMFREE CARD IN APPENDIX B.

TO PREPARE THE EXPERIMENTAL DATA CARDS IN THE GENERAL FORM ABOVE ,
SIX STEPS ARE NECESSARY. THESE STEPS MUST BE FOLLOWED CAREFULLY IF
THE DESIRED RESULTS ARE TO BE ATTAINED. THE STEPS ARE?

1. SEQUENTIALLY NUMBER EACH VARIABLE.

2. DETERMINE THE MA XIMUM FIELD WIDTH , NUMBER OF CHARACTERS OF
EACH VARIABL E . THIS WILL BE THE MINIMUM DATA FIELD
SPECIFICAT ION.

3. LAYOUT THE DATA FIELDS FOR EACH VARIABL E ON STANDARD 80
COLUMN DATA SHEETS.

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

5. TABULAT E THE RAW DATA IN THE APPROPRIATE DATA FIELD ON THE
80 COLUMN DATA SHEETS. 

~--~~~~~~~~~~~~~ -.- 



1.2 GRASS 4
PREPARATION OF THE EXPERIMENTAL DATA CARDS

6. DESCRIBE THE LAYOUT OF THE DATA FIELDS IN A FORMAT
STATE MENT.

I~. SEQUENTIALLY NUMBER EACH VARIABLE.

EAC H OF THE VAR IABL ES IN THE STUDY MUST BE NUMBERED SEQUENTIALLY.
THE VA RIABL E NLJMdER sULL BE USED TO IDENTIFY THE VARIABLE IN THE GRASS
PROGRAM.

2. DETERMINE THE MINIMUM FIELD WIDTH FOR EACH VARIABLE.

THE TOTAL NUMdER OF CHARACTERS NECESSARY FOR A NUMERICAL
OBSERVAT ION INCLUDES THE DIGITS, THE DEC IMAL POINT, THE ALGEBRAIC
SIGN, AND WHEN NECESSARY AN INDICATOR W HICH SPECIFIES THE EXPONENT OF
BASE TEN BY WHICH THE DECIMAL DIGITS ARE TO BE MULTIPLIED. IF NO SIGN
IS PUNCHED THE SYSTEM W ILL ASSUME THE NUMBER IS POSITIVE. THE DECIMAL
POINT MAY BE IMPLIE D THROUGH THE USE OF A FORMAT STATEMENT , AS WILL SE
DaSCRI8ED LATER. THE MINIMUM FIELD WIDTH MUST ALLO~4 FOR ALL CHARACTERS
WHICH ARE NEEDED TO DESCRIBE A VARIABLE FOR ALL THE CAS ES. A FIELD
WIDTH GREATER THAN THE MINIMUM MAY BE USED. UNUSED CHARACTERS MUST BE
BLA NKS OR ZEROES. USUALLY BLANKS PRECEDE THE FIRST CHARACTER OF A
NU MBER AND ZEROES A R E USED AFTER THE FIRST CHAR A CT ER HAS BEEN
INDICATED. AN ENTIRE FIELD WHICH IS LEFT BLANK IS CONSIDERED A
MISSING DATA POINT BY THE GRA SS SYSTEM. A FIELD IN WHICH THE 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 OBTAIN STANDARD 80 COLUMN DATA SHEETS FROM THE
DEPA RTME NT OF INFORMATION SCIENCES. OTHER USERS SHOULD CONTACT THEIR
L)CAL COMPUTER FACILITY TO OBTAIN THESE FORMS. EACH COLUMN ON A SHEET
CJRRESPJNDS TO A COLUMN ON AN 80 COLUMN TIOLLERITFi CARD. A KEYPUNCH
OPERATOR WORKS DIRECTLY FROM THE CODING SHEETS IN PREPARING THE
PUNCHED CARD DECK. THE DATA SHEET IS DIVIDED INTO DATA FIELDS WITH
ONE FIELD FOR EACH VARIABLE. DATA FIELDS MAY BE SEPAR AT ED BY BLANK
FIELDS. FOR CLARIFICATION , 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 ADE QUATELY 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 15 IMPLIED IN
THE FORMAT STATEMENT.

PUNCHING OF A DECIMAL POINT IS OPTIONAL BECAUSE A FORMAT
STATEME NT DESCRIBES EACH DATA FIELD IN DETAIL INCLUDiNG THE LOCATION
OF THE DECIMAL POINT. THE NUMBER 3.1416 COULD BE ENTERED ON THE DATA
SHEET AS 31416 AND COUL D BE READ BY THE GRASS PROGRAM AS 3.1416 IF SO
SPECIFIED IN THE FORMAT STATEMENT. WHEN DEC IMAL POINTS ARE NOT
PUNCHED, DATA MUST BE ALIGNED IN THE DATA FEILD SO THAT THE FIRST
DIGIT FOLLOWING THE IMPLIED DECIMAL POSITION IS ALWAYS ENTERED IN THE
SA ME COLUMN OF THE FIELD.
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1.2 GRASS 5
PREPARAT ION OF THE EXPERIMENTAL DATA CARDS

5. TABULATE THE RAW DATA IN APPROPRiATE FIELDS.

ENTER ALL DATA FOR ONE CASE ON A HOR IZONT AL LINE ON ONE OR MORE
DATA SIEETS WHICH HAVE BEEN PREPARED. SUCCESSIVE CASES ARE ENTERED ON
SUBSEQUE NT LIMES IN T ABULAR 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 FORMAT STATEMENT

rHE FORMAT STATEMENT IS A DESCR I PTION OF THE WAY IN WHICH THE
DA TA SHEETS ARE LAID OUT AND CONSEQUENTLY, THE WAY IN WHICH THE DATA
W ILL A~ PEAR ON PUNCHED CARDS. THE GRAS S FORMAT STATEMENT BEGINS WITH
A DOLLAR SIGN, B, IN COLUMN 1. FOLLOWED BY THE WORD FORMAT IN COLUMNS
2—7 . FOLLOWING THIS IS A STANDARD FORTRAN IV FORMAT STATEMENT. THE
SPECIFICATIONS WHICH MAY BE USED ARE F, E, ANO/OR X. NUMER LGAL DATA
MAY BE OF EITHER F OR E TYPE. F OR E TYPE DATA ARE READ US ING F OR I
TYPE SPcCIFICATIONS RESPECTIVELY. BOTH TYPES OF DATA CONSIST OF ONE
OR MORE DIGITS WITH A SiNGL E DECIMAL PCINT AND A SIGN. AN E TYPE
NUMBER DIFFERS FROM AN F TYPE NUMBER IN THAT IT ALSO HAS AN EXPONENT
FOLLOWING THE DIGiTS. THE EXPON ENT IS THE LETTER —E— FOLLOWED BY AN
OPTIONAL SIGN POSITION FOLLOwED BY CNE OR TWO DIGITS. THE MEANING OF
THE EXPONENT IS THAT THE PRECEDING NUMBER IS TO BE MULT IPLIED BY TEN
RAISED TO THE POWER GIVEN BY THE SIGN AND THE FOLLOWING DIGIsS, (I.E.
2.5E1Oz2.5 TIMES 10 TO THE 10TH POWER). SOME EXAMPLES OF F AND I TYPE
NUMBERS AND THE NUMERICAL VALUES THEY REPRESENT ARE

NUMERIC E TYPE F TYPE
VALUE

200 2.00E02 200.0
—10.5 —1.05E01 —10.5
.0033 3.3E—03 .0033

TIlE GENERAL FORM OF AN F OR E TYPE SPECIFICATION IS NCW.D WHERE
N — NUMBER OF SUCCESSIVE REPETITIONS OF THIS FiELD
C — TYPE OF SPECIFICATION, F OR I
W — AN INTEGER SPECIFYING THE WIDTH OF THE FIELD

INCLUDING DECIMAL POINT (IF ANY ) AND SIGN (LF ANY)
D — NUMBER OF DECIMAL PLACES UNDERSTOOD TO BE IN THE FIELD.

SOME EXAMPLES ARE —

NUMERIC INPUT SPECIFICATION
VA LUE DATA

22.5 22.5 F4.1
999.9 9999 F4.1
99.99 9999 F4.2
9.999 9999 F4.3

— .00001 —i.OE—05 E8.1
155.7 1.557E02 E8.3
1000 1O.00E02 E8.2
- p  —

IT CAM BE SEEN IN THE ABOVE THAT —W— , THE WIDTH OF THE FIELD INCLUDES 



1.2 GRASS 6
PREPAR AT ION OF THE EXPERIMENTAL DATA CARDS

THE DECIMAL POINT ANO SIGN IF THESE ARE PRESENT. FURTHER BY CHOOSING
AN APPROPRIATE VALUE FOR —0— , THE DECIMAL POINT CAN BE IMPLIED WHEN
USING F TYPE NUMBERS. A DECIMAL POINT iS USUALLY PUNCHED WHEN THE RAW
DATA iS OF THE I TYPE. A USEFUL RULE TO REMEMBER IS THAT A PUNCHED
DEC IMAL POINT OVERRIDES THE —0— CHARACTER SPECIFIED IN THE FORMAT.
THUS IF THE NUMBER 22.5 IS PUNCHED, ANY OF THE FORMATS P4.4, F4.3,
P4.2, P4.1, OR P4.0 WOULD CAUSE THE VALUE 22.5 TO BE READ.

THE X SPECIFICAT ION IS USED TO SKIP OVER BLANKS OR NUMERIC DATA
THE GENERAL FORM OF THE * SPECIFICAT ION IS NX WHERE N REPRESENTS THE
NUMBER OF COLUMNS TO BE SK IPPED. THUS LOX WOULD CAUSE 10 COLUMNS TO
BE SKIPPED.

ELEMENTS OF A FORMAT STATEMENT ARE SEPARATED BY COMMAS. IF THE
VARIA BLES FOR A CASE ARE PUNCHED ON MORE THAN ONE CARD, A SLASH, (I),
INDICATES THAT A NEW CARD iS TO BE READ. SINCE THE FORMATS FOR ALL
CASES ARE IDENTICAL, ONLY ONE $ FORMAT CARD IS USED. THE GRASS PROGRAM
WILL RE AD AS MANY CASES AS ARE SPECIFIED ON THE SDATA CARD.

EXAMPLES OF GRASS FORMA T STAT EME NTS

1. IN A HYPOTHETICAL STUDY, 4 VAR IABLES ARE MEASURED. THE VALUES
FOR THE FIRST CASE ARE 35.5, 799, 81000, AND 2. THESE MIGHT BE
PUNCH~ O ON CARDS AS

1 1 1 1 1 1 1 1 1 2 2  8
COL UMN 1 2 3 4 5 6 7 1 9 0  1 2 3 4 5 6 7 8 9 0 — - O

VALUES 3 5 5  7 9 9 8 1 0 0 0 2

USING THE F AND X SPECIF iCAT iONS THIS DATA CCULO BE READ US ING THE
FORMAT STATEMENT

$FQRMAT (2X,F3 .1,2X,F3.O,F5.O,4X,F1.O).

IF WE CONSIDER HOWEVER THAT ALL NUMBERS ARE IN FIELDS CF 5, (THE FIRST

~NO SECOND NUMBER HAVE 2 L EADING BLANKS, AND THE FOURTH NUMBER HAS 4
LE AD ING BLANKS), WE SEE THAT THE INPUT DAT A COULD BE READ WITH THE
FORM AT STATEMEN T

SFORNAT(F 5. 1,F5.0,F5.0,F5.O).

THIS FORMAT STATEMENT COUL D BE FURTHER CONTRACTED. NOTE THAT THE LAST
THREE ELEMENTS ARE F5.0. THESE CAN BE COMBINED AS 3F5.0 (THREE
SUCC ES IVE FIcL OS IN F~~.O FORMAT ARE TO BE READ). THUS THE FORMAT
STATE MENT COULD BE XEW R ITTE N AS

SFORNAT (F5. 1,3F5.O).

THIS IS A MUCH SHORTER FOPH THAN THE FIRST FORMAT STATEMENT BUT
CONTAINS THE SAME LNFORMAT I(JN AND WILL RESUL T IN THE SAME NUMBERS,
35.5, 199, 81000 AND 2 BEING READ.

2. A HYPO THETICAL 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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1.2 GRASS 7

~REPARAT 1ON OF THE EXPER IMENTAL DATA CARDS

THESE VALUES MIGHT BE ARKANGED AND PUNCHED AS

1 1 1 1 1 1 1 1 1 1 22 2 2 2 2  8
COLUMN 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 45 — 0

. 2 1 1  . 3 3 3  2 1 0 0  5 7 8  1 0 0

THE READER SHOULD CONVINCE HIMSELF THAT ANY OF THE FOLLOWING FORMAT
STATEMENTS WILL RESUL T IN THE VALUES .211, .333, 2100, 57.8, AND 100
BEING READ.

SFORMAT (1X,F4.3,jX,F4.3, IX,F4.0,2X,F3.1,2X,F3.0)
$FORMAT ( 2(IX,F4.3) ,IX,F4.O,2X,F3.1,2X,F3.0)
$FORMA T(F5.3,FS.3,F5.0,F5.J ,F5.0)
SFORMAT (2F5. 3, F5.O,F5.3,F5.0)
SFORMAT (F5.0,F5.0,F5.O,F5. 1,F5.0)
SFORMAT I3F5.O,F5.1,F5.O)

_ _ _ _ _ _  ________________ _ _ _ _ _  
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GRASS CONTROL CARDS

1.3 GRASS CONTROL CARDS

OVERVIEW

THERE ARE THREE TYPES OF GRASS CONTROL CARDS — INFORMATION
CONTROL CARDS, STATISTICAL ROUTINE SPECIFICATION CARDS , AND DATA
TRANSFOR MATION 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 TRANSFORMAT IONS AND MANIPULATIONS THE USER DESIRES TO
PERFORM ON THE DATA.

ALL GRASS CONTROL CAR(JS HAVE A OCLLAR SIGN, B, PUNCHEI) IN COLUMN
1, FOLLOWED BY A GRASS CONTROL WORD PUNCHED IN COLUMNS 2 THROUGH 7,
FOLL OWED 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 FIELD HAS TO BE CONTINUED ON SUBSEQUENT CARDS, THE
LETTER —C— MUST BE PUNCHED IN COLUMN 80 OF THE CURRENT CARD.

2) WHEN A CONT INUATION CARD IS NECESSARY THE CAR D LABEL, CONTROL WORD.
MUST NOT BE INCLUDED ON THE CONTINUATION CARD.

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

- - - - - —- ~~~~~_s~~~V__ _ _ _ - —- ‘- - --- V --V ~~~~~~~~~~~~~~~~~~ S ~l~-
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INFORMATION CONTROL CARDS

THE FOLLOWING IS AN INDEX OF GRASS INFORMAT ION CONTROL CARDS.
THESE CARDS AR E  DESCRIBED IN DETAIL IN APPENDIX B.

STITL E A TITLE OF THE USEMS CHOICE IS PUNCHED iN THE PARAMETER
FIELD. THIS TITLE APPEARS AT THE TOP OF EACH PAGE OF
OUTPUT, UNTIL ANOTHE R ST1TLE CARO IS USED.

SOATA THE PARAMETER FIELD INCLUDES THE NUMBER OF VARIABLES,
NUMBER OF UBSERVATIONS, AND AN INDICATION OF WHETHER THE
INPUT CATA IS TO BE PRINTED IN THE OUTPUT.

IFORNAT THE PARAMETER FIELD IS A FORTRAN FORMAT STATEMENT IN WHICH
V F, I, CR X TYPE SPECIFICATIONS MAY BE USED TO READ INPUT

DATA WHICH ARE PUNCHED OR WRITTEN IN FIXED FORMAT.

SFNFREE THERE IS NO PARAMETER FIELD. DATA PUNCHED IN A
FORMAT—FREE MANNER , (EAC H VALUE HAS THE DECIMAL POINT
PUNCHEC AND VALUES ARE SEPARATED BY BLANK OR COMMAS), WILL
BE READ.

SWRITE THE PARA METER FIELD INCLUDES A SPECIFICATION OF WHICH
VARIABLES A RE TO BE WRITTEN.

SF111 THE PARA METER FIELD IS A 1 THROUGH 1 CHARACTER NAME. IF
p SF [LE IS USED AFTER THE SOATA CARD, THE FORMATTED INPUT

DATA WILL BE READ FROM THE FILE NAMED IN THE PARAMETER
FIELD. IF THE $FILE CA RD IS USED AFTER THE $WRITE CARD,
THE VAR IABLES SPECIFiED ON THE SWRITE CARD WILL BE WRITTEN
TO THE FILE NAMED OR 10 BCDOUT IF THE PARAMETER FIELD ON
THE SFZLE CARD IS LEFT BLANK . A $FORMAT CARD MUST FOLLOW
THE $FILE CARD. THE SFILE CARD IS NCT USED W H E N  INPUT
DATA IS ON CAR DS.

SF1118 THE PARAMETER FIELD INCLUDES A I THROUGH 7 CHARACTER NAME.
IF USED AFTER THE $DATA CARD, TH E NON—FORMATTED INPUT DATA
W ILL BE READ FROM THE FILE NAMED. IF USED AFTER THE
$WR ITE CARD, THE VARIABLES SPECIFIED ON THE SWR ITE CARD
WILL BE WRITTEN IN NON—FORMATTED, (BINARY), FORM TO THE
F ILE NAMED. NO SFORMAT CAR D SHOULD FOLLOW THE SF1118
CARD. THE SF!LEB CARD IS NOT USED WHEN THE INPUT DATA IS
ON CARDS IN NON—FORMATTED FORM.

$CMT THE PARAMETER FIELD INCLUDES ANY COMMENT THE USER WISHES
TO MAKE. THE COMMENT (S) WILL BE PRINTED ZN THE OUTPUT.

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

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

1*00 THE PARAMETER FIELD SPECIFIES TWO VARIABLES WHICH ARE TO
BE COMBINED AND A THIRD VARIABLE WHICH WILL CONTAiN THE
COMBINED VAR IABLES.

- - -
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SENO THIS IS THE LAST IRASS CONTROL CARD OF EVERY DECK.

STITLE,SDATA AND SEND ARE REQUIRED ON ALL GRASS RUNS.
CONDITIONAL CARDS ARE AS FOLLOt~S——

1) SFORMAT MUST BE USED WHEN INPUT DATA IS ON CARDS IN FORMATTED FORM
OR WHEN THE $FILE CARD IS USED.

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

3) $FMFREE MUST SE USED WHEN INPUT DATA IS ON CARDS IN NON—FORMATTED
FORM .

4) SFILES MUST BE USEC WHEN INPUT DATA IS IN NON—FORMATTED, BINARY,
• FORM ON A SOURCE OTHER THAN CARDS. ALL OTHER INFORMATIGN CCNTROL
• CARDS ARE OPTIONAL .

APPENDICES A AND 0 CONTAIN SOME SAMPLE JOB SETUPS.

__ _  V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
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STATISTICAL ROUTINE SPECIfICATION cONTRa. cmos

• THE FOLLOW ING IS AN INDEX OF THE STATISTICAL ROUTINE
SPECIFICATION CONTROL CARDS. A THOROUGH DESCRIPTION OF THESE CARDS
AND THE ANALYSES PERFORMED ARE PRESENTED IN APPENDIX C.

SBSTAT THE NUMBER OF OBSERVATIONS , MINIMUM, MAXIMUM, RANGE,
MEDIAN, MEAN, STANDARD DEVIATION , AND THE STANDARD ERROR
OF THE MEAN ARE PRINTED FOR EACH VARIABLE REQUESTED.

• SNTST MON— PAIRED T—TESTS ARE PERFORMED BETWEEN PAIRWISE
COMBINATIONS OF ALL VAR IABLES SPECIFIED IN THE PARAMETER
FIELD.

SPTST PAIRED T—TESTS ARE PERFORMED BETWEEN PAIRWISE COMB INAT IONS
OF ALL VARIABLES SPECIFIED.

SRNKSM wILCU XCNIS RANK SUM STATISTIC IS CALCULATED FOR THE 2
VA RIABLES SPECIFIED. THE LARGE SAMPLE APPROXIMAT ION OF THE
RANK SUM STATISTIC IS ALSO PRiNTED. IN ADDITION, THE
SIEG€L—TU KEY TEST STATISTIC IS PRINTED.

SSNRNK W ILCOXO Nt S SIGNED RANK STATISTIC AND ITS LARGE SAMPLE
APPROX IMATION ARE COMPUTED FOR THE 2 VARIABLES SPECIFIED.

SANOVA A ONE—WAY ANALYSIS OF VAR IANCE FOR EQUAL OR UNEQUAL
NUMBERS OF REPLICATES IS PERFORMED FOR THE VARIABLES -

REQUESTED.

$ONMRT OtJNCAN$S NEW MULTIPLE—RANGE TEST IS USED TO COMPARE THE
MEANS OF THE VARIABLES SPECIFIED.

SNKMRT ME WMAN—KEULfS TEST IS USED TO COMPARE THE MEANS OF THE
VARIABLES SPECIFIED.

