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ERRATA SHEET for NAMRL Special Report 80-3

STATISTICAL PACKAGE USER'S GUIDE

Julie A. Hopson and George '. Cotsonis

The following corrections should be made to subject report.

Page No. Line No. Correction

iii II.B.4. ANOVA, One Repeated Measure vice ANOVA, Repeated
Measures

iii II.C.2. One-way ANOVA vice Two-way ANOVA

iv II.D.6. Rotation vice Location

34 22 Add as last sentence to Test Data: The same data

used in SRM30 (See SRM30) was used for testing program.

41 12 X.. j u vice X.. = i
I~J IJ

61 1 One Repeated Measure vice Repeated Measures

77 12 B. + Ck vice B. - Ck

110 24 Add the following columns to the bottom of page:

RAW DATA

3.000 4.oO0 7.000 7.000
6.000 5.000 8.000 8.000
3.000 4.O0O 7.000 9.000
3.000 3.000 6.000 8.000

1.000 2.000 5.000 10.000
2.000 3.000 6.000 10.000
2.000 4.ooo 5.000 9.000
2.000 3.000 6.000 11.000
•4 1/5 x. - x.. = u+A+B. + AB.. + ¶~i + B¶jm( E

144 13/5j i) jm

vice (Xi. - X. ) = u + A. - B. + AB1i + m(i) +

BJ m(i) + Eijm

164 1 One-wiy ANOVA vice Two-way ANOVA

174 12 = U(r) vice = "(r)

247 1 (Varimax Rotation) vice (Varimax Location)
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SUMMARY

-•The Statistical Package User's Guide represents an aggregation of a

variety of statistical analysis. The types of statistical programs avail-

able are: Analysis of Variance, Analysis of Covariance, Multivariate

Analysis of Variance, Regression Analysis, Factor Analysis, Descriptive

Statistics, and Nonparametric Statistics. The User's Guide provides the

following documentation for each program: General Description, Mathematical

model, Operational Procedures, Test Data Statistical Analysis, and Soft-

ware Coding.
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INTRODUCTION

The Statistical Package User's Guide represents an attempt to aggregate

a variety 3f statistical programs in the Aerospace Psychology Department at

the Naval Aerospace Medical Research Laboratory (NAMRL) into one standard

package. Some of the statistical programs included in the statistical pack-

age were developed at the Naval Aerospace Medical Research Laboratory for the

UNIVAC 418 and NOVA 800; others were programs obtaine. from different univer-

sities with multifarious computer capability and programming languages.

Selection of programs in the statistical package was based upon investigator

needs and computer core requirements. The intention was to provide a diver-

sity of basic statistical programs for experimental =ivestigators which

matched research requirements and which could be readily utilized in the

majority of the Naval Aerospace Medical Research Laboratory computer

facilities.

For standardization, all statistical programs were coded in Fortran IV

language and sized to fit a mini-computer with 32k memory. The programs

were originally converted to a Hewlett Packard (HP) 2100 mi 7-computer but

were structured so that only minor changes in the input/output (I/O) r-quire-

ments (i.e., device codes and disk file formats) would be necessary for the

statistical package to be compatible with another system. Programs were

also structured so that they could be used by investigators with limited

computer skills. It was intended that the organizational/ntructuraI phi-

losophy of the statistical pa'ckage serve as a guideline for new programs. If

Sthe same general philosophy is adhezd to when developing other statistical

analyses, new programs could be readily shared by multiple users, thereby

expanding the statistical package with minimal prcgramming efforts and costs.

7 p1kg rgami9CS
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Oce the programs were converted to the HP mini-computer, each was checked

carefully for accuracy. Documented data were obtained from specific sources

to check the calculation of the statistical analyses. An estimate of the

digit accuracy was obtained by comparing the results of the HP calculation

with those obtained from other computing sources. Most comparisons were

made using the Statistical Analyses System and the Statistical Package for

Social Sciences, two data analysis packages residing on the IBM 360 system

at University of West Florida. Most of the programs were accurate to ten

digit places; exceptions to this are noted in the user's guide. When com-

parison analyses were done with systems that had less computing power than

the HP-2l00, double precision was used in the calculations to insure minimal

rounding-off errors. All data analyses performed on the HP-2100 have been

included in the guide so that calculations can be double checked if a mal-

function is suspected or to verify whether the operator is entering the data

properly.

Standard operating procedures for a specific system is the only computer

skill needed to use the statistical package. it will be necessary to generate

a separate data file prior to calling up a specific analysis. The data files

can either be created using DA30 or constructed during an experimental un.

The format of the data is dependent upon thi desired statlstical analysis

and is specified in the guide. When a data file is not organized appropri-

ately, edit or sorting commands of the system being used is typically

adequate to rearrange files in toe necessary format. For othe- systems, it

may be desirable to write a generalized utility program to change data file

organization.
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The notation used for the formulas in the statistical package shoulid be

familiar to the general user. Although alphanumeric letters are used in

the models rather than standard greek letters, with the exception of Tau (n),

the reader should have no difficulty in interpreting the equations. For a

few cases, computer notation was used (i.e., transformation equations). For

these, the following notiation is utilized:

* -multiplication sign

- x2

x**.5  /
The Analysis of Variance and Covariance programs were given two names;

i.e., AVIO and CR-k. Since these analyses were developed frc-n des'gns

specified by Roger E. Kirk, Experimental Design Procedures for the Behavioral

Sciences, the unique nomenclature he used for specific designs was maintained

in the guide for reference. When calling up any of these statistical programs,

only the AV or AC notation will be accepted. For the split-plot analyses the

AV notation is accompanied by alphanumeric letters to indicate which factors

are the within variables. AV31C means that A and B are the between group

factors and C the within factor.

ii
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I. UTILITY PROGRAMS



DA30 (Data File Creation)

Purpose:

This program creates data files for the stat-pack on the HP21O0.
The data are entered by hand at the computer console and permanently
stored on the disc.

User Considerations and Procedures:

1. Check "User Considerations and Procedures" of the various statistical
programs to see how the data should be formatted - some require data
in matrix form, others in sequential form.

2. DA30 will ask for the following

a. format for data output. This is the format per line of data
required for the statistical program. Respond by giving any
legal HP-FORTRAN IV format statement, enclosing the format in
parentheses. For example:
1) (15)

2) (15, F7.3, F9.7, 16)
3) (30, (OX, FO.4))

NOTE: The word format should not be given.

b. logical record length. This is ths number of characters perline of data created. Spaces should be includeu For the

example above, the record lengths are:

1) 5
2) 5 + 7 + 9 + 6 = 27
3) 30 * (1 + 10) = 30 * 11 = 330

The maximum length is 512 chara:ters per line.

c number of observations across. This is the rumber of variables
per line. (Some statistical programs require one per line,
others require many.) For the three examples above, this is;

1)1
2) 4
3) 30

S. . . .. .. .. o •• • • • •- • ,l~l • '• •llr l • r:••:5



d. number of levels down. This is the number of records to be
created in the file. The maximum number of records that can
be contained in a file is 32767.

e. data file name. Enter name of the file to be created (maximum
of six characters)

NOTE: Imbedded blanks are illegal. Do not use a name that is
already stored on the disc.

3. Proc'.-6cres for entering data via keyboard:

a. to enter only one variable per record, enter value, then hit
'return'

b. to enter 10 or fewer variables per record, enter the velues
by row, separating each with a comma. Terminate the row with
a 'return'

c. to enter more than 10 variables per *ecord, enter data across
in groups of 10 variables. Separate each variable with a comma,
and terminate each 10 with a 'return'. For example, for 17
variables per line, enter first 10 values separating each by
a comma, hit 'return', enter next 7 values separating each by
a comma, hit 'return', then go to next record

Comments:

Keep a separate memo of the name, format, and record length for
use in stat-pack programs. This is not saved on the disc file.

To purge a data file from the disc, enter: PU, 'data file name';
PK, 2.

To store a data file on tape run the STORT program. The purge option
can be used to delete the data file from the disc.

6



RU,DA30
DA'r30
CREATE A DATA FILE FOR INPUT TO STAT PKG.
INPUT TO DATA FtLE IS A 2-DIMENSIONAL ARRAY

MAXIMUM OF 30 VALUES ACROSS, 32767 VALUES DOWN
NO RECORD IS KEPT OF FILE ORGANI7ATION
ENTER OUTPUT FILE NAME - UP TO 6 CHARACTERS
YEWT

ENTER LENGTH OF RECORD : FOR EXAMPLE
IF Y0JR FORMAT IS (15(5X,FIO.4)) YOUR LENGTH WOULD BE

18015 * (5 + 10 ) - 225

ENTER DESIIED OUTPUT FORMAT
(30(lX,F5.1))
ENTER # OF OBSERVATIONS ACROSS
30

ENTER W OF LEVELS DOWN
3
ENTER DATA VALUES BY ROWS IN GROUPS OF 10

VARIAaLES, SEPARATE EACH DATA VALUE BY A COMMA
TERMINATE EACH 10 WITH CARRIAGE RETURN, IE :
IF YOU HAD 17 VARIABLES ENTER IN FIRST 10 , HIT 'RETURN'
"THEN ENTER F•'AL 7 AND HIT 'PETURN'

ROW I
1,2,3,4,5,6,7,8,9,10
11,12,13,14,15,16,17,18,19,20
21,22,23,24,25,26,27,28,29,30
ROW 2

10,20,30,40,50,60,70,80,90,100
110,120,129,156,17C,333,444,555,666,777
888,999,111,222,345,456,507,678,789,890

ROW 3
15,25,35,45,55,65,75,85,95,105
19,39,49,59,99,109,76,35,33,22
11,22,33,44,55,66,77,88,99,0

YOUR DATA FILE YEWT IS NOW CREATED,

7



00*30 TwO0003 IS ON CR00002 USING 00014 BLKS Ru*000

0001 FTN4
0002 PROGRAM D030

0003 DIMENSION ACROSS(100),NMAN*3),1DC272)
0004 DIMENSION 13UF(257)#IStZE(2)oIFflT(2@)
0*05 VRITE( 1,1?)
00*6 17 FORMAT(* DATA30 '/a' CREATS A DATA FILE FOR INPUT TO
@007 14STAT PKG. 0,/,o INPUT TO DATA FILE IS A 2-DIMENSIONAL'
0008 2*8 ARRAYO%/.'NAXINUN OF 30 VALUES ACROSS, UNLIMITED u

0009 3'"VALUES DOWN'./,"NO RECORD~ IS KEEP OF FILE ORGANIZATIONO,
@010 4.',ENTER OUTPUT FILE MNAE - UP 10 6 CHARACTERS')
00'1 READ(1l16) NANA
@02 19 FORMAT(3A2)
0013 234 FORNAT(20A2)
0014 VRITE(1,?03)
0015 703 FORNAT(G ENTER LENGTH OF RECORD FOR EXAMPLE ')

O01 705 FORNAT(a If YOUR FORMAT IS (ISCSX,FIO..4)) YOUR LENGTH WOULD Is,'
0018Ii.' 15 0 (5 + 10 )*225')
0010RE11D(1.e) LENGTH

0020 LENeLENGTH/2
0021 IF((LEN*2).Nl.LEWGTN) LENwLEN+1
0022 LENGTHOLEN
0023 IF(LIN.LE.256) GO TO 25
@024 VRITIE( 1,06)
0025 706 FORMAT( " LENGTH IS TOO LARGE, MAX IS 512')
@026 4O TO ?56
0027 256 IDCBSS256
0028 ISIZE(2)mLENGTH
0029 120 VEIT[CI.5330)
0030 5556 FORNATC' ENTER DESIRED OUTPUT FORMAT')
0031 READ(1,234) IFMT
0032 WRITE(1.30)
0033 30 FORNAYC 'ENTER 0 OF GISERVATIONS ACROSS*)
0034 READ(1..) NLEV
0035 WRITE(1,31)
0036 31 FORMATC' ENTEP 9 OF LEVELS DOWNL)
@037 READ(t10') NGRPS
0030 SIZEwLEHGTN
@039 NGRPSONCRPS
0040 SIZEaXGRPSoSIZE/126. + 1.
$ 041 ISIZE(1)mSIZE
0042 755 CALL CWEAT(ID,IERR.NAMIA,ISIZE.2.0..-2,tDC95)
0043 IF(IERR.GTO) GO TO 100
0044 VRITE( 1,13) lEERR
@045 13 FORMAT(a ERROR 0 *,15.' AT CREATING FILE l)
0044 STOP 13

*004? 100 CALL CLOSECID)
0046 CALL OPEN(ID0..IER,NANA)
00449 IF(IER.GE.@) GO TO 124
001501 52 URI1TECI.4510) IKE
.0051 459 FORNAYC' FAILED TO OPEN IER in 0,15)
0052 STOP 437



0053 124 IF(NHLEV.-GT. 10 GO TO 666
0054 VRITECI.32)
0055 32 FORNAT(e ENTER DATA VALUES BY ROW.SEPARATED WITH at
@056 z6COMMAlepl,e TERMINATE ROW WITH CARRIAGE RETURN*)
0057 00 41 J2wl1NCRPS
@065 DO 66 Iw1,MLEY
0059 66 ACkassCI)NO.0
0060 WRITE( 1#42) J2
@0661 42 FORNAT(8 NOV 0,13)
0062 REAkDCI,,*)(ACROS6(JI).J3ulNLEV)
0063 CALL CODE
0*64 VRtITECISUF,IFNT)(ACROSSCJ3),J3.1,NLEV)
0063 CALL WRITF(ID0,IERs I3UF)
@006 IF(IER.GE.0) GO TO 41
0067 VRITEC1,44) III
$006 44 FORNAT(OERROR 0 m'15.' AT FILE VRITINGO)
@069 CALL CLOSECID)
@070 STOT, 44
0071 4L CONTINUE
@072 Go _eO 355
@073 666 VRITEI:1,777

¶0074 777 FORNAT(lENTER DATA VALUES BY ROWS ZN GROUPS OF 100./
0075 $,a VARIALUES, SEPERATE EACH DATA VALUE BY A COMMA',/,

* 006 %TERNIHATE EACH 10 WITH CARRIAGE RETURN, ZE 9,*/,
@0077 &OIF YOU HAD 17 VARIALIES EH'ER IN FIRST 10 HIT 'RETURN's,
@076 1/*TNEN ENTER FINAL 7 AND MIT 'RETURN'"/)
0079 INn(9+NLEV)/10
0000 DO 51 J2mlNGRPS
@001 DO 67 Ial.NLEY
0062 47 ACROSS( I)no.
0013 WRITEC 1.42) J2
0004 DO 66 IwlIH
0065 Kato* I
@0006 LO( I-i )10 + 1
0007 66 READ(I..) (ACRO3S(J3).J3-L,K)
0006 CALL CODE
0009 VRITE(IUUF,IFNT) (ACROS8(J3),J3-1.HLEV)
0090 CALL WRITF( ID, IER, Ig'F)
0091 IF(IER.LT.0) GO TO 52
@092 31 CONTINUE
0093 555 WRITECI.166) NAMA
0 094 166 FORMAT(" YOUR DATA FILE 8,3A2,1 IS NOV CREATED,",/,
0093 10 THIS PROCRAM IS FINISHED 8)
0094 CALL CLOSE(ID)
009? END
0096 END$
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STORT (Data Fite Storage/Retrieval)

Purpose:

This program performs either of two operations:

Storage of data files onto tape (for backup purposes and/or
permanent storage)
Retrieval of data files stored on tape

User Considerations and Procedures:

I. Data files transferred to tape will keep their same format and
record length as on the disc. When tape files are retrieved, the
data file can be renamed and stored on the disc.

2. Option for storage or retrieval. Enter 1 for storage of data file
onto tape, and 2 for retrieval of data file From tape to the disc.

3. When option for storage onto tape is used, the program w!ll ask If
the data file is to be pu-ged (deleted from the disc). Enter 1 for
deletion, and 2 for keeping data file on disc.

S.14. Parameters required:

a. name of data file

1) for storing data, this Is the name of the disc data file
to be transferred

2) for retrieving a data file, this is the name of the disc
file which the data will be transferred to

b. tape file number

1) for storing data, program asks for the next avaiiable tape
file number where the data can be stored. Files are stored
on tape sequentially

2) to retrieve data, program asks for the number of the tape
file to be returned to a disc file

10tI •



RU,STORT
:SV,4
THIS PROGRAM STnRFS AND RETRIEVES DATA FILES CREATED

BY DA30 AND TRAFM PROGRAMS ONTO TAPE FILES TO BE USED LATER. NOW, MOUNT
DATA TAPE AND ENTER I WHEN THAOUGH

I

ENTER NAME OF DATA FILE
#FATAA
ENTER 1 FOR STORAGE ONTO TAPE, OR 2 FOR RETREIVAL
I

ENTER NEXT AVAILABLE FILE # ON TAPE
2
STORT FINISHED WHEN TAPE STOPS
ENTER I TO PURGE DATA FILE FROM DISC ELSE ENTER 0

01 ,

I . . . . . . ..j



'STORY ToO0003 IS ON CR00002 UISING 00010 ILKS RoO@O00iitool FTN4
@00*2 PROCRAN 5103
0003 DIMENSION IFNGR(3)1 INANE(3), IOU,1(6),ISUF2(6)
0004 DIMENSION II(144),IBUF(144)t4HANE(3)
0005 DIMENSION I9UF3CS),IO(3)

r0400 DATA IBUF3/.2HiP,2HU,/
0067 DATA ID/2h'1Ps2NK..2H02/

0400 DATA HAMF/2HST.2NOT.2NR/
@0069 DATA IDUFI/2N'S,2NT..2N91 /
0010 DATA I9UF2/2N'S,2HT,/
0O11 DATA IC/2H9.-/
0012 JIN13100
o*13 iLAL L OPEN(CI.I #IERNAME)
@014 11RI TECt 995)
0013 REWIND I
0016 99 FORNATCTNIS PROGRAM STORES AND RETRIEVES DATA FILES CREATED
0017 S/oo mY 0A30 AND ',
0016 $NTRAFN PROGRAMS ONTO TAPE FILES TO BE USED LATER. NOW, NOUNTO,
0019 #/,% DATA TAPE AND ENTER I WHEN THROUGH')
0020 READ(1.s) ITP

0021I 60 lUF2(6S)u IC
0022 VRITE(11l)

0023 1 FORNAT(OENTER NAME OF DATA FILE*)
0024 READ(1.2) INANE
0025 2 FORMAT(3A)
002C WRI TE( 1,3 )
@027 3 FORMAT(vENTER I FOR STORAGE ONTO TAPE, OR 2 FOkC RETREIVALO)

K0021 READ(1.*) IST
0029 IF(IST.EO.I) GO TO 100
0030 WRITE(1,E)

*0031 6 FORMAT(RENTER THE 0 OF THE FILE ON THE TAPE')
0032 REAOCI..) ITP

0033 IF(ITP.LE.1) GO TO 1040

0035 104O00D 10 1.1,3
0036 10 IBUF1(I+3)wINAME(I)
@03? CALL CODE
0016 WRITE(IBUJF,23) IBU~i
0039 GO TO 20
0040 100 VRI TE( 1,50)
0041 50 FORMAT(PENTER NEXT AVAILABLE FILE # ON TAPE')
0042 READ(1,,*) ITP
0043 IF(ITP.LE.t) GO TO 105
0044 Ku1TP-1
@045 103 DO 21 1=1,3
0046 21 IBUF2(I+2)wIHAHE(1)
004? CALL CODE
0040 UNITE(IBUF,23) IBUF2
0049 20 CONTINUE
0050 23 FORMAT(GA2)
@051 CALL NRITF(I3l,IERoIBUFE)
0052 WRITE(1.24)
0053 24 FORMATC'STORT FINISHED WHEN TAPE STOPSO)

12



0054 IVCK.EO.0) GO TO 34
@0*5 DO 104 JwlK
0056 104 CgLL EXEC(3o~l)
@05? 34 CALL ENECCI3, 109311D12e13)
00@5 IFCII.LT.0) GO TO 34
0059 IF(IlT.EG.2) 90 TO 70
@006 VRITE(1#31)
@001 51 FORNOT(OENTER 1 TO PURGE DATA FILE FROM DICSO,
@002 So ELSE ENTER 0@)
0043 READ(1,0) ITEST
@004 IFCITEST.NE.1) GO TO 70
@006 00 52 Jlol..3
0044 52 tNUF3CJI+2)oINANE(jl)-
@007 CALL CODE
0060 WRITI(!UUFD53) IlUF3
@0069 53 FORWNAT(5A2)
0070 CALL VRITF( 1l, KER, IBUF 5)
0071 CALL CODE
00?2 WRITE(IBUF#34) ID
@073 54 FORNAT(3A2)
0074 CALL VRITF( IBP IEEL IBUF 3)
@075 70 CALL CLOSE(19)
0074 END

L @0? ENDS

13



EDIT (Data File Editor)

Purpose:

This program is a simple editing program to modify values in data
files with large reccrd lergths (i.e., those with leniths > 80).
The program will change values of variable (i), subject (j). The
program will also list the original data and the revised data in
3ny output format specified, if requested.

User Considerations and Procedures:

1. Program expects data in a row x column (R x C) matrix form.
Each line of raw data would have C (column) elements (ai;
var.ables for subject (j)).

2. A listing of the data file can be obtained before editing.
Option: I if raw data printout is desired, 0 for no printout.
A listing of the revised data can only be obtained by rerunning
the program after the necessary modifications have been made.

3. Data listings can either be displayed on the CRT or a hard-
copy can be obtained f-om the line printer. Option: I for
CRT output, 6 for line printer output.

4. If the option for data listing is used, the program will ask
for the desired output format. When the raw data have been
listed, enter I to end EDIT or 0 to continue with editing.

5. For each editing change desired, enter record number, variable
number, and desired correction separating each by commas. For
example, to change variable 22 of subject 10 from 39.5 to 29.5,
type 10, 22, 29.5. Continue wIth the same procedure For other
corrections, if any. When there are no more corrections to be
made, type -999 -999 -999.

6. Parameters required:

a. number of variables (maximum 100)

b. number of subjects (maximum 32767)

c. name of data file

d. format and record length of file (see DA30)

e. format used to list data (for legibility of data files)

f. editing parameters and corrections

14



RU, ED IT
ENTER NAME OF DATA FILE
#FATAA
ENTER FORMAT OF DATA
(8(2X,F6.2))
ENTER NUMBER OF VARIABLES
8
ENTER NUMBER OF SUBJECTS(RECORDS)
32

ENTER THE RECORD LENGTH AS IN DA30
64

ENTER 1 FOR CRT OUTPUT, 6 FOR LINEPRINTER
I

ENTER I FOR DATA LISTING

ENTER IN ORDER 'RECORD #,VARIABLE #, CORRECTION
1E, TO CHANGE THE VALUE OF VARIABLE 5 OF SUBJECT 10

TO 29.5 TYPE
10,5,29.5

WHEN YOU ARE THROUGH WITH ALL CORRECTIONS TYPE IN
-999,-999,-999

3,5,678.1
5,8,599.9
15,6,435.12
24,1,39.5
31,2,45.6
-999,-999,-999
EDITING FINISHED

15
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'EDIT Ta*0063 IS an C200@002 USING 00010 OLKS R=0000

0001 FTW4,L
V0002 PROGRAM EDIT

0*03 COMMON lB(2?2).ISUF(256),INA"tE(3),IFNTI(20)1 IFNT2(20),XC 100)
0004 URI TV(1.L1
0905 1 FORMAT(#ENTER MANE Of DATA FILEO)
0006 READ(l.-2) INANE
000? 2 FORMATC3A2)
Go.. 16R1TEC1*3)
0009 3 FORNAT(*EHTER FORMAT OF DATAG)
0010 READ(1,4) IFNIi~
0011 4 FORMAT(20A2)

* I0012 VRITE(1,13)
0013 13 FORMAT(NENTER NUMBER OF VARIABLESO)
0014 READ(1.*) NYAR
0015 URtTE(1.11)
0016 it FORMAT(RENTER NUMBER OF SUBJEC79(RECORDS)*)
001? READCI.*) NSU3
0018 WRITEC 1.88)
0019 so FORN*T(@ ENTER THE RECORD LENGTH AS IN DA300)
0020 READC1,*) LENGTH
0021 LE~wLENGTI42
0022 IF((LE)I*2).14E.LEH4GT14) LE~wLEMtI

- ¶0023 LENQTI~aLEN
0024 tDCOS&LENGTH
0025 IFCLEHCTH.LT.144) IDCBSnl44
0026 CALL OPEHUls.IER,INANE.3,0,-2,IDC8S)
002? IF(IER.GE.0) GO 70 100
0026 NRITEC1.5) INANE,IER
00@2 5 FORNAT(3A2.' FAILED TO OPEN , IER a 0,13)
0030 STOP 5
0031 100 WRITS(146)
0032 6 FORNATCOEHTER I FOR CRT OUTPUT, 6 FOR LIHEPRINTER')
0033 READCIPO) IUNIT
0034 URITS(18?)
0033 7 FORNAW(ENTER I FOR DATA LISTING*)
0036 REROCI..) ICON
0037 IF(ICON.09.1) GO TO 1100
0038 10 FORNAT('ENTE* OUTPUT FORMAT OISIRED"'
0039 1000 VRITE(1.10)
0040 READ(1.4) IFMT2
0041 DO 1012 JmtNSU9
0042 CALL READF(IlIER,I9UF)
0043 CALL CODE
0044 RsAbCISUF.IFr"1(XC 1),Iui.wVAR)
0043 WRIYE(IUNIT,133)
0046 133 FORMAT(SX)
004? 1012 WRITE(IUNIT,IFMT2) CX(I).Im1.NVAR)
0048 VRITEC1,17)
0049 1? FORNAT(*ENTER ONE TO END EDIT*)
0050 READ(114) ICON

9051 IF(ICON.EG.1) STOP 17
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0*52 1100 VR1TEC11 IS)
0053 19 F024hT("EXTER IN ORDER 'RECORD SYARIALUE 0, CORRECTIONR1 /
O*qp4 $6E, TO C%4HGE THE VALUE OF VARIABLE 5 OF SUBJECT 100%/
0*55 %" TO 29.5 1'YPE'5 /,IOX.' lO.5o29.58%/.VNEM YOU ARE THROUGH',
*056 #f VZTN ALL C.ORRECT:ONS TYPE IN ,'@I-9,9999
@05? 00 1111 JutIAOOOO
00*5 READ(1e*) K*L.Z
0@59 IFCK.EG.-999) GO TO 999
0060 CALL READFCISIER.I3UF.IDCIS.LEN#K)
0061 CALL CODE
0062 READ(IUUF,IFMT1) CX(I ). I1,HVAR)

0064 CALL CODE
0045 VRITE(IBUF,,IFNT1) (XC1),I1.lHVAR)
0*44 CALL VRtTFC!S.IER,1BUFp0,-1)
04?7 CALL RWHDF( IS)
00*4 It11 CONTINUE
0049 999 IdRITE(t,16)
0070 16 FORNAT("EDITINC FINISHEDO)
0071 END
0072 ENDS

17



ii

TRAFM (Data Transformation)

Purpose:

This program is used to create a new data set based on a transformation
of an old data set. TRAFM can transform data that are in matrix fonn
or in sequential (continuous) form. The program performs the following
11 transformations:

1 - reciprocal (l/x)
2 - square root
3 = log104 score x - mean

--- V using mean and standard deviation of all
desired variables

5 - log1 o (I + x)/(l - x)

6 - x + constant
7 - x - constant
8 - x constant
9 - x / constant

10 2 arcsin (x**.5) - 2 arcsin /'
11 2 score by individual means and standard deviations

User Considerations and Procedures:

1. Program creates a new data file. Caution should be taken to
format the new data to correspond to the requested transformation.
For example, reciprocal data will require decimal notation.