SKRUWL THE KRUSKAL—WALL IS II STATISTIC FOR TESTING THE HYPOTHESIS
OF NO DIFFERENCES AMONG K TREATMENTS IS CALCUALTED FOR THE
K VAR IABLES SPECIFIED.

• SKRUWC THE OUTPUT INCLUDES THE KRUSKAL—WALL IS H STATISTIC AND
ALS O INCLUDES A MU LTIPLE CCMPARISON TEST BETWEEN ALL
PAIR WISE COMBINATIONS OF THE K VARIABLES SPECIFIED.

SCORI PEARSON PRODUCT MOMENT CORRELATION COEFFICIENTS ARE
COMPUTED FOR ALL PAIRWISE CCMBINAT IOMS OF VARIABLES
REQUESTED.

SRNKCR KENDALL fS RANK CORRELAT ION COEFFIC IENTS ARE CJMPUTED FOR
ALL PAI RWISE COMBINATIONS OF VARIA BL ES REQUESTED.

SCHISQ T I lE CHI—SQUARE STATISTIC AND CONTINGENC Y COEFFICIENT ARE
• CALCULATED FOR A TWO—WAY CONTINGENCY TABLE.

SLSQR A LEAST—SQUARES REGRESSION ANALYSIS IS PERFORMED FOR A
SPECIFIED DEPENDENT VARIABLE AN !~ A SPECIFIED INDEPENDENT
VARIABLE.
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MREG A MULTIPLE REGRESSION ANALYSIS IS PERFORMED FOR A
SPECIFIED DEPENDENT VARIABI.c AND SPECIFIED INDEPENDENT
VAR IABLES.

SSWREG A STEPWISE MULTIPL E REGRESSiON ANALYSIS IS PERFORMED FOR A
SPECIFIED DEPFNDENT VARIABLE AND SPECIFIED INDEPENDENT
VARIABLES.

SPOLRG A POLYNOMIAL REDRESS ION ANALYSIS IS PERFORMED ON THE
DEPENDENT AND INDEPENDENT VAR I ABLES REQUESTED. A
POLYNOMIAL OF DEGREE FIVE OR LESS MAY BE FITTED.

SNORMT VA RIOUS TESTS OF NORMALITY ARE PERFORMED ON EACH VAR IABLE
REQUESTED. THESE INCLUDE A CHI—SQUARE GOODNESS OF FIT
TEST, AND TESTS OF SKEWNESS AND KURTOSIS.

SPLOT A PLOT IS ACCO MPLISHED BETWEEN 2 VARIABLES.

SPIOTN A PLOT OF A SPECIFIED DEPENDENT VARIA BLE VERSUS EACH
• SPECI FIED INDEPENDENT VARIABLE IS OUTPUT.

SPLOTI A PLOT OF A SPECIFIED INDEPENDENT VARIABLE VERSUS EACH
SPECIFIED DEPENDENT VARIABLE IS OUTPUT.

SHSTGM A HISTCGRAM , FREQUENCY DISTRIBUT ION, IS PRINTED FOR EACH
• VARIABLE REQUESTED.

SFDIST THE LEVEL OF SIGNIFICANCE OF THE INPUT F—VALUE IS PRINTED.

SCDIST THE LEVEL OF SIGNIFICANCE OF THE INPUT CHI—SQUARE VALUE IS
PRINTED.

• STOIST THE LEVEL OF SIGNIFICANCE OF THE INPUT T—VALUE IS PRINTED.

SRSDST THE LEVEL OF SIGNIFICANCE OF EITHER THE INPUT WILCOXON$S
RANK SUM STATISTIC OR THE INPUT WILCOXONtS SIGNED RANK
STATISTIC IS PRINTED.
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DATA TRANSFORMATION CARDS — THE $TRAN S STATEMENT

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 SiGN, 5, iN COLUMN 1
V FOLLOWED BY 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 STATEMENT S — THE VARIABLE
STATEMENT, THE TRANSPOSE STATEMENT, THE ASSIGNMENT STATEMENT, AND THE
CONDITIONAL STAT EMENT.

1. THE VARIABLE STATEMENT ALLOWS THE USER TO ASSIGN A NAME TO
THE INPUT VA RIABLES. NORMALLY AN INPUT VARIA BLE IS REPRESENTED BY THE
SUBSCRIPTED VARIABL E X, (I.E. VARIABLE I IS X (1), VARIABLE 3.0 IS
X (1O)). THE VARIABLE STATE MENT 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 STATEMENT EiTHER THE NEW NAME OR X MAY BE
USED IN SUBSEQUENT TRANSFORMATION STATEMENTS. THIS ALLOWS SOME
DIFFERENTIATION OR CLARIFICATION IN THE SUBSEQUENT STATEMENTS.

EXAMPLES
STRANS VARIABL E DATA

INPUT VARIABLE I COULD BE CALLED DA TAIZI. INPUT VARIABLE 10 COULD BE
CALLED DATA (1O).

STRANS VARIABLE CURVE

INPUT VARIABL E 1 COULD BE CALLED CURVE (1). INPUT VAR IABLE 10 COULD BE
CALLED CURVEIIO).

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

EXAMPL E
STRANS TRANSPOSE

IF THE DATA WAS INPUT WITH 3 VARIABLE S AND 2 OB S E R V A T I O N S  PER VAR IA BL E
— I.E.,
2 3 4
5 6 1

THE ABOVE STRANS STATEMENT WOULD RESULT IN DATA WITH 2 VARIABLES AND 3
OBSERVATIONS PER VARIABLE — I.E.,

2 5
3 6
4 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 OPERANDS,
(VAR I ABLES OR CONSTANTS), 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
— SUBTRAC ITON
* MULTIPL ICATION

DIVISION
EXPONENTIATION

UNLESS OTHERWISE INDICATED BY PARENTHESES THE OP ERAT IONS AR E P ERFORM ED
IN THE FOLLOWING ORDER?

1) EXPONENT IATION IS PERFORMED FIRST.
2) MULTIPLICATION ANt) DIVISION ARE PERFORMED NEXT.
3) ADDITION AND SUBTRACTION AR E PERFORMED LAST.

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

EXAMPLES

GRASS ALGEBRAIC
EXPRESSION EQUIVALENT___

___ — p  - — -- — -a— —  — —  - 
VV

~VS_  — — -t n~.. - -

A*B—C (A)(B)—C
A*(B—C) A (8—CI
A*BFC*O

A*BI(C*D) (A)(8)/(C)(D)
A t8+C (A RAISED TO THE POWER B)+C

A f ( 8 +CI A RAISED TO THE POWER IB9C)
- — - - ‘- — -- - —

THE FOLLOWING FUNCTIONS ARE AVAILABLE IN THE TRANS COMPILER

FUNCTIGN FUNCT ION
NAME 

-- -~~

SIN SINE
COS COSINE
TAN TANG EN T

ASIN ARC SINE
ACOS ARC COSINE
ATAN ARC TANGENT

IN LOG BASE E
LOG LOG BASE 13
EXP EXPONENT IAT ION BASE E
ABS ABSOLUTE VALUE
SQRT SQUARE ROOT

PROBIT PROBIT OF A NUMBER BETWEEN 0 AND 1
APROBIT INVERSE OF PROBIT

LINE WHEN USED AFTER SLSQR OR SPOLRG
COMPUTES NEW DEPENDENT VARIABLE
VALUES USING THE LEAST SQUARE
ESTIMATES

RAMP
LOGICAL LOGICAL VALUE 1 OR 0

:i :“

~~~~~~~::i:i :~ 

-
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EXAMPLE

STRANS Z12) 3*LNI1.SIN(X11)))

THE ABOVE STRANS STATEMENT WOULD CAUSE A NEW SECOND VARIABLE TO BE
CREATED EQUAL TO 3 TIMES THE NATURAL LOG OF THE QUANTITY 1 PLUS THE
SINE OF VARIABLE 1.

IN CREATING NEW VAR IABLES THE FOLLOWING SHOULD BE NOTED?

A) WHEN ANY OF THE VALUES OF iNDEPENDENT VAR IABLES ARE MISSING THE
CORRESPONDING VALUES OF THE DEPENDENT VARIA BLE WILL BE MISS ING.

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.

4. THE CONDITIONAL STATEMENTS TEST A GIVEN COMPAR ISON AND TAKE
ONE OF TWO BRANCHES, (ASSIGNMENT STATEMENTS), DEPENDING ON THE RESUL T
OF THE COMPARISON. THE GENERAL FORM OF THE CONDITIONAL STATEMENT IS

STRAN S IF A THEN B
STRANS ELSE C

WHERE —A— IS A COMPARISON STATEMENT , AND —B— AND —C— ARE ASS IGNMENT
STATEMENTS. A COMPARISON STATEMENT IS COMPOSED OF TWO EXPRESSIONS
SEPARATED BY A SIGN OF COMPARiSON, A COMPARATOR. THE COMPARATORS
AVAILABLE TO THE USER ARE?

EQUAL
* NOT EQUAL
( LESS THAN
S LESS THAN OR EQUAL
> GREATER THAN

GREATER THAN OR EQUAL

IF THE COMPARISON —A— PROVES TRUE, THEN THE STATEMENT DEFiNED AS THE
OBJECT OF THE THEN CLAUSE —B— iS EXECUTED. OTHERWISE THE OBJECT OF
THE ELSE CLAUSE —C— IS EXECUTED. THE ELSE CLAUSE IS OPTIONAL . IF IT
IS D E S I R E D  T~ LEAVE UNCHANGED THE VALUE OF THE DEPENDENT VARIABL E WHEN
—A— PROVES FALSE, THE ELSE CLAUSE NEED NOT BE INCLUDED.

THE OBJECTS OF THE THEN AND ELSE CLAUSES MAY BE A 00 STATEMENT,
IN WH ICH 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 NESTED. THIS FACILITY ALLOWS THE EXECUTION
OF SEVERAL ASSIGNMENT STATEMENTS UPON THE RESULT OF A SINGLE
COMPARISON STATEMENT.

IN ADDITION , THE OBJECTS OF THE THEN OR ELSE STAT EMENT MAY BE
ANOTHER IF STATEMENT ALLOWING FURTHER FLEXIBILITY.

A ________

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _
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EXAMPLES

1. STRANS IF X (21(LOG(X(1)) THEN XI3)~ S*X (1)
STRANS ELSE X (3)a1—4*ATA$(X (3))

WHENEVER A VALUE OF X (2) IS LESS THAN LOG BASE 10 OF Xli ) THE
THIRD VARIABLE, X (31, WOUL D BE ASSIGNED A VALUE EQUAL TO 5 TIMES THE
VALUE OF Xli), OTHERWISE THE THIRD VARIABLE WOULD BE ASSIGNED A VALUE
EQUAL TO 1. MINUS 4 TIMES THE ARCTANGENT OF THE THIRD VARIABLE. THIS
WOULD NATURALLY RESUL T IN REPLACEMENT CF VALUES PREVIOUSLY ASSIGNED TO
THE THIRD VARIA 6L~~.

2. STRANS IF X (21a0 THEN IF LOGICAL (X(2))ai, THEN X(2).I

THIS STATEME?’~T WOULD D E T E C T  I~ISSING VALUES IN THE SECOND
VAaIABLE, X (2), AND ASSIGU A VALUE OF 1 WHERE THE MISSING VALUES
OCCURE 0.

3. STRANS IF X(3)>O THEN DO
STRANS X(1)—X(3)*5—2
STRANS X(2)—SQRT (X(4))
STRANS END
STRANS ELSE DO
STRANS X~1)aO
STRANS Xl 2)~O
STRANS X(3)a1
STRAM S END

wHENEVER A VALUE CF THE THIRD VARIABLE, X (3), IS GREATER THAN 0,
THE FIRST VARIABLt , Xli ), wILL BE ASSIGNED A VALUE EQUAL TO
IX (3)(5)I—2 AND THE SECCNL) VARIABLE WILL BE ASSIGNED A NEW VALUE EQUAL
TO THE SQUARE ROUT OF THE FOURTH VARIABLE, CTHERWISE, X (i) AND X (2)
WILL BE ASSIGNED A VALUE OF 0 AND X(3) WILL BE REPLACED BY THE VALUE
1.

*NOTE THE FOLLOwING REGARD ING THE USE OF STRANS CARDS.

• 1) FOLLOWING ANY TRANSFORMATION THE NUMBER OF VAR IABLES AND
3~ SERVA TIJ NS IS AUTOMATICALLY UPDATED. THE IDATA CARD SHOULD REFLECT
THE NU’IdER OF VA~ IA 3LES AND Ct SERVATICNS INPUT AND NOT THE NUMBERS
F~JLL1dING TRANSFORMATIUNS .

2) GROUP S OF STRAP4S CARDS WHICH APPEAR AFTER THE INPUT DATA HAS BEEN
E~(TE KED MUST BE FOLLOWED BY A SEXECU CARD OR ANY STATISTICAL ROUTINE
SPECIFICATION CAMO . FOR EXAMPLE, IF THE CARDS IN EXAMPLE 3 WERE
INSERTED AFTER THE INPUT DATA HAD BEEN ENTERED, A SEXECU CARD OR A
STATISTICAL ROUTINE SPECIFICATION CARD MUST FOLLOW THE STRANS END
ST A TMEN T BEFORE 4OC IT ICJ ~~ L STRANS STATEMENTS COULD BE INSERTED.

3) NO MORE THAN 10,000 DATA ELEMENTS MAY BE HANDLED WITH ONE SET OF
STRANS CARD S (I.E., ONE ASSIGNEMNT OR TRANSPOSE STATEMENT OR A
CO’IOITICNAL STATEMENT WITH ITS ASSIGNMENT STATEM ENTS).

_ _
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1.4 SAMPL E PROBLEMS

F1VE SAMPLE PROBLEMS A4~E PKESENTED TO SHOW ASSEMBLED CARD DECKS
AN ) )UTPUT FCR S~

jME TYPICAL GRASS RUNS. IN THE FIRST EXAMPLE, THE SIX
STEPS USED IN PREPARING THE EXPERIMENTAL DATA WILL BE DETAILED. IN
ALL FXAMPLES, THE DATA ARE FICTITIOUS.

EXAMPLE 1

A~ INVESTIGAT OR HAS 4 VARIAB LES WITH 6 OBSERVATIONS OF EACH
VAU ABLE. HE DESIRES TO CL.MPUTE MEANS AND STANDARD DEVIATIONS FOR
EACH VAR IABLE, CORRELAT IONS BETWEEN TIME ON TREADMILL, AGE, BODY
TEMPERATURE AI~D PULSE, ANO A REGRESSION LINE RELATING TIME OF WALK TO
THE OTHE R 3 VARj~~BLES. THE RAW DATA ARE $HO~ N IN TABLE 1.

TABLE 1

*SUBJECT TREAD MILL TIME OF BODY PULSE*
*NUMBFR SPEED (MPHI AGE hALK (MIN) TEMP. (BPM)*

*  *
* 1 5 ~O 10.0 98.9 123 *

* 2 5 lB 15.8 9d.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 *

THE STEPS FUR PUTTING THIS DATA IN A S’JITABLE FORM FOR GRASS USE
ARE AS FOLLOWS.

1. ASSIGN SEQUENTIAL NUMBERICAL IDENTIFIERS TO EACH VARIABLE.

VARIABL E NUMERIC IDENTIFIER
___n___ ——

AGE 1
TIME OF WALK 2
BODY TEMP. 3
PULSE 4

2. DETER MINE THE MAXIMUM FIELD WIDTH (NUMBER OF CHARACTERS ) FOR
EACH VARIABLE.

VAR IABLE MAXI MUM FIELD WIDTH
—e rp~~ 

e_
~~. ——e—’--e

AGE 2
TIME OF WALK 4 (3)
BODY TEMP. 4 (3)
PULSE 3

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

3,4,5. THE DATA ARE ENTERED 0$ 80 COLUMN DAT A SHEETS, (FIGURE
I), FOR KEYPUNCHING. IN THIS EXAMPLE, THE DECIMAL POINT IS TO BE
PUNCHED FOR TiME OF wALK At4D WILL BE IMPLIED FOR BODY TEMPERATURE.

_ _ _  —~~~ -~~~~~~- -- ~~ —~~~~- -~~ -~~-•~~--~ -
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6. THE DATA COULD BE DESCRIBED BY THE FORMAT STATEMENT,
$FORMAT(F2.O,F5.O,F4.1,F4.O).

THE ASSEMBLED CARD DECK , INCLUDING SYSTEM CONTROL CARDS,
INFORMAT ION CONTROL CARDS, DATA CARDS AND STATiSTICAL ROUTiNE
SP ECIFICATION CARDS, C S SHOWN IN FiGURE 2. NOTE THAT THE DATA CARDS
IMNEOIATELY FOLLOW THE IFORMAT CARD.

COMPUTER OUTPUT 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 STAT ISTICS ROUTINE . FIGURE 6 SHOWS THE PEARSON CCRRELATION
COEFFICIENTS FOR ALL VA RIABLES. FIGURES 7 THROUGH 12 GIVE THE OUTPUT
FROM THE RANK CORRELATION ROUTINE. FIGURES 13 THROUGH 15 ARE THE
RESULTS FRCM MULTIPLE REGRESSION.

EXAMPLE 2

AN INVESTIGATOR HAS COLLECTED DATA ON 8 SUBJECTS. THE VARIABLES
ME ASURED ARE HEIGHT, WE IGHT, AGE , AND HEART RATE. THE INVESTiGATOR IS
INTERESTED ZN THE RELATIONSHIPS BETWEEN THESE VARI4~ LES. HE DECIDES
ro CALCULATE BAS iC STATISTICS FOR ALL VARIABLES AND PEARSON
CORRELATIONS BETWEEN ALL PAIRS CF VARIABLES. HE WISHES TO COMPUTE THE
REGRESSION EQUATION BETwEEN HEART RATE AND WEIGHT, A PLOT BETWEEN
THESE 2 VA RIABLES, A FOURTH DEGREE POLYNOMIAL REGRESSION EQUATION
BETWEEN HEART RATE AND HEIGHT , AND THE BEST REGRESSION EQUAT ION
RELATING THE DEPENDENT VARIA BLE, WE IGHT, WITH THE INDEPENDENT
VARIA BLES, HEIGHT AND AGE. A PLOT BETWEEN THESE 3 VARIABLES IS ALSO
DESIRED. THE RAW DATA ARE SHCWN IN TABLE 2.

TABLE 2

*SUBJECT HEIGHT (IN) WEIGHT (LBS) AGE HEART RAT E* 

* 1 68 150 22 70 ** 2 69 160 23 78 ** 3 70 169 25 79 *
* 4 71 167 27 82 ** 5 72 170 29 83 *
* 6 73 175 24 87 ** 7 74 180 23 89 *
* 8 75 180 21. 72 *

A LIST OF THE ASSEMBLED CARD DECK IS SHOWN IN FIGUR E 16. FIGURES
17 THROUGH 29 SHOW THE COMPUTER OUTPUT. THIS EXAMPLE DEMONSTRATES HOW
SCMT AND STITLE CARDS MAY BE USED FOR LABELING.

EXAMPLE 3

24 TEST ANIMALS WERE RANDOML Y ASSIGNED IN GROUPS OF 8 TO 3
TREATMENTS, DIETS. THE ACTIVITY OF EACH AN IMAL WAS MEASURED. THE
HYPOTHESIS OF NO DIFFERENCES BETWEEN DIETS COULD BE TESTED USING
EITHER A ONE— WAY ANALYSIS OF VAR IANCE OR THE KRUSKAL—WALL IS ROUTINE.

- .

~

— —---- -—-~~~~~~—-~~~~- ---- -
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A PARA METRIC OR A NON—PARAMETRIC MULT IPLE COMPARISON PROCEDURE COULD
B€ USED TO DECIDE WHICH TREATMENTS DIFFER . (AN INVESTIGATOR CONFRONTED
WiTH A SIMILAR PROBLEM SHOULD CHOOSE EITHER THE PARAMETRIC OR
NON—PARAMET RIC APPROACH TO ANALYZING THE DATA. BOTH METHODS ARE
D~MONSTRATEO IN THIS EXAMPLE ONLY TO SHOW THE DIFFERENT OUTPUTS.) THE
RAW DATA ARE PRESENTED IN TABLE 3.

TABLE 3
*5* *5* *5* 5* 5 5*5* *5 *5 *5 *

*OIET 1 D I E T  2 DIET 3*

* *
* 14 12 19 *
* 15 16 17 ** 14 12 19 ** 17 13 17 *
* 1~ 17 18 *

* 18 14 19 *
* 19 13 16 ** 15 16 17 *

A LIST OF THE ASSEMBLED CARD DECK IS SHOWN iN F IGURE 30. FIGURES
31 THROUGH 37 SHOW THE OUTPUT FOR THIS EXAMPLE.

EXAMPLE 4

AN INVESTIGATOR PERFORMED TWO EXPERIMENTS. IN THE FIRST STUDY, 7
TEST ANIMALS WERE FED A CC,’~TRCL DIET AN D THE IR ACTIVITIES W ERE
MEASURED. THE SAME 7 ANIMALS WERE THEN FED AN ENRICHED DIET AND THEIR
ACTIV iTIES WERE AGAIN MEASURED. IN THE SECOND STUDY 20 TEST ANIMAL S
WERE RAND OMLY ASSI GNED IN GROUPS OF 10 TO EITHER THE CONTROL DIET OR
ENRIC HED DIET. FOR REASONS UNRELATED TO EITHER TREATMENT, ONE ANiMAL
IN THE CONT ROL GROUP AND TWO AN IMALS IN THE TEST GROUP WERE NOT
MEASURED. (THE INVESTIGATORtS CHILD OPENED 3 CAGES AND THE ANIMALS —

ESCA PED. THEY WERE LATER RETRIEVED FROM SOME GARBAGE CANS WHERE THEY
HAD BEEN FEASTING. NATURALLY, THEY HAD TO BE DISQUALTIFIED.) THE
IN VESTIGATOR WAS INTERESTED IN THE EFFECTS CF THE ENRICHED DIETS, IF
ANY , ON ACTIVITY. HE MIGHT HAVE USED EITHER A PAIRED T—TEST OR
WILCOXONIS SIGNED RANK S TEST TO EVALUATE THE DAT A FROM THE FIRST
STUDY, AND HE MIGHT HAVE USED EITHER A NON—PAIRED 1—TEST OR WILCOXON~S
RANK SUM TEST TO ANALYSE THE DATA FROM THE SECOND STUDY. THE OUTPUT
INCLUDES ALL 4 TESTS. THE RAW DATA ARE PRESENTED IN TABL E 4.
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SAMPLE PROBLEMS

TABLE 4

* STUDY 1 ** STUDY 2 **CONTROL ENRIC HED *5 CONTROL ENRICHED*
* DIET DIET *5 DIET DIET ** 5* ——————— S
* 15 13 *5 13 15 *
* 17 19 ** 15 19 S

* 10 15 ** 14 13 *
* 19 17 *5 10 20 *
* 12 16 ** 12 17 *
* 13 15 5* 17 16 *
* 16 18 *5 17 ]5 *
* *5 18 18 *
* *5 15 *

________ _____

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

EXAMPLE S

EXA MPLE 5 SHOWS SOME USES OF ITRANS AND SADO. FIGURE 48 SHOWS
THE ASSEMBLED CARD DECK. FIGURES 49 THROUGH 57 SHOW THE OUTPUT.

I 

-- - - - - - - -~ - - -  .- -~ ~~ - -.- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ALL SYSTEM CARDS IN THIS AND FOLLOWING SECTIONS ARE FOR THE
CDCT600 SKY OPERATING SYSTEM. IN THE FOLLOWING EXAMPLES, THE GRASS
CONTROL CARDS, (T HCSE BEGINNING WITH A DOLLAR SIGN), INDICATE THAT
THERE ARE 10 INPUT VARIABLES WITH 15 OBSERVATIONS, (CASES). THE INPUT
DATA IS NOT TO 8E PRINTED AND BASiC STATISTICS ARE TO BE CALCULATED
FOR ALL VAR IABLES.

THE FIRST CARD OF EVERY DECK IS THE JOB CARD. THE GENERAL
ABBREV IATED FORMAT OF THE JOB CARD IS

JOBNAME.ACCNUM,YOUR NAME

WHERE
JOBNAME — 1—7 AL PHANUMERIC CHARACTERS BEGINNING WITH A LETTER

IN CCLUMN 1
ACCNU$ — YOUR 6 DIGIT ACCOUNT NUM BER

YOUR MANE — ANYTHING IN THE REMAINING COLUMNS.

LAIR USERS SHOULD CONSULT MEMORANDUM FOR ALL UT200 USERS DATED AUGUST
16, 1974 FOR SPECIFIC CHARACTERS TO BE USED FOR —JOBNAME—, —ACCNUN—,
AND —YOUR NAME— .

EXAMPLES

1. INPUT DATA ON CARDS
JOB CAk0
FETCHPS (GRASZ,GRAZZ,GRASS)
rsazz.
(7/8/9 MULTIPUNCH CARD)
S~ ITLE EXAMPLE WITH INPUT DATA CM CARDS
SDATA 10,15,0
$FORMAT (10F5.O)

DATA CARDS
S~ STA T ALL
SE ND
(6/ 7/8/9 MULTIPUNCH CARD)

2. INPUT DATA IN FORMATTED OR BINARY FORM ON MAGNETIC TAPE.
JOB CA RD
FETCH?5 (GRASZ,GRMZZ,GRASS )
S TAGE , ‘fl’ TAPE , TAP ENO.
G R AZ L .

• (7/8/9 MULTIPUNCH CARD )
STITLE EX AMPLE wiTH INPUT DATA ON MYTAPE
IDATA 10,15,0
SFILE MYTAPE OR $FILEB MYTAPE
SFORMAT(10F5.O) N O FORMAT STATEMENT

DATA CM MYTAPE MUST BE IN BINARY FORM
Si3STAT ALL
St NO
(6 /7 /8/9  MUIT IPUNCH CARD )

_ _ _ _  _ _ _ __ _ _ _ _  — - -  - -—------ —-~~~~~ —. -“-— - - - -
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A. SAMPLE JOB DECKS 22

3. INPUT DATA IN FORMATTED OR BINARY FORM ON A PERMANENT FILE DISK.
JO B CA R D
Fc:TCHPS (GRAS Z , GRAZZ , GRASS )
ATT&CH(MYDATA,MyFiIE~a
GRAZZ.
(7/8/9 MULTIPUNCH CARD )
STI TLE E XA MPLE w IT H INPUT DA T A ON DISK
50414 10,15,0
SF!L~ NYDATA OR SFILEB MYDATA
$F3R4ATILDF5 .O) NO FCRMAT STATEMENT

DATA ON MYOATA MIST BE IN BINARY FORM
Sti STA T ALL
S~ NO(6 / 7 / 8 /9  MLJLTIPUNC H CARD )

4. INPUT DATA IS ON CARDS IN FOR MATTED FORM. TWO NEW VARIABLES
ARE CREATED USING STRANS CARDS. THESE NEW VARIABl ES ARE WRITTEN
IN FORMATTED OR BINARY FORM TO A MAGNET IC TAPE.

JOB CARD
F~ TCHPS(GRASZ,GRAZZ, GRASS)GRAil.
STA GE, NSW VAR,TAP E NO ,W .
(7/ 8/9 MULTIPUNCH CARD)
$TITLE WRITING NEW VAR IABLES TO NEWVAR .
S OATA 10,15,0
STRA NS X (11)=2* X (1)
STRANS X112)=20—X (11)
$F 1RMAT (10F5.~~DATA CARDS
S BSTAT ALL
S4RITE 11,12
SFILE NEWVAR OR $FILEB NEWVAR
SFORMAT (2F5.O) NO FORMAT CARD

• SEND
16/7/8/9 MULTZPUNCH CARD )

IF NONE OF THESE EXAM PLES SUITS YOUR PROBLEM, OR MACHINE, OR IF
YOU ARE UNSUR E ABOUT THE APPROPRIATE SYSTEM CARDS TO USE, SPEAK TO A
LOCAL CONSUL TANT.

IL ~~~~- - --~~~~~~ - -
~~~~~~~ - -~-—~~~~~~ —--~~~ 
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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 TOP CF ALL PAGES OF OUTPUT UNTIL
ANOTHER STITLE CARD IS USED.