2. Program needs to know the type of data file which will be used.
Enter 1 if data are in sequential form, enter 0 if in matrix form.

3. For data in matrix form:

a. program asks for number of subjects trqice. Respond both times
with the number of rows in the matrix file

b. Orogram asks for number of variables per subjec- (columns).
Respond with the number of columns in the matrix file (maximum
30)

c. program asks if the same transformation is desired for all
variables. Respond I for yes, 0 for no

d. if a 0 response was given to the above (c), program asks for
the variable number (column) that is to be transformed. Then,
program asks if more transformations are desired. Respond I

for yes, or 0 for no. On a response of 1, the sequence is
repeated
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4. For data in a sequential form: (program expects data to index
for subje:ts first, then for variables, with one subject per line).

a. program asks for number of subjects in TRAFM file; respond
with the total number of records in the data file

b. program asks for number of variables in data file. This allows
some leeway in breaking up or partitioning the transform file.
If there is no logical way to partition the file, er.'er I for
only one variable. In most cases, number of variables is the
number of groups of subjects

c. same as 3-c

d. same as 3-d

e. programs ask for number of subject, for each variable. Respa
with the number of subjects in each group

5. Parameters required:

a. type of transform required. Enter the numberical code which

corresponds to the correct transformation. When the transfor-
mation is Finished, enter 0 to end the program, or enter I to
perform another transformation.

b. name of old file

c. name of new TRAFM file

d. format and record length of old data file (see DA3O)

e. format and record length of new data file (see DA30)

F. other parameters required for certain transformation such as
largetst positive number of constant to be used. For more
information, see comments

6. There is no printout of the original or transformed deta.

Comments:

Uses a.1d special considerations for each transformation.

1. Reciprocal

This is used to normalize data when the raw data are skewed to the
right. If a raw value is 0, the program arbitrarily assigns a value
of 1. This transformation improves homoscedasticity of the distribution.
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2. Square Root

This is used to normalize rightly skewed data. Program asks
for the largest negative number in absolute value (C). The
actual transformation is SQRT (x + C) when x is less than or
equal to ten. This transformation improves the homoscedasticity
of the distribution.

3. Log1 o

This is the strongest transformation to normalize rightly skewed
data. It may pull in the right tail too far and create outliers
on the left side of the distribution. When this occurs, trans-
formation I or 2 above is warranted. Program requires that the
largest negative number in absolute value (C) be inputed. The
actual trarsformation is log (x + C + 1). The log transform is
the most ,owerful in improving homoscedasticity and can be used
solely %"r this purpose.

4. 2 Score

This transformation can be performed by using the mean and standard
deviation of all the variables in the data file or by the mean and
standard deviation of the specific variable (column) to be trais-
formed. Respond 1 if the transform should be based on all data,
or 0 if calculations are to be based on only the specified trans-
form variable.

5. ½ L-ig ((I + x)/(l - x))

This is used to transform left skewed dis-ributions o. platykurtic
distributions. Program requires highest positive nurner 'C) to
be given and the highest negative number in absolute va~ue (r2)
The actual transformation is:

½ Log ((I + x')/(l - x')), where x' - (x + C2 )/(C 2 + • + 1).

6. x + Constant

This transformation is used to move distribu:ion r:ght or left
to rescale the data val'ues. Program asks for the required constant.

7. x - Constant

This transformation is used to move distribution right or left to
rescale the data values. Program asks for the required constant.
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8.x *Constant

This tran:formation is used to move distribution right or left to

rescale the data values. Program asks for the required constant.

9. x / Constant

This transformation is used to move distribution right or left to
rescale the data values. Program asks for the required constant.

10. 2 arcsin /x

This transformation is applicable for left-skewed distributions
or playtkurtic distributions. Data must be proportional data;
i.e., 0 4 x < 1. This transformation is useful in many non-
parametric procedures.

11. Individual 2 Score

This transformation is done by standardization of desired variables
by their individual means and standard deviations.

Test Data:

Program was tested by comparing data output with calculator analysis
and the Statistical Analysis System. Transformation involving logs
or sines are accurate to five digits; other transformations are
accurate to six digits.
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RU,TRAFM

PROGRAM TO TRANSFORM DATA

TYPE OF TRANSFORM
0 - STOP
1 - RECIPICAL 1/X
2 - SQUARE ROOT (X)**.5
3 - LOG(10)X
4 - Z SCORE%(X-MEAH)/SD
5 - 1/2 LOG ((I+X)/(]-X))
6 - X + CONSTANT
7 - X- CONSTANT
8 - X * CONSTANT
5 - X / CONSTANT
10 - 2 ARCSIN (X**.5) - MUST BE PROPORTIONAL DATA<15>
11 - Z SCORE BY iNDIVIDUAL VARIABLE MEAN AND SD
ENTER BY NUMBER THE TRANSFORMED DESIRED:

11
DATA FILENAME

#FATAA
DATA FORMAT

(8(2X,F6.2))

NEW DATA FILENAME
#ZSCR

ENTER THE RECORD LENGTH AS IN DA30
64

INPUT NUMBER OF SUBJECTS IN TRAFM FILE
32

NUMBER OF VARIABLES PER SUBJE7T
8

DO YOU WISH TRANSFORMATIONS ON ALL VARIABLES, 1 YES , 0 - NO

TYPE OF DATA FILE 1 - CONTINUOUS , 0 - MATRIX

NUMBER OF SUBJECTS
32

TRANSFORMATION TYPE 11 IS FINISHED
TO STOP ENTER 0, FOR MORE ENTER ANY OTHER NUMBER
0

TRAFM STOP 0000
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OTRAFH TuOO@04 IS ON C900002 USING 00053 ILKS Rw0449

0001 FTN44
0002 PROGRAM TRAFN
0003 DIMENSION NAkNE(3).INANE(3),IFMT(20).IDATA(30),DTA(30),1Z(30)
0044 DIMENSION IS(2?2).IC(272).IBUF(254).ICUF(256),ISIZE'2)
0005 DIMENSION SUNIC30).8UN3C30),X3R(30).STD(30)
*400 DIMENSION IFNTI(20)
"OV&7 54 URI TECI1,277 )
0000 277 FORHAT(11, PROGRAN TO TRANSFORM DATA /,.
0009 C4 TYPE OF TRANSFORM@ i,/
got$ Ctm 0 a STOP* io
*011 Cl I a RECIPICOL l/X ,/
0012 C4 2 me SQUARE ROOT (XI,s.*. *6I,
0013 Cl 3 a LOG(IO)X )
0014 VRITE(1.4405)
@015 4405 FORMAT ( 4 a Z SCORE (X-NA)S
0016 CO 5 ma 1/2 LOG C.)(-)'/

0010 CO 7 a X -CONSTANT" /
0019 Cl S a X SCONSTANTO /
0020 C's 9 a X CONSTANT's)
0021 WRITE(1,4411)
0022 4411 FORMAT ('10 a 2 ARCSII (X**.S) -MUST BE PROPORTIONAL DATA(13)*
@023 C,ItQ I1 a Z SCORE BY INDIVIDUAL VARIABLE MEAN AND SDm,/,
0024 Ce ENTER BY NUMBER THE TRANSFORMED DESIRED: 4)
@042 READ(1..) ITEST
0026 IF(ITE3..-EB.0)GO TO 61
@027 WRITE(1,4413)
0020 4413 FORMAT (RENTER INPUT DATA FILEMNME"
0029 REAOD(130)NANE
0030 30 FORMAT(3A2)
0031 WRITE(1,44t4)
0032 4414 FORMAT' ( @ DATA FORMATO
0033 REAO(1.130)IFNT
0034 130 FORMAT(2002)
0035 VRITEC 1,4233)
0036 4238 FORNAT(mENTER THE INPUT RECORD LENGTH AS IN DA300)
0037 READ(1.*)LENGTH
0038 WRITE(11 4415)
0039 4415 FORMAT ( a NEV DATA FILENA"E )
004* READ(1 130)INANE
0041 WRITE(1..4673)
0042 4673 FORMAT(sENTER OUTPUT DATA FORMAT")
0043 READ(1A130) IFNTI
0044 IDCUSZSS6
0043 I9IZEC1)u-1
@046 ISIZE(2)uLENGTH
0047 CALL CREAT(IC,IER1.INANE,-ISIZE,2,0,-2,IDCBS)
0043 IF(IERI.GE.0) GO TO 379
0049 WRITE( 1 981t
0050 981 FORMAYC' INPUT NUMBER OF SUBJECTS IN TRAFN FILE*)
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0051 READ(1es) HSU
0052 SIZEmLENCTH
@053 XNSURNSU
0054 SIZEanNSUsSIZE/t29. + 1.
0055 ISIZE(1)uSIZE
00*5 CALL CREAT(IC,IER,IN*ME,ISIZE.,2,0.-2,IDCBS)
0*57 IF(IER.GE.0) GO TO 379
0*5, 879 WRITE(1.379) INAME.IER
0*59 CALL CLOBECIB)
0*04 STOP 3715
0061 379 K4w*
0062 CALL OPEH(ISIERR.NANE,3.0,-2.IOCSS)
@003 IF(IERR.GE.0) GO TO 3??
0064 URITE(1,370) NANEIERR
0045 378 FORNAT(IX,3A2,0 FAILED TO OPEN, ERROR 0 *,15)
4004 CALL PURCE(ICIER1 IHAME)
0067 STOP 371
0048 377 WRITE(1.4416)
0069 4416 FORMAT C'NUMBER OF VARIABLES PER SUBJECT I U

0070 READ(i.e) IY
0071 WRITE(1,4417)
0072 4417 FORMAT(' 00 YOU WISH TRANSFORMATIONS ON ALL VARIABLES,'

0074 READ(I,s) IFT
0073 GO FIFTO. YES . 0 )G T2

007 D0 219 KuIIV
*060771 IDATA(K)ul

0001 22 RITE(1,$419)
0062 4418 FORMAT ( a TRANSFORM ON VARIAGLE #
0063 REOD(11 e) ITRN

*0004 IOATA(ITRN)mt
0005 WRITE( 1,4419)

A0006 4419 FORMAT C'ANY MORE TRANSFORMS I m YES *0 a NO 4)
*0067 READ(1,0) ITRN

0008 IF(ITRN.EQ.1)GO TO 22
0009 31 WRITE( 1,4420 )
0090 4420 FORMAT ( d TYPE OF DATA FILE I a CONTINIOUS 0 a MATRIX )
0091 READ(I~s) IFLE
0092 IF(IFLE.EG.1.AND.ITEST.Eg.1t) 0O TOlIt

*0093 IF(IFLE.EQ.l)GO TO 32
0094 VRITE(1,4421)

*0095 4421 FORMAT C'NUMBER OF SUBJECTS U )

0094 READ(1,*) NSUB
009? IDPTwIV
0098 lye*
0099 GO TO 33
0100 32 K4wK4+1
0101 VRI TV(1,4422 ) K4
0102 4422 FORMAT C*NURSER OF SUBJECTS FOR VARIABLE 0 ",15)
0103 READC1,s) NSUB
0104 1 OP ToI
0105 33 CO TO (Is2.3p4,35,4?8,B9,10 1 11I)ITEST
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0106 1 O10KtN~
010? CALL READFCI8,IER1,I9UF)
0109 CALL CODE
0109 READ(IIUF,IFNT)(DTA(J ),4u1110PT)
0110 IF(K4E.EO.)GO TO t02
0111 JuK4
0112 GO TO 103
0113 102 0O 101 J*I1 IDPT
0114 103 I7(IDATA(J).E.O.)GO TO 101
0115 IF(K4.NE.O)Jul
0116 IF( DTA(J ).E9O.)DTA(J)mDTA(J)+ I
011? DTA( J )wu/DTA( J
011s 101 CONTINUE
0119 CALL CODE
0120 VRITE( ZCUF. IFNTI )(DTA(J ),Ju1. JPT)
@121 CALL URITF(ICIE.ICUF)
0122 100 CONTINUE
0123 CO TO 60
0124 2 VRITE(i.4423)
0125 4423 FORMAT (* ENTER THE LARGEST NEG. VALUE AS AN ASSOL. NU?19ER2e)
0126 RFAD(1 1 e) C
012? DO 200 Ks1,NSUB
0128 CALL REAOF(I 10IEIBUF)
0130 CEALLCDEIU 1 FT(T() uD
0120 CEALLCDEIUFT(TAJnD
0131 IF(K4.EQ.O)CO TO 202
0132 JuK4
0133 CO TO 203

S10134 202 DO 201 J-1.IDPT
0135 203 IF( IDA TA( J).E@ .0 )GO TO 201
0136 IF(K4.NE.O)Ja1
013? IF(DTA(J).LT.10)DTA(J)sOTA(J)+..eC
0138 DTA(J)u(DTA(.J)**.3)

A0139 201 CONTINUE
0140 CALL CODE
0141 URI TE( ICUF, IFNTI )CDTA(J ),J*I, IDPT)

'10142 CALL WRITF(IC,IEICUF)
0143 200 CONTINUE
0144 GO TO 60
0145 3 WRITE(1..4424)
0146 4424 FORMAT (*ENTER LARCEST NEG. NUMBER AS AN ABSOL. HUM9ER
014? READ(1.s) C
0148 DO 300 Ka1,N9UB
0149 CALL READF(1ID.IERIBUF)
0150 CALL CODE
0151 READ( IBUF,.IFNT )( DTA(J ).Jul IDPT)
0152 IF(K4.E9.0)GO TO 302
0153 JwK4
0154 CO TO 303
0155 302 0O 301 Jul,IDPT
0156 303 IF(IDATA(J).EQ.0)GO TO 301
015? IF(K4.NE.0)JuI
0!38 DTA(J)uALOC(DTA(J).1.C)
0159 301 CONTINUE.
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0160 CALL CODE
0161 WRITEC ICUF. IFNTI )(DTACJ ).JuI, IPT)
0142 CALL WRITFICIC, IEs ICUF)
0163 300 CONTINUE
0164 GO TO 60
0165 5 URITEC1,4425)
0166 4425 FORMAT *TYPE THE HIGHEST POSITIVE NUMBER
016? READ(1,s) C
0160 WRITE(1.4426)
0169 4426 FORMAT ( s TYPE THE HIGHEST NEG.*ASNASL. USE
0170 READ(t.e) Ct SA BO.NME

0171 0050 .lNU@S9

01?? CALL READF( 19,JRT, I UF)
01?3 CALL CODE
0174 READ(IIUF.IFHTX(DTA(J )Ju1.IDPT)

0177 GO TO 503
0176 02 0 50t4 TO 502

0179 303 IF(IDATA(J).EQ.0)G0 TO 501
0100 IF(K4.NE..0)J-1
0101 DTA(J)n(DTA(J)eCI)/(C.CI.1)
0102 DTA(J)-(ALOG((l.DTA(J))/(1-DTA(J))))..5
0103 501 CONTINUE
0104 CALL CODE
0105 URITEC ICUF1 IFNTI )( DTA(J ),oJutI, PT)
0186 CALL URITFCICIEV.ICUF)
018?0 500 CONTINUE
01s8 GO TO 60
0199 6 VRITE(1,4427)

*0190 4427 FORMAT C *TYPE CONSTANT TO BE USED
0191 READ(l..) C
@192 D0 600 Ku1sNBUS
0193 CALL READF(10, IER, XBUF)
0194 CALL CODE
0195 READ(I9UFIFNT)(DTA(J).4.1,IDPT)
0196 IF(K4.EQ.0)GO TO 602
0 197 JnK4
0198 GO TO 603
0199 602 00 60t Jl aJIOIPT
0200 603 IF(IDATA(J).EQO.)GO TO 601
0201 IF( K4. ME.O)Ju I
0202 DTA(J)*DTA(J)+C
0203 601 CONTINUE
0204 CALL CODE
0205 WRITE( ICUF, IFNT1 )(DTA(J ).Ju1, ZOPT)
0206 CALL URITF(IC,IERICUF)
0207 600 CONTINUE
0208 GO TO 60
0209 7 WRITE( 1,4429)
0210 4428 FORMAT (UTYPE CONSTANT TO BE USED
0211 RESAD(1.s) C
0212 DO 700 K-i. NSUI
0213 CALL READF( 19, IER I BUF)
0214 CALL CODE
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0215 READ(I UF1 IFNT)(DTA(J ), Ju- IDPT)
0216 IF(K4.EQ.O)GO TO ?02
0217 J'K4
0218 GO TO 703
0219 702 00 701 J-1,IDPT
0220 ?03 IF(IDATA(J).Eg.O)GO TO 701
0221 IF(K4.NE.O)J,,1
0222 DTA(J)"DTA(J)-C
0223 701 CONTINUE
0224 CALL CODE
0225 URITE(ICUF, IFNTI)(DTA(J),JuOIDPT)
0226 CALL URITF(IC.oIER,ICUF)
0227 ?00 CONTINUE
0220 GO TO 60
0229 3 VRITE(1,4429)
0230 4429 .ORMAT C TYPE CONSTAHT TO BE USED U)

0231 READ(Ie) C
0232 DO 300 Kul,N8UI
0233 CALL READF(I 1 ,IER, I3UF)
0234 CALL CODE
0235 READ(IIUFIFNT)(DTA(J ),.J 1,IDPT)
0236 IF(K4.EQ.0)GO TO 802
0237 J"K4
0230 GO TO 303
0239 802 00 00X J"lIDPT
0240 003 IF(IDATA(J).EO.0)GO TO 001
0241 IF(K4.NE.O)J'l
0242 DTA( J)uDTA( J)eC
0243 001 CONTINUE
0244 CALL CODF
0245 URITE( ICUF, IFNTI )(DTA(J ),J I, JOPT)
0246 CALL dRITF(IC,IERICUF)
0247 800 CONTINUE
0248 GO TO 60
0249 9 URITE(1,960)
0250 960 FORMAT( * TYPE CONSTANT TO BE USED )
0251 READ(I,.*) C
0252 DO 900 KwINSUU
0253 CALL READF(ISIERIBUF)
0254 CALL CODE
0255 READ(IBUF,IFNT)(DTA(J )J-I, 1 IDPT)
0256 IF(K4.EQ.0)GO TO 902
0257 J-K4
0258 GO TO 903
0259 902 DO 901 Jl,IOPT
0260 903 IF(IDATA(J).EA.0)GO TO 901
0261 IF(K4.NE.O)Jn1
0262 OTA(J)"DTA(J)/C
0263 901 CONTINUE
0264 CALL CODE
0265 URITEV ICUF, IFTI )( DTA(J )J -lt OPT)
0266 CALL WRITF(ICIERICUF)
0267 900 CONTINUE
0268 GO TO 60
0269 10 DO t100 KuI.NSUB
0270 CALL READF(I9,IERIBUF)
0271 CALL CODE
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*273 IF(K4.fI.@)GO TO 1002
*274 JmK4
@275 GO TO 1003
@276 1002 00 100t Jw1.IDPT
027? 10*3 IF(IOATA(J).EQ.@)GO TO t001
@276 IF(K4.NE.O)JnI
@279 IF(DYA(J).LE.*.OR.D'6f(J).CE.1)CO TO 1010
0260 OTA(J)u2*rATR((OTA(J)/( 1-OTA(J)))*.e.)
@291 1001 CONTINUE
0262 CALL CODE
02113 UNITEICUF. IFN71)(OTA(J ),Jot* IDPT)
0214 CALL VRITF(ZCZERICUF)
@265 1000 CONTINUE
0206 Go TO 60
020? 1*10 VRITE('1#951)
0286 951 F0RMAT(a DATA MUST BE PROPORTIONAL -RECHECK DATA 111% u
0269 ITRAHIFORM ABORTED s)
0290 GO TO 62
0291 4 IF(IFLE.EG.0)GO TO 450
0292 IF(IFLE.CT.I)GO TO 420
0293 450 No*
0294 SURN.
0295 1UN2m0
*296 WRITE(1 950)
029? 950 FORNAT(s 0O YOU WANT THE MEAN CALCUL. ON ALL DATA POINTS ?
0296 1/6 1 a Y93 0 a NO 0)
0299 READ (I,*) C
@300 42* 00 4*0 KulNSUB
@301 CALL READF(1S, IEMI UF)
0302 CALL CODE
03*3 READ( IIUF, IFNT(DTA(J),Jul, zDPT)
03*4 IF(C.EQ.0)GO TO 401
0305 DO 402 JwuIDPT

03*7 SIJ1w2UN+DTA(J)
@306 8UM2w6UP~2+DTAcJ)0*2
0309 402 CONTINUE
0310 GO TO 400
*311 401 IF(K4.EQ.0)GO TO 421
0312 J rK4
0313 GO TO 422
@314 421 DO 40* Jul. ZOPT
0315 422 IF(IDATA(J).ES..,cO TO 400
0316 IF(K4.NE.O)Jn1
0317 MNN+
0316 BUNESIJN#D1A(J) ,
0319 SUN2mSUM2+DTACJ)*$2
0320 400 CON4TINUE
0321 IF(IFLE.EQ.0,Go TO 423
0322 IFLEuIFLE.1
0323 tZ(K4)=NSUB
0324 IF(IFLE.GT.IV)GO TO 423
0325 G2OTO 32
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0326 423 XNwN
032? XKNANESUNE'XW
0328 90=uSORT( (SUN2-8UNSSUN/XNN)/(XN-I.))
0 329 CALL RWNDF(13)
0330 IXNIV
0331 IVNO
0332 KIwO
0333 IF(IFLE.EQ.O)CO TO 431
0334 00 410 Klal.IX
0335 NSU~ulZ(K1)
0336 431 00 410 Kwl*NSU@
033? CALL REAOF(IU1 IER.IVUF)
0330 CALL CODE
0339 RE[AD(IUUF1!FNT)(DTA(J )1Jm1.IDPT)
@340 IF(IFLE.EQ.O)GO TO 433
0341 JoKI
0342 GO TO 432
0343 433 DO 411 JuIIDPT
0344 432 IF(IDATA(J).EA.0)GO TO 411
0343 IF(IFLE.NE O)JaI
0346 0TA(J)a(DTA(J)-X(NEAM)/SD
034? 411 CONTINUE
0348 CALL CODE
0349 WRI TE( ICUF, IFNTI )( DTA( J ),~Jel. IDPT)
030CL WRITFC IC, IER#I!'UF)
0351 410 CONTINUE
*352 GO TO 40
0353 It IYwIOPT
0354 NSUBMNSU
0355 IF(IFLE.HE.1) GO TO 63
0356 HMO
035? DO 3254 I*IPIV
0350 SUNSO.
*359 SUN2*@.
*34* ORITE(1,4422) I
0361 READ(1.s) HSU@
0362 DO 102? JoI.NSUI
0363 NwN+1
0344 CALL READF( ID,IERIBUF, 236.LENoN)
0345 CALL CODE
0344 READ(IBUP..IFNT) DAT
034? SUN=SUN.DAT
0340 SUN2uBUM2+DAT.OAT
0349 102? CONTINUE
0370 XSUBMNSUG
0371 XBARuSUM/XIUS
0372 SDmSQRT((SUN2-SUN.OSUN/XSUB)/(XSUO-1. ))
0373 CALL RUHDF(I9)
03?4 D0 1034 J*1,NBUI
0375 NON-NSUB+J
0374 CALL READF(19IIERIBUF)
0377 CALL CODE
0379 READ(ISUFIFNT) OAT
0379 IF(IDATA(I).EQ.0) GO TO 9451
0330 DATm(DAT-XBAR'#SD
0301 9651 CALL CODE
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0362 VRITECICUF.IFNTl) OAT
*303 HuN-HSUU.J
0364 CALL URITF( IC. ER. ICUF0.MN)
*395 1034 CONTINUE
@386 3256 CONTINUE
0307 CO TO 62
@398 63 XSUBUNSUS
0309 00 64 I.1..zV
0390 SUNI(I)=@.
@391 64 SUIJ3(t)80.
0392 90 65 Iml.NSUS
0393 CALL READF(IB.IERIBUF)
0394 CALL CODE
0393 REAO(IBUF.IFNT) CDTACJ),Ju1. V)
0396 DO 66 Jw1.IV
039? SUNI(J)mSUNI(J)+DTA(J)
0396 SUN3(J )uSUf3( J )DTA(J )*DTA(J )
0399 66 CONTINUE
0400 65 CONTINUE
0401 DO 6? JornIYI
@402 XBR(J)usUNl(j)/XSUU
@403 6? STD(J)USQRT((SUN3(J)-SUNI(J).SUMIt(J)/XSUSI/(XSUB-1.))
0404 CALL RVNDF(IB)
@405 DO 60 Im1.HSUS
@406 CALL REAOF( 19, IERo ISUF)
040? CALL CODE
0400 REAID(IBUFiIFMT) (OTA(J1 ).JlfmtV)
@4*9 DO 69 jul.IV
WO1 IF(tDATA(J).EQO.) CO TO 69
@411 OTA( J )-( TA(J )-XBRC J ))/STD(J)
0412 69 CONTINUE
0403 CALL CODE
04t4 URITE(ICUF,IFMTI) (DTA(J),JuI.IV)
W4S CALL VRITF( IC, IER, ICUF, OsI)
W46 68 CONTINUE
04W GO TO 62
@410 60 IYsty-I
0419 IF(tY.GT.@)GO TO 32
0420 62 CALL CLOSE (II.IER)
@421 CALL CLOSE( IC)
0422 WRITE(1,436?) ITEST
0423 456? FORMAT($ TRANSFORMATION TYPE 4,13,6 IS FINISHED",/,
0424 V' TO STOP ENTER 0, FOR MORE ENTER ANY OTHER HUMBERO)
0425 READ(1,o) LTEST
0426 IF(LTEST.Eg.0) GO T.0 61
042? GO TO 50
@429 61 STOP
0429 END
0430 END$
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A. Descriptive Statistics
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DSPD (Parametric Descriptive Statiltics)

Purpose:

This program describes parametric data by various statistics including
mean, standard deviation, skewness, kurtosis, and range.

User Consideration and Procedures:

1. Data files can either be in matrix form with e,"'i number of
variables per subject, or in sequential form, n., where n2 equals
number of subjects for variables j.

2. For data files in matrix form, the variables per subject constitute
a record in the data file. A printout of raw data would show j
observations per line (subject). For data files in sequential form,
read in all subjects under variable 1, then index to variable 2,
etc. Raw data printout shows I observation per line.

3. The data can either be displayed on the CRT or a hardcopy can be
obtained from the line printer. Option: I for CRT output, 6 for
line printer output.

4. A printout of the raw data can be obtained. Option: I if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#3).

5. Parameters required:

a. number of variables (maximum 30)

b. data file name

c. format and record length of data file

d. type of data:

1 for continuous (sequential)
0 for matrix

e. for continuous data file - number of subjects for each variable

f. for matrix data file - number of subjects

33
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6. Printout gives the following information for each variable:

a. variable number

b. number of subjects

c. mean

d. standard deviation

e. skewne•5

f. kuruosbt

g. range

Test Data:

Program was tested by comparing data output with results obtained
from hardwired programmed functions of a Texas Instruments calculator.
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RU, DSD
NUMBER OF V-RIABLES

8
INPUT FILENAME

#FATAA
ENTER DATA FORMA1•T
(3(2X,F6.2))
ENTER THE RECORD LENGTH AS IN 'A3h

64
. TYPE OF DATA I - CONTINUOUS , 0 M MATRIX:

ENTER # OF SUBJECTS
• 32

ENTER 6 FOR LINE PRINTER OUTPUT, 1 FOR CRT! ~6

i~

* '
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VARIABLE # 1
NUMBER OF SUBJECTS - 32
MEAN - 42.750
STANDARD DEVIATION a 21.691
SKEWNESS - .581
KURTOSIS - -1.204
RANGE - 63.000

VARIABLE # 2
NUMBER OF SUBJECTS * 32
MEAN = 48.812
STANDARD DEVIATION - 23.952
SKEWNESS - -. 170
KURTOSIS - -1.384
RANGE - 75.000

VARIABLE # 3
NUMBER OF SUBJECTS a 32
MEAN - 342.375
STANDARD DEVIATION - 380.971
SKEWNESS - 1.160
KURTOSIS - .247
RANGE * 1406.000

VARIABLE # 4
NUMBER OF SUBJECTS - 32
MEAN - 632.781
STANDARD DEVIATION - 464.372
SKEWNESS - 1.544
KURTOSIS a 2.590
RANGE * 2122.000

VARIABLE # 5
NUMBER OF SUBJECTS m 32
MEAN - 616.656
STANDARD DEVIATION = 429.506
SKEWNESS a 1.114
KURTOSIS f .767
RANGE - 1730.00
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VARIABLE # 6
NUMBER OF SUBJECTS - 32
MEAN - 672.687
STANDARD DEVIATION - 543.445
SKEWNESS - 1.776
KURTOSIS - 3.491
RANGE - 2567.000

VARIABLE # 7
NUMBER OF SUBJECTS - 32
MEAN - 5F.875
STANDARD DEVIATION - 3/6.128SKEWNESS - .354KURTOSIS - -1.256
RANGE - 1264.000

VARIABLE # 8NUMBER OF SUBJECTS - 32

MEAN - 6o1.625
STANDARD DEVIATION - 646.360
SKEWNESS - 2.235
KURTOSIS - 5.985
RANGE - 3149.000
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10IPO T=00003 IS ON CR00002 USING 00014 BLKS R=0000

@001 FTN4
@0062 PROGRAM OSPO
@003 DIMENSION NAHE(3)
0004 DOUBLE PRECISION DAT(30),SUM(30).SUM2(30)1 SUN3(30)*
@0005 XSUN4(30),SNEAN(30),SKEV(30).AKURT(30)SD(30),RH(30,RL(30
@006 DIMENSION 1BC272),I9UF(256),IFNT(20),NS(30)
@00?7 WRITE(1,4400)
@0068 4400 FORMAT (0NUMBER OF VARIABLES W)~

0409 READ(1*0) NY
0010 URITE(1,4401)
@011 4401 FORMAT C INPUT FILENAME*
0012 READ(1,1)HNAE
0013 1 FORMATC3A2)
@014 WRITE(1..3458)
0015 3456 FORHAYC' ENTER DATA FORMAT )
0016 READ(1,9S?) IFMT
001? 907 FORMAT( 20A2)
0018 CALL OPEH(IB1 IERRNANE)
0419 IF(IERR.GE.0) GO TO 7?
0020 VRITE(1,?$) NAMA,IERR
0021 78 FORMAT(5X1 3ke!1 ' FAILED TO OPEN ',15," ERROR #a)
0022 STOP
0023 7? URITE(1,4403)
@024 4403 FORMAT C TYPE OF DATA I u CONTINIOUS 0 *MATRIX )

0025 READ(1~s) ITYP
0026 IF(ITYP.NE.0) GO TO 99
002? WRITE(1,100)
0028 100 FORMAT( OENTER 0 OF SUBJECTS *
0*29 READ(C1,s) NIUB
0030 GO TO 20
0031 99 K4=NV
*032 IFCITYP.EQO*)GO TO 20
0033 K4*HV
0034 NvaI
0033 DO 3 JuImlK4
01 036 WRITE(CIs4404) it
0037 4404 FORMAT C*NUMBER OF SUBJECTS FOR VARIABLE ',135
0038 READC 1#0) NSUB
*039 20 DO 2 KmI t NSUB
0040 CALL READF(B 19,IER I BUF)
0041 CALL CODE
0042 READ(IBUF 1IFMT)(DAT(J )pJwIY)
0043 1 F( K.GT.1I)G 0 TO0 10
0044 DO 11 JoI.NV
0045 J 2mJ
0046 IFCITYP.EQ.1)J2=J1
004? RHCJ2)-DAT(J)
0048 11 RL(J2)oDAT(J)
*049 10 DO 2 JmI,NY
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0050 hJ2.J
0051 IF(ITYF.EO.1)J2mJI
0052 SUN( J2 )w5UM(J2 )+DAT(J)
0053 SUN2(J2unSUN2(J2).DAT(J,.*2
0054 IF( RN(J2 ).LT. DAT(J ) )RN( J2)uOAT(.J)
0055 IF( RLC42 ),GT.OAT( J) )RV J2)uoATcJ )
0056 2 CONTINUE
0057 00 12 JuI,MV
0058 J2uI
0059 IF( tTYP. EQ.1)J2=Jt
0060 12 RH( J2 )RN(J2)-RtL(J2 )+I
0061 DO 3 J.1.NV
0062 J2mJ
0063 IF(ITYP.EO.1)J2uJ1
0064 NS(.J2).NSUS
@065 SMEAN( J2 )w8UH(J2 )?;4S(J2
0066 AAsNS(J2)
0067 3 SD(J2).(((AA*8UN2CJ2))-(SUN(J2)e*2))/(AA*(AA-1.)))s*.S
0060 CALL RWHDF(II)
4009 ZP(ITYP.EQ.O)GO TO 21
0070 DO 5 Jlm14K4
0071 NSUBENS(J 1)
0072 21 DO 4 KstNSUB
0073 CALL READF(B 10,IERR, IBUF)
*074 CALL CODE
0075 READ( IDUF ,IFMT)XDAT( J 1 Ju1atV NY
0076 DO 4 Jwl#NV
0077 J2wJ
0070 1 F(ITYP. EQ.1I)J2sJ I
0079 SUM3(J2)uSUN3(J2).(DAT(J )-SNEAN(J2))**3

'10000 SUN4(.J2)uSUN4(J2)+(DAT(J)-SNEAN(J2))**4
@0091 4 CONTINUE
0002 C'0 3 JUINV
0003 J2w4
0004 IFCITYP.EQ.1)J2=J1,
0005 SKEV(42)uSUN3(J2)/(NS(J2 )*(SD(J2)*03))
0006 3 AKURT(J23=(3UM4(J2/(CNS(J2)*(SD(J2)*s4)))-3
000? IF('ITYP.EQ.1)N~mK4
0000 873 URITE(1.543)
0099 343 FORMAT(% ENTER 6 FOR LINE PRINTER OUTPUT, I FOR CRT*)
0090 READ(I,*) ZUHIY
0091 IF((IUHIY.NE.1).AND.(IUNIY.NE.6)) GO TO 873
0092 WRITE(IUN1Y1 5431)
0093 5431 FORNAT(m loARO SSUBJ MEAN STLP.DEV'.*
0094 Cm SKEWNESS KURTOSIS RANGE*)
0095 WRITE(IUNIY,14)((JNS(J) 1 SNEAN(J),SD(J).SKEUCJ),AKURT(J),
0096 CRN(J)).JwI.NV)
009? 14 FORNAT(s I4142XIS,2XF10.3,2XFI0.312X,FIO.3.2X,FIO.3,
0090 C2XF.0.3)
0099 CALL CLOSE 09I)
0100 END
0101 END$
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AVIO (CR-k) (One-way ANOVA)

Purpose:

This program performs a one-way analysis of variance without
replication.

Mathematical Model:

The model for this design is:

X . - B, + E

The hypothesis to be tested is:

Ho: B. - 0 for all j
J

The fixed affect model (Model I) was assumed in the derivation of
the expected values of the mean squares.

Layout of Design:

Treatment Levels

b b2  b bk

I. There are k levels of treatment B.
2. Subjects are randomly assigned to the treatment levels with each

subject designated to receive only one level.

User Considerations and Procedures:

1. A data file must be created with each data point in a sequential
file with group one first, then group two, etc. (For example,
subject one for treatment bI is first record, subject two for

treatment bI Is second record ., then subject one for treat-

ment b . subject n for treatment b is last record.) A print-

out of the raw data file would show only one data point per line.
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2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

3. A printout of the raw data can be obtained. Option: I if raw
data printout is desired, 0 for no printout. The output device is
designated by the above option (#2).

4. Parameters required:

a. number of subjects (maximum 32767)

b. number of groups (maxlmum 101

c. number of subjects in each group (maximum 32767)

d. name of data file

e. format of data file

5. Printout gives:

a. raw data by group (optional)
'2-

b. for each group: N, Ex, Ex 2, 7, and SO (unbiased estimate)

c. ANOVA source table

Comments:

The F-test is analogous to a t-test for uncorrelated data when the design
consists of only two treatment levels. The advantage of this ANOVA
design is freedom from the restriction of having an equal number of
subjects under each level.

Test Data:

This program was tested using data from Roger E. Kirk, Experimental
Design Procedures for the Behavioral Sciences, Wadsworth Publishing
Company, 196d, pp. 100-105.

The accuracy of the program is equal to that obtained by the Statistical
Analysis System and the Statistical Package for Social Sciences.
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RU , AV 10
AVI OR CRK
NOTE: PROGRAM EXPECTS DATA TO BE IN ONE SEQUENTIAL

FILE WITH GROUP 1 FIRST THEN GROUP 2, ETC.
NOTE: MAXIMUM OF 100 GROUPS
ENTER I FOR CRT OUTPUT , 6 FOR LPT
6
DO YOU WANT PRINTOUT OF RAW DATA 1 - YES , 0- NO

TOTAL NUMBER OF SUBJECTS?
32
HOW MANY GROUPS? (maximum 100)
4
ENTFR NAME OF INPUT DATA FILE:
#AV20

ENTER INPUT DATA FORMAT
(4X,FI1.4)

ENTER SS/GP BEGINNING WITH GP ONE
HIT RETURN KEY AFTER EACH ENTRY

8
8
8

AVIO : STOP 0000

'4
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GROUP 1 RAW DATA
3.0000
6.0000
3.0000
3.0000
4.0000
5.0000
4.0000
3.0000

GROUP 2 RAW DATA
7.0000
8.OOOO

7.0000
6.0000
7.0000
8.0000
9.0000
8.0000

GROUP 3 RAW DATA
1.0000
2.0000
2.0000
2.0000
2.0000
3.OOOn
4.oooo
3.0000

GROUP 4 RAW DATA
5.0000
6.000O
5.0000
6.0000

10.0000
9.0000

11.0000
10.0000

GROUP N SUMX SUMX2 MEAN SD1 8 31.000 129.000 3.875 1.126
2 8 60.000 456.000 7.500 .9263 8 19.000 51.000 2.375 .9164 8 62.000 524.000 7.750 2.493

SOURCE TABLE

SOURCE SS DF MS F p

TOTAL 235.500 31.000
BETWEEN 171.250 3.000 57.083 24.8768 .00000
WITHIN 64.250 28.000 2.295
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"OWiO T-00003 IS ON CR00002 USING 00012 BLKS R-0000

0001 FTN4, L

0002 PROGRAM AVIO
0003 DOUBLE PRECISION B(SO),BSSXBAR(S0),-( SO ),DATAXSXBS 1,B
0004 DOUBLE PRECISION BBS(SO),X,BBSSTSSBG,SSWGBDFWDFTDF,&MS
0005 DOUBLE PRECISION WNS,F,Z,PS
0*06 DIMENSION N(CO),INFTLE(3),IFMT(20)
000? DIMENSION IB(272),IB0F(256)
0006 SX"40.
@009 98n.0
0010 $$no0.

0011 WRITE( 1,4404)
0012 4400 FORMAT ( 'AYl0 OR CRK',/ 1 ,
0013 C INOTEs PROGRAM EXPECTS DATA TO BE IN ONE SEQUENTIAL" ,/,
0014 C a FILE WITH GROUP I FIRST THEN GROUP 2, ETC.'",/,
0015 C ONOTEs MAXIMUM OF 80 GROUPS' ?,
0016 C *ENTER 1 FOR CRT OUTPUT , 6 FOR LPT ")
oot? READ(I,*) ZUNIT
0016 URITE(1,4405)
0015 4405 FORNAT ( "DO YOU WANT PRINTOUT OF RAW DATA 1 YES , 0 N NO')
0020 READ(1,e) IPTO
0021 URITE(1,4406)
0029 4406 FORMAT ( 'TOTAL NUMBER OF SUBJECTS? ')
0023 READ( , ) HOSUB
0024 URITE(1,4407)
0025 440? FORMAT ( HNOW MANY GROUPS? (LIMIT IS 80) ")
0026 READ(t,.) NGRP
002? WRITE(1,440B)
0028 4408 FORMAT ( 'ENTER NAME OF INPUT DATA FILE, " )
0029 READ (1,300) INFILE
0030 300 FORMAT (3A2)
0031 RI TE( 1, 409 )
0032 409 FORMAT("ENTER INPUT DATA FORMAT I.E. (F10.4) ')

0033 READ(1,301) IFMT
0034 301 FORMAT(2OA2)
0035 IOCBS"256
0036 CALL OPEN (IBIERrNFILE,3,0,-2,IDCBS)
0037 IF(IER.GE.0) GO TO 870
0038 ORITE(1'653) IHFILEIER
0039 655 FORMAT(5X1 3A2 1' FAILED TO OPEN , IER w aas',[5)
0040 STOP 655
0041 070 WRITE(1,4410)
0042 4410 FORMAT ( 'ENTER SUBJECTS/GROUP BEGINNING WITH GROUP ONE" I/
0043 C 'NIT RETURN KEY AFTER EACH ENTRY" )
0044 00 3 JwINGRP
0045 3 READ( ,*) N(J)
0046 90 FORMAT(/," GROUPm,3X,'N ",7X,'SUMX',8X,'SUNX2",9X,"'MEAH"
004? $!/x, "SO")

0046 DO 5 JuI,NGRP
0049 LL"N(J)
0050 IF( IPTO. EG. 1 )MRITE( ZUNI T, 2 )J
0051 2 FORMAT(" GROUP ",12,' RAW DATA')
0052 DO 4 KatLL
0053 CALL READF(I8, IERIBUF)
0054 CALL CODE
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0055 READ (ISUFIFHT) DATAX
@005 IF(IPTO.EQ.1)WRITE(IUNIT.IFNT)DATAX
005? SXuSX*DATAX
@05 9Su6S*OATAX*.2
0059 Gl8(J)wS3S(J)+DATAX**2
@0060 4 G(J).u@J)+DATAX
0041 X9AR(J)uB(J)/N(J)
0062 SD(J )=OSQRT((BB8(4)-B(J )*.2)/N(J ))/(N(J )-I))
0063 5 CONTINUE
0064 WRITE(IUNIT,90)
@045 DO 50 Jw1,NORP
0044 50 WRITE ( IUMIT 100 )JON( J),B( J ), BS( J )t XAR(.)SD(J)
@006? 100 FORNAT(iR,13,3X*I3,4(3XF1O.3))
@040 Xm(SXS.2)/NSUB
0069 DO 6 Lat,NCRP
0070 6 ~ 3+(<Ls2/()
0071 SSTu9S-X
@072 SSGB96S-9
0071 SIUGw9S-UB
0074 IDFmHCRP-1
0075 DF=NOUI-NCRP
@074 TDFwMSUB-1

*072 VN8SmSUC/VDF
@079 FvBWS/ VHS
@000 CALL FPROB (F*BOP,VDF,,Z,PS)
@001 VRITE(IUNITo975)
@002 875 FORHAT(//1 15X,'SOURCE TABLE 4,/)
@003 WRITE (IUNIT,200) S8T1TDFSSeC.9DF,BSSFPS,S8UC1 UDF1UHS
@0014 200 FORMAT (/'SOURCE 88 DFISIOX,
@0003 S"NS F Ps
@0066 Sl/' TOTAL *,2F13.3,
008? S/-,e BETWEEN .3F13.3.2X,Fli.4,2X,F9.3,/,

@0,0 W7VTNIN ',3F13.3)
@0089 CALL CLOSE (I19IER)
@0,90 STOP
0091 END
0092 END$
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AVII (RB-k) (One-way ANOVA, Repeated Measures)

Purpose:

This program performs a one-way analysis of varian,- :.t-th repli-
cation either by using matched subjects or repeated measures.

Mathematical Model:

The model for this design is:

,Xj - u + B. + v. + Elj
J i j

The hypothesis to be tested is:

Ho: B. - 0 for cll j

The fixed effect model (Model I) was assumed in the deviation of
the expected values of the mean squares.

Layout of Design:

Treatment Levels

b 1 b2  b3 b k

1. There are k levels of treatment B.

2. Subjects are assigned to a treatment so that variability within
a treatment is less than the variability among treatments.
Homogeneity within treatments may be achieved by using a sub-
ject as his own control or by using subjects matched on the
basis of a variable that correlates with the dependent variable.

User Considerations and Procedures:

I. A data file must be created with each data point in a matrix
file. On input, index for within factor varies most rapidly.
(For example, first record is subject one, treatment bl, subject

one, treatmer,t b2  . , subject one, treatment v ; second record

subject two, treatment bl, subject two, treatment b2 . , subject

two, treatment bk . . .; the last record is subject n, treatment

b,, subject n, treatment b2 . . . , subject n, treatment bk.) A

printout of the raw data file would show k data points per line.
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2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

3. A printout of the raw data can be obtained. Option: I if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of subjects (maximum 32767)

b. number of groups (maximum 100)

c. number of subjects in each group (maximum 32767)

d. name of file

e. format of data file

5. Printout gives:

a. raw data by group (optional)

b. for each group: N, Ex, Ex 2, 7, and SD (unbiased estimate)

c. ANOVA source table

Comments:

The F-test is analogous to a t-test for correlated data when the
design consists of only two treatment levels. This ANOVA aesign
permits an experimenter to minimize the effects of individual
differences. However, the design requires that the population
covariances for all pairs of treatment levels be homogeneous.

Test D-ta:

This program was tested using data from Roger E. Kirk, Experimental
Design Procedures for the Behavioral Sciences, Wadsworth Publishing
Company, 1968, Pp. 132-134.

The accuracy of this program is equal to that obtained by the Statis-
tical Analysis System and the Statistical Package for the Social
Sciences.
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RU,AV1 1
AVIl OR RBK

*** ONE WAY ANOVA FOR REPEATED MEASURES ***
NOTE: DATA .NPUT READ SEQUENCE, INDEX FOR WITHIN

FACTOR VARIES MOST RAPIDLY. PROGRAM EXPECTS ALL
DATA TO SE IN ONE MATRIX FILE.