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

EXAMPLE
1 8
STITLE ANALYSES OF MY DATA 

—--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- ~~~~
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DESCRIBING INPUT DATA

1 8
$DAT A 11,12,13

PARAMETER FIELD (COLU MNS 8— 79)
II. NUMBER OF VAR IABLF.S
12 NUMBER OF CASES
13 0—DC NCT PRINT INPUT DATA

1—PRINT INPUT DATA

OUTPU T
1. INPUT DATA IS PRINTED IF I3a1.

USAGE

1. MAXIMUM OF 50 INPUT VARIABLES (I1s50)
2. NO LIMIT ON NUMBER CF CBSERVAT IONS

EXAMPLES
CARDS COMMENTS
1 8
SOATA 6,30,1 6 VAR1A~LES, 30 OBSERVATIONS

PR INT INPUT DATA
SOATA 7,10,0 7 VARIABLES, 10 OBSERVATIONS

DC NOT PRINT INPUT DATA

—“--—-

-~
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WRITING SPECIFIED VARIABLES

8
$WRITE I1,I2,... ,I5O

PARAMETER FIELD (COLUMNS 8—79)
11
12

.. VAR IABLES TO BE WRITTEN..
150

RESUL T
1. IF $WRITE IS IMMEDIATELY FOLLOWED BY A $FORMAT CARD, ALL

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

2. IF $WRITE IS FOLLOWED BY A SFILE CARD AND A SPORMAT CARD,
ALL CAS ES OF THE VARIABLES SPECIFIED WILL BE WRITTEN TO
THE FILE NAMED ON THE SFILE CARD IN THE FORMAT SPECiFIED
ON THE $FORNAT CARD.

3. iF SWRITE IS FOLLOWED BY A SFIIEB CARD, ALL CASES OF THE
THE VARIABLES SPECIFIED WILL BE WR ITTEN IN BINARY,
(NON—FORMATTED ), FORM TO THE FILE NAMED ON THE $FILEB CARD.
NO SPORMAT CAR D IS USED WITH SFILEB. IF ONE IS USED IT WILL
BE IGNORED.

USAGE
1. A MAXI MUM OF 50 VARIABLES MAY BE WRITTEN.
2. NO LIMIT ON NUMBER OF CASES WRITTEN.

EXAMPLES
CARDS COMMENTS
1 8
SWRITE 1,3,5 VARiABLES 1,3, AND 5 WILL BE
$FOR$AT (3F5.0) WRITTEN TO BCOOUT IN 3 FIELDS OF F5.O.

$WRITE 1,3,5 VARIABLES 1,3 AND 5 WILL BE
SFILE MYDATA WRITTEN TO MYDATA £14 3F5.Q FORMAT.
SFORMAT(3F5.O)

SWR1TE 1,3,5 VARIABLES 1,3 AND 5 WILL BE WRITTEN
SFILEB BINDATA TO BINDATA IN BINARY (UNFORMATTED) FORM.

I
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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

CONTAI~4S THE INPUT DATA, OR
2. THE LOCAL FILE NAME OF THE FILE THE DATA IS TO BE

WRITTEN TO IN FORMATTED FORM.

USAGE
1. WHEN READING FORMATTED DATA FROM A SOURCE OTHER THAN CARDS,

THE SFILE CARD NUT COME 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 $FORMAT CARDS.
IF NO LOCAL FILE NAME IS PUNCHED IN THE PARAMETER FIELD OF
THE $FILE CARD, DATA SPECIFIED WILL BE WRITTEN TO SCOOUT.

RESULT
1. INPUT DATA WILL BE READ FROM THE FILE NAMED, OR
2. SPECIFIED DATA WILL BE WRITTEN TO THE FILE NAMED.

EXAMPLES
1. FOR READING DATA FROM AN ALTERNATE IN PUT SOURCE SEE

APPENDI X A, EXA MPLES 2 AND 3.
2. FOR WRITING DATA TO AN ALTERNATE OUTPUT DEVICE SEE

APPENDIX A, EXAMPLE 4.

_ _ _ _ _ _  -~~~~~~~~~~~-- - - - -  -~~~~~~~~~~“ - -- --- -— —-- - - - -~~~~~~~— -—- - - --~~~~
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BINARY FILES

I B
SF1&EB LFNAME

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

CCNTAINS THE INPUT DATA , OR
2. THE LOCAL FILE NAME OF THE BINARY FILE THAT SPECIFIED

VAR iABLES ARE To BE WRITTEN TO IN BINARY FORM.

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

FOLLO WS THE SCAlA CARD.
2. WHEN WRITING A BINARY FILE, TIlE SFILEB CARD FOLLOWS THE

SWRITE CARD.
3. NO SFORMAT CARD IS USED WITH THE $FILEB CARD.

RESULT
DATA MAY BE READ FRCM CR WRITTEN TO A BINARY FILE.

EXAMPL E
1. TO READ DATA FROM A BINARY FiLE, SEE APPENDIX A,

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

I

A

---- --- — -- 
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FORMAT STATEMENT

1 8
$FOWTIFORTRAN FORMAT STATEMENT)

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

RESULT
DESCRIBES THE FIELDS OF INPUT DATA.

USAGE
1. A FORMAT STATEMENT MAY BE CONTINUED ON FOLLOWING CARDS

BUT THE TOTAL LENGTH CANNOT EXCEED 250 CHARACTERS.
2 THE SFORMAT CARD MUST FOLLOW THE SOATA CARD IF INPUT

DATA IS ON CARDS IN FORMATTED FORM.
3 THE SFORNAT CARD FOLLOWS THE $FILE 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 CEV ICE.

4. SFORMAT IS NOT USED WITH THE $FILEB CARD.

EXAMPLES
CARDS
1 8
SFORNAT (2F3.2, LX,F4.2)
SFORNAT (F4.J,P3.O,F4.2,F2.O) 
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FORMFREE INPUT DATA

1 8
$FMFREE

PARMETER FIELD (COLUMNS 8—79)
NO ENTRY

RESULT
DATA PUNCHED IN A FORMAT—FREE MANNER IS READ.

USAGE
1. DATA VALUES ARE PUNCHED ON CARDS IMMEDIATELY FOLLOWING

SFMFREE CARD .
2. 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.

3. DATA VALUES MUST BE SEPARATED BY BLANK SPACES OR COMMAS.
4. AS MANY VALUES PER CARD AS DESI RED MAY BE PUNCHED, BUT

A DATA VALUE MUST BE PUNCHED ENTIRELY ON ONE CARD.
5. DATA VALUES FOR EACH OBSERVATION MUST BEG IN ON A NEW CARD. 

—~~~~~~~~~~~~~~~~ ——-- -~~~~- -~~~~~~
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COMMENT CARD

1 8
$CNT AllY COMMENT

PARAMETER F IEL D (COLUMNS 8—79)
ANY COMMENT

OUTPUT
THE COMMENT IN COLUMNS 8—79 WILL BE PRINTED ON THE NEXT
PAGE OF OUTPUT. IF TWO OR MORE SCMT CARDS ARE 11w SEQUENCE,
ALL COMMENTS WILL BE PRINTED ON THE NEXT PAGE USING TRIPLE
SPAC ING.

USAGE
COLUMN 80 MUST NOT BE PUNCHED ON THE $CMT CARD.

EXAMPLE
COLUM N
1 8
$CNT VAR IABLE 3 IS HEART RATE.

___ ___ _  - - ---~~-- --- - -~~~~~ - _~~~~~~~~~- -rn
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REMIND
1 8
$RWD LFNANE

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

RESUL T
THE FiLE SPECIFIED WILL 8E REWOUND.

USAGE
1. ONL Y ONE FILE M AY BE REWOUND WITH ANY ONE $RWO CARD.
2. THE LOCAL FILE NAMED MUST REFER TO THE FILE IN

CURRENT USE.
3. 00 NOT R EWIND TAPE3 OR TAPE4.

EXAMPLES
CARDS COMMENTS
1 8
SRWD MYDATA MYDATA WILL BE REWOU~iO.H SRWD MYTA PE MYTAPE W ILL BE REWOUND.
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HISTOGRAM SCALING

1 8
SSCAI E Y1,Y2

PARAMETER FIELD (COLUMNs 8—7~
j)

Yl — MINIMUM
Y2 — MAXIMUM

RESULT
SETS THE MINIMUM AND MAXIMUM FOR THE BASE AXIS, AND
THEREBY DETERMINES THE SCALE FACTOR FOR THE HISTOGRAM
~UUTINE.

USAGE
1. IF THE SSCALE CARD IS USED, IT MUST PRECEED THE $HSTGM CARD.
2. ABSENCE OF THE SSCALE CARD WILL CAUSE AUTO—SCALING.

EXAMPLES
CARDS COMMENTS
1 8
SSCALE 20, 160 SCALE FROM 20 TO 160.
SSCAL E 10.3, 100.3 SCALE FROM 10.3 TO 100.3.
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PLOT SCAL ING
8

$SCAL E Y1,Y2,X1,X2

PARAMETER FIELD (COLUMN S 8-79)
Yl. — MINIMUM FOR THE DEPENDENT VARiABLE C Y—AXISI
Y2 — MAXIMUM FOR THE DEPENDENT VAR IABL E IY—AXISI
Xl — MINIMUM FOR THE INDEPENDENT VAR IABL E (X—AXIS)
X2 — MAXIMUM FOR THE INDEPENDENT VARiABL E (X—AXIS)

RESUL T
SETS THE MINIMUM AND MAXIMUM FOR THE X AND/OR Y AXIS,
AND THEREBY DETERMINES THE SCAL E FACTORS FOR THE PLOT
ROUTINES.

USAGE
1. WHEN USED, THE $SCALE CARD MUST PRECEED EITHER THE

SPLOT, SPLOTN, OR SPLOT! CARD.
2. ABSENCE OF THE ISCALE CARD WILL CAUSE AUTO—SCALING.
3. IF ONLY ONE AXIS IS TO BE MANUALLY SCALED, THEN THE

MINIMUM AND MAX IMUM VALUES OF THE AUTO SCALED AXIS
MUST BOTH BE SET TO ZERO.

EXAMPLES
CARDS COMMENT S
1. 8
SSCALE 0,0,10,300 AUTO SCAL ING ON THE Y—AXIS,

SCALING FROM 10 TO 300 ON THE X—AXlS
SSCALE 30,100,4.3,6.9 SCALING FROM 30 TO 100 ON THE Y—AXIS,

SCA LING FROM 4.3 TO 6.9 ON THE X—AX IS

- -
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COMBINING VARIABLES — 5*00

8
5*00 11,12,13

PARAMETER FIELD (COLUMNS 8—79)
11 — VARIABLE WHICH IS TO BE ON THE TOP
12 — VARIABL E WHICH IS TO BE ON THE BOTTOM
13 — CREATED NE W VAR IABLE

RESUL T
TWO VARIABLES, 11 AND 12, ARE VERTIC ALLY JOINED IN A NEW
VARIABLE, 13.

USAGE
1. THE BOTTOM VARIABLE , 12, MAY CONTAIN NO MORE THAN

200 OBSERVATIONS, (CASES), 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 7
4 8

SADO 1,2,3 WOULD RESULT IN THE CREAT ION OF A 3RD VAR IABLE
WITH VALUES

1
2
3
4
5
6
7
B

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~‘

B. DESCRIPTION OF INFORMATION CONTROL CARDS 35

END
1 8
SEND

PARAMETER FIELD
NO ENTRY

RESULT
SEND INDICATES THAT THE CURRENT GRASS RUN IS FINISHED.

USAGE
THE SEND CARD MUST BE THE LAST GRASS CONTROL CARD.

_ _ _  

A’
- - —

~ 
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BASIC STATISTICS

I 8
SBST*T I1,12,...,ISO

PARAMETER FIELD (COLUMNS 8—79 )
11
12

.. INPUT VARiA BLES

150

OUTPUT
1. VARIABLES
2. OBSER VATIONS
3. MINiMUM
4. MAX IMUM
5. RANGE
6. MEDIAN
7. MEAN
8. STANDARD DEVIATION
9. ST. ERROR OF THE M E A N

USAG E
MAXIMUM OF 50 VARIABLES
NO LIMIT Old NUMBER OF OBSERVATIONS
THE MEDIAN WILL NOT BE CALCULA TED IF CBSERVATIONS)500.

EXAMPLE
CARDS COMMENTS
1 8
SBSTAT 4,5,9,l~ BASIC STATISTICS FOR VARIABLES 4,5,9 AND 10
$BSTAT ALL BASIC STATISTICS FOR ALL VAR iABLES

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-- • • - ~. _ -~~~~~ -~~~-----
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FOR EACH VARIAB LE REQUESTED THE BSTAT ROUTINE COMPUTES A VARIETY
OF DESCRIPTIVE STATISTICS. THESF INCLUDE

1. MINIMUM — THE OBSERVAT ION WITH THE SMALLEST VALUE

2. MA XIMUM — 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
5O-~ ARE LESS. FOR AN ODD 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.

5. MEAN — THE AVERAGE OF THE CBSERVATIONS

6. 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 O8~ ERVAT IONS LESS 1.

S0 SQRT(SUM ((X (IJ—MEANX)f2)/ (N—1 )i

WHERE— X (II IS AN OBSERVATION , I4EANX IS THE OVERALL MEAN, I MEANS
RAISED TO THE FOLLD~ IN& POWER, N IS THE NUMBER OF OBSERVATIONS AND SUMINDICATES THE SUM OVER ALL OBSERVAT IONS. THE STANDARD DEViATION IS
CCMPUTED BY THE FORM ULA

SUM (XII)12)—t (SUM X (I))121/N
V =

N—i

SD = SQRT(V)
V IS THE VARIANCE.

7. STANDARD ERROR OF THE MEAN — STD. ERROR = SO/SQRT(N) — WHERE
SO IS THE STANDARD DEVIATION AND N IS Tt$E NUMBER OF OBSERVAT IONS. 