NOTE: MAXIM!M OF 00 TREATMENTS (WITHIN FACTOR)
ENTER 1 FOR CRT OUTPUT, 6 FOR LPT:
6

DO YOU WANT PRINTOUT OF RAW DATA - YES, 0 -NO

ENTER # SS/GP
8
ENTER # LEVELS FOR TREATMENTS:
4
ENTER NAME OF DATA FILE:
#AV11

ENTER FORMAT OF DATA:
(4(4X,F10.4))

49
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RAW DATA
f.0000 7.0000 4.0000 7.0000
6.0000 8.0000 5.0000 8.0000
3.0000 7.0000 4.0000 9.0000
3.0000 6.0000 3.0000 8.0000
1.0000 5.0000 2.0000 10.0000
2.0000 6.0000 3.0000 10.0000
2.0000 5.0000 4.0000 9.0000
2.0000 6.0000 3.0000 11.0000

TREATMENT N SUMX SUMX2 MEAN SD

1 8 22.000 76.000 2.750 1.488
2 8 50.000 320.000 6.250 1.035

3 8 28.000 104.000 3.500 .926
4 8 72.000 660.000 9.000 1.309

SOURCE TABLE
SOURCE SS DF MS F P

TOTAL 235.50000 31.
TREATMENT 194.5000 3. 64.8333 47.7719 .00000
SUBJECTS 12.5000 7. 1.7857 1.3158 .29097
RESIDUAL 28.50U0 21. 1.3571
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8AV1I T=00003 18 ON CR00002 USING 09014 ILKS RO000

000t FTN4,L
0002 PROGRAM AViI
0003 DIMENSION IFNT(20),INFILE(3)
0004 DOUBLE PRECISION S2(SO),DfTX(OO),XS2(S0),83,,•4,SB,CTSST
0005 DOUBLE PRECISION SSS, St,S3TR,SSER,X9AR(00),SD(BO)
0006 DOUBLE PRECISION RMSS,RNSTR,RMSER,FS,FTR,TENP
0007 DOUBLE PRECISION DFT,DFS,DFTR,DFERDF1,DF2,F,ZPS
0000 DIMENSION IB(272),IBUF(256)
0009 WRITE( 1,4400)
0010 4400 FORMAT ( "4AV11 OR RSK" ,/,
0011 C6 *so ONE WAY ANOVA FOR REPEATED MEASURES s**" //,
0012 Cm NOTE: DATA INPUT READ SEQUENCE, INDEX FOR WITHIN',/,
0013 C" rACTOR VARIES MOST RAPIDLY. PROGRAM EXPECTS ALL',/,
0014 C' DATA TO BE IN ONE MATRIX FILE." ,/,
0015 C8 NOTE: MAXIMUM OF 80 TREATMENTS UITHIN FACTOR 11/,
0016 C'EHTER I FOR CRT OUTPUT, 6 FOR LPTi ")
0017 READ(t,*) IUtIT
0018 WRI TEE 1, 409)

0019 440)9 FORMAT("DO Y.OU WANT PRINTOUT OF RAW DATA I * YES 0 * NO ")
0020 READ(1,s) IPTO
0021 WRITE(1,4410)
0022 4410 FORMAT ( 'ENTER # SUBJECTS/GROUP ")
0023 READ(1,*) MS
0024 URITE(1,4411)
0025 4411 FORMAT ( *ENTER # LEVELS FOR TREATMENTS; 0)
0026 READ(1,.) NLU
0027 WRITE(1,4412)
0020 4412 FORMAT ( 'ENTER NAME OF DATA FILE' )*
0029 READr,106)INFILE
0030 106 FORMAT(3A2)
0031 IDCBSm256
0032 CALL OPEN(IDIERINFILE,3,0,-2,IDCBS)
0033 IF(IER.GE.O)GO TO 101
0034 WRITE(1,4413) INFILEIER
0035 4413 FORMAT(SX,3A2,3X,'DATA FILE FAILED TO OPEN, IER " ',15 )
0036 STOP 4413
003? 101 WRITE(1,4414)
0038 4414 FORMAT ( 'ENTER FORMAT OF DATA: I.E. (4F10.4) ')
0039 READ(1,102)IFMT
0040 102 FORMAT(2OA2)
0041 IF(IPTO.EQ.1)VRITE(IUHIT,1)
0042 1 FORMAT(* RAW DATA')
0043 DO 20 KmI,HS
0044 CALL READF(IS,IERIBUFIDCBS)
0043 CALL CODE
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0046 READ(IIUF.IFNT)(DNTX(J),Ju1,NLV)
@047 IF(IPTO.EQ,1)VRITE(IUNIT,IFNT)(DMTX(J),J.1,NLU)
0048 TENPwG
@049 DO 10 IwI 1NLU

0051 92( 1)o$2 1 ),DNTX I)
0052 XS2(1).XS2(1).DNT)(CI)**2
0053 83a83.DNTX(I)**2
0054 S4=84+DMTX(l)
0055 TENPaTEMP.DMTX(1)
@056 1o CONTINUE
0057 56.89#TENP**2
9050 20 CONTINUE
0059 CTw84**21WH

0060 SqTxS3-CT
0061 SSS-(SS/tILW)-CT
0062 DO 30 1.1.NLV
0063 X9ARCI)wG2(I)/NS
0064 30 S11.S11+S2CI)**2
0065 StiaSti/tS
0066 SSTR=SII-CT
0067 SSERmSST-SSS-SSTR
0066 DFTuNN-1
0069 DF9.NS-1
0070 DFTRuI4LV-1
0071 DFERsOFT-DFS-DFTR
0072 RNSSnSSS/DFS
0073 RISTRoSSTRIDFTR
0074 RMSERaSSERIDFER
0075 FSwRMSS/2MSER
0076 FTRaRNSTR/RNSER
00?? DPI.DFB
0078 DF~uOPER
@079 FuFS
00,0 CALL FPROB(FDFI,DF2,Z,PS7
0061 DFlUDFTR
@0002 DF2mDFER
0063 F-FTR
0004 CALL FPROUCF,DP1,DF2DZ,PTR)
0085 DO 50 Iw11NLW
0066 ANSuNS
0067 50 SD(I)uDBIRT((ANSeKS2CI)-(S2(1).*2))/(ANSe(ANS-1.)))
00066 WRITEC IUt4IT,51 )( I.NS,S2C I),XS2( I),XSAR( I),SD(I ), Iut,NLU)
0069 51 FORMAT(//,o TREATMENT N sumx SUNX2
0090 $MEAN SD*,/i,
0091 SC I7O.X,I3,4XFIO.3.2X1 FI0.3.2XFIO.3,2XFI0.3))
(1092 h'IEINT15STDTSTFTNTTTSFMS
0093 $F'S,PS,SSERDFERRMSER
0094 105 FORMAT(///,15X,*SOURCE TABLE ',/#//.X,"SOURCE mL2X1 *SS",9Xo
0095 $*DF%11lX,1 M3%11X, F',OX,'P%//," TOTAL",9XF12.4,1X1 F6.*,
0096 #1,6 TREATMENT * 2X,F12.4,IX,F6. 0,3X,F12 .4,3X,i1I0.4,3X(,
0097 %F6.3,/,n SUBJECTS ',4X,i!2.4,lX,F6.0,3X,F12.4,3X,F10.4,3X,
0098 &F6.5,/," RESIDUAL ',ý~24L)F.,XF24
0099 CALL CLOSE(IB)
0100 END
0101 ENDS
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AV20 (CRF-P,Q) (Two-way ANOVA)

Purpose:

This program performs a two-way completely randomized facotriall
analysis of variance without replication.

Mathematical Model:

The model for this design is:

X u+,A I+ B + AB. +E

The hypotheses to be tested are:

Ho: A. - 0 for all

Ho: B = 0 for all j
J

Ho: AB1  - 0 for all lj

The fixed effect model (Model 1) was assumed In the derivation of

the expected values of the mean squares.

Layout of Design:

A1  A 2  A
3

81 B i 82 81 2 S represents a
- . - - I set of subjects

S1 S2 S3 S 4  S 5  S 6

1. There are two factors (A,B) with p and q levels of treatments
respectively. The exper~ment consists of pq treatment combin-
ations. The above example includes three levels of Factor A,
two levels of Factor B.

2. Subjects are randomly assigned to the pq treatment combinations,
with each subject receiving only one combination.

3. There should be more than one subject per pq treatment combinations.
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User Considerations and Procedures:

1. A data file must be created with each data point In a sequential
file. On Input, Factor B varies most rapidiy, then Factor A.
(For example, first record Is subject one for treatment ab

second record subject two, treatment ab1  . ., then subject

one treatment ab 1 2 , next is subject two, ab 12 . .. , then

subject one treatment ab 2 1 . . ., final record would be sub-

ject n for treatment ab .) A printout of the raw data file
pq

would show one data point per line.

2. The data analys!s can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

3. A printout of raw data can be obtained. Option: I if a raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of levels of Factor A (maximum 30)

b. number of levels of Factor B (maximum 30)

c. nunimber of subjects per AB cell (maximum 32767)

d. name o4,-,ata file

e. format of data file

5. Printout gives:

a. raw data (option)

b. for each cell: Z, Ex2, 2 , SO (unbiased estimate)

c. ANOVA source table

Comments:

Program uses least square analysis for unequal cell sample sizes. This
ANOVA design permits interaction effects to be evaluated. Power tests
can be used to determine the number of subjects necessary for the
experiment.
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Test Data:

This program was tested using data from Roger E. Kirk, Experimental
Design Procedures for the Behavioral Sciences, Wadsworth Publishing
Company, 196d, Pp. 175-176.

The accuracy of this program is equal to that obtained by the Statis-
tical Analysis System and the Statistical Package for Social Sciences.
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RU ,AV20
AV20 OR CRFPQ
REF: BRUNING & KINTZ, 1968
SECTION 2.2
FACTORIAL DESIGN: TWO FACTORS

NOTE: PROGRAM CALCULATES LEAST SQUARES
SOLUTION IF UNEQUAL CELL N'S

NOTE: ON INPUT DATA READ SEQUENCE, INDEX
FOR FACTOR B VARIES MOST
RAPIDLY. PROGRAM EXPECTS DATA TO BE IN
ONE SEQUENTIAL FILE.

NOTE: MAX 30 * 30 DESIGN
ENTER 1 FOR CRT OUTPUT, 6 FOR LPT:
6
DO YOU WANT TO PRINT OUT OF RAW DATA 1 YES , 0 - NO
I
ENTER INPUT DATA FILE NAME:
#AV20

ENTER INPUT DATA FORMAT:
(4X,FIO.4)
ENTER # LEVELS ON FACTOR A & B:
2,4
FACTOR A, LEVEL: 1

FACTOR B, LEVEL: I
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 1
FACTOR B, LEVEL: 2
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 1
FACTOR B, LEVEL: 3
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 1
FACTOR B, LEVEL: 4
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 1
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 2
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 3
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 4
ENTER # SS THIS CELL:
4
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GROUP 1 I RAW DATA
3.0000
6.0000
3.0000
3.0000

GROUP 1 2 RAW DATA
4.0000
5.0000
4.0000
3.0000

GROUP 1 3 RAW DATA
7.0000
8.oooo
7.0000
6.0000

GROUP 1 4 RAW DATA
7.0000
8.0000
9.0000
8.oooo

GROUP 2 1 RAW DATA
1.0000
2.0000
2.0000
2.0000

GROUP 2 2 RAW DATA
2.0000
3.0000
4.0000
3.0000

GROUP 2 3 RAW DATA
5.0000
6.0000
5.0000
6.0000

GROUP 2 4 RAW DATA
10.0000
9.0000

11.0000
10.0000

CELL N SUMX SUMX2 MEAN SD
1 1 4 15.000 63.000 3.750 1.500
1 2 4 16.000 66.000 4.000 .816
1 3 4 28.000 198.000 7.000 .816
1 4 4 32.000 258.000 8.000 .816
2 1 4 7.000 13.000 1.750 .500
2 2 4 12.000 38.000 3.000 .816
2 3 4 22.000 122.000 5.500 .577
2 4 4 40.000 402.000 10.000 .816

SOURCE SS DF MS F P
TOTAL 235.500 31.

FACTOR A 3.125 1. 3.125 4.054 .052693
FACTOR B 194.500 3. 64.833 84.108 .000000
A * B 19.375 3. 6.458 8.378 .000788

ERROR 18.500 24. .771
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"OAV20 T,,0003 IS ON CR00002 USING 00016 OLKS R-0000

0001 FTN4,L
0002 PROGRAM AY20
0003 DOUBLE PRECISION SX2(20,20),S2(20,20),S6(20),S?(20),ROATA
0*04 DOUBLE PRECISION S3,S4,CTSSTSSASSB8PABPB
00oz DOUBLE PRECISION SSAB,SSERMSB,NSAMSABMSERFA,FB,FAD
0006 DOUBLE PRECISIOi, TSS,XBAR,DFTDFA,DFBDFABDFERF,DFIDF2,Z,PA
000? DIMENSION 19(272),IBUF(256)
0000 DIMENSION NS( 20, 20), IFMT(20), HN6( 20),HS?( 20)
0009 DIMENSION INFILE(3)
0010 WRITE(t,4400)
0011 4400 FORMAT ( "AV20 OR CRFPOQ' ,I0
0012 C "REFi BRUNING & KINTZ, 1968' ,/,
0013 C NSECTION 2.2 @ /,
06t4 C IFACTORIAL DESIGN) TWO FACTORS' ,
0015 C N NOTE: PROGRAM CALCULATES LEAST SQUARES" ,/,
0016 C a SOLUTION IF UNEQUAL CELL N'S' )
0017 URITE(1,4401)
0016 4401 FORMAT(" NOTE, ON INPUT DATA READ SEQUENCE, INDEX /,
0019 C a FOR FACTOR 8 VARIES MOST" ,/,
0020 C a RAPIDLY. PROGRAM EXPECTS DATA TO BE IN" ,/,
0021 C a ONE SEQUENTIAL FILE." /,
0022 C v NOTE, MAX 20 * 20 DESIGN' ,//)
0023 290 VRITE(1,4411)
0024 4411 FORMAT ( `aENTER I FOR CRT OUTPUT, 6 FOR LPT' 0)
0025 READ(I,*) IUNIT
0026 IF(IUNIT.HE.t.AHD.IUNIT.NE.6)GO TO 290
0027 URITE(1,4412)
@020 4412 FORMAT('DO YOU WANT TO PRINT OUT OF RAM DATA 1- YES Ow NO')
0029 READ(t,e) IPTO
60f30 WRITE(1,4413)

* 0031 4413 FORMAT ( 'ENTER INPUT DATA FILE NAME:' )
0032 READ(,t194)INFILE
0033 194 FORMAT(3A2)
0034 191 FORMAT(20A2)
0035 IDCBSw2S6
0036 IF(LENGTH.LT. 144) IDCBS9144
0037 CALL OPEN(IBIERINFILE,3,0,-2,IDCBS)
0036 IF(IER.GE.O)GO TO 19155
0039 WRITE(1,4414) IER
0040 4414 FORMAT < 'NO OPEN INPUT DATA FILE, IER " IS )
0041 STOP
0042 19155 WRITE(1,4415)
0043 4415 FORMAT O 'ENTER INPUT DATA FORMAT, I.E. (F10.4)'
0044 READ(1,191)IPMT
0045 WR[TE(1,4416)
0046 4416 FORMAT C 'ENTER 0 LEYELS ON FACTOR A t 9. ")
004? READ(I,*1 NLA,NLB
0046 NGPS"NLA*NLB
0049 DO 1915 LA-INLA
0050 DO 1915 L8-,HNL9
0051 PRITE(1,4417) LA
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0052 441? FORMAT C'FACTOR A, LEVEL) *.15 )
0053 WRITE(1.4418) L9
0054 4418 FORMAT ( IFACTOR B, LEVEL' 0,13 )
0055 WRITE(1.4419)
0056 4419 FORMAT ( 'ENTER I SUBJECTS THIS CELL: 0)
005? READ(1.e) NS(LALB)
0058 KwNS(LA,LU)

it0059 TSSuT$SSK
00ý6 IF(IPTO.EQ.1)WRITE(1UNIT.2)LA,LB
0061 2 FORNAT(' GROUP 6121300 RAW DATA')
0062 D0 1914 NUI.K
0063 CALL READF(19.IER.IBUF)
0064 CALL CODE
0065 READ(IBUFIFNT)RDATA
0066 IF(IPTO.EQ.l)WRITE(IUNITIFNT)RDATA
0067 92(LALB)uS2(LALB).RDATA
0068 93=S3+RDATA**2
0069 S4uS4+RDATA
0070 S6(LA)uS6(LA)+RD&TA
0071 S7(LB)*S?(LB)+RDATA
0072 HS6(LA)mHS6(LA).1
0073 NS7(LD)wHS7(LD)+1
0074 SX2(LA,LB)=S)(2(LA.LB)+RDATA*02
0075 1914 CONTINUE
0076 1915 CONTINUE
0077 WRITE(IUNIT.3004)
0079 DO 3005 Ilu1.NLA
0079 DO 3005 12u1,HLD
0080 XBARnS2( 11,12 )/NS(I11.12)
0081 AHSnNS(I1.12)
0082 SD.DSQRI'((AN9SNS2(II,,12)-92(l11a2)..2)/
0083 $( ANSs( ANS-1 .) )) I
0084 3005 WRITE( IUHIT.301)II. I2,NS(11.I2),S2(I11.2).SX2( I, 12)1 XBARSD
0005 3004 FORMAT(60 CELL N sumx SUMX2 MEAN'
0086 *'SD')

0087 301 FORKAT(2X,213,3X1 14,3X,4(IXFIO.3 ))
0088 CTm94.e2iTSS
0089 SSTuS3-CT
0090 DO 699 LAwtNLA
0091 699 SSAwSSA+36(LA)**2/HS6(LA)
0092 SSAmSSA-CT
0093 DO 799 LBwl.NLB
0094 799 SSwSUSS8S7(LB)**2/NS7(L9)
0095 SSOwSS8-CT
0096 DO 899 LAwlNLA
0097 DO 899 LBui*HLB
0098 899 SSABuSSAD4'52(LALB)..2/NS(LA.LD)
0099 SSA8-SSAB-SSh SB-CT
0100 SSERuSST-SSA-SSD-SSAB
0101 DFTwTSS-1
0102 DFAuNLA-1
0103 DF~wNLD-t
0104 DFABwDFA*DFB
0105 DFERuDFT-DFA-DFD-DFA8
0106 NSAuS$A/DFA
0107 M98uSS9/DF9
0109 MSABuSSAB/DFAB
0109 MSERuSSER/DFER
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0110 FAuNSA/MSER
*111 F~aNSB/MSER
0112 FABuNSAU/M8ER
0113 FwFA
0114 DFImDFA
O1is 0F2=DFER
Otis CALL FPROD(F.DFI1 DF2*Z.PA)
0117 FwF9
Ot1s DFIuOFB
0119 DF2-DFER
0120 CALL FPRO9(FsDFI,DF2.Z,PB)
0121 FwFAB
0122 DFI-DFAG
*123 DF2*OFER
0124 CALL FPRO8( F. FI .0F2. 2,PAD)
0125 WRITE(IUHIT.1299)SST.DFTSSA.OFA.HSA.PA.PA.SSBDFD.NS$B,FB.,PB,
0126 $SSABDFAB,IISAB,FAB..PAS.SSER.DFERN..ER
0127 1299 FORMAT(60 SOURCEN,8X,M SS',5X,6 DF',6X,"HSO,9X,%FM 1 11X,'P"//
0129 $0 TOTAL4,6X,FI0.3,F3.0/3XFACTOR A .,F10.3,F5.0.2F1O.3,FlO.6i
0129 S3X,NFACTOR 3 m.F1@.3.F3.0.2Fi0.3,F10.6/3X,"A 0 81 ,4X.F10.3,
0130 $F5. 0.2F10.3,FI0. 6. /3X, ERROR ,FI0. 3, F5. 0.FlO .3)
0131 CALL CLOSE( 19 IER)
0132 END
0133 END0$
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AV21B (SPF-P.Q) (Two-way Split Plot ANOVA, Repeated Measures)

Purpose:

This program performs a two-way split-plot or mixed analysis of
variance.

Mathematical Model:

The model for this design is:

X u , A. + B. + AB BT + E
Xijm j ij + mo) + jm(i) + o(ijm)

The hypotheses to be tested are:

Ho: A. - 0 for all i

Ho: B - 0 for all j

IJHo: AB.i - 0 for all ij

The mixed effect model (Model III) was used in the derivation of
the expected values of the mean squares.

Layout of Design:

Bl B2 B3

A1  SI Sl SI S represents a

-. set of subjects
A2 S2 S2 S2

1. There are two Factors (A and B) with p, q levels of treat-
ments respectively. Factor A is designated as the between
block or nonrepeated measure. Factor B is the within block
repeated measure. The above example includes two levels of
Factor A, three levels of Factor B.

2. Subjects from a common population are randomly assigned to
the levels of Factor A. After this, levels of treatment B
are assigned randomly to the subjects except when the nature
of the repeated measure precludes randomization of the pre-
sentation order.
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User Corc'Ierations and Procedurt:

1. A matrix data file must be created with all data points for each
subject in one record. On read input, the within Factor B varies
fastest, then Factor A. (For example, record one contains subject
1, cell ab11 , ab 1 2 . . , ablq; second record is subject 2, ab11 ,

ab 1 2  ., ab ; etc. Repeat the same procedure for subjects in

Factor Ap.) A printout of the raw data would show q data points

per line.

2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: 1 for CRT
output, 6 for line printer output.

3. A prKitout of the raw data can be obtained. Option: 1 if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of levels of between Factor A (maximum 25)

b. number of levels of within Factor B (maximum 25)

c. number of subjects per AB cell (maximum 32767)

d. name of data file

e. format of data file

5. Printout gives:

a. raw data by group (optional)

2-
b. For each group: N, Ex, Zx , X, aod SD (unbiased estimate)

c. ANOVA source table

Comments:

Program uses least squares a--lysis for unequal cell sizes on Factor A.

This ANOVA design permits interaction effects to be evaluated. In a
split-plot design, estimates of the within block (Factor B and inter-
action AB) effects are more accurate than estimates of between block

(Factor A) effects. If an experimenter's primary interest is in the
within-block effects, a split-plot design is more powerful than a
randomized factorial block design (AV22). However, if equal precision
for all treatment effects is desired, the average power of a random-
ized factorial block design is greater. Power tests can be used to
determine the number of subjects necessary for the experiment.
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Test Data:

This program was tested using date from Roger K. Kirk, Experimental
Design Procedures for the Behavioral Sciences,, Wadsworth Publishling
Company, 196d, Pp. 249-251.

The accuracy of this program is equal to that obta'ned by th- Stati-s-
ticel Analysis System and the Statistical Package for Soctal Sciences.
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RU,AV21B
AV21B OP SPFPQ
REF: BRUNING & KINTZ, 1968
SECTION 2.7
TWO FACTOR MIXED DESIGN: REPEATED MEASURES ON ONE FACTOR

NOTE: PROGRAM CALCULATES LEAST SQUARES SOLUTION
IF UNEQUAL CELL N'S

NOTE: ON INPUT DATA READ SEQUENCE, INDEX FOR
WITHIN FACTOR (B) VARIES MOST RAPIDLY.
PROGRAM EXPECTS ALL DATA TO BE IN
ONE MATRIX FILE.

NOTE: MAX 25B * 25W DESIGN
ENTER 1 FOR CRT OUTPUT, 6 FOR LPT OUTPUT:
,6
DO YOU WANT TO PRINT OUT DATA 1 YES , 0 - NO

ENTER INPUT DATA FILE NAME:
#AVIi

ENTER INPUT DATA FORMAT:
(4(4X,Fl0.4))
ENTER # LEVELS FOR BETWEEN FACTOR (MAX 25):
2
ENTER # LEVELS FOR WITHIN FACTOR (MAX 25):
4
GROUP NUMBER. 1
ENTER NUMBER OF SUBJECTS IN THIS GROUP:
4
GROUP NUMBER: 2
ENTER NUMBER OF SUBJECTS IN THIS GROUP:
4
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GROUP: I RAW DATAt 3.000 7.000 4.OOO 7.000
6.000 8.000 5.000 8.000
3.000 7.000 4.0o0 9.000
3.000 6.000 3.000 8.000

GROUP: 2 RAW DATA
1.000 5.000 2.000 10.000
2.000 6.000 3.000 10.000
2.000 5.000 4.000 9.000
2.000 6.000 3.000 11.000

CELL N SUmX SUMX2 MEAN STD DEV
I 1 4 15.000 63.000 3.750 1.500
1 2 4 28.000 198.000 7.000 .816
1 3 4 16.000 66.000 4.000 .816
1 4 4 32.000 258.000 8.000 .816
2 r 4 7.000 13.000 1.750 .500
2 2 4 22.000 122.000 5.500 .577
Z 3 4 12.000 38.000 3.000 .816
Z 4 4 40.000 402.000 )0.000 .816

SOURCE SS OF MS F P
TOTAL 235.500 31.

BETWEEN 12.500 7.
FACTOR A 3.125 1. 3.125 2.000 .205762
ERROR BTW 9.375 6. 1.562

WITHIN 223.000 24.
FACTOR B 194.500 3. 64.833 127.890 .000000
A * 8 19.375 3. 6.458 12.740 .000228
ERROR W/IN 9.125 18. .507
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"OAV21B T-00044 IS ON CRO0002 USING 00023 BLKS R=0192

@001 FTH4,L
0002 PROGRAM AV21B
0003 DOUBLE PRECISION DVECTR(20),SASX(20),SASX2(20),SS(20)
0004 DOUBLE PRECISION MSCNSERRBNSTRNSTRXCFC,FT'RZPCPTRPTRXC
@005 DOUBLE PRECISION DSX(20,20),DSX2(20,20),GSX2(20),GSX(20)
0006 DOUBLE PRECISION TEMPTSX2,CT,SST,SSC,SSB,SSW,I:TRXC,F,DFI,DF2
0007 DOUBLE PRECISION MSERRUGTSSTRXCSSTR,DFTRXCDFSERW
0048 DOUBLE PRECISION SIG(20,20),SAXS2(20),XBAR(20,20),THS,SSERRB
0009 DOUBLE PRECISION SSERRVDFSBDFSTDFSCDFSERBDFSUDFSTR
@010 DIMENSION 19(272),IBUF(256),IFILE(3),NSS(20),IFMT(20)
0011 URITE(1,4400)
0012 4400 FORMAT ( "AV21S OR SPFPQ6 ,/,
0013 C "REF' BRUNING & KIHTZ, 1968' ,/.

0014 C 'SECTION 2.7' P/,
0015 CmTVO FACT(1R MIXED DESIGNI REPEATED MEASURES ON ONE FACTOR',/,
o0t& C M OTE: PROGRAM CALCULATES LEAST SQUARES SOLUTIOH',/,
001? C * IF UNEQUAL CELL N'S" )
0018 URITE(1,4406)
0019 4406 FORMAT ( " NOTEs ON INPUT DATA READ SEQUENCE, INDEX FOR',/,
0020 C a MITNIN FACTOR (8) VARIES MOST RAPIDLY." ,/,
0021 C " PROGRAM EXPLCTS ALL DATA TO BE IN" ,/,
0022 C " ONE MATRIX FILE." ,/,
0023 C a NOTEs MAX 208 * 20W DESIGN" )
0024 1 WRITE(1,4411)
0025 4411 FORMAT ( "&ENTER 1 FOR CRT OUTPUT, 6 FOR LPT OUTPUT: ")
0026 READ(I,*) [UNIT
002? IF(IUNIT.HE.I.AND.IUNIT.HE.6)GO TO 97
0028 WRITE(1,4412)
@029 4412 FORMAT ( 'DO YOU WANT TO PRINT OUT DATA I " YES 0 N NO ")
0030 READ(1,*) IPTO
0031 VRITE(1,4413)
0032 4413 FORMAT ( 'ENTER INPUT DATA FILE NAME:' )
0033 READ(1,85)IFILE
0034 85 FORMAT(3A2)
0035 1DCBS-256
0036 CALL OPEH(IBIER,IFILE,3,0,-2,IDCBS)
003? IF(IER.LT.O)GO TO 99
0038 VRITE(1,4414)
0039 4414 FORMAT ( 'ENTER INPUT DATA FORMAT I.E. (4F10.4)' )
0040 READ(1,80)IFMT
0041 80 FORMAT(2OA2)
0042 WRITE(1.4415)
@043 4415 FORMAT ( '&ENTER # LEVELS FOR BETWEEN FACTOR (MAX 20): ')

0044 READ(I,*) NGPS
0045 VRITE(1,4416)
0046 4416 FORMAT ( "4ENTER 0 LEVELS FOR WITdIN FACTOR (MAX 20): ')

044? READ(I,*) NLU
@048 DO 19 HGuI,HGPS
0049 URITE(I14417) HG
0050 4417 FORMAT ( 'GROUP NUMBER: ',15 )
0051 VRITE(1,4418)
0052 4418 FORMAT * 'ENTER NUMBER OF SUBJECTS IH THIS GROUP: ')

0453 READ(1,I) ISS
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0654 TN8.TNS+ISS
0*55 NSS(NG)WISS

0056 IF(IPTO.EO. I)VRI TE( IUNIT 2 )HG
005? 2 FORPAT( GROUPI 0%130* RAW DATAO)
60518 DO 10 J2*1 1 I8B
0*59 CALL RtEADF(1B,IER,IBUF)
0066 CALL CODE
0*61 REAP(IBUFIFNT )(DVECTR(J1),JIuINLU)
6462 T1EHPuC.
$063 IFCIPTO.EQ.1)URITE( IUt4To9)(DVECTR(j3),J3U1,NLU)
0064 9 FORMAT(10F9.3)
0065 00 ? Jlul,NLW
0064 TENP*TEMP+OVECTR(JI )
*066? SASX(NG)uSASX(NC>*DVE(CTR (JI)
0068 8A8X2(NC)aBASX2(NG).DVECTR(JI )a*2
0069 DSX(HG,J1)uDSX(NG,j1)+DVECTR(JI)

00?1 ? CONTINUE
00?2 SAXS2(NC)uSAXS2(NG)+TE14P**2
0073 10 CONTINUE
0074 S9(NG)'.ASS(NC)
4005 DO 11 Jln1 1 NLU
0076 XBAR(NC,J1)uD$X(NG.JI)/SS(NC)
007? SIG(NG,41)uOSORT((SS(HC)*DSX2(NG,J1)09SX(t4C,J1)**Z)?
WS7 $( SS( NC)*( SS(NC )-I)))
0079 GSX(NG)*CSX(NG)+DSX(NGJI)
0060 C8X2(NG)uCSX2(NG)+DSX2(HGJ1 )

0061 11 CONTINUE
@0062 19 CONTINUE
@0093 1RITE (IUNITl904)
0064 1904 FORMAT(W CELL N SUNX SUNX2 MEAN
0065 C*STD DEYO)
0066 DO 191 Jl-tI,NCPS
006? 1905 FORMAT(213.16,4F10.3)
@0098 WRITE( IUN IT,1905)( J 1,J5, NSS(J 1), DSX( J 1J3 ).DSX2( J1, JS ),
0009 SXDAR(J 1,J5) ,SIG( JiJ5), JSu 1,NLU)
0 ' 090 191 CONTINUE

0091 DO 1915 Ji-1 HOPS
0092 TSX2mTSX2+GSX2(J I)
0093 1915 GT7AZT+GSX(J1)
@094 CT.CT*.2/(TNS*NLW)
0095 8STmTSX2-CT
0096 00 1916 JI-iNGPS
@09? SSCxSSC+CSX(J1)**2/(SS(Ji)*NLW)
0096 1916 SSoSSSS'SAXS2(JI)
0099 $SS~SSB/NLW-CT
0100 SSCoSSC-CT
0101 SSERRBaSSB-83C
0102 SSU.SSY-SSB
0103 TEHPw0
0104 DO 1976 J-1uHLU
0105 DO 19?5 KiuI HGPS
0106 SSTRXCUSSTRXC.DSX(K1,JI)e*2/9S(KI)
010? 19?5 TEMP-TEMP.DSX((K1,J1)
0108 TEMPaTEMP**2/TNS
0109 SSTR-SSTR+TEMP
0110 1976 TEMP-0.
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0111 SSTR9S9TR-CT
0112 SSTRXCmSBTRXC-SSC-SSTR-CT
0113 98SERRUwS SW- SS TR-SS TRX C
0114 DeO 199 JII1 ,NGPS
0115 OFSB*DFSB.9S(J1)
0116 199 DFSTmDFST4SS(J1)
011? CFSTeDFSTeNLU-1
0110 OFSD*DFSB-1
0119 DFSC'HGPS-1
0120 DFSERmDOFSB-DFSC
0121 OFSVUDFST*-DFSB
0122 DFSTRmNLS-1

F0123 DFTRXC.DFSTR*DFSC
*0124 DSFERUnOFSU-DFSTR-DFTRXC

0125 NSCwSSC/DFSC
0126 NSERRB*SSERR9/DF9ERB
0127 NSTRu9STR/DFSTR
0129 MSTRXCuSSTRXC/DFTRXC
0129 NSERR~aSSERRV/DSFERU
0130 FCmNSC/NSERRB

$ 031 FTR=MSTR/MSERRU
0132 FTRXCwNSTRXC/MSERRU
0133 FmFC
0134 DFI'DFSC
0135 OF2wDFSER9
0136 CALL FPROB(F.DFI,0F2,2,PC)
013? FmFTR
0138 DF1uDF9TR
0139 DP2wDSFERU
0140 CALL FPRO9(FDF1.DF2,Z1 PTR)
0141 FxFTRXC
0142 DFIuDFTRXC
0143 DF2wDSFERW

*0144 CALL FPROB(F.0F11 DF21 Z1 PTRXC)
@145 20 FORMAT('0 SOURCE 9$ DF MS F
0146 Ce P'i//' TOTAL*,
014? 89X.FIO.3.FS.O/' BETWEEN `oF10.3,F5.01" FACTOR A

*0149 81 F10.3,FS.0,2F10.3 3F10.6/m ERROR BTS '.F10.31F5.01 F103//
0149 so UITHIN'1 6XFIO.3,F5.O/SX,'FACTOR 9 *,F1O.3,F5.O,2Fl',.3,
0150 $F1O.6 2/.SXO"A * B%,5XF1O.3.F5.O1 2F1O.3,F1O,6/5X,'ERROR S/IN',
0151 SF10.3 F5. 02 F10.3 )
0152 URITEC IUNIT 1 2O)SST1 DFST3 SSB1 DFS95 SSCDFSCM$CFC,PCSSERRB1,
0153 *OFSER91
0154 SNSERft91SSU1 DFSV. SSTRDFSTR,MSTR,FTR..PTR,SSTRXC,DFTRXC,MSTRXC,
@155 *FTRXC1 PTRXC,S9ERRU,DSFERW1 MSERRW
0156 CALL CLOSE(IBIER)
015? GO TO 934
0150B 98 WRITE(C11 4420) IER
0159 4420 FORMAT C OINPUT DATA FILE FAILED TO OPEN, ERROR CODE: 4,i>
0160 STOP
0161 9? WRITE(C1,4421)
@162 4421 FORMAT ' INVALID OUTPUT UNIT V )
0163 GO TO 1
0164 834 ENHf
0165 ENDS
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AV22 (RBF-P,Q) (Two-way ANOVA, Repeated Measures)

Purpose:

This program performs a two-way randomized block factorial analysis
of variance with replication either by using matched subjects or
repeated measures with one subject.

Mathematical Model:

The model for this design is:

X.. u + A. + B. + AB.. + 7 4. E
ljm I j IJ m ijm

The hypotheses to be tested are:

Ho: A. - 0 for all i

Ho: B. 0 0 for all j
J

Ho: AB.. - 0 for all ij1j

The fixed effect model (Model I) was assumed in the derivation of
the expected values of the mean squares.

Layout of Design:

AA A
A1  2 3

B B B B B B
1 2 1 2 B1  B2  S represents a

- 4 -'' - set of subjects
S1  S 1 S 1  S1  S1

1. rhere are two Factors (A,B) with p and q levels of treatments
respectively. The experiment consists of pq treatment combina-
tions. The above example includes three levels of Factor A,
two levels of Factor B.

2. Subjects are randomly assigned to the pq treatment combinations
with each subject or a set of matched subjects receiving all
combinations. The order of administration of the pq combina-
tions is randomized independently for each subject. If sets
of matched subjects are used, one subject from each set is
randomly assigned to each treatment combination.

3. There should be more than one subject per pq treatment combinations.
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User Considerations and Procedures:

1. A data file must be created in matrix form. On read input,
Factor B varies most rapidly; then Factor A, then subjects.
(For example, record one contains subject one, treatments ab

ab 12  ab bq; record two, subject one, treatment ab 2 1 , ab 2 .22

ab.q .,subject one, treatment abpl, ab 2 • ., ab ; next
2q 1 p2pq

record, subject two, treatments abll, ab 1 2 . .' abiq .,

subject n, treatments abl, abp . ., ab pq.) A printout of the

raw data file would show q data points per line.

2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

3. A printout of tric raw data can be obtained. Option: 1 if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of levels of Factor A (maximum 25)

b. number of levels of Factor B (maximum 25)

c. number of subjects (maximum 1000)

d. name of data file

e. format of data file

5. Printout gives:

a. raw data by group (optional)

b. for each group: N, Ex, Zx 2, X, and SD (unbiased estimate)

c. ANOVA source table

Comments:

This ANOVA design permits interaction effects to be evaluaLci. P'=
tests can be used to determine the nubmer of subjects necessary for
the experiment.
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Test Data:

This program was tested using data from Roger E. Kirk, Experimental

Design Procedures for the Behavioral Sciences, Wadsworth Publishing

Company, 196b, Pp. 238-240.

The accuracy of this program is equal to that obtained by the Statistical

Analysis System and the Statistical Package for Social Sciences.
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RU,AV22
AV22 OR RBF-P,Q TWO WAY ANOVA WITH REPEATED MEASURES

OR BLOCKS ON BOTH FACTORS. INDEX FOR FACTOR B FIRST,
THEN A AND LAST SUBJECTS. PROGRAM EXPECTS Q POINTS PER LINE

ENTER DATA FILE NAME
#JRBPQ

ENTER FORMAT OF DATA
(4(2x,F8.4))

ENTER I FOR CRT, 6 FOR LINE PRINTER OUTPUT
6

LEVELS OF A
2

LEVELS OF B
4

HOW MANY SUBJECTS

PRINT OUT OF RAW DATA (I-YES,0-NO)

7
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3.0000 4.0000 7.0000 7.0000
1.0000 2.0000 5.0000 10.0000
6.0000 5.0000 8.0000 8.0000
2.0000 3.0000 6.0000 10.0000
3.0000 4.0000 7.0000 9.0000
2.0000 4.0000 5.0000 9.0000
3.0000 3.0000 6.0000 8.oooo
2.0000 3.0000 6.0000 11.0000

CELL N sUMX SUMX2 MEAN SD
1 1 4 15o000 63.000 3.750 1.500
1 2 4 16.000 66.000 4.000 .816
1 3 4 28.000 198.000 7.000 .816
1 4 4 32.000 258.000 8.000 .816
2 1 4 7.000 13.000 1.750 .500
2 2 4 12.000 38.000 3.000 .816
2 3 4 22.000 122.000 5.500 .577
2 4 4 40.000 402.000 10.000 .816

SOURCE TABLE
SOURCE SS DF MS F P(F)

A 3.125 1 3.125 4.953 .03516
B 194.500 3 64.833 102.755 .00000

AB 19.375 3 6.458 10.236 .00041
RESIDUAL 13.250 21. .631

TOTAL 235.500 31.
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0AV22 TuO00*3 IS ON CR00002 USING 00016 OLKS R=0400

0001 FTN41 L
0002 PROGRAM AV22
0003 DOUBLE PRECISION ABBC400).SSSCIOO@),AII(20),BJJ(20),BSS(20),PF3
0004 DOUBLE PRECISION XI(400),X2(400),XR(20),WC1,A1B1,A92,AF2,BG2
0005 DOUBLE PRECISION XSY1 SX1 SA. AS.BS1 AF1 ABBG1 WC,XN, XBSDDWDI
0406 DOUBLE PRECISION AF3,9G3,AB3,AI,91,DP, AFI1 BG1,ABI ZEE, PF11 PF2
0007 DIMENSION NFILE(3),IFMT(20),IB(272),IBUF(256)
0006 INTEGER A,B
0009 WRITE( to4400)
0010 4400 FORMAT(OAY22 OR RBF-P,O TWO WAY ANOVA WITH REPEATED MEASURES@
0011 #~,l10X,'OR BLOCKS ON BOTH rACTORS. INDEX FOR FACTOR B FIRST,6,
0012 %/,IOX*' THEN A AND LAST SUBJECTS. PROGRAM EXPECTS 0 POIHTS
0013 &,PER LINEN,/,
0014 C*EHTER DATA FILE MAMEO)
0015 REAO(1.16)NFILE
*00I l6 FORMAT(3A2)
0017 IDCl~w256
@018 CALL OPEN(IB#IER,NFILE,.3,0,-2,IDCBS)
oo19 I F(I ER .LT .0 )GO TO 919

0020 VRITEC1,4401)
0021 4401 FORMAT C@ ENTER FORMAT OF DATA )
0022 READ( I 6) IF HT
@023 6 FORMAT(26A2)
0024 WRITE(1,145)
@025 145 FORMAT(' ENTER I FOR CRT, 6 FOR LINE PRINTER OUTPUT")
0026 READ(1,.) IUNIT
0027 WRITE(1p4402)
4029 4402 FORMAT C LEVELS OF A 8)
0029 READ(1,*) A
0030 WRITEC1#4403)
0031 4403 FORMAT ( * LEVELS OF B
0032 READ(1,s) B
0033 WRITEC1,4404)
0034 4404 FORMAT ( a HOW MANY SUBJECTS 4)
0035 READ(1.*) N
0036 WRITE(1.942)
0037 942 FORMAT("PRINT OUT OF RAW DATA (1uYES,0wHO)?*)
0038 READ(1,*) IPTO
0039 DO 250 KuIN
@040 DO 320 Iwl,A
0041 CALL READF(IB.IER.IBUF)
0042 CALL CODE
0043 READ( IBUF1 IFMT) (XRCKL), KLw1 B)
0044 IFICPTO.E4.1) WRITECIUNIT1 IFNT) (XR(J),J-1,B>
0045 DO 430 JalB
0046 XuXR(J)
004? SYwSY+X*X
0048 Ilu(I-1)wmB+J
0049 XI(II)sXZ(II)+X
0050 X?(II)uX2.11)+XOX
0051 SXwSX.x
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0032 1Iu1+A*(J-t)
0053 ASS( II)=AUS(llI)+X

F0054 SSS(K)sS$S(K)+;ý

0056 ejj( 4 )o9jj( J )+X
0057 B8S(J)=BSS(J)+X
0058 430 SAsSA+X
0059 ASMAI.SAOSA.-lS
@000 320 saNO
0*41 DO 250 4.1.9
0642 BSuBB.BSS8(J )0.68S(J )IA
0*43 250 DSS(J)u0
0044 D0 230 1.1 A
0*465 AFo$#F+AII( I)*A II( IM 9'N)
0*44 DO 630 Jw1, S
006? 11e14A*(J1t)
0040 ASOAB+ABB(Il)eABB(ll)/N
0069 630 CONTINUE
0070 230 C014TINUE
0071 DO 240 Jx1.9
0072 *GN'9G4BJJ(J )*8JJ( J)/(A* H
0073 240 CONTINUE
0074 O
4075 DO 1450 Iul,N
0074 1450 XnX.SSS~ I *SSS(I)?/A*8U
00?? Sg-SX*SXel(fA.8N)
00?8 WCoSY+SX-X-AS
@079 SYNSY-8X
0000 A~uA9.+SX-AF-BG
0081 AFsAF-SX
0082 BCoaG-sx
@0083 WRITE(IUHIT,1021
0004 101 FORMAT(////,"0 CELL.,6X.'N". 1OX,"SUNX",6X,"SUMX2%8,S,
0005 IvHEANo8X,'SD ./>
0004 X14.N
008? DO 102 I-IPA
0088 DO 1*2 Ju1,9
0089 Ilo(I-1)*B+J
0090 XBwXl(lI)eXH
0091 SD.OSQRT( (X2( II)-( XI( II)*XI( 11) )/?N)/( XH-1.)
0092 102 WRITE( IUHIT,127) I ,J,H,XI( II ),X2(11I),XB,SD
0093 12? FORMAT(213,3X. 14,3X.4(IX1 F1O.3))
0094 WRITE(IUNIT,810)
0095 810 FORI4AT(M//.5X,4S0URCE TABLE',?e'Im SOURCE"1 9X,"SS

M ,8X,*DF"s,
0096 110K1 'PS , lOX, pII K, P( F) /)
009? DUm(A*B-I>*(N-1)
0098 A-A-1
0099 0u-0-

0100 DIwA*9
0101 WCINUC
0102 A1B1.(A.1)*(a+1)*N-l
0103 UCNUC/0U
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0104 A 82 41oD I
0105 AF2wAF/A
0106 B02wB90/
010? AF3xAF2/UC
0108 BG3xBC2/UC
0109 AB3oAB2e'hC
0110 A1I.aA
0111 elms
0112 DPwDW
0113 AF1 sAF3
0114 901mBG3
0115 401-AB3
0116 CALL FPRB( AF I A IDP, ZEE, PF I
0 11 ? DPvDW
O11$ CALL FPROR( 901 I9 ,1I, OP, ZEE ,PF2)
0119 DP-DW
0120 CALL FPR08(ABJ,DI,DPoZEE,PF3)
0121 WRITE( lUMITS20) AFIAIAF2, AF3,PFIBC,B BG2, 9G3 ,PF2, AG DI A92,
0122 JAB3,PF3,UC1,DW,WC,SY,At1B
0123 920 FORMAT(3X,OA%,9X,F8.3,5X,1 3,2(5X,F8.3), ,5X,FS.5,.,'
0124 13X,"94,9X,F8,3,5X, 13,2(5X,F8.3),5X,F8.5,?,'
0125 22X,"AB",9X,F8.3,SX, I3,2(5X,F8.3),5X,F85S,,,',
0126 32X. 'RES[DUALIX,FIO.3,X,FS.0,4XJF8.3,,//," T0TAL',?X,F8.3,IX,
012? 0F8. 0
0128 CALL CLOSE(19,IER)
0129 GO TO 98?
0130 999 WRITE< 1,4409)
0131 4409 FORMAT (*ERROR ON CALL OPEN STATEMENT )
*132 STOP
0133 99? END
0134 END$
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AV30 (CRF - P,Q,R) (Three-way ANOVA)

Purpose:

This program performs a three-way completely randomized factorial

analysis of variance without replication.

Mathematical Model:

The model for this design is:

X ijkm - u + A.i + B , Ck + ABij + AC ik + BCjk + ABCijk + Em(ijk)

The hypotheses to be tested are:

Ho: A. - 0 for all i

Ho: B. = 0 for all j
J

Ho: Ck - 0 'or all k

Ho: AB.. - 0 for all ijIJ
Ho: AC 0 for all ik

ik
Ho: BCik - 0 for all jk

Ho: ABCijk - 0 for all ijk

The fixed effect model (Model I) was assumed in the derivation of the
expected values of the mean squares.

Layout of Design:

Bl 1 2

C I C2  Cl C2  S represents a

set of subjects

i A S S S3 S4

LA 2  5 S6  S 7  S8

1. There are three Factors (A,B,C) with p, q, and r levels of
treaCmaILs respectively. The experiment consists of pqr treat-
ment com±inations. The above example includes two levels of
each of Factors A, B, and C.
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2. Subjects are randomly assigned to the pqr treatment combina-
tions with each subject receiving only one combination.

3. There should be more than one subject per pqr treatment com-
bination.

User Censiderations and Procedures:

1. A data file must be created with each point in a sequential file
indexing for subjects within Factor C fastest, then Factor B, and
finally A. (For example, first record is subject one for treat-
ment abcl 1 1 , second record is subject two for treatment abcI 11 .

then subject one for treatment abc 1 1 2 , then subject two for treat-

ment abc 1 12  .* , last record would be subject n for treatment

3bc .) A printout of the raw data file would show one datapq r

point per iine.

2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line •rinter. Option: I for CRT
output, 6 for line printer output.

3. A printout of raw data can be obtained. Option: I if raw data
printout is desired, 0 for no printout. The output device is
designated by above option (#2).

4. Parameters required:

a. number of levels of Factor A (maximum 9)

b. number of levels of Factor B (maximum 9)

c. number of levels of Factor C (maximum 9)

d. number of subjects per ABC cell (maximum 32767)

e. name of data file

f. format of data file

5. Printout gives:

a. raw data (optional)
2-

b. for each cell (treatment combination): N, Zx, Ex , T, and
SD (unbiased estimate)

c. ANOVA course table
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Comments:

Program uses least square analysis for unequal cell sample sizes.
This ANOVA design permits interaction effects to be evaluated. Power
tests can be used to determine the number of subjects necessary for
the experiment.

Test Data:

This program was tested using data from Roger E. Kirk, Eprimental
Design Procedures for the Behavioral Sciences, Wadsworth Publishing
Company, 1966, Pp. 216-221.

The accuracy of this program is less than that obtained by the Sta:istical
Analysis System and Statistical Package for Social Sciences. The data
analysis output is only accurate to five digit places instead of ten
digits.
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RU,AV30
AV30 OR CRFPQR
REF: BRUNING & KINTZ, 1968
SECTION 2.3
FACTORIAL DESIGN: THREE FACTORS

NOTE: ON INPUT DATA READ SEQUENCE, INDEX FOR
FACTOR C WILL VARY MOST RAPIDLY, INDEX
FOR FACTOR B VARIES NEXT, THEN INDEX
FOR FACTOR A VARIES. PROGRAM EXPECTS
ALL DATA TO BE IN ONE SEQUENTIAL FILE.

NOTE: MAX 9 * 9 * 9 DESIGN
ENTER I FOR CRT OUTPUT, 6 FOR LPT:
6

DO YOU -AHr PRINTOUT OF RAW DATA 1 YES , 0 - NO

ENTER NAME OF INPUT DATA FILF:
#AV20

ENTER INPUT DATA FORMAT:
(4x,Flo.4)
ENTER # LEVELS FACTORS A, B, & C:
2,2,2
FACTOR A, LEVEL: I
FACTOR B, LEVEL: I
FACTOR C, LEVEL: I
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 1
FACTOR B, LEVEL: I
FACTOR C, LEVEL: 2
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 1
FACTOR B, LEVEL: 2
FACTOR C, LEVEL: I
ENTER ## SS THIS CELL:
4
FACTOR A, LEVEL: I
FACTOR B, LEVEL: 2
FACTOR C, LEVEL: 2
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: I
FACTOR C, LEVEL: 1
ENTER # SS THIS CELL:
4
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 1
FACTOR C, LEVEL: 2
ENTER # SS THIS CELL:
4
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FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 2
FACTOR C, LEVEL: 1
ENTER # SS THIS CELL:4
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 2
FACTOR C, LEVEL: 2
ENTER # SS THIS CELL:
4~
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LEVEL: 1 1 RAW DATA
3.0000
6.0000
3.0000
3.0000

LEVEL: 1 1 2 RAW DATA
4.0000
5.0000
4.0000
3.0000

LEVEL: 1 2 1 RAW DATA
7.0000
8.0000
7.0000
6.0000

LEVEL: 1 22 RAW DATA
7.0000
8.0000
9.0000
8.0000

LEVEL: 2 1 1 RAW DATA
1.0000
2.0000
2.0000
2.0000

LEVEL: 2 1 2 RAW DATA
2.0000
3.0000
4.0000
3.0000

LEVEL: 2 2 1 RAW DATA
5.0000
6.0000
5.0000
6.0000

LEVEL: 2 2 2 RAW DATA
10.0000
9.0000

11.0000
10.0000

CELL N SUMX SUMX2 MEAN SD

1 1 4 15.000 63.000 3.750 1.500

1 2 4 16.000 66.000 4.000 .816

1 2 1 4 28.000 198.000 7.000 .816

1 2 2 4 32.000 258.000 8.000 .816

2 1 1 4 7.000 13.000 1.750 .500
2 1 2 4 12.000 38.000 3.000 .816

2 2 1 4 22.000 122.000 5.500 .577
2 2 2 4 40.000 402.000 10.000 .816
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SOURCE SS DF MS F P

TOTAL 235.500 31.