- -~~~~-~~~~- -.‘•----~~~~~~~~~~~ • - - - • -  _ _ _ _
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NON—PAIRED T—TEST

8
$NTST 11,I2,...,150

PARAMETER FIELD COLUNNS (8-79)
Ii
12.... INPUT V A R I A B L E S..
150

~ JTPUT
1. MEANS, STANCARO DEVIATIONS, AND NUMBER OF OBSERVATIONS,

(CASES), FOR ALL INPUT VARIABLES ARE PRINTED.
2. T—VALUES, DEGREES OF FREEDOM, AND LEVELS CF SIGNIFICANCE OF

T—VALUES FOR ALL PA IRS OF INPUT VARIABLES ARE PRINTED.

USAGE
A MAXIMUM OF 50 VAR IABLES MAY BE USED.
THERE IS NO LIMIT ON THE NUMBER OF OBSERVATIONS.

EXAMPLES
CARDS COMMENTS
1 b
$NTST 3,5 A NON—PAIRED T~ TEST BETWEEN

VARIABLES 3 AND 5 WILL BE PERFORMED.
INTST ALL NON—PAIRED T—TESTS BETWEEN ALL

PAIRS OF INPUT VARIABLES WILL BE
PERFORMED.
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IN GENERAL , THE NON—PAIRED T—T€ST 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 TO HELP MA KE THESE INFERENCES WH EN THE DE SIGN OF THE
EXPERIMENT INCLUDES SAMPLING FROM ONLY 2 POPULATIONS. IF INFERENCES
ARE TO BE MADE AB’)UT THE MEANS OF MORE THAN 2 POPULATIONS, THE
ANALYSIS OF VARIANCE OR THE KRUSKAL—WALLIS TEST SHOULD BE USED.

A TEST STATISTIC, T, IS CALCULATED WHICH MAY BE USED TO TEST THE
HYPOTHESIS THAT THE TRUE MEAN OF POPULAT ION 1, NUt, EQUALS THE TRUE
MEAN OF POPULAT ION 2, MU2, THE TEST STATISTIC IS CALCULATED AS

Ta (MXI—MXZ)/SQRT (V/Nl + V/ P4 2)

WHERE MX1,MX2 ARE THE MEANS OF SAMPLES 1 AND 2,
N1,N2 ARE THE NO. OF OBSERVATIONS IN SAMPLES 1 AND 2,

AND V IS THE POOLED VARIANCE OF THE 2 SAMPLES.
THE FORMULA FOR —V- IS

yR t (N1— 1)V 1 • ( N2—1)V2 1/N1+N2—2

WHERE VI. AND V2 ARE THE VARIANCES OF SAMPLES 1 AND 2. T HAS DEGREES
OF FREEDOM (D.F.) a N1+N2—2 . THE LEVEL OF SIGNIFICANCE, ALPHA,
PRINTED IN THE OUTPUT IS EQUAL TO TWICE THE PROBABIL ITY OF FINDING A
RANDOM VALUE OF I GREAT ER THAN THE ABSOLUTE VALUE OF THE OBTAINED T.

• IN OTHER WORDS, ALPHA IS THE SMALLEST SIGNIFICANCE LEVEL AT WHICH THE
HYPOTHESIS MU1 MUZ COULD BE REJ ECTED IN FAVOR OF ~HE TWO- SIDED
ALTERNATIVE HYPOTHESIS, MUL*MU2. FOR THE SMALLEST SIGNIFICANCE LEVEL
FOR WHICH THE HYPOTHESIS MUI=MU2 COULD BE REJECTED IN FAVOR OF EITHER
OF THE ONE—SIDED ALTERNATE HYPOTHESES,NU1(MU2 OR MU1>MU2, USE ALPHA/2.

REFERENCE
STEELE, R.G.D. AND J.H. TORRIE (1960$ PRINCIPLES AND PROCEDURES OF
STATISTICS MCGRAW—HILL, NEW YORK. PP 73—78.
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PAu lO T—TEST

1 8
$PTST I1,12,....*U

PARAMETER FIELD ( COLU MN S 8—79)
II
12.... INPUT VAR IABLES

125

OUTPUT
1. MEANS, STANCARD DEVIAT IONS, AND NUMBERS OF OBSERVATIONS

ARE PRINTED FOR ALL INPUT VARIABL ES.
2. T—VALU ES , DEGREES OF FREEDOM, AND LEVELS OF SIGNIFiCANCE OF

T—VALUES ARE PRINTED FOR ALL PAIRS OF INPUT VARIABLES.

USAGE
A MAX IMUM OF 25 VAR IABLES MAY BE USED.
THERE IS NO LIMIT ON THE NUMBER OF OBSERVATIONS, (CASES).

EXAMPLES
CARDS COMMENTS
1 8
SPTST 4,6 A PA IRED T—TE5T BETWEEN VARIA BLES

4 AND 6 WILL BE PERFORMED.
SPTST ALL PAIRED T—TESTS BETWEEN ALL PAIRS OF

INPUT VARIABLES WILL BE PERFORMED.
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PAIRED T—T ESTS ARE USED TO TEST THE HYPOTHESIS THAT THE MEAN OF THE
DIFFE RENCES, MUD, BETWEEN TWO POPULATIONS IS 0. THE SAMPLES MUST BE
DAIRED. SCM E EXAMPLES OF PAIRED SAMPLES ARE BEFORE AND AFTER
TREATMENTS ON THE SAME SUBJEC T OR SAMPLES IN WHICH SUBJECTS ARE PAIRED
ON SOME CRITERIA JTHER THAN THAT BE ING MEASURED. THE DECISICION OF
WHETHE R OR NOT TO USE PAIRING MUST BE MADE BEFOR E THE EXPERIMENT IS
CONDUCTED. PAIRED T—TESTS SHOULD PICT BE USED UNLESS THE SAMPLES WERE
IN FACT PAi RED.

THE TEST STAT ISTIC, T, IS DEFINED AS

T MOISQRT (VD/N)

WHERE MO IS THE AVERAGE OF THE DIFFERENCES BETW EEN SAMPLES 1 AND 2,
VO IS THE VAR IANCE OF THE DIFFE RENCES,

AND N IS THE NUMBER OF PAIRS OR DIFFERENCES.
T HAS DEGREES OF FREEDOM (D.F.) EQUAL TO N—i.

TWICE THE PROBABILITY OF FINDING A RANDOM VALUE OF T GREATER THAN
THE ABSOLUTE V ALUE OF Ti-E OBTAINED I VALUE IS PR INTED AS THE LEVEL OF
SIGNIFICANCE, ALPHA. THIS IS THE SMALLEST SIGNIFICANCE LEVEL AT WHICH
THE HYPOTHESIS, NUO O, MAY BE REJECTED IN FAVOR OF THE TWO—SIDED
ALTER NATE HYPOTHESIS MUO*0. FOR THE SMALLEST SIGNIFICANCE LEVEL AT
WHICH THE HYPOTHESiS MUD O COULD BE REJ ECTED IN FAVOR OF EITHER OF TH E
ONE—SIDED ALTERNAT E HYPOTHESES, MUD-CO OR NUD)O, USE ALPHA/2.

REFERENCE
STEELE, R.G.D. AND J.H. TORRIE (1960) PRINCIPLES AND PROCEDURES OF
STATISTICS. MCGRAW—HILL, NEW YORK. PP 78—80. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - -~~~~~• • ~~~~~~
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WILCOXONIS RANK SUM TEST

8
SRNKSN 11,12

PARAMETER FIELD (COLUMNS 8-79)
IL — THE FIRST VARIABLE
12 — THE SECOND VAR I ABLE

OUTPUT
1. THE RELATIVE RANKS OF THE SECOND INPUT VARIABLE, 12,

AND THE SUM OF THOSE RANKS , THE WILCOXON STATISTIC, W,
ARE PRINTED.

2. WHEN THE TOTAL NUMBER CF OBS E R V A T IONS IN Ii ANC 12 IS
LESS THAN 16, UPPtI~ TAIL PROBABILITIES FOR —W— AND FOR
*N(M,N+1 $—W* ARE PRINTED WHERE M NO. OF OBSERVATIONS
OF THE FIRST VARIABLE, 11, AND Na NO. OF OBSERVA TIONS
OF THE SECOND VARIABLE, 12.

3. THE LARGE SAMPLE APPROXIMATION TO —w— AND THE LEVEL
OF SIGNIFICANCE OF THE LARGE SAMPLE APPROXIMATION ARE PRINTED.

4. THE RELATIVE RANKS OF THE SECOND INPUT VA~ IA8LE, 12,
FOLLOWING A RERA P4KIPEG FOR THE SIEGEL—TUKEY TEST ARE OUTPUT.
THE SUM OF THESE RANKS IS ALSO OUTPUT.

USAGE
1. TO AVOID DIFFICULTIES IN THE INTERPRETAT ION OF THE OUTPUT,

THE VAR IABL E WITH THE LESSER NUMBER OF OBSERVATION S SHOULD
BE INPUT AS THE SECOND VARIABLE, 12.

2. THE TOTAL NUMBER OF OBSERVATIONS MAY NOT EXCEED 1000, AND
EACH VARIABLE MAY CONTAIN NC MORE THAN 500 OBSERVAT IONS.

EXAMPLE
CARD COMMENTS
1 8
SRNKSM 9,7 WILCOXONIS RANK SUM T EST WILL BE

PERFORMED FOR VARIABLES 9 AND 7.
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I. THE WILCOXON RANK SUM STATISTIC IS USED TO T EST HYPOTH ESES ABOUT
THE DIFFERENCE BETWEEN TIE MEDIANS OF TWO POPULATIONS. IN PARTICULAR ,
THE NULL HYPOTHESIS iS NED(P1)—NED IPZP—DELTA—O, WHERE MEDIPI) AND
MED(P2) ARE THE MEDIANS OF POPULAT IONS I. AND 2.

SUPPOSE WE HAVE OBTAINED 2 SAMPLES OF KaN+N OBSERVAT IONS, Xl,...,
XM AND VI,..., YN. FIRST THE k CBSERVATIGP4S ARE ORDERED FROM LEAST TO
GREATEST. THE ORDERED OBSERVATIONS ARE ASSIGNED RANKS 1 TO K. TIED
OBSERVATION S ARE ASSIGNED THE AVERAGE RANK OF THE TIED OBSERVATIONS.
THE SUM OF THE N RANKS CF THE Y VAR IABLE 15 THE RANK SUM STATISTIC, U.
THE SMALLE ST SIGNIFICANCE LEVEL, ALPHAL, AT WHiCH THE HYPOTHESIS,
MEO(PYI—MED(PXI OELTASO, COULD BE REJECTED IN FAVOR OF TH E ALT ERNA TE
HYPOTHESIS, OELTA>O IS PRINTED AS THE UPPER TAIL PROBABILITY OF U.
THE SMALLEST SIGNIFICANCE, ALPHA2, AT WHICH THE HYPOTHESIS, OELTA.O
COULD BE REJECT ED IN FAVOR OF THE ALTERNATE HYPOTHESIS OELTA (O IS
PRINTED AS THE UPPER TA l L. PROBA BILITY OF NIMi*+I)—M. FOR THE LEVEL OF
SIGNIFICANC E AGAINST THE T WO—SIDED ALTERNATE HYPOTHESIS, DELTA*O,
CALCULATE ALPI4AaALPN*1•II—ALPIIA2~ IF ALPHA2 >ALPHA1 OR
AL PHA.(1—AL PNAI)+ALPHA2 IF ALPHA I)ALPHA2 .. IF U IS NOT A WHOLE
NUMBER, IT IS ROUNDED TO THE NEXT HiGHEST WHOLE NUMBER FOR CALCULATION
OF ALPNAI, AND N1N.*I1)—W IS ROUNDED TO THE NEXT LOWEST WHOLE NUMBER
FOR CALCULATION OF ALPIIA2.

FOR EASE OF INTERPRETATION ALW AYS USE N~M. THiS CAN BE
ACCOMPL ISHED BY DESiGNATING THE VARIABL E WITH THE SMALLER NUMBER OF
OBSERVATIONS AS THE SECCNO INPUT VARIABLE, 12.

ALL OUTPUT INCLUDES THE LARGE SAMPLE APPROX IMATION TO U, US. FOR
LARGE K, US FOLLOWS A STANDARD NORMAL DISTRIBUT ION. THE GENERAL
FORMULA FOR US IS

W—((NiM.11121
US a -- -- -- - -  .

SORT I VAR I U) B
iN GENERAL,

VAR(W)sSNN/12$IM- N,1 — SUN(TIJ)) (T(J$82—1)/IM~~ )(N4N.1I I

WHERE TIJIa THE NUMBER OF OBSERVATIONS IN TH E JTH GROUP OF TIED
OBSERVATIONS AND SUM INDICATES SUMMING (T*J.))ITIJ)t24) OVER ALL 1
GROUPS. FOR UNTIED OBSERVATIONS, TIJIsI. WHEN THERE ARE NO TIED V

OBSERVATIONS, VARIW) REDUCES TO

VARIN) — MNIMIN.1I!12

AND
W—tN(N+N+l) ~~~ 2)

US - - -

SQRT(MN(M4N,I)/ 121

THE LEVEL OF SIGNIFICANCE OF US IS THE PROBABILITY OF FINDING A RANDOM
VALUE OF US GREATER THA N THE OBTAINED VALUE CF US.

THE WILCOXON RANK SUM TEST MAY BE USED INST EAD OF THE UNPAIRED
I—TEST TO DISCERN INFOI~MATION ABOUT THE EQUALITY OF THE CENTERS OF TWOPOPULATIONS.

II. THE SIEGEL—TUKEY TEST MAY BE USED TO TEST HYPOTHESES ABOUT THE

-~~~~~~~ ~~~~~~~~~~~~~~ -- - - -~~~~- ‘ -- -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V
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DIFFER ENCES IN THE SPREAC OR VA RIANCES OF TWO POPULATIONS. FOR
EXAMPLE, IT MIGHT BE USED TO TEST THE HYPOTHESIS THAT THE PRECISION OF
TWO MEASURING INSTRUMENT S 15 THE SAME. IN GENERAL , THE NULL
HYPOTHESIS IS VAR (PY)—VAR (PX). THE Ka$.N OBSERVATIONS ARE CROERED
FRJM LEAST TO GREATEST. RANKS ARE THEN ASSIGNED BY GIVING RANK 1 TO V

THE SMALLEST OBSERVATIO N , RANK 2 TC THE LARGEST, RANK 3 TO THE SECOND
LARGEST, RANK 4 TO THE SECOND SALLEST AND SO ON. THE ORDERED N+N
OBSE RVATIONS THEN HAVE RA NKS

T I E D  OBSERVAT IONS A R E  ASSIGNED THE AVERAGE RANK OF THE TIED
OBSERVATIONS. AS IN THE RANK SUM TEST, THE SUM OF THE 14 RANKS OF THE
V VAR IABL E IS THE TEST STATISTIC, W. A PRI MARY ASSUMPTION OF THE
St EGEL—TUKEY TEST IS THAT THE CENTERS OF THE TWO POPULATIONS ARE
CO INCIDENT. IF THERE IS P EA SCN TO BELIEVE THAT THE CENTERS ARE NOT
C~3INCIDENT , A TRAt~SFOR MATION MAY BE PERFORMED ON THE OBSERVATIONS TO
EQUALIZE THE MEOIANS . CAUTION SHOULD BE USED SINCE ADJUSTMENT OF THE
DATA ALT ERS THE NULL DISTRIBUTION OF U. IT IS PROBABL Y 8ETTER TO USE
THE F— TEST FOR COMPARISONS OF 2 VARIANCES WHEN THERE IS REASON TO
BELIEVE THAT THE POPULATIONS DO NOT HAVE THE SAM E CENTER .

REFERENCES

HOLLANOER, M. AND D.A. WOLFE (1 973) NON—PARAMETR IC STATISTICAL
METHODS. WILEY, NEW YORK . PP 67—75

CONOVER, W.J. (1971) PRACTICAL NONPARAMETRIC STATISTICS. WILEY , NEW
YORK . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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WILCOXON~ S SIGNED RANK S TEST

1 8
$SNRNK 11,12

PARAMETER FIELD (COLUMNS 8—79 )
IL

INPUT VAR tABLES TO BE COMPARED
12

OUTPUT
1. 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 SliM OF THE RANKS CORRESPONDING TO NEGATIVE DIFFERENCES, T—,
V AND THE MINIMUM OF THESE TWO SUMS, T, ARE OUTPUT. THE LEVEL

OF SIGNIFICANCE OF T IS ALSO OUTPUT.
3. THE LARGE SAMPLE AP PROXIMATION OF —I— AND THE LEVEL OF

SIGNIFICANCE OF THE LARGE SAMPLE APPROXIMATION ARE PRINTED.

USAGE
I. A MAXIMUM OF 500 OBSERVATIONS, DIFFERENCES, MAY BE USED.
2. THE NUMBER OF OBSERVATIONS FOR THE TWO INPUT VAR iABLES

MUST BE EQUAL.

EXAMPLE
CARD COMMENTS
1 8
$SNRNK 3,5 A SIGNED RANK S TEST WILL BE

PERFORMED FOR VARIABLES 3 AND 5.
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WILCOXONt S SIGNED RANK TEST IS USED TO TEST HYPOTHES ES ABOUT TH E
MEDIAN OF THE DIFFERENCES OF 2 PAIRED POPULATIONS.

CONS (O€R A SET OF PAIRED OBSERVATIONS, IXI,Yl), (X2,Y2),...,IXN,
YN). FROM THIS SET N DIFFERENCES ARE CALCULATED?

Dl = X 1—Y I
D2 = X2—Y2
.. . .

. .

ON z X N—YN.
THE NULL HYPOTHESIS OF NO DIFFERENCES BETWEEN THE PAIRED OBSERVAT IONS
MAY BE FORMULATED AS MEO(D)aO, WHERE MEOW) IS THE MEDIAN OF THE
DIFFERENCES. ALTERN ATIVE HYPOTHESES ARE MED(D)*0, MEOIO)>O, OR
MEO(O)(O.

TO TEST THE NULL HYPOTHESIS, THE ABSOLUTE VALUES OF THE
DIFFERENCES AKE ORDERED FRO M LEAST TO GREATEST. RANK S 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
DIFFERENCES, T—, ARE CCMPUTED. TMIN, THE MINIMUM OF T+ AND T., MAY BE
USED AS THE TEST STATISTIC WHEN THE ALTERNATE HYPOTHESIS IS MEDID)*O.
THE PROBABiLITY OF FINDING A RANDOM VALUE OF I LESS THAN OR EQUAL TO
THE OBTAINcO TMIN IS WRITTEN AS THE LEVEL OF SIGNIFICANCE. THIS IS
EQUIVAL ENT TO THE PROBABILITY OF FINDING A RANDOM VALUE OF I GREAT ER
THAN OR EQUAL TO TNAX, WHERE TMAX IS THE MAXIMUM OF T• AND I—. THUS
TO OBTAIN THE SMALLEST SIGNIFICANCE LEVEL AT WHICH THE HYPOTHESIS
NED(D)aO MAY BE REJECTED IN FAVOR OF THE ALTERNATE HYPOTHESIS NEDIO)*O
USE TWICE THE VALUE OF THE SIGNIFICANCE LEVEL PRINTED. IF THE
ALTER NATE HYPOTHESIS OF INTEREST IS NED(O))0, FIND THE PROBABIL IT Y OF
FIND ING A RANDOM VA LUE OF T GREATER THAN OR EQUAL TO THE OBTAINED T+,
IF THE ALTERNAT E HYPOTHESIS IS MED(D)(O , FIND THE PROBABILITY OF
FINDING A RANDOM VALUE OF I GREATER THAN OR EQUA L 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 (Xl,YI) IS EXCLUDED FROM CONSIDERATION IF XI YI, AND THE
N U M B E R  OF OBSERVAT IONS IS REDUCED ACCORDINGLY. IF THERE ARE TIES
A MONG THE ABSOL UTE VALUES OF THE DIFFERENCES, THE AV ERAGE RANK OF THE
TIED GROUP IS ASSIGNED.

THE LARGE SAM PLE APPROXIMATION TO TNIN IS CALCULATED AS FOLLOWS?
T—(N(N+1 )/4 )

AT a — --——s

SQRTIVAR (T))
IN GENERAL

VAR ITI a IN (N+1)(2N+1)/241 — (SUM (T (I))ITII)—1)(TII)S1)/2)

WHERE I IS TMIN, N IS THE NUMBER CF DIFFERENCES, TIl ) IS THE NUMBER OF
OBSERVATION S IN THE ITP4 TIED GROUP, AND SUM INDICATES SUMMING OVER ALL
I GROUPS. FOR AN U N I T ED OBSERVATION TII) L. WH EN THER E A R E  NO T I E S
THE LARGE SAMPLE APPROXIMAT ION REDUCES TO

T—ININ.I )/4)
A T .  - —.

SQRTININ .1)(2N+1)/24)

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - _ _ _ _ _ _
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FJR LARGE N, AT FOLLOWS THE STANDARD NORMAL DISTRIBUTION. THE
PROBABILITY OF FINDING A RANDOM VALUE OF AT GREATER THA N THE ABSOLUTE
VALUE OF THE OBTAINED AT (S ALSO PRINTED.