FACTOR A 3.125 1. 3.125 2.054 .052693

FACTOR B 162.000 1. 162.000 210.162 .000000

FACTOR C 24.500 1. 24.500 31.784 .000050

A* B 6.125 1. 6.125 7.946 .009279
A * C 10.125 1. 10.125 13.135 .oo1666

B * C 8.000 1. 3.006 10.378 .003874

A * B * C 3.125 1. 3.125 4.054 .052693

ERROR 18.500 24. .771
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"AV30 T=00004 I1 ON CR00002 USING 0002? OLKS Rw0224

0001 FTN4, L
0002 PROGRAM AY30
0003 DOUBLE PRECISION NSAi, SBMSCMSAB,1SAC,NSBCMSA9C,NSER
0004 DOUBLE PRECISION FAFBFC,FABFACFBCFABC,F,DFIDF2,Z
c0o5 DOUBLE PRECISION PAPBPC,PAB,PAC,PBC,PABC
0006 DOUBLE PRECIS;ION SX2(8,8,8),XSAR(8,8,8),SD(8,8,8)
000? DOUBLE PRECISION S2(BB,8),(B),S?(8),S8(8),S9(8.8),S5O(9.8),
0009 $$11( 88),RDATARTSS,S3,S4,CT,SST,SSA,SSB,SSC, SSA, ';SACSSBC,
0009 SSBABC,SSER,DFT,DFA,DFB,DFC,DFAB,DFAC,DFBC,DFABC,DFER
0010 DIMENSION 19(144),IBUF(129), IFtT(20),IHFILE(3),NS(S.,,,3)
0011 DIMENSION NS6(8),NS7(8),NS8( S ),HS9(8,8 ),HS10(8,8),NSl(8,8 )
0012 WRITE(1,4400)
0013 4400 FORMAT ( 'AY30 OR CRFPQR" ,/,
0014 C 'REFt BRUNING &, KINTZ, 19694 ,/,
001.5 C *SECTION 2.3' ,.
0016 C *FACTORIAL DESIGN: THREE FACTORS* ,/,
001? C N NOTE, ON INPUT DATA READ SEQUENCE, INDEX FOR' ,/,
0018 C ' FACTOR C WILL VARY MOST RAPIDLY, INDEX* )
0019 VRITE(1,4406)
0020 4406 FORMAT ( " FOR FACTOR B VARIES NEXT, THEN INDEX" ,7
0021 C ' FOR FACTOR A VARIES. PROGkIAM EXPECTS" ,/,
0022 C ' ALL DATA TO BE IN ONE SEQUENTIAL FILE.' ,/,
0023 C ' NOTE: MAX 9 * 8 * 9 DESIGN' )
0024 4975 URITE(1,4410)
*025 4410 FORMAT ( &aENTER I FOR CRT OUTPUT, 6 FOR LPT? ')

0026 READ(t,*) IUlIIT
0027 IF(IUNIT.NE.1.AHD.IUNIT.NE.6)GO TO 4975
0028 WRITE(1,4411)
0029 4411 FORMAT ('DO YOU WANT PRINTOUT OF RAM DATA I a YES , 0 N HO ")
0030 READ(I,*) IPTO
0031 URITE(1,4412)
0032 4412 FORMAT ( 'ENTER NAME OF INPUT DATA FILE:'
0033 READ(1,499)INFILE
0034 498 FORMAT(3v2)
0035 IDCBS-l28
0036 CALL OPEN ;I9,IERIHFILE,3,0,-2,IDC9S)
003? IF(IER.GE.O)GO TO 49(i5
0038 lRITE(1,4413) IhFILE 4 IER
0039 4413 FORMAT(5X,3A2,4X,'4O OPEN INPUT DATA FILE, IER 1 3,I• )
0040 STOP 4413
0041 4985 URITE(1.4414)
0042 4414 FORMAT ( 'ENTER INPUT DATA FORMAT" >
0043 READ(1,477)IFMT
0044 4?7 FORMAT(2OA2)
0045 WIRI TE( 1,4415)
0046 4415 FORRAT ( '"ENTER * LEVELS F•CTORS A, 9, & C1 )
0047 READ(1,s) NLAN41B,HLC
0048 DO 500 LA-l,)lLA
0049 DO 500 I.Bui,NLB
0050 DO 504, LC-I,N'..C
0051 URITE(1,4416) LA
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0052 4416 FORMAT C'FACTOR A, LEVEL:'IS )1

0053 WRITE( 1,4417) LB
0054 441? FORMAT ( 'FACTOR 8, LEVEL: '-,IS
*055 WRITE(1,4418) LC
0056 4418 FORMAT ( dFACTOR C, LEVEL: *,13
0*5? WRITE(1,4419)
0056 4419 FORMAT ( *&ENTER # SS THIS CELL: )
0059 READ(11 .) NS(LALB,LC)
0060 KmNS(LA,L9,LC)

0061IF( IPTO. EQ. I )WRITE( IUNIT.1 )LA, LB. LC
0042 1 FORMAT(O LEVEL: 0,313,0 RAW DATAO>
@003 DO 499 Nal K
0064 CALL READF(19,IER.IBUF)
0065 CALL CODE
@006 READ(IBUF*IFNT)RDATA
@00? IF(IPTO.EQ.1)WRITE(IUNIT.IFMlT)RDATA
0048 TSSuTSS.1
@009 82(LALB.LC)uS2(LALB1 LC)+RDATA

00?0SX2(LA,L8,LC)u8S(2(LA,L8,LC)+RDATA*a2
0071 S3uS3,RDATA**2
0072 S04S4-RDATA
0073 S6(LA)-S6(LA)eRDATA
0074 NS6(LA)uNS6(LA>41
0075 S7(LB)uS?(Le)+RDATA
0076 HS?(LD)-t48?(LB)+l
@00? S8(LC)mS8(LC)+RDATA
0070 NS9(LC)-NSS(LC>1i
@079 S9(LALB)us9(LA,L8)+RDATA
6000 NS9(LA,LB)mN89(LA,LB>+l
*0091 SI0(LALC)uS10(LA,LC)+RDATA
60*2 NOIOCLA. LC)uNS10(LALC)+1
@0093 SII(LB1 LC )mS1 1(LB. LC)+RDATA
@0094 NSI 1(LB,LC)mNS1ICL8,LC)i.1
0085 499 CONTINUE
@006 500 CONT INUE
000? DO 501 11.1,NLA
~009 DO 501 12u1,NLB
@009 DO 501 13nt,HLC
0090 ANSuNS(11,12,I3)
0091 XBARC 11. 2, 13)aS2( 11,12, 13)/AHS
0092 SD(11,12,13).DSQRT((AAH.*SX2(11,12,13)-
0093 $S2(1Ii,1I2 , 13 )**2 )/(ANS*( ANS-1
0094 501 CONTINUE
oo0is WRITiECIUHIT,502)((( 115 12,13,HS( 11,12,13 ).S2( II, 12.13),
0096 88X2(I1.12 1 13),XBAR(I1,12.13)1 SD(I1,121 13)5 I3uI5 HLC).12.I5 NLO),
@09? $IlwI5 NLA)
@090 50? FORMAT( 00 CELL N SUMX SU9IX2 MEAN"

0100 uiwS4..2/TSS
*lo1 S8Tw93-CT
0102 DO 601 LAat5 NLA
@103 601 S$A-SSA+86(LA).*2/H86(LA)
(-104 SSAuSSA-CT
0105 DO 701 LB=I,NLB

856LI



0106 701 888u888.8S?(L9..*2/NS?(LB)
0107 9883-889-CT
0108 00 8*1 LC-t.NLC
*109 801 88Ca89C+99(LC)n*2/NSS(LC)
*110 88C*88C-CT
0111 DO 901 LAulHLA
0112 00 901 L8-1.HL9
@113 901 88A~u88ABtS9(LA,LD>..2/NS9CLA,,LB)
0114 SSAB=SSAB-SSA-SSB-CT
O115 00 1*01 LA-INHLA
0116 00 1001 LC&1.WLC
*11? 1001 SSACU8SAC.910(LA,LC)n*2/HS1O(LA,LC)
0118 8SACeSSAC-SSA-SSC-CT
0119 0O 1101 LB-i.IlLS
@120 DO 1101 LCo1.HLC
*121 1101 SSBCOSSDCe'S11( LSLC )**2/NS1I( LBLC)
0122 883C*889C-SS8-SSC-CT
0123 00 1201 LA=1I4NLA
0124 DO 1201 LBs1.HLB
0125 00 1201 LC*1.HLC
0126 1201 SSABCxSBABC.92( LA. LB.LC )ss2/HS( LA1 LBLC)
012? 8SABCSSBABC-SSA-9S9-SSC-SSAB-SSAC-SSBC-CT
0128 88ER'SST-SSA-8S8-SSC-SSAB-SSAC-SSBC-SBABC
0129 OFT-TSS-1
0130 0FAutALA-1
0131 CFB-WLB-1

*0132 DFC-NLC-1
*0133 bPAwDFDA*DPB

0134 DPAC-DFA'.DFC
0035 DFBC-DFB.DVC
*136 DPABC-0FA*DFBeDPC
013? DFERsDFT-DFA-DFBD-FC-DFA9-DFAC-DFBC-DFABC
0138 HSAwSSA/DFA

0139NSB-888/DPB
0140N8CsS8C/DPC

0141 NSAB-SSAB/DPAB
0142 NSAC-SSAC/DFAC
0144 NSABC-SSBC/DFASC

0145 NSERoSSER/DPER
0146 FAM84A/N$ER
014? F9wM89/HSER
0148 FCoNSC/NISER
0149 FAIaNSABt'HSER
0150 FACNlSAC/NSER
0151 FBCNMS9C/MSER
0152 FABCa-MSABC/NSER
0153 F-PA
0154 DPI-OVA
0155 DF2-DFER
@156 CALL FPROB(F. DFI,0F2,ZoPA)
*15? FuFD
*158 DF1 DFB
0159 DF2ODFER
0160 CALL FPROB(FDDF1.0P2,Z,PB)



,01fi FwFc
0142 DFluDFC

0163 0F2-DFER
*164 CALL FPRD9(F#0F1,bF2,Z.PC)
0165 FmFAB
0164A DFtmDFA9
016? DF2oDFER
0168 CALL FPROB(FDF1,DF2,ZPAB)
0169 FmFAC
017O DFtwDFAC
0171 0P2xbFER
0172 CALL FPRO8(F,DFI,DF2,Z,PAC)
0173 F=F9C.
0174 ovsoofmc
0175 0P2wDFER
*174 CALL FPR09(F.DFI,0F21 Z.POC)
OM? FuFA8C
0179 DF1mDFABC
0179 DF2mDFER
*180 CALL FPRGB(F.DFIDF2.Z..PABC)
0181 VRITE( UI,71$TDTSFSAPSBDBMBFS
0192 SSSC,DFC,MSC,FC,PC,SSAB1 DFA9,MSA9,FAB,PA9,SSACDFAC,I1SHC,FAC.,
0163 SPAC1 S89CDFOC1
0184 $"SBCF9CP9C,SSABCDFA9C1 MSABC.FABC.PABC.SSERDFER,NSER
0185 1701 FORflAT(/,3X,OSOURCEu,9X,*S~u,5X,IDFf,6X,UMS",IOX,lF"h,?X,UPI/4I
0184 $4 TOTAL 1 53XFl*.3pF5.O/3X) "FACT0R A'12X.FI0.3.F5.0,2F1').3,
0187 $FIO.6/3X,'FACTf)R 8*2,I.,I02I03FO63,FCO Com

018 $2XFIO.31F5.0 12FI0.3,Fl0.6.3X,OA * 8*#5X1 F10.31 F5 .012FI0.3,

0190 $3XP*A s C1 5SX,F10.3,F5.0,2F10.3,FIO.6/3X.98 * C0,3X,FI0.3,F5,0,
0191 $2FI10.3 Ft 0. 6'3X, "A * 9 * C" IX, F 10)3,FS .0: 2FI'.3, F10. 6.,3X,
0192 $'ERROR", 5X, P0 .3,PS .0,FI0. 3)
*193 CALL CLOSE( 19, IER)
0194 END
@195 END$
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AV31C (SPF-PQ.R) (Three-way Split Plot ANOVA, One Repeated Measure)

Purpose:

This program performs a three-way split-olot mixed analysis of vari-
ance with repeated measures on one factor.

Mathematical Model:

The model for this design is:

X u + A. i+ B. + Ck + AC + AB.. + BC + ABC.ijkm , j k ik ij jk ABC.m.j)

8Dkm(ij) + Eo(ijkm)

The hypotheses to be tested are:

Ho: A. - 0 for all i

Ho: B. - 0 for all jJ
Ho: C - 0 for all k

k
Ho: AB i - 0 for all ij

Ho: ACik * 0 for all ik

Ho: BCjk = 0 for all jk

Ho: ABC Jk " 0 for all ijk

The mixed model (Model Ill) was assumed in the derivation of the
expected values of the mean squares.

Layout of Design:

C1  C2  C3

B S S S

B S S S
22 2 S represents a

set of subjects
B. S S S3 3 3

A2

B2  $4 S 4 S$
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I. There are three Factors (A,B, and C) with p,q,r levels of
treatments respectively. Factor A and B are designated as
between blocks or nonrepeated measures. Factor C is the
within block or repeated measure. The above example includes

two levels of Factor A, two levels of Factor B, and three
levels of Factor C.

2. Subjects from a common population are randomly assigned to

the AB treatments. After this, levels of treatment C are
assigned randomly to the subjects except when the nature of

the repeated measure precludes randomization of the presen-
tation order.

User Considerations and Procedures:

1. A data file must be created in matrix form. On read input, index

for Factor C first, then B, then subjects, and finally A. (For

example, record one contains subject one, cell abclll, abCl12
abc second record is subject one a b e2 ., abcl 2 r;
ab1 r; ab 121 ' 12212

records continue for subject one until abcl, abc
Iqli lq2

abc1 qr have been entered. The remaining subjects in Factor A1

should be entered in the same manner. Repeat the same procedures

for subjects in Factor A *) A printout of the raw data wouldP

show r data points per line.

2. The data analysis can either be displayed on the CRT or a hard-

copy can be obtained from the line printer. Option: 1 for CRT

output, 6 for line printer output.

3. A printout of the raw data can be obtained. Option: I if raw

data printout is desired, 0 for no printout. The output device

is designated by the above option (#2).

4. Parameters required:

a. levels of Factor A (maximum 9)

b. levels of Factor B (maximum 9)

c. levels of Factor C (maximum 9)

d. number of subjects per AB cel1 (maximum 32767)

e. name of data file

f. format of ddta file
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5. Printout gives:

a. raw data by group (optional)

b. for each group: N, Ex, 7x2 , X, and SD (unbiased estimate)

c. ANOVA source table

Comments:

Program uses least squares analysis for unequal AB cell sizes. This
ANOVA design permits interaction effects to be evaluated. In a split-
plot design, estimates of the withý,: block (Factor C, interactions AC,
BC, and ABC) effects are more accurate than estimates of the between-
block (Factor A, Factor B, and interaction AB) effects. If an experi-
menter's primary interest is in the within-block effects, a split-plot
design is more powerful than a randomized factorial block design (AV33).
However, if equal precision for all treatment effects is desired the
average power of a randomized factorial block design is greater. Power
tests can be used to determine the number of subjects necessary for
the experiment.

Test Data:

This program was tested from data in Roger E. Kirk, Experimental
Design for the Behavior Sciences, Wadsworth Publishing Company,
190p, Pp. 284-287.

The accuracy of this program is less than that obtained by the Statis-
tical Analysis System and by the Statistical Package for the Social
Sciences. The data analysis output is only accurate to six digit
places instead of ten digits.



RU ,AV 31 C
AV31C OR SPF- PQ.R
THREE FACTOR MIXED DESIGN: REPEATED MEASURES ON ONE FACTOR

NOTE: PROGRAM CALCULATORS LEAST SQUARES
SOLUTION IF UNEQUAL CELL N'S

NOTE: ON INPUT DATA READ SEQUENCE, INDEX FOR REPEATED
MEASURES FACTOR (C) VARIES MOST RAPIDLY, INDEX FOR
FACTOR B VARIES NEXT, THEN INDEX FOR FACTOR A VARIES.
PROGRAM EXPECTS ALL DATA TO BE IN ONE MATRIX FILE.

NOTE: MAX 9 * 9 * 9 DESIGN.
ENTER 1 FOR CRT OUTPUT, 6 FOR LPT:
6

DO YOU WANT PRINTOUT OF RAW DATA 1 - YES , 0 = NO
1

ENTER INPUT DATA FILE NAME:
#AV32
ENTER INPUT DATA FORMAT:
(4(4X,F1•.4)1

ENTER # LEVELS FACTOR A:
2
ENTER # LEVELS FACTOR B:
2
ENTER # LEVELS FACTOR C (RPT MS FACTOR):
4
FACTOR A, LEVEL: I
FACTOR B, LEVEL: 1
ENTER # SS THIS CELL:
2
FACTOR A, LEVEL: 1
FACTOR B, LEVEL: 2
ENTER # SS THIS CELL:
2
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 1
ENTER # SS THIS CELL:
2
FACTOR A, LEVEL: 2
FACTOR B, LEVEL: 2
ENTER # SS THIS CELL:
2
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LEVEL: I I RAW DATA
3.0000 4.0000 7.0000 7.0000
6.0000 5.0000 8.0000 8.0000

LEVEL: 1 2 RAW DATA
3.0000 4.0000 7.0000 9.0000
3.0000 3.0000 6.0000 8.0000

LEVEL: 2 1 RAW DATA
1.0000 2.0000 5.0000 10.0000
2.0000 3.0000 6.0000 10.0000

LEVEL: 2 2 RAW DATA
2.0000 4.0000 5.0000 9.0000
2.0000 3.0003 6.0000 11.0000

CELL N SUMX SUMX2 MEAN/ SD
I 1 1 2 9.000 45.000 4.500 2.121

1 1 2 2 9.000 41.000 4.500 .707
1 1 3 2 15.000 113.000 7.500 .707
1 1 4 2 15.000 113.000 7.500 .707
1 2 1 2 6.000 18.000 3.000 .000
1 2 2 2 7.000 Z5.000 3.500 .707
1 2 3 2 13.000 85.000 6.500 .707

2 4 2 17.000 145.000 8.500 .7072 1 1 2 3.000 5.000 1.500 .707
2 1 2 2 5.000 13.000 2.500 .707
2 1 3 2 11.000 61.000 r.500 .707
2 1 4 2 20.000 200.000 U1000 .000
2 2 1 2 4.000 8.000 2.000 .000
2 2 2 7.000 25.000 3.500 .7072 2 3 2 11.000 61.000 5.500 .7072 2 4 2 20.000 202.000 10.000 1.414

SOURCE SS OF MS F P

TOTAL 235.500 31.
BETWEEN SUBJECTS 12.500 7.

FACTOR A 3.125 1. 3.125 1.724 .259214
FACTOR B .125 1. .125 .069 .799328
A * B 2.000 1. 2.000 1.103 .354230

ERROR B 7.250 4. 1.812

WITHIN SUBJECTS 223.000 24.
FACTOR C 194.500 3. 64.833 163.789 .000001
A * C 19.375 3. 6.458 16.316 .000318
B * C 1.375 3. .458 1.158 .366568
A * B * C 3.000 3. 1.000 2.526 .106246

ERROR W 4.750 12. .306
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OAV31C TwOOOO4 IS ON CR00002 USING 00030 BLKS Rw0238

0001 FTN4..L
0002 PROGRAM AY31C
0003 DOUBLE PRECISION 5X2(98,8),S)S(9,8,8LXBAR( 8,8,8 ).TSSS4..SS,
0004 *GT,8SECT5 SSTSSB,SSFASSFBSSAB5 ERB. SSU..SSFC..SSAC..SSBCSSABC,
0005 BERM DFT..DF9,DFFADFF8,DFAB,DFER9, DFVSDFFCSDFACSDFBCSDFABCI
b0006 $DFERM,VA1 FB,FAB. FC, FAC1 FBCFADCF 1 DF15 DF2,Z5 PA5 PB1 PAB5 PC1
0007 SPACSPRCPABC
@0089 DOUBLE PRECISION DVEC(8),52(8),S3(95 8),SIO(8)5 S1 1(8).S15(8),

0010 DOUBLE PRECISION MSANSBMSAB,MSERB5 MSU.MSC5 MSAC..MSBC5 MSABC,
0011 CHSERV

*0012 DIMENSION NSS(95 9),NS446(8),NS1?(8),IFMT(2O). 18(272),IBUF(256)
0013 DIMENSION INFILE(3)
0014 VRITE(1,4400)
0015 4400 FORMAT('OAY31C OR SPF- PQ.Rm/,

400I6 C'TNREE FACTOR MIXED DESICN: RFrcATED MEASURES ON ONE FACTOR%,/,
001? C a NOTE: PROGRAM CALCULATES LEAST SQUARES"/
0018 Ce SOLUTION IF UNEQUAL CELL N'S* /

0019 CIS MOTE: ON INPUT DATA READ SEQUENCES INDEX FOR REPEATED')
0020 VRITE(1,4405)
0021 4405 FORMAT(3  MEASURES FACTOR (C) VARIES MOST RAPIDLY, '

0I02E F FRA4CTOR B VARIES NEXT, THEN INDEX FOR FACTOR
0024 $,*A VARIES.'./,
0025 CIS PROGRAM EXPECTS DATA TO BE IN ONE MATRIX FILE.O,/,
0026 C'6 NOTE: MAX B * e * B DESIGN.')
002? 9975 MRITE(1.4409)
0028 4404 FORMAT ( a&ENTER t FOR CRT OUTPUT, 6 FOR LPT: "5)

0029 READ(1,0) IUNIT
0030 IF(IUNIT.NE.I.AND.IUNIT.NE.6)GO TO 84.?5
0031 VRITE(1,4410)
0032 4410 FORMAT(ODO YOU WANT PRINTOUT OF RAM DATA 1I YES 0 * O 1)
0033 READ(14.) IPTO
0034 WRITE( 1,441 ')A
4035 4411 FORMAT ( 'aEht'ER INPUT DATA FILE NAME;")
@036 READ( 1896 )]IF ILE.
0937 890 FORMAT(3A2)
0030 MRITE(1,4412)
0439 4412 FORMAT ( 'tENTED INP'jT DATA FORMAT:' )
0940 READ(1.8?6)IFMT
@041 976 FORMAT(20A2)
0042 IDC15u256
0043 CALL OPEN(13.IER..INFILE,3,0.-2,.10C95)
0044 1IF( IER .GE .0) GO TO 909
0045 MRITE(1,564) INFILEI.IER
0046 564 FORMAT(5X,3A25 0 FAILED TO OPEN I ED - ,I5)
004? STE.? 564
0048 908 WRI TE( 1, 4413)
0049 4413 FORMAT ( 'ENTER 0 LEVELS FACTOR A: 1)
0050 READ(15 *) NLBA
@001 SRITE(M.4414)

93



0052 4414 FORMAT ( ENTER 0 LEVELS FACTOR 9: 0)
0053 READ(I..) HLBB
0054 WRITE( 1,4415)
0055 4415 FORMAT ( OENTER # LEVELS FACTOR C (RPT HS FACTOR)! 4)
0056 READ( I,*) NLW
005? 00 9*0 LA.? ,NLBA
00*5 00 900 LBuI,NLBS
0059 VRITE(l,4416) LA
0060 4416 FORMAT ( *&FACTOR A, LEVEL: 0,15 )
0061 WRITE(C1,4417) LB
0062 4417 FORMAT ('$OFACTOR 9, LEYELi 6,15 )
0063 WRITE( 1,4418)
0 064 4418 FORMAT (~ 04ENTER # SS THIS CELL: 0)
0*65 READ(1..) NSS(LA, LB)
0066 NSxNSS(LA1 LB)
0047 TST8uTS+NS
0069 HSI 6(LA)uNS16( LA ).NSS(LA..LB)

006ýNS1?(LB)uHSI?( LB )NSS(LA 1 LD)
@070 IF(IPTO.EQ.1)VRITE(IUNIT,1)LA1 LB
0071 1 FORNAT(U LEVEL: 4,214,u RAW DATA")
0072 DO 900 NwINS
0073 9400
0074 CALL READFCIBIERIBUF)
0075 CALL CODE
0076 READ(IBUF.IFMT)(DVEC(lXU>1 IXV-tNLW)
00?? IF(IPTO.Eo.t)Ur~lTE(IUHIT,IFMT)(DYEC(IXW),IXu-1,NLU)
0078 DO 899 LW-1,NLW
0079 92(LU)uS2(LW)+DVEC(LW)
0060 63( L AL9 )a$3(L ALB )+DYE C(LWd)
0061 84=S4+DYEC(LU)
0062 S~wSS.OYECCLU)s.2

* 0093 SIO(LA)uSIO(LA)iDYEC(LU)
0064 SII(LB )-911(LB )eDVEC( LU)
0065 S15( LV )wuS1( LW)+DYE C(LW )I

*0006 816(LA,LV)uS16(LA,LW)4DVEC(LM)
0047 917( LB,LU )uSl?(L9 LW)4.DEC(LU)

* ooes SISCLALB,LU)-S18(LALSDLU).DYEC( LU)
0069 SX2(LA,L8,LU)-SX2(LA,L8,LU)+DYEC(LU,**'*

*0090 899 CONTINUE
*0091 GT=GTeS4

0092 89=89.S4**2?NLU
0093 900 CONY INUE
0094 DO 8994 I~t-1NHLBA
0*93 D0OS894 192m1,NLBB
0 096 DO 8994 1)(3-1 L W
009? ANSmHSS( IX11 IX2)
0*96 XBAR(IX1,1X21I3x35918UX1,1X2,IX3)/AUS
009# SO IX?, IX2 £X3 ).DSQRT(( AI4SSX2( 141, X2, !X3)-
0100 $S1S(I.'1,IX2,IX3)0*2)/(ANSs(ANS-1.)))
0101 8994 CONTINUE

0103 $8X2(1X1,1X2,1X3),XBAR(IX1,1X2,1X3),SD(IX1,1X2,1X3),IX3-1,LU),
0104 fIX2,u1NLBB),IXIwil NLBA)
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0105 8995 FORMAT(** CELL N SuHx SUIIX2 EN

017C TuC T.*2/( TSS*LWV)
') to a8STwS5-~CT

0109 988-89-Cl
Otto D0 1000 LA=IHL9A
*111 1000 SSFA-SSFA+S1Q(LA)..2/(N916(LA)'.NLU)
0112 SSFAwSSFA-CT
0113 DO 1100 LB=I.HLBB
0114 1100 SSFBaSSFBe.S11(L9?)e*2/(NSiA7(LB)*HLW)
0115 SSFBuSSFB-CT
0116 DO 1299 LA=INLBA
*117 00 1299 LBut,NLJ8
0119 1299 SSABuBSAB.83(LA.L.B).*2/(NSS(LA,LBl).NLW)
4119 S9ABmSSAB-SSFA-8SFB-CT
0120 1300 ERB9SSS-SSFA-SSFB-S!6A8
*121 1400 SSV-SST-SSB
0122 DO 1599 LW=I.HLW
0123 1599 SSFCuBSSC.SI5(LW)**2/TSS
0124 SSFCa.SSFC-CT
0125 S SA C-0
0126 D0 1699 LAw1.NLDA
0127 DO 1699 LW-INLW
0129 1699 SSAC-SSAC.S16(LA,LU>..2/NS16(LA)
0129 8SACuSSAC-SSFA-SSFC-CT
0130 DO 1799 L9-11HL98
0131 DO 1799 LU- 1, HLW
0132 1799 SSBCuSSBC+S17(LB,LU)**2/HSI7(LB)

[.0133 SS8C-SSBC-SSFB-SSFC-CT
0134 DO 1899 LA-1, HLDA
0135 DO 1899 LB=INLBB

*O D1O 0 1899 LV-1,NLV
013 1899 SSABC-SSABC'+S1S(LA,LD 1LV)*.2/HSS(LA,LB)
0130 SSABC-SSABC-SSFA-SSFB-SSAB-SSFC-SSAC-SSBC-CT
0139 ERVwSSVJ-SSFC-SSAC-SSBC--SSABC
0140 OFTUTSS*HLW-1
0141 DFBmTSS-1
0142 DFFAuMLBA-1
0143 DFFD'NLDB-1
0144 DFAB-OFFA.DFFD
0145 DFERS-OFB-DFFA-DFFD-DFAB
0146 DFO-OFT-I)FO
014? DFFCmNLW-1
014fo DFAC-DFFC.DFFA
0149 DFBCsOFFC*DFFB
0150 OFASCaDFFA*DFFB*DFFC
0151 DFERWjmFU-0FFC-OFAC-DFBC-DFABC
0152 NSAmSSFA/DFFA
0153 NSS-SSFB/DFFS
0154 MSAS-SSAB/DFAB
0155 NSERBaERB/DFERB
0156 NSVaSSU/DFW

*015? MSC-SSFC/DFFC
0150 NSACaSSAC/DFAC

0159 NSBC=SS9C/DFBC

0161 MSERW-ERW/0FERW
0160 SADCSSABCuF95



0162 FAaff3A/tSERB
@ 1 163 F~w"SVM'SER8
0164 FAS.NSAB/NSERB
0165 FCwHSCt'I9ERW
Ic166 FAC aHS AC. NS ER W
016? FBC=NS9CMSERW
0160 FABCuNSAOC/I4SERW
0169 FuFA
0170 DIDF
0071 bF2mOFER6
0172 CALL FPROB(F,DFi,DF2,ZPA)
0173 FmF9
0174 DFlwDFFB
0175 DF2m0FER9
@176 CALL FPROB(F,DFI,DF2,Z,PB)
@17? F-FAB
0178 DFIUOFA8
0179 DF2-OFERB
oleo C;ALL FPROB( FDF1 DF2, Z, PAS
OlelFwF
0192 DFImDFFC
0193 DF2uDFERW
0184 CALL FPROB(FDFIDF2,Z,PC)
0195 FwFAC
0186 DFlwDFAC
0187 DF2xDFERW
0138 CALL FPROB(F,DF1,DF2,Z,PAC)
0109 FwFBC
0190 OFI-OF1BC
0191 DF2-OFERW.
0192 CALL FPROB(FDF11DF2,ZPBC)
0193 FuFABC
0194 DF1.DF'ASC
0195 DF2-OFERW
0196 CALL FPROO(FDFI,0F2,Z..PABC)
019? WRI TE( IUN IT ,2201 )SST, DFT ,SSB DFB, SSFA, DFFA, NSA, FA ,PA, SSF81 DFF9,
0190 *NSBFB1PBSSABDFA95 NSAB,FA9,PA95 ER91 OFER9. NSERB, SSWIDFWJSSFC,
0199 *0FFCINSC,FC,PC,SSACDFACiNSACJFAC,PAC,SSBCDF8CMtSBCF8CP6C,
0200 $SSA9C.DFABC,MSABC.-FABC,PA8C,ERW,DFERU,HSERW.
@201 2201 FORMAT(NO,8X,uSOURCEN,IIX,uSSi,5X,"DF65X,lMS",9xý,IIFI,ilX,"P
0202 $//" TOTAL6%14XFIO.3,F5.O/8 BETWEEN SUBJECTS 4 ,F10.3,F5.9/5X.
0203 VFACTOR AO,7X,FIO.3,F~j.Q,gCFIO.3,F12.6/SX, UFACTOR B" ,?X,F1O.3,
0204 SF3.0,2F10.31 F12.6/5X,4A * 80,I)X,FIO.3,F5.o,t'F1().3,FI2.6/?X,
0205 VERROR B0,6X,F10.3,
0206 SF3.0,F1O.3//6 WI7HIH SUBJECTS 1,2XFIO.3,F5.O/5X,"FACTOR C*1
020? S7X,c10.3,F5.0a2F1(h.3,F12.6/15X,4A * C4,10XF10.3,rF5.01 2FIO.3,
0209 SF12.6/.5X 169 * C",1OXFIO.3,F5.O,2FI0.3,F12.6./.5X,"A * 8 * C"
0209 *,6XF1*.3,F5.0,2FiO.3,F12.6,/1 ?X, ERROR W",6X,tF10.3,F5.O,F10.3)
0210 CALL CLOSE (1sB5 IFR)
0211 EN4D

0212 END$8
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AV32BC (SPF-P.QR) (Three-way Spl;t Plot ANOVA, Two Repeated Measures)

Purpose:
This program performs a thrc-way mixed split plot anelysis of

variance with repeated measures on two factors.

Math,!matical Model:

The modi.l for this design is:

X ijkm 2 u + A.i + B + Ck + AB.i + ACik + BCjk + ABCijk + 'm(i) +
BIjm) cm(i) + jkm(i) o(ijkm)

The hypotheses to be tested are:

Ho: A. = 0 for all i

Ho: B. -0 for all]j

Ho: C 0 for all k
k

Ho: ABijk 0 for all ij

Ho: ACIk 0 for all ik

Ho: BCjk =0 for all jk
jk

Ho: ABC. 0 for all ijk
ijk

The mixed model (Model III) was assumed in the derivation of the
expected values of the mean squares.

Layout of Design:

B1  B2

C1 C2 CI C2

_ __S represcnts a
A S S1  S1  S1 set of subjects

A S S S S
2 2 2 2 2
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1. There are three Factors (A,B, and C) with p, q, r levels of
treatment respectively. Factor A is designated as the between
block or nonrepeated measure. Factors B and C are the within
blocks or repeated measures. The above example includes two
levels each of Factors A, B, and C.

2. Subjects from a common population are randomly assigned to the
levels of Factor A. After this, levels of treatments B and C
are assigned randomly to the suijects except when the nature
of the repeated measure precludes randomization ot the presenta-
tion order.

User Considerations and Procedures:

1. A data file must be created in matrix form. On read input, Factor
C indexes first, then B, then subjects and finally A. (For example,
record one contains subject one, cell abc111 , abc 11 2  ., abclr,
abc 2  abC ., abc1 2 . abc. abc the

abc'12 2  12r . . lq2 * q

next record contains the same information for subject two. The

remaining subjects in Factor A1 should be ercered in the same

manner. Repeat the same procedure for subjects in A .) A print-

out of the raw data would show qr data points.

2. The data analysis can either be displayed on the CRT or a hardcopy
can be obtained from ':he line printer. Option: 1 for CRT output,
6 for line printer output.

3. A printout of the raw data can be obtained. Option: 1 if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#2)

4. Parameters required:

a. levels of Factor A (maximum 11)

b. levels of Factor B (maximum 11)

c. levels of Factor C (ur groups) (maximum 11)

d. number of subjects per group (maximum 32767)

e. data file name

f. format of data file
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5. Printout gives:

a. raw data by group (optional)

b. for each group: N, Ex, Ex2 , X, and SD (unbiased estimate)

c. ANOVA source table

Comments:

Program uses least squares analysis for unequal cell sizes on Factor A.
This ANOVA design permits interaction effects to be evaluated. In a
split-plot design, estimates of the within-block (Factor B, Factor C,
interactions AB, AC, BC, and ABC) effects are more accurate than
estimates of between-block (Factor A) effects. If an experimenter's

primary interest is in the within-block effects, a split-plot design
is more powerful than a randomized factorial block design (AV33).

j However, if equal precision for all treatment effects is desired, the
average power of a randomized factorial block design is greater. Power
tests can be used to determine the number of subjects necessary for
the experiment.

Test Data:

This program was tested from data in Roger E. Kirk, Experimental Design.
Procedures for the Behavioral Sciences, Wadsworth Publishing Company,

S�1368, Pp. 298-302.

The accuracy of this program is lets than that obtained by the Statistical
Analysis System and the Statistical Package for Social Sciences. The
data analysis output is only accurate to six digit places instead of
ten digits.
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RU ,AV32
AV32AB OR SPF P.QR
REF: BRUNING & KINTZ, 1968
SECTION 2.9
THREE-FACTOR MIXED DESIGN: REPEATED MEASURES ON TWO FACTORS

NOTE: PROGRAM CALCULATES LEAST SQUARES
SOLUTION IF UNEQUAL CELL N's

NOTE: ON INPUT DATA READ SEQUENCE, INOEX FOR 2ND WITHIN
FACTOR (C) VARIL.S MOST RAPIDLY, INDEX FOR 1ST WITHIN
FACTOR (B) VARIES NEXT, THEN INDEX FOR THE BETWEEN
FACTOR (A) VARIES. PROGRAM EXPECTS ALL DATA T(
BE IN ONE MATRIX FILE.

NOTE: MAX 11 * 11 * 11 DESIGN.
ENrER I FO, CRT OUTPUT, 6 FOR LPT:
6

DO YOU WANT PRINTOUT OF RAW DATA 1 YES , - NO
I

E;ITER INPUT FILE NAME:
#AV32

ENTER INPUT DATA FORMAT:
(4(4X,F 10.4))
ENTER # OF LEVELS ON FACVORS B & C, AND # OF GROUPS:
2,2,2
ENTER GP # AND # SS IN GROUP:
1,4

ENTER GP # AND # SS IN GROUP:2,4

AV32 STOP 0000

¶ 100
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GROUP: I RAW DATA
3.0000 4.0000 7.0000 7.0000
6.0000 5.0000 3.0000 8.0000

3.0000 4.0000 7.0000 9.0000
3.0000 3.0000 6.0000 8.0000

GROUP: 2 RAW DATA
1.0000 2.0000 5.0000 10.0000

2.0000 3.0000 6.0000 10.0000

2.0000 4.0000 5.0000 9.0000
2.0000 3.0000 6.0000 11.0000

CELL N SUMX SUMX2 MEAN SD

1 1 1 4 15.000 63.000 3.750 1.500

1 1 2 4 16.000 66.000 4.000 .816

1 2 1 4 28.000 198.000 7.000 .816

1 2 2 4 32.000 258.ooo 8.000 .816

2 1 1 4 7.000 13.000 1.750 .500

2 1 2 4 12.000 38.000 3.000 .816

4 22.000 122.000 >.500 .577

2 2 2 4 40.000 402.000 io.oo8

SOURCE SS DF MS F P

TOTAL 235.500 31.
BETWEEN SUBJECTS 12.5C0 7.

GROUPS (A) 3.125 1. 3.125 2 000 .205762

ERROR (A) 9.375 6. 1.562

WITHIN SUBJECTS 223.000 24.
FACTOR B 162.00U 1. 162.000 199.385 .000095

FACTOR C 24.500 1. 24.500 61.895 .000521

A B 6.125 1. 6.125 7.'38 .032735
A *C .0.125 . 10.125 25.579 .002835

B C 8.000 1. 8.000 25.600 .002831

A B * C 3.125 1. 3.125 10.000 .019275

ERROR (B) 4.875 6. .813
ERROR (C) 2.375 6. .396
ERROR (BC) 1.375 3. .313
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4AV328 Tu00004 IS 0O4 CR00002 ;ýIHG 00033 BLKS RA0266

00*1 FTH4 ,L
0002 PROGRAM AY328
0003 C THISPROGRAM HARE USED TO BE AY328C 90T NAME WAS TO LONG
0004 DOUBLE PRECISION MSGPS.MSERB,MSAIMSBMSAXCIMSBXCISAXBMSAaC,
0005 *NSERIMSER2,MSER31 CAB1 Aiý8CA81 ABCF,DF1I DF2,PCPA1 P8,PHC,
0006 *P9C,PABPBCPAB3CTSS1 SUM81 SUM4,SUM3,SUM18e,SUM8BSUM198,,4BAR,

0010 DOUBLE PRECISION SX2(8,8,S)..DMTRX(8,8),
0011 $SUN18(S),SUM19(8), SUM2(8,8,8/,SUMh1(8),SUM12(8 ),

0012 $SUN13(e1 S>,SUM14(8,8),SUMIS( 8.8),SUM'A'(8)
0013 DIMENSION FL() 1 FT2)IB22 BF2)NS'1)
0014 WRITE(1,4400)
0015 4400 FORMAT ( OAY328C OR SPF P.QRO,/,
0016 CO REF : BRUNINGC & KINTZ, 196 8"
0017 CoSEC TI ON 2.~ 9'
0019 COTHREE-FACTOR MIXED DESIGH:REPEATED MEASURES ON TWO FACTORSO,/,
0019 C4 NOTE. PROGRAM CALCULATES LEwST SQUARES" /
0020 Ca SOLUTION IF UNEQUAL CELL H'S"
0021 VRITE(1,4406)
0022 4406 FORMAT(" NOTE10H INPUT DATA READ SEQUENCE. INDEX FOR 24D
0023 S, *WITHNH'/,
0024 C1 FACTOR (C) VARIES MOST RAPIDLY, 1NDEX FOR 1ST WITHIH4,/,
0025 Cd FACTOR (B) VARIES NEXT, THEN INDEX FOR THE 8ETWEEHO,/,
0026 co FACTOR (A) VARIES. PROGRAM EXPECTS ALL DATR TO".,/
0027 Cm BE IN ONE MATRIX FILE. ,/
0028 Cai NOTE, MAX 8 o 8 * 8 DESIGN"
0029 WRITE( 1,4412)
0030 4412 FORMAT 44.ENTER 1 FOR CRT OUTPUT, 6 FOR LPT; t
0031 R EA 0 I I UN IT
0032 WRITE( 1, 4413)
0033 4413 FORMAT(ODO YOU 4ANT PRINTOUT OF RAW DATA~ 1 YES 0 HO
0034 READ( Ie I PTO0
0035 WRI TE( 1,44t 4
0036 44t4 FORMAT ( 46ENTER INPUT FILENAME:a
0037 READ( I tOO5)IHFILE
0038 100! FORMAT(3A2)
0039 lDC8Sjs256
0040 WRITE(1,4415)
004t 4413 FIRMAT ( "SENTER INPUT DATA FORMAT:w
0042 READ( I ,1001 )1FMT
0043 1001 FORMAT(20A2 )
0044 CALL OPEN1( £8. tR. tNFIL-- ,3 0.-2.iDCBSS
*045 IF(IER.GE.0) GO TO 234
0046 WRITE( 1, 546 ) IHFILE, IER
004? 546 FORMAT(5X,3A2, 3X,a" FAILED TO OPEN IER ~ 15)
0048 STOP 546
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4449 234 WRITE(I 14t6)
0050 4416 FOft"AT(OsEOTER # OF LEVELS Oil FACTORS 8 & C, AND # OF GROUPS:')
0051 READ(1,e) NLFIR,HLF2RNGPS
005? 00 60 1321,NGPS
OOS3 VRITE( 1, 4W1)
0054 4417 FORMAT ( 'ENT"R GP 9 ;HD I SS IN GROUP: 4)
0*55 READ( I. NG ISS(NG)
0056 IF(IPTO.EQ.1) WRITE(1UtItT,2) NG
0057 2 FORMAT(" GROUP! 4,14," RAW DATAO)
0059 KaNSS( HG)
0059 00 60 HmIlK
0460 SUNsuo
0041 00i 5? 11-1,8
0062 SIJNIO(!1)s0
@003 SUM 19( 11) 80
4064 57 CONTINUE

*0065 CALL RZADF(IB,IERIBUF)
0046 CALL CODE

)k4? RCAD(IBUF,IFN1)((DNTRX(11,I2),I221,HLF2R),112I,HLFIR)
(.0469 IF(IPTO.EQ.1)URITE(IUNIT,IFMT)((DMTRX(I1112),12al.NLF2.R),
0069 SIluI,NLFIR)
3070 TSSuTSS+1.
007t D41 59 Ilsl.NLF1R
0072 ftO 58 12m1 1 HLF2R
0073 9UHSUSUM3+DtITRX(II11.)
0*74 SUNI$( 11)aSUM18( 11 )4uMTRX(11 ,12 )
00*7 SUM19(12 )mSUM19( 12 )+DMTRX( 11 ,12 )
0076 SUM2(11,12,HG)aSUN2(I1,I2,HG)4DPITRX(I1,12>

k047? SUNq4mSU144.DMTRX( I 1 12
0079 SUM3*SUM3eDMTRX( II 1 12 )**2 I
0079 SX2(I1.12 1HG)=SX2e(Il,I2.NG)+D'ITRXUI1,12)*2
0000 59 C'ONT IN UE
0001 SU~q189aSUii188.SUMI8(I1>**2/NLF2k
0062 59 CONTINUE
0003 SU~f99uStP89+3IjW9'2
0004 D01 It 2w1,HLF2R
006! SUK.199=SUMI9R+SUHI9(I2)s42/HL IR
00ci it CONTINUE
0007 60 CONT1I4UE
0009 4RlTE( 1UNIT,60S)
0009 605 F3RMA T (80 CELL H SUMx SUMX2 MEAN"
0090 $1 1 SDI
0091 DO 61 13I3=,HiPS
0092 D0 61 I1.121.LFIR
0093 00 61 12=tNLF2R
0(934 AHSmMSS( 13)
0095 X9ARwSI1i12(11, 12, 13)/ANS

499fRZl E( IUHIT,606)13,1Ii.12,HSS( 13). SUHZ(11i.12, 13),
00,99 $8X2(II,12,13),X8AR.SD

*0101 6: CONT1IAUE
0102 CTaSUN4es2/.,( TSS.HLFIR.NLF2R)
010~3 SSTwStJM3-CE
01*4 DO 79 11 - 1, GP S
0105 DO 7 3 '62 a 1 LF IR
3106 DO 7?3 3 HPLF22
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0107 SUN7A( I I )uSUMq7A( I11 ).SUi42( 12, 13, 11)
@109 SU111I( 2)aSUlq1( 12 )'SU"2(12,13,11)
0109 SUHI2( I3)-SUM12(13 )+SUfl2( 12, 13. 11 )
*110 SUM13(12,11u-SUff13(12,Il).SUij2(I2,13,Il)
0111 StN14(13,11)=SUM14(13,11)*SUN12(12,I3,11)
@112 SU815(12,I3)-SU?115(12,13)+SUM2(I2,I3,11)
0113 SliN2(12,13,11)uSUN2(12,I3,11)0.2
0114 79 CONTINUE
0115 SUNB=SUN?9e+SUN7A( Ii)c:'2/(HSS II )*(HLF1LR.NLF2R ) )
0116 79 CONTINUE
0117 SSGPSaSUM?B-CT
*118 SS~nSUMSB/NHLF1I.I4LF2R)-CT
0119 SSERR~uSSB-SSGPS
@120 SSUoSST-S98
(1121 DO 119 IlmlNLFIR
OA22 119 SSFAuSSFA+SUIIl1(11)e.2/(TSS.HLF2R)

0.23 SSFAwSSFA-CT

0125 129 SSF9*SSFB+SUNI2(I1)..2/(TSS.HL.FIR
0126 SSFBuSSFB-CT
012? DO 139 Ilsl,NLFlR
0126 DO 139 12*1,HGPS
@129 139 99AIXCuSSAXC.SUM13CI1,I2).*2/(HSS(12)*NLF2R)

* 0130 9SAXCuSSAXC-SSGPS-iSFiA-CT
0 131 DO 149 11u1,NLF2R
0132 DO 149 I2uI1NGPS
0133 149 SSBXCuSSBXC+SUM14<1L112)**2/(NSS(12)bNLFIR,
0134 SSOXCuSSBXC-SSCPS-SSFB-CT
0135 DO 159 IILl.LFIR
0136 DO 159 12wt,NLF2R
0137 159 SSAX9wSSAXB+9UM15UI1,I2..2/TSS
0136 SSAX~mSSAXB-SSFA-SSFB-CT
0139 DO 169 Ilu1,NLF1R
0140 DO 169 12u1,NLF2R
0141 DO 169 13*1,HGP'S
*142 169 S8ABCuSSABC.S'JN2(11,12,13)/NSSI3)
0143 SSABCaSSASC-SSGPS-SSFA- 3SFB-SSAXC-SSBXC~-SSAXB-CT
@144 9Sf USaSSU-SSF~A-SSFB-SSAgC-SSBA<C-SSAXB- SSHBC
0145 S9ER1uSUlS89-SS9-SSFA-SSAXC-Cr
0146 SSER2uSUNI99-$SS-SSF'B-SSBX^C-C T
0147 S8ER3uSSEWS-SSERI-SSER2
@146 DFT=TSS*NLFiR.NLF2R-1.
0149 DF~nT'0S-1.
01450 DFGP'duNGPS-1.
0151 DFERB=DFB-DFGPS
0152 DFVuDFT-DFB
0153 DFFA=NLFIR-1.
0154 DFFBOHLF2R-1.
@155 DFAXC-DFGPS*DFFA
0156 DFBXCsDFGPS.OFFB
0157 DFAXBsDFFA.')FFB
0158 DFABC*DFFA*DFFS.OFGPý
0159 DFERR~uOFW-DFFA-OFFB-DFAXC-DFBXC-IDFAX9D-DF48C
0140 DO 219 I~lulAPS



@141OFERlaDFERI+DFFA*( NSS( II )-I1)
0162 OFER2wOFER2+oF93.( SS( 11>-i)
@163 OFER3uOFER3+OFFA.OFFS*NHSS(i)-1)
@164 219 CONTINUE
@165 HSCPSn9SSPS/'DFCPS
@144 NSERBUSSERR9,'DFERB
OW4 N81ka SSF At' FFA
0t69 MSO-SSF9/DFF8
0169 N8AXCm9SAXrt/OFAXC
@170 NSUXCaSSBXC/DFBXC
0171 NSAX98S9AX3/DFAX9

01iNSA B CuSS ABC 'DF ABC
0173 MSERIoSSERII'DFERI
0174 MSER2mSSER2/DFER2
0175 NS9EV,3-89ER3/DFER3
@176 CUN,3CPS/MSERB
@?7? AuRSA/4SERI
@179 9uf(SB/4'SER2
0179 A Ca 1SA XC/ HSER i
*180 DCwMSIXC/11SER2
0191 A~mNSAX9/WSER3
0192 AS1CuNSA1BC/MSER3
OM9 FaC
@114 DFInDFCPS
0105 DF2*OFER9
@134 CALL FPRO8( FDF1 DF2, Z,PC)
016? F*A
oM9 OFI*DFFA
@189 DF2wDFER1
0190 C L F PRO9(VF, DP F IDF2,Z, P A
0191 FmB

4192 DFIsOFF9I 003 DF2mOFER2
0194 CALL FPROB(FDFIDF2..Z,P9)

1. 195 FmAC
0196 )F*Fu0A)(C
@187 DF2wOFERI
@188 CALL FPROl9(FDP1,DF2,ZPAC)
0199 F=9C
0200 DF1uOFSXC
0201 DF2%DFER!
0202 CALL FPRO3( F, DFtDF21 ZPBC)
0203 FmA3
0204 DFlu@FAXD
@205 DF2vOFER3
0204 CALL FPROB9F.DFIDF25 7,PAO)
0207 FuABC
0208 DFI-DFABC
0209 OF2uOFER3
0210 CALL FPRO9(F,)F!,DFZ.,2,?A9C)

0212 1004 F0R4AT(m****** SOURCE
0213 XqP/
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025 CPACSSER1.,DFERI,NSER11 SSERZDFER21SFER21ASSER 1DVR31 SE

0219 103FORNAT(OOTOTAL6,14XF10.3,F5.0/* BETWEEN SUBJECTS",F11.3,
@220 *F5./15X, OCROUPS ( A)o5X, F10 .3, F5 .,4X, 2FI0. 3,F10 .6/?X, 'ERROR( 01)m
@221 *SXFl0.3,F3. .4X,F1O.3./60 WITHIN SU9JECT5'1 2XFl*.31 F5../'5X1
@222 $"FACTOR 8',7XF1-O.3,F5.,4X 12F10.3.F10.6,/5X1 FACTOR CO,7X1
@223 0F10.3,
0224 $F5.,4X*2Fl0.3,F10.6,/3X,6A X 3%,10X.FI0.3,F5..4X,2F1O 3,.F104~,
@225 S13X4A X C%10OXF10.3,FS.,4X.2Fl@.3,F10.61/SX."B X C",109.
0226 SF10.3,
0227 *F3.,4X,2F10.3,Fl0.6,/3X1 -'A XB X C 6,5XFl0.3..F5.,4X,2F1O 3,
@228 $F10.6 1 /,?X,*ERROR (B)'1 4X1 FIO.3,F5O*,4X1 F10.3,/?X,'ERROR (C)'

229 S,4X
@230 S.Ft0.31F5.,4XFIO.3,/,?X,.ERROR (BC)*1 3X1 F1O.2,F5.,4XFlO 3)
0231 CALL CLOSE( IB)
@232 STOP
0233 END
0234 ENDS
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AV33 (RBF-P,Q,R) (Three-way ANOVA, Repeated Measures)

Purpose:

Ths' program performs a three-way randomized factorial block
analysis of variance.