REFERENCES

HOLLANDER, 4. AND C. A. WOLFE ( 1973) NON—PARAMETRIC STATISTICAL
METHODS. WILEY , NEW YORK. Pp 27—33.

NOETHER, 0. 11971) INTRODUCTION TO STATISTICS? A FRESH APPROACH.
HJUGHTON_MIFFLIN CO., BOSTON. PP 122—129. 
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ONE WAY ANALY SIS OF VARIANCE

8
SANOVA I1,1 2,...,I50

PARAMETER FIELD (COLUMNS 8—79)
Ii
12

INPUT VARIABLES (TREATMENTS)
• ..

150

OUTPUT
I. THE NUMBERS OF OBSERVAT iONS, MEANS, AND STANDAR D DEV IATIONS

ARE PRINTED FOR EACH VARIABLE, TREATMENT , SPECIFIED.
2. AN ANALYSIS OF VAR IANCE TABLE FOR A ON E WAY CLASSIFICATION

WITH EQUAL OR UNEQUAL NUMBERS OF REPLICAT ES IS PRINTED.
THE TABLE INCLUDES THE BETWEEN TREATMENTS, WITHIN TREATMENTS,
AND TOTAL SUMS OF SQUARES AND DEGREES OF FREEDOM , THE
BETWEEN TREATMENTS AND WITHIN TREATM ENTS MEAN SQUARES, THE
F—RATIO OF THESE TWO MEAN SQUAR ES, AND THE PROBABILITY, P,
OF FINDING A RANDOM VALUE OF —F— GREATER THAN THE OBTAINED
VALUE.

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

EXAMPLES
CARDS COMMENTS
1 8
SANOVA 5,9,10 A ONE WAY ANALYSIS OF VARIANCE

WITH 3 TREATMENTS, VAR IABLES
5, 9, AND 10, WILL BE PERFORMED.

SANOVA ALL A ONE WAY ANALYSIS OF VARIAN CE
W I L L BE PERF ORMED U S IN G ALL
INPUT VARIAB LES AS TREATMENTS.
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IN GENERAL , THE ANALYSIS OF VAR IANCE iS A METHOD OF PARTITIONING
THE OVERALL VARIAT I ON IN AN EX P E R 1~~ENT INTO RECOGNIZED SOURCES OF

— VARI ATION. IN A ONE—WAY DESIGN THE TOTAL VARIATION IS CONSIDERED TO
BE EQUAL TO THE SUM OF THE VARIATION BETWEEN TREATMENTS AND THE
VARIATION ASSOCIATED WITH EXPERIPENTAL ERROR, (WiTHIN TREATMENTS).

IN THE ONE—WAY DESIGN WITH K TREATMENTS AND R h )  REPLICATES IN
THE ITH TREATMENT , AN OBSERVATION CAN BE DESCRI8ED BY THE MODEL

Y (IJ) a M + T h E )  + E (1J)

FOR I
J 1,...,R(I)

WHERE
Y (IJ) lS THE J1H OBSERVATION IN THE ITH TREATMENT,

H IS THE OVERALL MEAN,
T( I) IS THE EFFECT OF THE IT)i TREATMENT, AND

EIIJ) IS A RANDOM ERROR ASSOCIATED WITH THE IJTH OBSERVATION.

IT IS ASSUMED THAT THE SUM OF THE TII)~~S IS ZERO AND THAT THE E (IJ)tSARE INDEPENDENT AND NORMALLY DISTRIBUTED WITH MEAN 0 AND AND A COMMON
VARIANCE. (IT SHOULD BE NOTED TI-AT THE ASSUMPTIONS ABOUT THE EUJ)4S
ARE MORE STRINGENT IN THIS MODEL THAN ZN THE CORRESPONDING MODEL FOR
THE KRUSKAL—WALL ISt TEST.)

THE NULL HYPOTHESIS TESTED IS ALL TII).O FOR 1a1,...,K. THIS IS
EQUiVALENT TO THE HYPOTHESIS THAT THE MEANS OF ALL TREATMENTS ARE
EQUAL. THE USUAL ALTER NATE HYPOTHESIS IS NOT AU. TU~.O. THIS IS
EQUIVALENT TO THE STATEMENT THAT AT LEAST ONE PAIR OF TREATMENT MEANS
ARE NOT EQUAL.

THE COMPLETE ANALYSIS OF VAR IANCE TABLE HAS THE FORM?

~~~~~~ - -,-~~-~~~ -~ —~~ ~~~~~ 
- -~ - — —

* SOURCE * SUM OF * DEGREES OF * M EAN * F ** * SQUARES * FREEDCN * SQUARE * *— _
~~~

_ _ S  _~~~~_ _ ~ __  _ .
~~~ — ~~~~~~~ - 4 .  V. -.

*TREATMENTS * SSTRT * K—I. * MSTRT SSTRT/ K— 1 * MSTRT/MSE*
* * * * * **WITHIN * * * * **TR EATNENTS * SSE * SUM(R (l)—l) * MSEaSSE/SUM(RIII—13 * *
* * * * * **TOTAL * SST * N—i * * *

-~ - - -~~~ - — _ _ . _— _~~~ _ V.-a - — _ _ -_ -~~
-.-, — _

~~~~Ep - —

WHERE K IS THE NUMBER OF TREATMENTS, RU ) IS THE NUMBER OF REPLICATES
IN THE ITI-I 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 SQUARES, PLEASE SEE THE
REFERENCE LISTED BELOW.

THE OUTPUT INCLUDES THE PROBABILITY, P, OF FIND ING A RANDOM VALUE
OF F LARGER THAN THE OBTAINED F. THIS IS THE SMALLEST SIGN LFICANC E
LEVEL AT WHICH THE NULL HYPOTHESIS ALL T4Z).O MAY BE REJECTED IN FAVOR
OF THE ALTERNAT E HYPOTHESIS NOT AlL TIII O.
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REFERENCE

STEELE, A. G. 0. AND J. H. TORRIE ( 1960) PRINCIPLES MID PL’CFDURIS OF
STATISTICS. MCGRAW—HILL, NEW YORK. PP 99—119.
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DUNCANf S NEW MULTIPLE RANGE TEST

1 8
$ONMRT fl,IZ,...,ISO

PARAMETER FIELD (COLUMNS 8—79)
11
12
S ... INPUT VARIABLES

150

OUTPUT
1. THE MEANS OF THE SPECIFIED VARIABLES ARE PRINTED.
2. THE ERROR MEAN SQUARE IS PRINTED.
3. VARIABLES ARE TESTED FOR A SIGNIFICANT DIFFERENC E

BETWEEN THE MEANS AT THE .05 LEVEL (ALPHA a .05).

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

EXAMPLES
CARDS COMMENTS
1 8
SDNNRT 1,3,6 THE MEANS OF VARIABLES 1, 3, AND 5 ARE COMPARED.
$ONNRT ALL THE MEANS OF ALL VARIA BLES ARE COMPARED.

_ _ _ _ _ _ _ _  V - - - - - - -— • -~~--~~~~~~~~— ~~~~~~~~~~~~~~---
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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 PA IR 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 VAR IANCE. IT MAY BE OF INTEREST TO KNOW
WHICH TREATMENT MEAN S DIFFER. DUNCANfS NEW MULTIPLE RANGE TEST IS A
METHOD OF COMPARING ALL PAIRWISE COMBINATIONS OF TREATMENT MEANS.

CONSIDER AN EXPERIMENT WITH K TREATMENTS AND R REPLICATES PER
TREATMENT. THE TOTAL NUMBER OF OBSERVAT IONS IS NaRK. THER E ARE THREE
STEPS INVOLVED IN OUNCANtS NEW MULTIPLE RANGE TEST.

I. SXBAR, THE STANDARD ERROR OF THE MEAN IS CALCULATED AS

SXBAR SQRT (ERROR MEAN SQUARE/A )

WHERE A IS THE NUMBER OF REPLICATES PER TREATMENT AND THE EM~R MEAN
SQUARE IS THE EQUIVALENT OF THE WITHIN TREATMENT S MEAN SQUARE IN THE
ANALYSIS OF VARIANCE. (NOTE —— WHEN THERE ARE UNEQUAL REPLICATES PER
TREATMENT THE HARMONIC MEAN OF THE NUMBERS OF REPL ICATES IS USED

H INSTEAD OF A.) SXEAR HAS N—K DEGREES OF FREEDOM. SIGNIFICANT RANGES
AT THE 5.~ LEVEL ARE OBTAINED FOR THE APPROPRIATE DEGREES OF FREEDOM,
N—K, AND FOR THE NUMBER OF MEANS TO BE COMPARED, Pz2,...,K. THESE
RANGES ARE CONTAINED IN A TABLE IN THE PROGRAM. THE APPROPRIATE
RANGES ARE THEN MULTIPL IED BY SXBAR TO GIVE THE CRITICAL VALUE WHICH 2
M E A N S P ST EPS APAR T ON AN ORDERED SCAL E MU ST EXC EED TO BE CON SIDER ED
DIFFERENT AT THE 5-. LEVEL.

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

III. THE DIFFERENCES BETWEEN TREATMENT MEANS ARE COMPARED TO THE
CRITICAL VALUES. THE MEANS ARE COMPARED IN THE FOLLOWING ORDER?
LARGEST MEAN WITH SMALLEST MEAN, LARGEST WITH SECOND SMALLEST,...,
LARGEST WITH SECOND LARGEST , THEN SECOND LARGEST WITH SMALLEST, AND ON
THROUGH SECOND SMALLEST WITH SMALLEST. A DIFFERENCE BETWEEN TWO MEANS
iS DEEMED SIGNIFICANT IF IT EXCEEDS ITS CRITICAL VALUE AND IS NOT
WITHIN A NON—S IGNIFICANT RANGE.

AN EXAMPLE MAY HELP TO CLARIFY THE ABOVE. SUPPOSE WE HAVE FIVE
TREATMENT MEANS A, B, C, 0, AND E. IN STEP 1, 4 CRITICAL VALUES, I,
II, III, AND IV, WOULD BE CALCULATED FOR P (NUMBER OF STEPS BETWEEN
MEANS )a 2, 3, 4, AND 5. SUPPOSE THE MEAN S ARE RANKED FROM SMALLEST TO
LARG EST AS FOLLOWS?

B A E D C.
THE DIFFERENCE C—B WOULD BE CONSIDERED FIRST. C—B WOULD BE CCMPAREO
TO CRITICAL VALUE IV SINCE THE RANGE ENCOMPASSED BY C AND B CONTAiNS S
MEANS. IF C—B(IV, WE WOULD CONCLUDE THAT ALL THE MEANS ARE THE SANE
AT THE .05 LEVEL. HOWEVER, IF C—8>IV, WE WOULD CONTINUE BY COMPARING
C—A WI TH CRITICAL VALUE III AND SO ON UNTIL A NON—SIGNIFICANT RANGE
WAS FOUND OR UNTIL THE LAST COMPARISCN, A—B, WAS MADE.

THE RESULTS ARE SUMMARIZED BY UNDERSCORING MEANS WHICH ARE THE
SAME AT THE .05 LEVEL.

__ _ _ _ _ _ _ __ _ _ _ _  _____  A
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REFERENCE
STEELE , R . G. U . AND J . t~. TO RRIE 41960) PRINCIPLES AND PROCEDURES OF
STATISTICS. MCGRAW—HILL , NEW YORK . PP 107—109.

_______ 
I
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NEWMAN — KEULtS MULTIPLE RANGE TEST

1 8
SNKNRT I1,12 ,...,115

PARAMETER FIEL D (COLUMNS 8—79)
EL
12..

INPUT VAR IABLES
•.

115

OUTPUT
1. MEAN S OF THE SPECIFIED VARIABLES ARE PRINTED.
2. THE ERROR MEAN SQUARE IS CCMPUTED.
3. VARIABLES ARE TESTED FOR SIGNIFICANT DIFFERENCES

BETWEEN THE •4EAN$ AT THE .05 LEVEL (ALPHA =.05?.

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

EXAMPLES
CARDS COMMENTS
1 8
SNKNRT I,2O,~~1 THE MEANS CF VARIABLES 1, 20 AND 21

ARE COMPA RED.
$NKNRT ALL THE MEANS OF ALL VARIABL ES ARE COMPARED.

_ _ _ _ _  --~~ - - .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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THE PROCEDURES 1NVOLV~ C IN PERFORMING THE NEWMAN—KEUL~ S MULTIPLERANGE TEST ARE IDENTICAL TO THOSE USED IN OUNCANtS NEW MULTIPLE RANGE
TEST EXCEPT THAT DI FFERENT RANGE VALUE S ARE USED. THE RANGE VALUES
FUR THE TWO TESTS ARE ICENT ICAL WHEN THE NUM8ER OF MEANS BEING
COM PARED EQUAL S 2. WHEN THE NUMBER CF MEANS IN A RANGE EXCEEDS 2.
RANGE VALUES FOR THE NEWMAN—KEULIS TEST ARE LARGER THAN CORRESPONDING
RA NGE VALUES FOR DUNC AN~ S TEST.

REFERENCE
STEELE, K. 6. 0. AND J. H. TORRIE (1960) PRINCIPLES AND P*OOEPURES OF
STATISTICS. MCGRAW— HILL, NEW YORK . PP 110—111. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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THE KAUSKAL—WALLIS STATISTIC

1 8
SKRUWL I1,I2,...,150

PARAMETER FIELD (COLUMNS 8-79)
IL
12
.5.. INPUT V AR IABLE S V

150

OUTPUT
I. THE RANK JF EACH VALUE IN THE DATA SET IS PRINTED. THE

SUMS )F THE RANK S FflR EACH VARIA BL E ARE GIVEN. TIES ARE
GIVEN THEIR AVE RAG E RANKING.

2. THc KRUSKAL — 
~AL1 lS —H— STATISTIC AND ITS LEVEL OF

SfGNIFIC4NCt~ ARE PR(~’4rED.

USAGE
1. 4 MAXIMUM QF 50 VAR IABLE S MAY BE USED.
2. THF T~jTA1 NU~ S1R iF GBSERVATICPIS CANNOT EXCEED 5000.

EXAMPLES
1 8
CARDS COMMENTS
$KRUWL 1,2,~ THE H STATISTIC IS CALCULATED

USIN G VARIABLE S 1, 2 AND 6. V

SKRUWL ALL THE H STATISTIC IS CALCULATED
USING ALL VAR I#BLES. 

- —.~~~~~~~~~~ —~~~~~~~~~ -—_ 
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THE KRJSKAL — wA LL IS TF. T IS Ar~ EXTENSION CF WILCCXCN$S RANK SUM
Tt.~~T F~~~~)M 2 ~~~~~~~~~~~~~~~~~~~~~ GR r UP S ,  T~~~EA T Mt NTS  OR CLASSIFICATIONS TO K
( f4O EP’~NJENT GR 1UP~~. TH~ t~A S I C  MCCLL IS

Y ( 1J)~ M + T (J)  + E (IJ)

FOR I=1,...,N (J)
J 1,... ,K

*4c ~
Y (IJ) IS THE ITF’ Ct~~S~~~R V A T I O N  II ’. T HE GRCUP J,

1 iS THc .JVt.~ ALL ME,~N,
T (J) IS TI~ t F FF C T  if THE JTH T R E A T M E N T ,

E (IJ ) IS A RAN~ UM EKRCI~ ASSOCIATED WITH THE IJTH CBSERV ATION, AND
N (J) IS THc NC. Uf REPLICATES IN TREATMENT J.

i T  l’s ASSUMEI) THA T THE 3U?’ OF THE T (J)PS IS ZERC , ANC THAT THE EIIJ )~ S
4~~ V~~~ MU TU ALLY IND~PEN )ENT AP,D COME FROM THE SAME CONTINUOUS POPULATION.

THE NULL HYP~ T HES IS IS HO? T(i)aT(2)....aT (J ),  AGA INST THE
ALT~~

,’l4TIVE THAT NOT ALL THE T(J)$S ARE EQUAL .

ALL N=N(1 )+fi (2)+———+N (K) OÔSERVATIONS ARE ORDERED FROM LEAST TO
G~ FATEST AND RANKS 1 TO N A RE ~SS1CNED. THE SUM OF THE RANKS IS THEN
C JMPUT EI) FOR EACH TREATMENT GROUP, iF R(IJ) IS THE RANK OF Y(IJ),
THEN THE SUM OF THE RANKS FCR TREATMENT .1 IS RIJI’ SUM (MIJH , WHERE

— 
~,J4 1 .’4D ICATES SUMM ING & , V f R  I FRCI~ 1 TO NIJI. THE AVERAGE RANK FOR
TR[~~TMENT J IS NR(J)=R(J)/N(J). THE OVERALL AVERAGE CF THE RANKS IS
MR = (N’1I/2.

THE KRUSKAL—WALL!S STATISTiC IS DEFINED AS

H a (12/N(N +i)1 (SUM (N (J)) (MR (J) — NRIf2)I,
WHEi~E SUM INDICATES SUMMI NG OVER J FROM 1 IC K. THIS FORMULA CAN BE
C:Nv~ RTED TO THE CCMPuTATICNAL FORMULA

H a t (12/N (N +1U (SUN ((R (J)~ 2)/N(J))I—3(N.i).

FiR LARGE 14(J), H FOLLOWS AN APPROXIMAT E CHI—SQUME DISTRIBUT ION WITH
K— I. DEGREES CF FREEDCM. THE PROBABILITY OF FIND ING A LARGER H BY
CHANCE ALONE IS GIVEN AS THE LEVEL OF SEGNEGICANCE . THIS IS THE
L JnEST SIGNIFICANCE LEVEL AT WHICH THE NULL HYPOTHESIS MAY BE REJECTED
IN F4V UR OF THE ALTERNATE HYPOTHESIS.

~dHEN THERE ARE TIED OBSERVATIONS, THE AVERAGE OF THE RANKS OF THE
TIED VALUES ARE ASSIGNED AND THE STATISTIC

H/Ii—I (SUM (S (L)$3—S (L))/(N$3—N ))I

IS USED INSTEAD OF H. IN THE ABOVE FORMULA, SUM INDICATES SUMMING
OVER I FROM I TO 6 WHERE 6 IS THE NUMBER OF TIED GROUPS, AND S(L) IS
THE NUMBER OF TIED VALUES IN GROUP L. FOR UN TIED OBSERVAT ION S S(L1 1.
FJK DATA WITH NO T IES H*xH.

FOR SMALL 14(J) THE USER IS REFERRED TO TABL ES OF THE
KRIJSKAL—WAL L.IS, H, STATISTIC TO DETERMINE SIGNIFICANCE OF H. THESE
TAdLES ARE TOO LENG THY TO 8E PRESENTED HERE. ONE SOURCE IS TABLE A.?
I~ HCLLANOER AND WOLFE (1973).

_ _ __ _ __ _ _ _  _ _  - -~~- ---~~~~~—~~—
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REFERENCES

HOLLANDER . M. AND D. A. WOLFE (1973). NON—PARAMETRIC STATISTICAL
METHODS. WILEY, NEw YORK. PP 115—119.

NOETHER, 6. ( 1971). INTRODUCTION TO STATISTICS? A FRESH APPROACH.
HOUGHTUN—MIFFLIN CO., BCSTJN . PP 143— 146.
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MULT IPLE COMPARISONS BASED ON THE KRUSKAL—WALLIS H STATISTIC

8
SKRUWC Il,I2,...,150

PARAMETER FIELD (COLU MNS 8—79)
11
12

.. INPUT VARIA B LES
S .

150

OUTPUT
1. ALL OL~TPUT GIVEN BY $KRUWL.
2. THE MULTIPLE COMPAR ISON PROCEDURE IPICLUUE S A LIST

OF THE IREATMINT , VA RIABLE, PAIRS COMPARED, THE
A BSOLUT E DIF FERENCE BET W EE N THF AV ERAGE R ANKS OF
TREATMENT PAIRS, THE TEST STATISTICS, Z(1,JUS, AND
THE LEVELS CF SIGNIFICANCE OF THE ZII,J)~ S.

USAGE
1. A MAXIMUM OF 50 VARIABLES MAY BE USED.
2. THE TOT-A L NtjMBER UF CBSERVATICNS CANNOT EXCEED 5000.

EXAMPL E
CARD COMMENTS
1 8
SKRUWC 1,3,6 THE H STATISTIC IS CALCULATED USING

VA R IABL -...S 1, 3 AND 6. THE DIFFERENCES
OF THE AV ERA GF RANKS CF THE
VARIA BLE PAIRS (1,31, (1,6)
AND (3,6) ARE TESTED.

- -V~ 

-

V 
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THIS PROGRAM CALCULATES THE KRU SKAL—W *LLIS H STATISTIC AS IN
SKRUWL , AND P~MFURMS ALL PAIRWI SE COMPAR ZSOIS BETWEEN THE AVERAGE
RA’4K5 OF THE K TREAT M ENTS.

IF THERE ARt K TREATMENTS, K (K—1)/2 COMPAR ISONS ARE PEI4FORMI0~

THE STATISTICS CALCULATED FCR ALL I,J, AND ISJ ARE

Ad SIRbARU ) — RoA R( J 1 1

Z ( 1.1) a ——— ~~~————— ————————————
S Q R T ( N ( N — 1 ) ( 1/ N ( I )  4 1 /NIJ ) I / 12 1

vfflERE

R3AR (I) AND RBAR (J) ARE THE AVERAGE RANKS OF THE ITH AND JTH
TR EATMENTS

N ~ TOTAL NUMBER CF CoSERVATECNS

N(Il AND M (J) = NUMBER OF OBSERVATIONS IN ITH AND JTH TREATMENTS
RES PECTIVELY.

Z (IJI FCLL OWS A ST4NDAR O NORMAL DZSTRIRLTIDN . THE L~ VE LS OF
SIGNI FICANC E GiVEN ON THE OUTPUT ARE ThE UPPER TAIL PROBABILITIES FOR
EACH ZUJ). TO MAKE A DECISION CCNCERNING ANY GIVEN PAIR, CHOOSE A —

DE SIM~ L) OVE RAL L SIGNIFICANCE LEVEL , ALPHA. THIS WILL INSURE THAT THE
PR IBASILITY WILL BE AT MUST ALPHA CF DECLAR ING THAT TWO OR MORE
TS~ ATMENTS DIFFER WHEN IN FAC T ALL K TREATMENTS ARE IDENTICAL . THEN
COMPUTE C ALPHA/K(K—1). C CAN THEN BE COMPARED WITH THE LEVELS OF
SI~~~IFICANCE GIVEN FCR EACH Z(IJ). IF THE LEVEL -OF SIGNIFICANCE FOR A
PA RTICU L AR 11 (J) IS LESS THAN CR EQUAL TO C, WE MAY DECIDE THAT THE.
AV~R AGE R ANKS FOR THE ITH AND JIM TREATMENT DIFFER AT THE CHOSEN
OVERALL SIGNIFICANCE LEVEL ALPHA.

REFER~~ CES?

1. NOETtI ER, C. 11971) INTRODUCTION TO STATISTICS? A FRESH APPROACH. 
V

HQU (,HTOM—MIFFLIN CC., t3CSTON. Pp 147—148.
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PEARSONt S CORR ELATION

1 8
SCORR I1,I2,...,I25

PARA METER FIELD (COLUMNS 8—79)
11
12
S ... INPUT VA R IAi~LES..
I2~

OUTPUT
1. PEA RSON tS CC.’U LAT LN CCFFFIC IENTS BETWEEN ALL

PA IRWI SE COMBINA TIUNS OF INPUT VARIABLES AND
C O R P E S P O N ~)ING MJMeERS UF CBSER VAT IONS ARE PRINTED.

2. THE F~~R,~i CF THE ‘)UTPUT IS (CBSERVAT I~ NS, CORRELATION).

US AGE
I. A MAXIMUM OF 25 V A R I A B L E S  ~~AY BE USED.

2. THER E IS NO LIMIT ON THE NUMBER OF O3SERVATI CNS.

EXAMPL ES
CARDS COMMENTS
1 8
SCORK 1,4,b, CCRRELATICNS OF VARIA B LE PAIRS

(1,4), 11,6) AND (4,6) ARE CCMPUTED.
$CORR ALL C%JRREIAT Ic,NS CF ALL PAIRS OF

V A R I A B L E S  A RE. CALCULATED.

:1 V I
.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _



— —

C. S TAT IST ICA L ROUT INE SPECIFICATION CARDS 62

A CORRELAT ION COEFFIC IENT IS A MEASURE OF THE DEGREE CF
ASSOCIATION BETWEEN TWO VARIABLES. THERE ARE MANY TYPES OF

L C)RRELATION CUEFFICIENTS. THE ONE CALCULATED BY THIS PROGRAM IS THE
PRODUCT MOMENT CORRELATION COEFFICIENT, R. SPECIFICALLY, R IS A
MEASURE OF THE LINEAR ASSOC IATION BETWEEN TWO VARIA8LES. THE VALUES
OF R CA M RANGE FROM -I (SMALL VALUES OF ONE VAR IA BLE ARE LINEARLY
ASSOC IATED wITH LARG E VALU ES OF THE OTHER VARIABLE ) TO +1 (VALUES OF
THE T40 VAR IABLES TEND TO INCREASE TOGETHER). A VALUE OF 0 INDICATES
NO LINEA R ASSOCIATION 8ETWFEN THE VAR IABLES.

THE PRODUCT MOMENT CORRELATION IS DEF INED AS

SUM(LX( I )— X B A R I I Y ( I )— Y BA R I I
P — 

SQRT ( I SUMIXI I )— X BAR ) - P 2 It SUMIY( I )— Y BAR )  ~2II

4HERE

SUM INDICATES SUMM ING OVER VA LUES OF I z

• iS EXPCNENTIAT ION

X II ) a THE ITH VALUE OF VARIABLE X

Y(() a THE (TM VALUE CF VARIABLE Y

XBA R AND YBAR ARE THE SAMPLE MEANS CF X AND Y RESPECTIVELY

THE COMPUTING A\GOikITHM USED IS

SUM 48 — (SUP’ A) (SUM B)/N
R a — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - — — a  - pa

SQKT ICS UM (41 2 )— (( S UM A ) t 2 ) / N I ( S U M ( B~ 2 )— ( (SUM B)$2 )/ NII

tIHERE

A IS X (L)

B IS Y ( I )  -

z NUMBERS OF X AND Y VALUES

FOR TESTS Of HYPOTHESES ABCUT RHO, THE POPULAT ION CORRELATION
COEFFICIENT (ESTIMATED BY Ri, SEE STEELE AND TORRIE (1960).

_ _ _ _ _ _ _ _ _ _ _ _ _
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REFERENCES?

STEELE, R.G.O. AND 4.14. 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 I1,I2,...,125

PARAMETER FIELD (CCLUM NS 6-79 )
II
12
S... INPUT VAR IAB LES..

-: 
125

OUTPUT
L. THE RANK OF EACH VALUE WITHIN A VARIABLE AND THE

V VALUES OF EACH VARIA B LE IN A VARIA BL E PAIR A RE
PRINTED.

2. THE — 5- STATISTIC, KENUALL$S CORRELATION COEFFICIENT,
( TAU ),  THE LARGE SAMPLE APPROXIMATiON TO — 5— , ANC THE
SIGNIFICANCE L€V~ L OF THE LA R GE  SAM °LE A P P R O X I M A T I O N

ARE GIV EN FOR ALL PA~ K~~ISE CO MBINA T IC NS OF THE V ARI A BLES
RE QUESTED.

USAGE
1. A MAXIMUM OF 25 OBSE RVATI O NS MAY BE USED.

2. THE MAXIMUM N U M BE R  OF O B S E R V A T I O N S  PER V A R I A B L E

IS 500.

EXAMPLES
CARDS COMMENTS
1. 8
$RNKCR 1,4,6 RANK CO RRELAITO N FOR VAR IABLE

PAIRS (1,4) , (1,6) AN D (4,6)
$RNKCR ALL RANK CORRE LATION FOR ALL VARIABLE

PAIRS 

----— - - ---—----— ——----—- -- -V ~~~~~~~~~~ ~~~~~ -
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KENDALL iS RANK CORRELATION IS A METHOD GF DiSCERNING THE
ASS OC I ATION , IF ANY, BETWEEN TWO VARIABLES.

SUPPOSE WE HAVE TWO VA RIABLES WITH N CBSERVATICNS EACH? (X U) ,
Y (IH, (X (2),Y(2)),...,(X(N),Y(N)). THE HY~ CTHESIS OF INTEREST IS HO?
X AND V ARE INDEPENDENT (UNASSOCIATED). AN INTUITIVE APPROACH TO
DISCERNING THE RELATIONSHIP BETWEEN X AND Y IS TO COUNT HOw CFTEN THE
REL ATIVE RANKINGS WITHIN EACH VARiABLE MOVE IN THE SAME DIRECTION AND
HO~4 OFTEN THEY MOVE IN OPPOSITE DIRECTIONS .

IN PiRTICULAR FOR I AND J=1,2,.,.,N AND I~ J, IF THE PRODUC T(X (I)—X (J)J (Y (lJ—Y (J )J 15 GREATER THAN 0, (I.E., T H E  OBSERVATIONS ARE
Cr1ANGI~~ G IN THE SAM E  D I R E C T I O N) WE CCUN T +1. CONVERSEL Y , IF THE
PRODUCT IS NEGATIVE, WE COUNT —1. IF THE PRODUCT IS 0, WE COUNT 0,
BECAUSE AT LEAST ONE CF THE VAR IABLES HAD NC CHANGE BETWEEN
J3SERVATIONS I AND J.

• THc SUM OF THE IfS, —ifS, AN D OsS IS THc STATiSTIC 5. IF ALL N
O~ SE RVATION S OF X AND Y MOVED IN THE S A M E  D I R E C T I O N, S WOULD EQUAL

~4 (N—1) I2, WHILE IF ALL OBSERVATIONS MOVED IN OPPOSITE DIRECTIONS, S
WOULD EQUAL —N (N—j) 12. IT wOU L D BE HELPFUL T O HA VE A STATIST iC WH ICH
GAVE THE STRENGTH CF ASS OCIATION BET~ EE N THE T WO VA RIA B LES CN A SC ALE
FROM —1 (EVERY INCREASE IN ONE VARIABL E IS ACCOMPANIED BY A DECREASE
IN T$~ OTHER VARIABLE ) TO +1 (THE VARIABL ES INCREASE TOGE Ta~ERI . SUCH
A s TATIST IC  IS TAU WH ER e TAU IS THE OBT A INED VA LUE OF S DIVIDED BY THE
MAX IMUM OF S. THE MAXIMUM OF S IS N (P’e—I)/2 30

S 2S
TAU a — a

N (N—1 )/2

THE SIGNiFICANC E OF TAU CAN BE EVALUATEC FOR LARGE SAMPLES IN THE
F-JLLOW I?4G WAY? THE LARGE SAMPLE APPROXI MATI ON iS

S
a ea eee e__ 

SQRT (N(N—1) (2N+5)/18)

FOR LARGE N, THE LARGE SAMPLE APPROXIMATION FOLLOWS THE STANDARD
NORMAL DISTRIBUTION . THE LEVEL CI- SIGNIFICANCF PRINTED IS TWICE THE
UPPER TA IL PROBABILITY CF THE ABSOLUT E VALUE OF S.

FO R V’4 GREATER THAN 8, THE NORMAL APPROXI MATION IS ADEQUATE. FOR
N LESS THAN OR EQUAL TO 8, THE READER (S REFERRED TO TABL E A ,21 IN
HOLLANOER AND WOLFE (1973). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~
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REFERENCES?

I. HOLLANDER, N. AND D.A. WOLFE (1973) NONPARANETRIC STAtISTICAL
METHODS. WILEY , NEW YORK . PP 185— 193, 384—393.

2. NOETHER , G. (1971) INTRODUCTION TO STATISTICS? A FRESH APPROACH.
HOUGHTON_MIFFLIN CO., BOSTON. PP 155—162. 
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CHI—SQUARE

8
$CHISQ I1,I2,...,I50

PARAM ETER F IELD ( C G L U M N S  8— 79 )
11.
12
S ... INPUT VM PIAb LES (COLUMNS)

S .

- ; I~~ O

OUTPUT
L. A CHI—S~JU4RE STATiSTIC IS CALCULATED FOR A TWO—WAY

CONTINGENCY TABLE IN WHICH THE INPUT VARIA3LES FCRM
THE cL~LUMNS AND THE CASES FORM THE ROWS.

2. oEGRE~~S JF FREEDOM ANt) SIGNIFICANCE LEVEL OF THE

CH 1—S-~UARF VALUE AND THE CONTINGENCY COEFFICIENT ARE
GIVL~-).

USAG E
1. A MAXIM UM OF 50 VARIABLES MAY BE USED.

2. THERF IS A LIM IT OF 100 CASES.
3. THE PRODUCT OF THE NUMBER CF VARIA6 L~ S TI M ES THE

NUMBER OF CASES -MAY NOT EXCEEC 1400.

EXAMPLES
CARDS COMMENTS
1 8
SCHISQ 1,2,3 A CHI—SQLARE TEST WILL BE CALCULATED

USING VAR IABL E 1, 2 AN1 3 AS COLUMN S
AND ALL CASES AS ROWS.

SCH ISQ ALL ALL VAR IARI A B LES 4~’4C CASES -WILL Bt
USED TO PERFO RM A CHI—SQUA RE TEST.

- - - - - - -

~ 
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THE CHI—SQUAR E STATISTIC, CHI—SQUARE a SUML ((OBS—EXP)fZ)/EXPJ ,
MAY BE USED TO TEST A NUMBER OF HYPCTHESFS. THIS PRCGRAN COMPUTES A
CHI—SQUARE STATISTIC TO TEST THE HYPOTHESIS CF INDEPENDENCE OF THE 2
VA4 IAB LES OF CLASSIFICATION IN AN RXC CONTINGENCY TABLE, WHERE R 15
THE NUMBER OF ROwS, (DISCRETE CATEGORIES OF ONE VA R IA ~ LE), AND C ISTH~ NUMBER OF COLUMNS, (DiSCRETE CATEGOR IES OF THE OTHE R VARIABLE).
THE DATA ARE THE NUMBERS CF OBJECTS CR SUBJECTS FALLING INTC EACH OF
THE RXC CELLS.

AN RXC CONTINGE NCY TABLE

VARIABLE A

* I * 2 * . . * C *
* * * * * **1 * NIL * N12 * . . . . * NIC * NI.V * * * * * *A **** *R * * * * * *( * 2 * N 21 * N22 * . . . . * N2C * N2.

A * * * * * *B **** *I *. * • * • * . . . S * •
E a. a • * • * . . . . * • *

a. * • a • * . . . • * • *
B **** — *a * * a * a. . . .*N RC * NR.

• * * a * *

N.1 N.2 N.C N..

IF THE TWO VARIABLES OF CLASSIFIC ATION ARE INCEPENDENT , THE
PR-)BABILITY OF AN OBSERVAT ION FALLING IN THE IJTH CELL, (I~~1,...R,
J=1,...,C), WILL BE EQUAL TO THE PROBABILITY OF THE OBSERVATION
FALLIN G IN THE ITH ROW TIMES THE PROBABILITY CF THE CBSFRVATION
FALL ING IN THE JTF$ COLUMN. EXP~CTED NUMBERS OF CBSERVATIONS IN EACH
CELL ARE THEN CALCULATED ASSUMING THE RCWS ANC COLUMNS ARE
INDEPENDENT. SPECIFICALLY, THIS PROGRAM CALCULATES THE EXPECTED
NUMBERS FOR EACH IJTH CELL As ; EXP (IJ)= (NI.)(N .J)/N. ., WHERE NI. IS
T’IE TOTAL NUMBER OF CBSERVATIONS IN THE ITH RCW, N.J IS THE TOTAL
N~JMBER hF OBSERVATIONS IN THE JTH CCLUMN , AND N.. IS THE TOTAL NUMBER
OF OBSERVATIONS IN THE eXPCRIMENT. IT MAKES SENSE INTUITIVELY THAT
THE L4RGER THE JEVIATIONS OF THE OBSERVED AND EXPECTED VALUES, THE
LESS LIKELY IT IS THAT THE ROWS AND COLUMNS ARE INDEPENDENT . THE
CHI—S QUARE STATISTIC PROVIDES A METHOD OF DECIDING WHAT THE
PROBABiLITY IS THAT THE ROWS AND COLUMNS ARE INDEPENDENT, BASED ON THE
MAGNITUDE OF THE DEVI AT I ONS BETWEEN THE CBSERVED AND EXPECTED NUMERS
IN EACH CELL. THE FOLLOWING STATISTIC IS COMPUTED.

CH I—SQUAR EaS UMI( (OBS( IJ)— EXP( IJ ) ) f2 )/ EXP ( IJ I I ,

WHERE SUM INDICATES SUMMING OVER I AND J FOR l—1,...,R, AND J.1,...,C.
CHI—SQUARE FOLLOWS AN APPR OXIMATE CHI—SQtJAR E DISTRIBUTION WITH
(R—1)(C—I) DEGREES OF FREEDOM . THE PROBABILITY OF FINDING A GREATER 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CHI—S~ UA RE V ALUE BY CHA~ CL ALONE IS GIVEN. THIS IS THE LOWEST
SIGNI FiCANC E LEVEL AT wHICH THE NULL HYPOTHESIS OF INDEPENDENC E NAY BE

• REJECTED.

FOR 2X2 TABLES, (R=2,C=2), THE CHI—SQUARE STATISTIC IS CALCULATED
WITH A CORRECTION FUR C~1NTINUZTY AND WITHOUT SUCH CORRECTION . THE
CrU SQUARE C’JRRECT IC FOX CONTINUITY IS CALCULATED AS

It A BS ( ( N 1 1) ( ~~2 2 )— ( N 1 2) ( N 2 1) )— N . . I2 1f23N..
CHI—S~ UARE = —— ——— — 

(NI.) (N i.) (N. I) (N.2)

WI T~1 1 DEGREE OF FREEDOM . THE U-I—SQUAR E STATISTIC FOR THE 2X~ TABLE
WITHOUT CORRECTIUN FCR CONTINUITY IS CALCULATED A S ABOV E BUT W ITHOUT
THE TERM N..12. GENERALLY, THE CORRECTED CHI—SQUAM E GIVES A BETTER
APP~~)XJMAT ION TO THE CHI—SQUARE DISIRZ8UTION. HOWEVER. SOME PREFER NOT
TO USE IT.

REFERENCE

STEELE, R. 0. 0. AND J.H. TC)RKIE (1960). PRINCIPLES AND PROCEDURES
OF STATiSTICS. MCGRAW—HILL , NE~I YCRK. PP 366—375.
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LEAST SQUARES REGRESS ION

8
$LSQR I1,I2,...,I50

PARAMETER FIELD (CO LUMNS 8—79)
ii — DEPENDENT VARIA BLES
1 2 —
a ... INDENDENT VARIABLES
••
150 —

OUTPUT
FOR EACH COMBINAT ION OF THE DEPENDENT VARIABLE WiTH AN
INDEPENDENT VARIA BLE —

1. INTERCE PT AND SLOPE FOR THE LEAST SQUARES LINE ARE GIVEN.
2. T — S T A T I S T IC WITH DEGREES CF FREEDCM AND SIGNIFICANCE LEVEL

ARE COMPUTED TO TEST THE HYPOTHESIS THAT THE SLOPE IS ZERO.
. THE NUMBER CF OBSERVATIONS IS GIVEN.
4. THE STANDARD ERROR OF THE SLCPE ESTIMATE, THE CORRELAT 1CN

COEFFICIENT , AND THE COEFFICIENT OF DETERMINATION ARE GIVEN.
5. THE F—STATISTIC, DEGREES CF FREEDCM, AND SIGNIFICANC E

LEVEL FOR TESTING THE OVERALL SIGNIFICANCE OF REGRESSION
ARE PRINTED, AND

6. MEANS AND STANDARD DEVIATION S ARE PRINTED .

USAGE
I. A MAXIMUM OF ONE DEPENDENT ANC 49 INDEPENDENT VAR IA B L E S

ARE ALLOWED.
2. THERE IS ~O LI MiT ON THE NUMBER OF OBSERVATIONS.

EXAMPLE
CARD COMMENTS
1 8
$LSQR 1,3,o TWO LEAST SQUARES ANALYSES WILL BE

PERFOR MED— (DEPENDENT VARIA BLE—i WITH
INDEPENDENT VAR IABLE—3) AND (DEPENDENT
VARIA BLE— I WITH INDEPENDENT VARIABL E—6).

- S ~~~~-~~~~~ -- -~~~~~ —— ~- —— -- ---~ — -—- .- -fl—- -- -
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SIMPLE LINFAR REGRESSION IS A METHOD OF FITTING A STRAIGHT LINE
TO A COLLECTION OF POINTS (Y (I),X(i)). THE MODEL IS

Y (I)z 80 4 BIX IL) 4 E l I)

WHERE Y ll ) AND X II) ARE THE ITH OBSERVATIONS OF V AND X (IzI,...,N),
60 z THE UNKNCWPs INTERCEPT PARAMETER,
81 z THE UNKNCWN SLOPE PARAMETER, AND
E (I) = AN UNKNOWN INCREMENT BY WHICH ANY VII ) MAY VARY FROM

THE TRUE LINE Y=BO + B IX .

LEAST SQUARES IS A METHOD CF ESTIMATING 80 AND 81 WITH 80 AND 81
(ESTIMATES ARE NOT iN BOLDFACE) SO THAT

SUM (EII)t 2)= SUMUY (I)—BO—BIX (I)J121

IS A MINIMUM. THAT IS, SO THAT THE SUM CF THE SCUARED DEVIATIONS OF
TH€ PREDICTED YlS, YHAT(jI= 80 4 B1~~(Z), AND THE OBSERVED YtS IS A
MINIMUM .

THE ESTIMATES OF 80 AND 81 ARE

SUM ((XU)—MX )(Y (I)—MY)J SUMLIX (I))IY (!)))—E (SUMX (I))(SUMY (I))J/N
81  = — — 

SUMI (XII)—M X)$21 SUM (XU)12)—( (SUMX (I))t2J/N

A n )

83 = ‘IY — BIMX

WH~ SE MY AND MX ARE THE MEANS OF Y AND X, AND SUM INDICATES SUMMING
OVER I FOR I=l,...,N.

ANOTHER OBJECT OF L INcAR REGRESSION IS TO TEST HYPOTHESES ABOUT
THE RELATIONSHIP BETWEEN THE 2 VARIABLES OF INTEREST. THE MOST
F~ EQUENTLY STAT ED NULL HYPOTHESIS iS THAT THERE IS NC RELATIONSHIP
BETWE~~ THE VARIABLES ; HO? 810 AGAINST POSSIBLE ALTERNATIVES, 81*0,
81>0, 81<0. THE TEST STATISTIC IS

I = 61/STANDARD ERROR OF BI.

T HAS N—2 DEGM EES OF FREEDOM . THE COMPUTATIONAL FORMULA FOR THE
STANDARD ERROR OF 81 IS RATHER LENGTHY AND WILL NOT BE PR ESENTEr) HERE,
BUT MAY liE FOUND IN THE REFERENCE GIVEN.

ANOTHE R EQUIVALENT TEST IS THE F TEST FCR SiGNIFICANCE OF
RE~ RESSI0N. THE COMPUTATION OF THE F—STATISTIC IS MOST INTELLIGIBLE
PRESENTED IN TABULAR FORM. THE SOURCES OF VARIATION IN THE REGRESSION
M0)EL MAY BE PARTIONED AS TOTAL VARIAT IONS VARIATION CUE TO REGRESSION
4 VA RIATION ABOUT REGRESSION. THE VARIATION ASSOCIATED WITH EACH
SOURCE ARE DEH INED AS IN THE TABL E BELOW . COMPUTATIONAL FORMULA OF
SST AND SSR MAY BF FOUND IN THE REFERENCE GIVEN. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-- - - -- -~~~~~ _
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.**.** a**********.**.******* .*.****.*.*..*.*****.*.***..*****
* OF* SUM S OF SQUARES * MEAN SQUARE S

TOTAL *N—I* S~~T= SU~4((Y(I)—MY )~ 2J  *

* * *DUE T O * * SSR *
~EGPESSICN* I * B I I S U M [ ( X ( I i — M X ) I Y ( I ) — M Y ) I )  * MSR=SSR

~~ * *
AI~~)UT * * *
~E (RESSICN*N—2* SSE=suMt (y (i)—yHAT )~~2~~ ssT_SsR* MSE=SSE/N’-2
***** ******************************* *********•***************

TH~ TEST STATISTIC IS F*NSR/MSE WITH 1 AND N—2 DEGREES OF FREEDOM.
N OTE THAT T~ZzF. THE SLCNIFIC4NC~ LEVELS IF T AND F ARE GIVEN.

OTHER QUANTITIES CALCULATED ARE THE CCRRE LA TLCN CCEFFICIENT R,
AND THE COEFFICIeNT OF flETERM INA TION , 4$2 S5R/SST. Rt2 IS A MEASURE
OF THE PR~~ ORT IJN CF THE T~ TAL VARIATION A8CUT THE MEAN , MY, EXPLAINED
BY THE REGRESSION OF V JN A . NATURALLY, THE LARGER Rt2 THE BETTER THE
FIT IS.

REFERENCE

DRAPER, N. P. AND H. SMITH (1966). APPLIED REGRESSION ANALYSiS. JOHN
WILEY A d O SINS, INC., NEW YORK. PP 1—34.

—
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MULTIPLE REGRESSION

8
$MREG Ij,I2,...,125

PARAMETER FIELD (CCLU MNS 8—79 1
11 — DEPENDENT VARIABL E
12 —.... INDEPENDE N T VA~ L A B L ES..
1 2 —

OUTPUT
1. THE MEMS, A ND ST AN DARD DEVIATI O NS OF ALL VAR IABLES

ARE PRINTED.
2. CORRELATI ONS BETWEEN ALL VARIA BLES ARE GIVeN.
3. INTERCEPT, REGRESSIC’4 COEFFICIENTS, STANDARD ERRORS

OF REG !cESSZGN CJtFFICIENTS, T—VA LUES , DEGREES CF
FREEDOM AND SIGNIFICANCE LEVELS OF THE I—VALUES FOR
TESTING HYPOTHESES THAT THE REGRESSICN COEFFICIENTS
ARE ZERO A PE INCLUDED.

4. MULTIPLE CORt~ELATI ON ANC DETERMINATION ARE GIVEN.
5. THE $TANOA4D -ERROR 3F THE ESTIMATE IS PRINTED.
b. AN ANALYSIS (IF VARIANC E F~ r~ THE i~EGRtSSION IS GIVEN.

THIS INCLUDES THE SUMS OF SQUARES ATTRIBUTABLE TO
REGRESSION , A800T THE REGRESSION , AND CF THE TOTAL.
DEGREES OF FREEDOM , MEAN SQUARES, THE F—STATISTIC
AND ITS LEVE L Of SIGNIFICANCE ARE PRINTED .

USAGE
1. ONE DEPENDENT VARIABL E MAY BE USED.
2. NC MORE IHAN 24 INDEPENDENT VARIABLES MAY BE USED.
3. THERE IS NO LIMIT CN THE NUMBER OF OBSERVATIONS.

EXAMPLES
CARDS COMMENTS
1 8
SMREG ALL A MULTIPLE REGRESS ION ANALYS i S

US ING VAR . 1 AS THE DEPENDENT

VARIABLE AND REMAINING VARIABLES
AS THE INDEPENDENT VARIABLES
WILL BE PERFORMED.

$MREG 3,1,2 A MULTIPL E REGRESSION ANALYSiS
WILl. BE PER FORMED USING VAR . 3
AS THE DEPENDENT VARIABL E AND
VARIA BLES I. AND 2 AS THE INDEPENDENT
VARIABLES.
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I.~ MULTIPL E RcGR cSSION, THE ~ O OEL I S
Y (1)= 80 + 81*X1(I) + B2*X2U) + ... + BK*XK II) + EU),

WHERE Y (i) IS THE ITH MEASUPCMENT OF THE DEPENDENT VAR IABLE Y,

X1 (I), X2(I),...,XK(I) ARE THE ITH MEASUREM ENTS OF THE
INCEPE,~iOENT VAR I ABLES, XI, X2,...,XK (I=L,....N),

60, 61, B2,...,BK AR~ THE UNKNOWN COEFFICIENTS ASSOCIATED WITH
THE INTERCEPT AND IHE ~ INDEPENDENT VARIABLES, AND

EU) = ERROR ASSOCIATED WITH THE 1TH MEASUREMENT.

ONE OBJECT OF THIS PROGRAM iS IC ESTIMATE 60, B1,...,8K SO THAT THE
SUMLE (I)~ 2) IS A MINIMUM. LNOTHER OBJECT IS TO DECIDE IF THE OVERALL
RE GRESSION OF V ON Xl., X2,. ..,XK IS SIGNIFICANT (I.E., ACCOUNTS FOR
OBSE R VED VA R IAT IO~ IN Y). IN THIS REGARD, A TEST iS PROVIDED OF THE
HYPOTHESIS HO? B1=B2=...=Bk=O, AGAINST THE ALTERNATE HYPOTHESIS, NUT
ALL BI=O FOR 1 1,...,K. FURTHER TESTS ARE PROVICED FOR HYPCTHESES OF
THE FORM HO? 81=0 , I=1,...,K.

THE FOLLOWING STATISTICS ARE OUTPUT.

1. THE MEANS AND STANDARD DEVIATIONS OF V AND X1,...,XK ARE PRINTED.

2. THE CORRELATION MATRIX OF THE DEPENDENT AND INDEPENDENT VARIABLES
IS GIVEN . THIS GIVES MEASURES OF ASSOCIATION BETWEEN THE DEPENDENT
VA RIABLE AND EACH INDEPENDENT VARIABLE AND AMONG THE INDEPENDENT
VARIABLES.

3. THE EST IMATES OF 81,...,8R AND THE STANDARD ERRORS OF THE

ESTI MATES ARE PRINTED. T STATISTICS ARE PRINTED FOR TESTING EACH
HYPOTHESIS HO? 81=0, I=1,...,K.

1= 81/STANDARD ERROR (BI ) WiTH N—K DEGREES OF FREEDOM.

THE LEVEL OF SIGNIFICANCE IS GIVEN FOR THE TEST OF EACH NULL
HYPOTHESIS AGAINST THE TWO—SIDED ALTERNATIVE 81*0. FOR TESTS AGAINST
ONE—SIDED ALTERNAT iVES , 81>0 OR 81<0, USE THE PR INTED LEVEL OF
SIGNIFICANCE DIVIDED BY 2.

4. THE ESTIMAT E OF 80 IS OUTPUT AS THE INTERCEPT.

5. MULTIPLE CORRELATION, K, IS A MEASURE OF THE COMBiNED EFFECT OF
THE INDEPENDENT VA RIA BL ES ON THE DEPENDENT VARiABL ES.

— 

6. THE COEFFiCIENT OF MULTIPLE DETERMINATICN. Rt2, IS A MEASURE OF
THE PROPORT ION OF THE TOTAL VAR IATION ABOUT THE MEAN OF ‘V EXPLAINED BY
THE REGRESSION OF Y ON X1,...,XK. IT CAN BE THOUGHT OF AS A MEASURE
OF THE USEFULNESS OF THE INDEPENDENT VARIABLES IN ACCOUNTING FOR
VA RIATION IN THE Y (I)~ S.

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

8. AN ANALYSIS OF VAR I ANC E TABLE FOR THE OVERALL REGRESSION IS
INCLUDED. THE SOURCES OF VARIATIO N AND ASSOCIATED DEGREES CF FREEDOM ,
SUMS OF SQUARES AND MEAN SQUARES ARE GIVEN. AN F—STATIST IC IS 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~- -~~~~~~~~ --
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CALCULATED AS THE RATIO OF THE MEAN SQUAR E CUE TO REGRESSION/MEAN
SQUARE ABOUT THE REGRESSION. THE DEGREES OF FREEDOM OF THE CALCULATED
F ARE K,N—K (KzNO. r~F PARAMETERS, N~ NO. CF OBSERVAT IONS). THE
F—STATIST IC MAY BE USED TO TEST THE HYPOTHESIS, HO? 8lzB2 ... ~ SK
AGAINST THE ALTERNATIVE, NOT ALL 8I~ O, I~ 1,...,K. THE LEVEL OF
SiGNiFICANCE iS THE PROBABILiTY OF OBTAiNING A LARGER F WiTH K,N—K
D.F. BY CHANCE ALONE .

REFERENCE
DRA PER, N. K. AND H. SMITH (1966). APPLIED REGRESSION ANALYSIS. JOHN
W ILEY AND SONS. INC., NEW YORK. PP 44—85.

I
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STEP—WISE MULTIPL E R EGR ESSION

8
SSWREG I1,I2,...,I25

PA RAMETER FIELD (COLUMN S 8-7~~)I I  — D E P E N D E N T  VA~~IABLF
12

— IP4DEPithOENT VARIAIS LES..
1 25

OUTPUT
THE OUT PUT INCLUDES

1. MEANS AND STANDARD DEVIATIONS OF ALL VAR IAbLES;

~~. CORRELATICN MART IX;
3. SUM OF SQUARES REDUCED IN EACH STEP;
4. CUMULATIVE SUM CF SQUARES R~~CUC E D ;
5. MUTIPLE CJRRELAT ICN COEFFICIENTS FOR EACH STEP;
6. F—VALUE, DEGREES QF FREEDOM, AN D S I G N I F I C A N C E  LEVEL CF

F—VALUE FOR TESTING SIGNIFICANCE OF OVERALL REGRESSION
AT EACH STEP;

7. STANDARD ERROR CF ESTIMATE, AND
8. MI EACH STEP FOR EACH I~ OE PENDENT VARIABLE ENTERED,

REGRESSION COEFFiCIENTS, STANDARD ERROR OF REGRESSION
COE FFICIENTS, A~,O T—VALUES WITH DEGREES CF FREEDOM AND
SIGNIFICANCE LEVEL FOR TESTING HYPOTHESES THAT REGRESSION
COEFFICIENTS ARE ZERO.

USAGE
I. ONE DEPENDENT VARIABLE MAY BE USED.
2. ‘~C MORE THAN 24 INDEPENDENT VARIABLES M4Y BE USED.
3. THERE IS NC LI~IiT ON T~-E NUMBER OF OBSERVATIONS.

EXAMPLES
CARDS COMMENTS
1 8
$SWREG ALL STEPWISE REGRESSION W ILL ~E PERFORMED

WITH VAR . I AS THE DEPENDENT VARIABLE,
AND REMAIN ING VAR IABLES AS INDEPENDENT
VARIA BLES.

$SW R EG 4 ,~~,2,1 ST E Pw-I SE REG RESS ION HILL BE PE R FORMED
W ITH V4R. 4 AS THE DEPEN~~EMT VARIABLE,
LNf) VARIABLE S  3, 2 AND I AS THE
1N PE~ I)ENT VA Ri A I~LES .

_ _  -- -~~~~- - ~~~~~~~~~~~—— - ~~.--~~~~~~~~~~-—- -—-—~~~~~~~~~~ ~~~~~~~~~~—- ‘- - -~~~~—
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STEP—WISE MULTIPLE REGRESS ION IS A METHOD OF DECIDING WHICH
INOEPENDENT VARIA BLES A RE IMPORTANT IN TE~~M3 CF ACCOUNTING FOR
VA~~IAtION IN THE DEPENDENT VA RIAdLE Y. INUEPENOENT VARIABLES ARE
E~ TERED INTO THE REGRESSION SEQUENTIALLY , AND AS EACH VARIABL E IS
ENTERED, A TEST MM bE MADE TO DECIDE IF THE RESIDUAL SUM CF SQUARES
H~*S BEEN REDUCED SIGN IFICANTLY.

IN THE FIRST SIEP, THE LN L)EPENOENT VARIABLE WHICH IS MUST HIGHLY
CORRELATED WITH THE UEPENLThN T VA RIA BL E IS ENTERED INT’~ THE REGRESSION
E~ UATIDN . OUTPUT INCLUDES SLiM CF SCLARES RECUCEC dY INCLUSICN OF THIS
1NDEPCNDENT VARIA BL E ANC THE PROPORTION OF TH~ TOTAL REDUCED. AN
F—TEST IS PERFORMED ON THIS P.EGRESSICN AND THE SIGNIF ICANCE LEVEL OF
TH~ CALCULATED F—STATISTIC IS PRINT~~D. A D~~CISICN MAY THEN BE MADE AS
I !~HETHER THe REGRESS ICN Of V ~iN THE INDEPENDENT VARIABLE MOST HIGHLY
C1Rt~’LATED WITH V IS SIuNIFICANT. IF IT IS CECI fED THA T THIS
RE ;~~E S S I L ~N IS S I G~~IFUANT , PR )CEED TO STEP 2.

IN THE SECOND STEP , THE INDEPENDENT VA R IABL E WHICH HAS THE
r1IG i-4~~ST PARTIAL CJê~RELATIUN W ITH Y IALLOWIN ~ FOR THE INOEPENOENT
VAR IABLE ENTERED iN THE FiRST STEP) IS ENTERED INTO THE REGRESSION
E 1~JATION. A OEC1SI~.iN N~~Y 3E MADE WHETHER THE NEWLY ENTERED VARIABL E

~~~~~ A SIG NIF iCANT REDUCT iON IN THE RESIDUAL SUM OF SQUARES BY
R~ FERRIMG TO THE SIGNIFICAN CE LEVEL CF THE COMPUTED I—VALUE FOR THE
REGRESSSION COEFFICIENT ‘~F THE NEWL Y ENTERED VAR IAbLE . IF IT IS
DECIDE!) THAT THE NEWLY ENTERED VARIA BLE M4KEi 4 SIGNIFICANT
C.1~~TRIMUTION ¶3 RECUCING THE RESIDUAL SUM OF SQUARES, PROCEED TO STEP 

—

3.

IN STEP 3 AND SUBSEQUENT STEPS, THE INDEPENDENT VARIABLE WITH THE
HI~;HEST PARTIAL CCW~ ELATION W I T H  TH~ DEPENDENT VARIA BLE (ALLCWI NG FOR
PR~ VIOUSLY ENTEREC INDEPENDENT VA P IABL FSJ IS ENTERED INTO THE
REGRESSION EQUATICN. A DECISION IdAY BE MADE WHETHER THE NEWLY ENTERED
‘IA R I A BLE MA K ES A S IGNIFIC AN T R EOLCT ION IN THE RES I DUAL SUM CF SQUARES
OVER THE REDUCT ION ~ROCUCEO BY VA R IABLES ALREA DY IN THE EQUATION BY
RE FERRING TO THE S I GN IFIC AN CE LEVEL CF THE COMPUTED T—VAL (J E OF THE
NEWLY ENTERED ~ARIABLF . WHEN IT IS CECIDED THAT A NEWLY ENTERED
V~ RIA 8LE DOES NUT TAKE UP A SIGN IFICANT AMOUNT OF VARIATION iN Y,
BEY:3Nr) THAT ACCOUNTED F~~R BY PREVICIJSIY ENTERED VAR IA BLES , THE NEWLY
EN TERED VARIA BL E AND ALL VA R IABL E S NOT ALR~ A DY IN THE ~EGRESSIQN
EOUATI’ON ARE NOT !NCLUth L) IN THE REGRESSION EQUATION .

THE REGRESSION COEFFICIENTS AND F—STATISTICS FOR THE REGRESSION
EQUATION WILL BE THOSE IN THE STEP PRECEDInG THE STEP IN WH ICH IT IS
DECIDED NOT TO INCLUDE A VA R IAB L~ IN THE EQU ATION.

a-FFRENCES

OI.è*’éM, N.M. AND H. SMITH (1966) APPLIED REGRESSION ANALYSIS. JOHN
4IL~~V £~D SONS, NEW YORK. PP 169— 171. 

~- -- -~
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POLYNOMIAL REGRESSION

1 8
IPOLRG 11,12,13

PARAMETER FIELD (CCLUMNS 8—79)
11 — DEPENDENT VAR IABLE

12 — INDEPEND ENT V A R I A B L E

13 — DEGREE POLYNOMIAL TO BE FITTED

OUTPUT
1. THE NUM B ER 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 DEPENDCNT AND ONE INDEPENDENT VARIABLE MAY BE USED.
2. THERE IS NO LIMIT ON THE NUMBER OF OBSERVATIONS.
3. A 5TH DEGREE PCLYNOMIAL UN A LESSER DEGREE MAY BE FITTED,

(13 ~ 5).

EXAMPLE
CARDS COMMENTS
1 8
$POLRG 2,4,3 A 3RD DEGREE POLYNOMIAL W ILL BE

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

F’

- ~~--~~~~~~~~
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IN THIS ROUTINE, THE ME THOD CF LEAST SQUARES (S USED TO ESTiMATE
THE SJ~S, J~ O,...,5, IN ANY OF THE FOLLC%~ING FIRST THRCUGH FIFTH
DEGREE POLYNOMIAL MODELS?

Y(I)=5O + 81 X l i)  • E U)
Y( II*BO + 81 X ( I )  + 82 (X (I)tZ) + Eli)
Y(I)=BO + 81~ X II) + 82 (X (II ~~2I + 83 tX ( l 1~~31 • Eli )
Y (i)= 8O • 81 XII ) + 82 (X (I)$2I • 83 tX ( 11t3 1  + 04 (XIIU4 J i EU)
Y II )= 8O + SI X (I) • 82 tx (I)s2 ) • 63 (X (IU3I • 64 (x ( 11 t4 3  •-; 85 £ X ( I ) 0 5 1  i Eli)

WHERE

XIII AND Y(I) ARE OBSERVAT IONS CF THE INDEPENDENT VARIABLE X AND
THE

DEPENDENT VAR IABLE Y RESPECT IVELY

-- 3J~S ARE UNKNOWN PARAMETERS TO BE ESTIMATED AND

El i) IS A RANDOM ERROR .

IT IS ASSUMED THAT Tt’E E (I)~ S ARE INDEPENDENT AND NORMALLY
DISTRIBUTED WITH MEANS ZERO AND COMMON VARIANCE.

ONLY ONE MODEL MAY BE CHOSEN WITH ANY $POL*G CARD. IT WIL.L BE
NOTED THAT IF A POLYNOMiAL OF DEGREE I IS CHOSEN, $POL*G WILL PERFORM
THE SAME CALCULATION AS $LSQR.

REFERENCE

DRAPER, N.M. AND H. SMITH 11966) APPL IED REGRESSION ANALYSIS. JOHN
WI LEY AND SONS, NEW YORK. PP 129—130.

I — - 
-



C. STATIST ICAL ROUTiNE SPECIFICATION CARDS 80

NORMALITY TEST

1 8
SNORMT I1,I2,. ..,I50

PARAMETER FIELD (COLUMNS 8—79)
IL
12

.. INPUT VARIABLES..
150

OUTPUT
FOR EACH VARIABL E SPECIFIED THE OUTPUT INCLUDES
1. SUM, MEAN , STANDARD DcVIAT 1ON, STANOAI~D ERROR OfTHE MEAN, NUMBER OF C8SER~ ATICNS, M INI MUM , MAX IMUM,

AND RANGE ;
2. THE SECOND MOMEN T ABOUT THE MEAN, AND THE 3RD AND

- - 4TH MOMENTS RELATIVE TO THE 2ND MCMENT ;
3. COEFFICIENT OF VARIATION;

— 4. GEARY~ S KURTOSIS TEST STATISTIC;
5. HISTOGRAM WiTH OBSERVED AND EXPECTED FREQUENCIES , AND

-
~ 6. CH1—SQUARE TEST FOR GOODNESS OI F I T  TO TH E NORMAL

DISTRIBUTION .

USAGE
1. 4 MAX IMUM OF 50 VARIABLES MAY BE USED.
2. THERE IS NO LIMIT ON THE NUMBER OF OBSERV ATIONS.

EXAMPLE
CARDS COMMENT S
1 8
INORMT 1,6 NORMALITY TESTS W ILL BE PERFORMED

ON VARIABLES 1 AND 6.
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THIS PROGRAM CONTAINS FOUR TEST STATISTICS WHICH MAY BE USED TO
DECIDE IF THE OBSERVATIONS OF INTEREST ARE NORMALLY DISTRIBUTED.

I. THE RELATIVE THIRD MOMENT ABOUT THE MEAN ,

SUMI (X (I)—XBAR )t31/N
G~ ii — — — — — —-————— —

~~~~
— —  — — ————— — —---—— — — —

~~~
—

t (SUMI (XII)—XBAR )t21/N) $(312) I

IS A MEASURE OF THE SKEWNESS OF THE DISTRIBUTION OF THE OBSERVATIONS.
FOR A NORMAL DISTRIBUTION GIl) = 0. TABLE 4.6 IN SNEDECOR AND COCHRAN
(1967) MAY BE USED FOR DECIDING IF GIl) DIFFERS SIGNIFICANTLY FROM 0.

2. THE RELATIVE FOURTH MOMENT ABOUT THE MEAN ,

SUMI(XII)—XB AR)t4)IN
GI2) ~~ 

————————— ————— — — —————

ISUML ( X ( I )—X BA R) t2 11N 1$2

IS A MEASURE OF THE KURTOSIS OF THE OISTRZBLTION OF THE OBSERVAT ION.
F i R  A NORMAL DISTR IBUTION GUI = . WHEN 612) (S LESS THAN 3, THE
DISTRIBUTION IS SAID TO BE PLATYKURTIC, FLATTER THAN THE NORMAL CURVE.
WHEN G (2) IS GREATER THAN 3, THE DISTRiBUTION IS SAID TO BE
LE PTOKURTIC, MORE PEAKEC THAN THE NORMAL CURVE. TABLE A.6 IN SNEDECOR
AND COCHRAN 11967) MA~ BE USED FOR DECiDiNG IF 6(2) DIFFERS
SIGNIFICANTL Y FR~M 3.

3. AN ALTERNATE METHOD FOP TESTING KURTOSIS IS GEARYIS TEST
STATISTIC,

(SUM (ABS (X ( I)—XBAP ) I l/N
A • ———-—-----——— ~~~~~~~~~~~~~~~~~~~~~~~ ,

SQRTL (SUNI (XI I)—XBAR)?Zl)/Nl

F0i~ N)RMAL DiSTRIBUTIONS, 4 = .7979. TO DECIDE IF THE OBTAINED
GEARY~S KURTOSIS STATIST IC DIFFE RS SIGNIFICANTLY FROM .7979 , SEE ~~ARY
(l9~6).

-~~~~~ 

j  
-- — — ~~~~~~~~~~~
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4. A CHI—SQUARE GOODNESS OF FIT STATISTIC IS USED TO DECIDE IF
TH~ UBSERVED OISTKIBUTICN FITS A NORMAL DISTRIBUTION. THE GENERAL
FORM ULA IS

SUMUCBSERVEO — EXPECTEO )tZJ
CHI—S QUARE — “~~~~~

—- -- -- — -—— -- -- —————-—-------—

EXPECTED

WITH K—3 DEGREES OF FREEDOM. K IS THE NUMBER OF CLASSES USED IN
CALCULAT ING CHI—SQUARE, OBSERVED IS THE OBSERVED FREQUENCY OF EACH
CLASS, AND EXPECTEC I S  THE EXPECTED FRE(~UENCY OF EACH CLASS IF THE
DISTRIBUTION OF THE OBSERVAT IONS IS NURMAL .

REFERENCES

1. SNEDECOR , G.W. AND W.G. COCHRAN (1967) STATISTICAL METHODS. IOWA
STATE UNIV. PRESS, AMES, IOWA. PP e4—9o.

2. GEARY , R.C. 11936) BJONETRIKA, VOL 28? P 295. 

- - 
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HI STOGRAM

1 8
$HSTGN Ii

PARAMETER FIELD (COLUMNS 8—79)

II — INPUT VARIABLE

OUTPUT
1. THE MEAN, STANDARD DEVIATION , NUMBER OF OBSERVATIONS,

MINIMUM , MAX IMUM AND RANGE BEFORE AND AFT ER SCAL ING
AND THE MEDIAN BEFORE SCALING ARE PRINTED.

2. THE LENGTHS AND 1410—POINTS OF THE INTERVALS ARE GIVEN.
3. THE HISTOGRAM IS PLOTTED USING 20 INTERVALS.

USAGE
1. ONLY ONE INPUT VARIABLE MAY BE USED.
2. THERE IS A LIMIT OF 1000 CASES.
3. AUTO—SCALING WILL BE USED IF THE SSCALE CARD DOES NOT

PRECEDE THE $HSTGN CARD.
4. REFER TO THE $SCALE DOCUMENTATZOM FOR MANUALLY

SCALING HISTOGRAMS.

EXAMPLE
CARD COMMENT
1 8
SHSTGM 3 A HISTOGRAM OF VARIABL E 3

WILL BE PLOTTED.

I
- -~~~ - -~~~~~—-- -~~~~- -~~~~~~- - - --~~~~-~~~~~~~-— -~~~~~~~~~~~~ -- - — — ——  
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PLOT ROUTINE
1 8
SPLOT 11,12

PARAMETER FIELD (COLUMNS 8—79)
It — DEPENDENT VARIA BL E (VERTICAL AXIS)

12 — INDEPENDENT VA I~IABLE (HORIZONTAL AXIS)

OUTPUT
A PLOT OF VAR IAbL E I t V E R S U S  VAR IA BL E 12 IS PRINTED.

USAGE
1. ONLY ONE DEPENDENT AND ONE INDEP ENDENT VAR IABLE MAY BE USED.3. OVERL AYING POINTS ARE PLOTTED WITH A $ SYMBOL.
4. AUTO—SCALING IS USED IF THE $SCALE CARD DCES NOT PR ECEDETHE SPLOT CARD.
5. REFER TO THE $SCALE DOCUMENTATION FOR MANUAL SCALING OFTHE AX ES.

EXAMPLE
CARD COMMENT
1. 8
SPLOT 2,4 DEPENDENT VARIABL E 2 kILL 8€

PLOTTED AGAINST INDEPENDENT
VARIABLE 4.

IlL --~~~~~~ - - - -- - - -- -~~~~~~~ -~~~~~~~~~~~~ 
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PLOT NORMAL

8
IPLOTH I1,12,...,I5O

PARAMETER FIEL D (COLUMNS 8—79)
It — DEPENDENT VARiABL E (VERT ICAL AXIS )
12 —..

INDEPENDENT VARIABLES (HOR IZONTAL AXIS)..
150 —

OUTPUT
A PLOT IS  MADE OF TH E DEPEND ENT VARIAB L E VERSU S EACH OF T HE
INDE PENDENT VARIABLES US ING THE SYMBOL —A— FOR Ii VERSUS 12,
THE SYMBOL —B— FOR It VERSUS 13, ETC., THROUGH THE
CDC FORTRIN CHARACTER SET .

USAGE
1. A MAXiM UM OF 1 DEPENDENT AND 49 INDEPENDENT VARIABLES

MAY BE USED.
!. NC MORE THAN 2500 DA TA POINTS (INCLUDING MISSING DATA)

ARE ALLOWED.
3. AUTO—SCALING IS USED IF THE SSCALE C A RD DO ES NOT PREC EDE

THE $PLOTN CARD.
4. REFER TO THE $SCALE DOCUMENTATION FOR MANUA L SCALING

3F THE AXES.

EXAMPLES
CARDS COMMENTS
1 8
$PLOTN 4,1,2 PLOT OF DEPENDENT VARIABLE 4

VERSUS INDEPENDENT VARIABLES 1. AND 2
SPLOTH ALL PLOT OF THE 1ST VAR IABLE (DEPENDENT )

VERSUS THE R EMA IN ING VAR IABLE S A S
INDEPENDENT

----

~ 

-~~ -~~~~~~~----- --~~--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PLOT INVERTED

8
SPLOTI I1,I2,...,150

PARAMETER FIELD (COLUMNS 8—19)
II. — iNDEPENDENT VARIABLE (HORIZONTAL AXIS )
12 —

DEPENDENT VARIABLES (VERTICAL AXIS)

150 —

OUTPUT
A PLOT IS MADE OF THE INDEPENDENT VAR IABLE VERSUS EACH
OF THE DEPENDENT VARIABLES USING THE SYMBOL —A— FOR
Il VERSUS 12, THE SYMBOL —B— FCR 11 VERSUS 13, ETC.,
THROUGH THE COC FORTRAN CHARACTER SET.

USAGE
1. A MAXIMUM OF 1 INDEPENDENT VARIABLE AND 49 DEPENDENT

VARIABLES MAY BE USED.
2. MC MORE THAN 2500 DATA PCINT S (INCLUDING MISSING DATA )

ARE ALLO WED.
3. AUTO—SCAL ING IS USED IF THE $SCALE CARD DOES NOT PRECEDE

THE SPLOT I CARD.
4. REFER TO THE $SCALE DOCUMENTATION FOR MANUAL SCALiNG

OF THE AXES.
— 

5. THE PLOT SHOULD BE ROTATED 90 DEGREES COUNTERCLOCKWISE
FOR PROPER ALIGN MENT OF THE AXES.

EXAMPLES
CARDS COMMENTS
1 8
SPLOTI 7.1,4 PLOT CF INDEPENDENT VAR IABLE 7

V~è(SUS DEPENDENT VARIABLES 1 AND 4
SPLOTI ALL PLOT OF THE 1ST VARIABL E (INDEPENDENT )

VERSUS THE REMA INIG VAR IABLES AS
DEPENDENT

4

— -  _ _ _ _
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F—DISTRIBUTION

1 3
SFOIST 11,12,13

PARAMETER FIELD (CuLUMNS 8-79 )
It — VA~1IAB 1E CONTAINING THE NUMERATOR DEGREES OF FREEDOM — Ri

12 — VARIA BL E CONTAIN ING THE DENOMINATOR DEGREES OF FREEDOM — R2
1 3 — VARIABLE CCMTAINING THE F—STATISTIC

OUTPUT
THE PROBABILITY OF FIND ING A RANDOM VALUE OF —F— , WiTH
RI AND R2 DEGREES OF FREEDOM , GREATER THAN THE iNPUT
F—VALUE IS PRINTED AS THE LEVEL SIGNIFICANCE.

EXAMPLE
CARD COMMENTS
1 8
$FDIST 3,7,9 RI IS IN VARIABL E 3.

R2 IS IN VA RIABLE 7.
TH~ F—STATISTIC IS IN VARIABLE 9. 

-~ 

_ I
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CHI—SQUARE DISTRIBUTION

1 8
SCOIST 11,12

PARAMETER FIELD (CCLUMNS 8—79)
It — VAR IABLE CONTAINING THE DEGREES OF FREEDOM

12 — V A R I A B L E  C O N T A I N I N G  THE CHI—SQUAR E STATISTIC

OUTPUT
THE PROBABILITY OF FIND ING A RANDOM VALUE OF CHI—SQUARE,
WITH THE GIVEN DEGREES OF FREEDOM, GREATER THAN THE
INPUT CHI—SQUARE IS PRINTED AS THE LEVEL OF SIGNIFICANCE.

EXAMPLE
CARD COMMENT
1 8
SCOI ST 4,6 THE DEGREES OF FREEDOM A-RE IN VARIABLE 4.

THE CHI—SQUARE STATISTIC IS IN VARiABLE 6. 

--- - - -~ - -~~~~~-—----~~~~~~~ ---~~— - - - -—— -~-________
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C. STATISTICAL ROUTINE SPECIFICATION CARDS 89

T—OISTRIBUTION

1 8
$TDIST 11,12

PARAMETER FIEL D (COLUMNS 8—791
It — VARIABLE CONTAINING THE DEGREES CF FREEDOM

12 — VARIABLE CONTAINING THE T—STATISTIC

OUTPUT
TWICE THE PROBABILITY OF FINDING A RANDOM VALUE OF —T— ,
WITH THE GIVEN DEGREES OF FREEDOM , GPEATER THAN THE
ABSOLUTE VALUE OF THE INPUT T VALUE IS PRINTED AS THE
LEVEL OF SIGNIFICANCE.

EXAMPLE
CARD COMMENT
I 8
STOIST 1,2 DEGREES OF FREEDOM ARE IN VARIABLE 1.

T—VALU€ IS IN VARIABLE 2.

~1
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WILCOXONIS RANK SUM AND SIGNED RANKS DISTR IIIITION S

1 8
$RSDST 11,12,13,

PARAMETER FIELD (COLUMN S 8—79)
It — VARIABLE CONTAINING THE NUMBER OF OBSERVATIONS —N—

OF THE FIRST VARIABLE (X)
12 — VARIABLE CONTAINING THE NUMBER OF CBSERVATICNS —N—

OF THE SECOND VAR IABLE (Y)
13 — VARIABLE CONTAiNING WILCOXONtS RANK SUM OR SIGNED

RANKS STATISTIC

OUTPUT
LEVEL OF SIGNIFICANCE CF THE INPUT WILCOXCN$S RANK SUM
OR SIGNED RANKS STATIST IC. IS PRINTED.

USAGE
1. WHEN INPUTTING THE WILCOXONtS SIGNED RANKS STATISTIC,

SET MzO AND N SHOULD BE THE NUMBER OF DIFFERENCES.
2. THIS ROUTINE IS LIMITED TO M+N~ 30.

EXAMPLE
CARD COMMENT
1 8
$RSDST 3,4,6 P IS IN VARIABLE 3.

N IS IN VARIABLE 4.
THE WILCOXON STATIST IC IS IN VAR IABLE 6.

IL ______ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _
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JOB CARD
I’ETCHPS (GRASZ , GRA ZZ,GRASS)
GRAZZ.
7/8/9
STITLE EXAIIPLE 1 - HYPOTHETICAL RESEARCH STUDY
SOATA 4,6,1
$FORMAT (F2.0,F5.O,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
$NREG 2,1,3,4
SEND
6/7/8/ 9

FIGURE 2
DECK SETUP
EXAMPLE 1
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JOB CARD
FETCHPS( GRASZ ,GRAZZ ,GRASS)
GRAZZ.
7/8/9
~TITLE EXAMPLE 2, ANALYSI S OF HEART RATE DATA
~ICMT EXANPLE2
$CMT VARIABLE 1 IS HEIGHT
~CMT VARIABLE 2 IS WEIGHT
~CMT VARIABLE 3 IS AGE
~CMT VARIABLE 4 IS HEART RATE
~DATA 4 ,8,1
$FORMAT ( F2. 0, 1X ,3F3. 0)
6b 150 22 70
69 160 23 78
70 169 25 79
71 167 27 82
72 170 29 63
73 175 24 87
74 180 23 89
75 180 21 72
$BSTAT ALL
~CORR ALL
$TITLE (EXAMPLE 2) HEART RATE IS 4, WEIGHT IS 2
$LSQR 4,2
WLOT 4,2
~TITLE HEART RATE IS 4, HEIGHT IS 1
$POLRG 4,1 ,3
$TITLE DEPENDENT—WEIGHT INDEPENDENT-HEIGHT AND AGE
$SWREG 2,1 ,3
$PLOTN 2,1 ,3
SEND
6/7/8/9

FIGURE 16
DECK SETUP

EXAMPLE 2
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(LUIWLE 2)IEART RATE Is 4. WEIGHT 15 2 — .—PLOT RoUTINE.—— 05 DEC 74
VAR. 4 VERSUS VAR. 2

89.0000.... *

87.1000.... *

85.2000. • -•

83.3000...;
S 

a

S

8h4000.~...

79.5000. .
- 

a

a
77.6000. •..

75.1(00....;

73~8000...+

71.9000...;

70.0000 + ~~~~~~~~ a 

150.0000 156.0000 162.05)00 lGb.0000 174 .0000 180.0000
153.0000 159. 0000 IGb.0000 )7h0000 177 .0000

FIGUR E 23
CUI4PUTER OUTPUT

(XNIPL& 2
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DEPENDENT —WE IGh T INO(PUID(NT-HEIGh AND AGE ---PLOIN ROUTINE---

VARiABLE 2 Vs VARIABLES 1, 3,

1BO.0000...B B 
A A

‘77.0000...4

A

174.0000...+

171.00(0...;
A

B 
A

168.0000.. .+

B 
A

l65.0000...~

162.0000.. .+

A

159.0000...

156.0000...;

153.0000...; 

+ + + + + + ~..• +

-j 21.0000 31.8000 42.6000 53.4000 64.2000 75.0000
26.4000 37.2000 68.0000 58.8000 69.6000

FIGURE 29
COMPUTER OUTPUT

EM*LL 2
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JOB CARD
FETCHPS(GRASZ ,GRAZZ ,GRASS)
GRAZZ.
7/8/9
$TITLE EXNIPLE 3 — ANALYSIS OF ACTIVITY OF TEST ANIMALS ON THREE DIETS
$CtIT 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

$ANOVA ALL
~NKMRT ALL$KRUWC ALL
$END
6/7/8/9

FIGURE 30
DECK SETUP

EXAMPLE 3
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JOB CARD
FETCHPS
GRAZZ -
7/8/9
STITLE EXAMPLE 4, TWO STUDIES INVOLVING ACTIVITY OF SUBJECTS ON 2 DIETS
$CMT EXAMPLE 4
~CMT VARIABLE 1 IS CONTROL DIET STUDY 1
~CMT VARIABLE 2 IS ENRICHED DIET STUDY I
$CMT VARIABLE 3 IS CONTROL DIET STUDY 2
~CMT VARIABLE 4 IS ENRICHED DIET STUDY 2

~DATA 4,9, 1
~j FORMAT(4F3.O)
15 13 13 15
17 19 15 19
10 15 14 13
19 17 10 20
12 16 12 17
13 15 17 16
16 18 17 15

18 18
15

~BSTAT ALL
$TITLE (EXAMPLE 4) PAIRED T—TEST FOR STUDY 1 DATA
~PTST 1 ,2

~TITLE (EXAMPLE 4) WILCOXONtS SIGNED RANK TEST FOR STUDY 1 DATA
~,SNRNK 1.2$TITLE (EXAMPLE 4) NON—PAIRED 1—TEST FOR STUDY 2 DATA
$NTST 3,4

$TITLE (EXAMPLE 4) WILCOXON+S RANK SUM TEST FOR STUDY 2 DATA
$RNKSM 3,4
$END
6/7/8/9

FIGURE 38
DECK SETUP

F EXAMPLE 4
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JOB CARD
FETCHPS (GRASZ ,GRAZZ ,G RAS S)
GRAZZ.
7/8/9

STITLE EXAMPLE 5A I USING STRANS FUNCTIONS AND ARITHMETIC FUNCTIONS
$DATA 2,411

$TRANS X (3)=S IN(x( I))
$TRANS X(4)—ASIN(x(3))
~.TRANS X (5)— LOG(X(2))
STRANS X(6) 1O*(x( 1)f2+x(5))
$FORMAT(2F5 .O)

O 15
•87 25

1.239 30

1.501 90
STITLE EXAMPLE 5H,USING $TRANS IF—THEN—ELSE STATEMENTS
$CMT THE FIRST 3$TRANS STATEMENTS SHOW HOW TO RECODE BLANK UATA
$DATA 3,9,1
~TRANS IF X(3)=O 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)f2 ELSE X(5)=X(2)+X(1)
SFORMAT(3F5.O)

O 0 ‘I

1 1
2 1
3 2 4
4 2 5
5 3 6

~) 
-p
a

4 8
~ 9

$TITLE EXAMPLE 5C, USING $TRANS TRANSPOSE AND $ADD
$DATA 6,2,1
$FORMAT(6F2 .O)
1 2 3
4 5 6 7 8 9

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

FIGURE 48
DECK SETUP

EXAMPLE 5
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