Mathematical Model:

The model for this design is:

Xij.m u A. + B. + ,k + AB.. + AC. BC. + ABCijk + ' + E.'Ijm j ik m ijkm

The hypotheses to be tested are:

Ho: A. - 0 for all i

Ho: B. 0 0 for all jJ
Ho: Ck = 0 for all k

Ho: AB.. 0 for all ij

Ho: ACik 0 for all ik

Ho: BCjk 0 for all jk

He. ABCijk - 0 for all ijk

The fixed effect (Model I) was assumed in the derivation of the expected
values of the mean squares.

Layout of Design:

A1  A2,

B B S represents a

C I C2 C 2 CC C2 Cl C2 set of subjects

S Sl S S S1 S S

1. There are two Factors (A, B, C) with p, a, and r levels of treat-
ments,respeotively. The experiment consists of pqr treatment
oombinations. The above example includes two levels of each of
Factors A, B, ano C.
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2. Subjects are randomly assigned to the pqr treatment combina-
tions with each subject or a set of matched subjects receiving
all combinations. The order of administration of the pqr
combination is randomized independently for each subject. If
sets of matched subjects are used, one subject from each set
is randomly assigned to each treatment combination.

3. There should be more than one subject per pqr treatment com-
bination.

U3er Considerations and Procedures:

1. A data file must be created in matrix form. On read input, Factor
C varies most rapidly, then Factor B, then subjects, and finally
Factor A. (For example, record one contains subject one, treat-
ments abc11I, abc l2 , aoc11  ; record two contains subject

one, treatments abc abc abcl; records continue for
sujet neunil 121' 122 12r recrscniu o

subject one until abc lq, abc . , abclqr have been entered.

The remaining subjects in Factor A should be entered in the same

manner. Repeat the same procedures for subjects in Factor A .
P

A printout of the raw data would show r data po nts per line.

2. The data analysis can either be displayed on the CRT or a hard-
copy can oe obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

3. A printout of the raw data can be obtained. Option: 1 if raw
"data printout is desired, 0 for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of levels of Factor A (see comments)

b. number of levels of Factor B (see comments)

c. number of levels of Factor C (see comments)

d. number of subjects per cell (treatment combination) (see comments)

e. name of data file

f format of data file



5. Printout gives:

a. raw data by group (optional)

b. for each group: N, :x, :, X, and SD (unbiased estimate)

c. ANOVA source table

Comments:

This ANOVA design permits interaction effects to be evaluated. Power
tests can be used to determine the number of subjects necessary for
the experiment.

Due to the limited amount of memory, the experimental design cannot
exceed the Fcllowing conditions:

1. p < 10; q < 10; r 10

2. n <50

3. nqr 1000

4. rn • 100

5. qn < 100

Test Data:

This program was tested using data from Roger E. Kirk, Experimental
Design Procedures for the Behavioral Sciences, Wadsworth Publishing
Company, 196b, Pp. 239-240.

Single precision was used for this program. Acsuracv of this program
is less than that obtained by the Statistical Analysis System and
the Statistical Package for Social Sciences. The data analysis out-
put is only accurate to six dl,it places instead of ten digits.
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RU,AV33
RBF-P,Q,R OR AV33

THREE WAY ANOVA WITH REPEATED MEASURES ON ALL FACTORS.
ENTER NAME OF DATA FILE
#JRBFR

ENTER FORMAT OF DATA
(2 (2X, F8. 4) )

LEVELS OF A
2

LEVELS OF B
2

LEVELS OF C
2

SS/CELL
4
ENTER 1 FOR CRT OUIPUT, 6 FOR LINEPRINTER
6
DO YOU WISH A PRINTOUT OF RAW DATA (1-YES, O-NO)
0

ItI
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CELL N SUMX SUMX2 MEAN SD

1 1 1 4 15.000 63.000 3.750 1.500
1 1 2 4 16.O00 66.ooo 4.000 .816
1 2 1 4 28.000 198.000 7.000 .816
1 2 2 4 32.000 258.000 8.000 .816
2 1 1 4 7.000 13.000 1.750 .300
2 1 2 4 12.000 38.000 3.000 .816
2 2 1 4 22.000 122.000 5.500 .577
2 2 2 4 40.000 402.000 10.000 .816

SOURCE TABLE

SOURCE SS DF MS F P(F)

A 3.125 1 3.125 4.953 .035B 162.000 1 162.000 256.755 .000C 24.500 1 24.500 38.830 .000

AB 6.125 1 6.125 9.708 .005
AC 10.125 1 10.125 16.047 .000
BC 8.000 1 8.000 12.679 .000ABC 3.125 l 3.125 4.953 .035

RESIDUAL 13.250 21. .631

TOTAL 235.500 31.

ABC 3125 13.12 4.95 .03

Y , f . ... . .i
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IAV33 T-O0003 IS ON CRO0002 USING 00024 BLKS R-0000

0401 FTN4,L
0002 PROGRAM AV33
0003 DOUBLE PRECISION SJJ(10),•KK((IO),SLL(SO),PQQ(1O),CK(1O)
0004 DOUBLE PRECISION DXX(100)
0003 DOUBLE PRECISION CBB(10),ACC(1O),BSS(1OO),CSS(1O0),3CC(600),
0006 SSSS(50),AXSSXBXSI ,BA,CAAASABCBAC,BC,SS,SB,C,XNX AR,
0007 $SD, Z0,01 ,ZJ, Z I, ZM, ZZJ, ZZL,ZZ 1 , XK, XKK, ZEE P I P2, ZZ, ZO, ZKI, ZK2
0008 DOUBLE PRECISION SXl(6OO),SX2(6OO),XR(20)
0009 D:MEhSIOH NFILE(3),IFNT(20),IBUF(256),IB(272)
0010 LHTER POR
0011 DATA SX/600*.1. 0`, S42/600.0.DO/
0012 DATA UJJ,SKK,:,L.,.,PuQ, tcK K,DXX/19000*.DO/
0013 DATR CSB.AZ.,BSS,CSSSL'C,SSS/8?O*O.*A /
00t4 DATA XS,Sy,Bx,SI,BA:XC•,(,,AS,ABkC,BC,SS,B,C/14*o DO/
0015 WRITE( 1,440o)
0016 4400 FORMAT ('RF'-P,QR OR AV33
001? $/,3X,-TNREE WAY ANOVA WITH REPEATED MEASURES ON ALL ",
0019 V F.CTORS.6)
0019 WRITE(1,4401)
0020 4401 FORMAT(RENTER NAME OF DATA ;ILE")
0021 READ(1,7) HFILE
0022 7 FORMAT(3A2)
0023 WRITE( 1, 4402)
0024 4402 FORMAT ( * ENTER FORMAT OF DATA * )
0025 READ(1,6)IFNT

* 0026 6 FORMAT(2OA2)
0027 CALL OPEH(IBIERNFILE,3,0,-2,256)
0023 IF(IER.LT.0) GO TO 999
002! WRITE( 1,4403)
0030 4403 FORMAT ( * LEVELS OF A )
0031 READ(1,s) P
0032 WRITE( 1, 4404)
0033 4404 FORMAT ( ' LEVELS OF a •)
0034 READ(1,*) 0
0035 WRITE(1,4405)
0036 4405 FORMAT ( * LEVELS OF C ")
003? REAO(t,*) R
0038 WRITE( 1 4406)
0039 4406 FORMAT ( " SS/CELL ")
0040 READ( 1 ,* ) N

S0041 O"Q*R*N
0042 WRITE(1,224)
0043 224 FORMAT(mEHTEi5 I FOR CRT OUTPUT, 6 FOR LIHEPRINTER')
0044 READ(I ,*) IUHIT
0045 JRITE(I,2-3)
0046 223 FORMAT('DO YOU WISH A PRINTOUT OF RAW DATA (laYES, *=NO)')
0047 READ(V,*) IPTO

* 0048 DO 90 1 1-,P
0049 00 440 L1lN
0050 DO 520 J-1,9
0051 CALL REAOF( I, IER, I[UF)
0052 CALL CODE



0053 READU9BUF,IFNT) (XR(13),&3mt,R)

0055 DO 695 KI.Rl
0456 X.XR( K)
005' III=(t-1)*QOR + (J-1)*R +K

0058 SX2C III)-SX2( [XI) # X$X
0059 SXl( IIl)uS~lq' III)+X
0060 X= + X*X

0062 OXEBX+X
0063SIMS ~x.

0064- SJJ(J)USJJ(J)+X
0063 SKK(K)-SKK(K)+X
0066 SLL(L)-SLL(L)+X
0067 POQ(J)RPQQ(J)+x
0068 CK(K)=CK(K).X
0069 [I=J+Q*(K-1)

40070 DXX( II)uDXX(1X )+X
0071 CM8 I I )=Coe(I I )+x
0 07 2 ACC( K) -ACV(K),X
0073 tIIJ+Q*(L-I)
0074 ass( II )SSS(I1>e+x
0075 11 zK R *( L -
0076 C SS( I I )SCSS( II )+ X
0077 MIuN.1
0078 9CC( N)USCC( N )X
0079 695 SSS(L)-SSS(L)+X
4080 BAuBA+BX*BX/R
0('S1 520 axno
0092 DO 440 K.I,R
0083 CA.CACK( K)*CK(K )/Q
0094 440 CK( K )s
1085 A=A+ SIeS I /( *R *)
0086 SImO
008? DO 390 Lot, H
00089 ASuAS+SLL(L )*SLL(L)/(Q*R)
0089 390 SLL(L)=O
0090 DO 930 J-1,2
0091 Ag=A8+PQQ(J )OPQQ(J)/(R*N)

*0092 pOQ( J)-o
0093 DO 930 K.1,R
0094 II-J 4Q*( K-I
0095 CBuCB+CBB(1I)*CBB(II)/H
0096 930 C99(I11)no
009? DO 820 KuI,R
009S ACoAC*ACC(K)*ACC(K)/(H*Q)
0099 ACC( K)w0
*too 920 moo0
0110 1 90 CONTINUE
0102 DO 1120 J aI ,Q

oio3 &1,1 1120 Ka I ,R
0104 II-J+Q'( K-I)
0105 BCaBC4DXX(1I).DXX(II),'(P*H)
0106 1120 CONTINUIZ
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10 7 DO 1040 L1,NH
0108 SS.SS.SSS(IJ.SS3(L)/(P*Q$R)

0110 DO 1240 JsI,Q

0111 B.n +S.S JJ( J*SJ J J V Po R N
0112 1240 CONTINUE
0113 DO 1250 KmI,R
0114 C.C +rK X( K ).SK K(K V Ps Q*
0 115 1250 CONTINUE
*116 XUSX.SX/(P*QO*RSt)
0117 WRITE( IUi4IT,225)

S118 225 FORMAT(////,B* CELL3XNIIX UN ,S X27 A1
0119 17X,'SDG,/)
4120 u4
0121 DO 226 Is1 5 P
0122 DO 226 Ju1..Q
0123 DO 226 K-1iR
0124 111a(I-I)'QsiR *(J-1)*R +K
0125 XBARnSXI(IIIV/XH

012? WR1TE(IUMI1,22?) I .J,K,N,SXI( III)1 SX2(11II),XBAR, SD
0129 227 FORNAT(312,3X,I41 3X,4(1XFIO.3))
0129 226 CONTINUE
0130 W~RITE( IUHIT,2011~
0131 2011 FORtIAT(1.X,//o. SOURCE TABLEO
0132 ///1,MOSOURCE SS DF m~sF4
0133 11 2X ,'P( F)'
0134 ZNXS+X-SS-Cs
0135 Ouw( 4- I )*( P* Q.R-1 I
0136 01.0
013? ZJ*A-X

*0139 K-P- I
0139 zn/
0140 ZLwZJo/K
0141 ZWUZL/ZI
0142 ZZJ-9-X

*0143 KK=Q-1
0144 ZZL-ZZJ/KK
0145 Z ZNaZZ L/ ZI
0146 XKuK
0147 XKK-KI(
0149 CALL FPROS(ZM,XX,OI1 ZEE1 PI)
0149 CALL FPRO9(ZZMXXKK01O1ZEE.P2)
*150 WRITE( IutIr,31 10 )ZJ ,KZL,ZN. P11 ZZJ ,KK, ZZLZZI 1 P2
o151 3110 FORMAT(1X1" A *,FS.3,5X,I3.2(5X,F8.3),3,X,F1*.6,
0132 aI B S3 5 ,3,(X F . ),XF o 6
0153 ZJUC-X
*0154 KwR-I
0155 ZL-ZJVK
0 136 ZM-ZL/ZI
0157 ZZJ-AB+X-A-9

0159 ZZLoZZJ/KK
0160 ZZN-ZZL/Zl
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o162 XKK-IKK
0163 CALL FPR1O9(ZH,XK,O1,ZEE,Pl)
0164 CALL FPROB(Z2N,XKK.O1,,ZEE,P2)I
0165 WRITE( IUI4IT,2310)ZJjK,ZL,Zh,P1,ZZJ,KK,ZZL,ZZN,P2
*166 2310 FORflAT(IX," C ',F8.3,5X,13,2(5XF8.3),3X,FIO06,
0167 H' AB ',FO.3,SX,I3,2(5X.F8.3),3X,FI0.6)
Oi1t8 ZJuAC.X-A-C
01691 K=(P-1>s(R-1)
0170 ZLxZJ/K
0171 ZMUZI /Z1

41/2 Z~JNBC+X-B-C
0173 KK*(Q-1)*(R-1)
0174 ZZLoZZJ',KK
0175 2Z~uZ2L/ZI
0 1 *6 ZKiwK
0177 ZK2u~K
0178 CALL FPRO8( ZM,ZKI01,jlUE 1Pt)0175 CP"L FPRO9(ZZM,ZK2,01,ZEE,P2)
0190 WrVLE(IUNIT,251o)ZJ,K,ZLz,p1,PIzzJ,KK,zzLzzMp?

20 19t 25S10 FORMAT(IX,n AC 8jFS.3,5X,13,2(5X,F8.3),3X,Fl0.L
0182 //' 'Ci,F9.3 3X'I3,2(5X,Fg.3),3XFl06)
0183 ZJPCLI+A.9.vC-X-AS-AC-OC
0184 Ks-K*(P-1)
0185 ZLnZJ/K
0196 ZN-ZL/Z1
0187 ZZNXS-X
*lea ZO-N*P'eQ*R-1
0199 XK-K
0190 CALL FPROB( Z",XK , 01 ,ZEE , Pt
0191 WRITE( tUN!T,271o):J,K,ZL,ZNi,P1,zlozizzlo
0192 2710 FORMAT(1X,M ASC ',Fg.3,5X, [3 '2(SX,FB.3),3X,FIO.6,
1193 H'RESIDUAL ",FIO.2,F8.0,3X,F&.3
0194 //'TOTAL " ,F9 . 3, 1X, FS 0, 5X , FS ,/
0195 CALL CLOSE( 18, IER)
0196 GO TO 987
019? 999 WRITE(1,4408)
0198 4408 FORMAT ( ERROR ON CALL flpEH STATEMENT'
0 199 187 END
0204% END$
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AClO (CRAC) (One-way Analysis of Covariance)

Purpose:

This program performs a one-way analysis of covariance for one
covariate without replication.

Mathematical Model:

The model of this design is:

Y ij(adj) = Y " . - w- X .) = u + B + Zj dj ,j w j j i(j,

where:

Y. = unadjusted criterion measure

B' - immon population linerar regression coefficient for
w

treatment levels

X. , covariate measure for subject i in treatment population j

The hypothesis to be tested is:

Ho: Bj - 0 for all j

The fixed effect model (Model I) was assumed in the deviation of the
expected values of the mean squares.

Layout of Design:

bI b2 a
b2 k

Y X Y X Y X

S1 S2 .
4 J

There are k levels treatment B.

2. Subjects are randomly as iined with each subject designated
to receive only one level.

The experiment contains ca source of variation bel ieved to
affect the dependent vari3ble and i, conside.-d irrelevant to
the objectives of the experiment. A measure of the extraneous
variation can be obtained which does not include effects
attributable to the tr-atrient.
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4. The relationship of the dependent variable and the covariate
must be linear.

']ser Considerations and Procedures:

1. A data file must be created in sequential form. For each subject,
enter the dependent measure (Y) first, then the covariate (X).
(For example, subject one for treatment bl, and the covariate is

the first record, subject two for treatment bl, and the covariate

is the second record. Repeat for all subjects in bI then index to

the next level of B.) A printout of raw data should show two data

point. per line.

2. The data analysis can either be displayed on the CRT or a hardcopy
can be obtalned from the line printer. Option: 1 for CRT output,
6 for line printer output.

3. A printout of the raw data can be obtained. Option: 1 if raw
data printout is desired, 0 for no printout. The output device
is designaLed by the above option (02).

4. Parameters required:

a. number of levels of B (maximum 100)

b. number of subjects per group (level) (maximum 32767)

c. name of data file

d. format of data file

5. Printout gives:

a. raw data by group (opti iial)

2-b. for e ch group: N, Zy, y, Y, SD

c. ANCVA source table

d. intermediate calculations of the adjusted scores

e. correlation coefficients
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Comments:

Analysis of covariance uses statistical control to reduce experimental
error and obtain unbiased estimates of treatment effects. The procedure
involves measuring the dependent variable and an additional covariate.
The covariate represents a source of variation th~at has not been con-
trolled in the experiment and is believed to affect the dependent
variable. With analysis of covariance, the dependent measure can be
adjusted so as to remove the effects of the uncontrolled source of
variation represented b", the covariate.

Before comparisons among means can be made, the means must be adjusted
for the covariate. The intermediate calculations given on printout ofthe data must be used to adjust the means. Computational procedures

and notation references can be found in Roger E. Kirk, Experimental
Design Procedures for the Behavioral Sciences, Wadsworth PublishingSCUompany, 19bb, Pp.465-y72.

Test Data:

This program was tested using data from Roger E. Kirk, Experimental
Design Procedures for the Behavioral Sciences, Wadsworth Publishing
Company, 1968, Pp. 465-46 7 . This program uses double precision in
all calculations.
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RU,ACI1
CRAC-K OR ACIO ANALYSIS OF COVARIANCE

NOTE: PROGRAM EXPECTS DArA IN ONE SEQUENTIAL FILE
INDEXING FOR SUBJECTS, FIRST THEN, GROUPS -
WITH TWO POINTS PER LINE DEPENDENT VARIABLE THEN COVARIATI

ENTER NAME OF YOUR "ILE FROM DATA30 PROGRAM
#JACOV
ENTER THE RECORD LENGTH AS IN DA30

28
ENTER FOF&,•AT OF DATA

(2 (4X,F10.4))
HOW MANY GROUPS?

4
HOW MANY SUBJECTS/GROUPS?

8
ENTER I FOR RAW DATA PRINTOUT, ELSE ENTER 0

ENTER I FOR CRT DISPLAY, OR 6 FOR LINEPRINTER

6
ACIO STOP 0000

SI
I
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3.0000 42.0000
6.0000 57.0000
3.0000 33.0000
3.0000 47.0000
1.0000 32.0000
2.0000 35.0000
2.0000 33.0000
2.0000 39.0000

4.0000 47.0000
5.0000 49.0000
4.0000 42.0000
3.0000 41.0000
2.0000 38.0000
3.0000 43.0000
4.0000 48.oooo
3.0000 45.0000

7.0000 61.0000
3.0000 65.0000
7.0000 64.0000
6.0000 56.0000
5.0000 52.0000
6.0000 58.0000
5.0000 53.0000
6.0000 54.0000

7.0000 65.0000
8.0000 74.0ooo
9.0000 80.0000
8.0000 73.0000

10.0000 85.0000
10.0000 82.0000
9.0000 78.0000

11.0000 89.0000

Y-TERMS (DEP. VAR.)
,BS) 1160.000
(Y) 924.500
(B) 1119.000

X-TERMS (COVAR.)
(BS) 105202.000
(x) 96800.000
(B) 103997.250

XY-TERMS

(BS) 1O840.0O0
(xY) 9460.000
(B) 10637.750
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CELL N SUMX SUMX2 MEAN SD

1 8 22.000 76.000 2.750 1.1188

2 8 28.000 "'".000 3.500 .926

3 8 50.000 320.000 6.250 1.035

4 8 72.000 660.000 9.000 1.309

SOURCE TABLE

SOURCE SS DF MS F P(F)

TOTAL 8.840 30.

BETWEEN GRPS 1 793 3.00 .598 2.290 .100

WITHIN GRPS 7.047 27. .261

CORRELATION COEFFICIENTS

BETWEEN GRPS .995
WITHIN GRPS .910

TOTAL .981
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"AC10 T-00003 IS ON CR00002 USING 00019 BLKS Rv0000

0001. FTH4
0002 PROGRAM ACIO
0043 DIMENSION MFILE(3),IFIT(20)
0004 DOUBLE PRECISION X,Y,SX,SY,YS,XS,GX, GYX8,YBGGX2,SSCD,ZI
;0005 DOUBLE PRECISION ZJ,ZH,ZHJ,BH,BHKI,BN2,Q•H,XH,Y2,:<Y
0006 DIMENSION 1B(272),IBUF'256)
0007 DOUBLE PRECISION SUNX(100),SUMX2(100)
0008 SXuo.
0009 SY-O.
0010 Xy',O
0011 YS-O
0012 XSwo.
0013 GXuO.
OOt4 XBUO.
0015 YBEO.
0016 GG"0.
OW0? WRITE(1,44o0)
*018 4400 FORMAT ( "CRAC-K OR ACIO ANALYSIS OF COVARIANCE "
0019 $/,SX,INOTE: PROGRAM EXPECTS DATA IN ONE SEQUENTIAL FILE4,
0020 "4/,11X,'IHDEXING FOR SUBJECTS , FIRST THEN, GROUPS - 'el
0021 &IX,'WITH TWO POINTS PER LINE DEPENDENT VARIABLE THEN ",

0022 1'COVARIATE. ",11X,' HAX 100 GROUPS")
0023 WRITE(1,4401)
0024 4401 FORMAT ( 4ENTER NAME OF YOUR FILE FROM DATA30 PROGRAMO )
0025 READ(1,99)HFILE
0026 99 FORMAT(3A2)
0027 1DCBSu256
0028 CALL OPEH(I8,IERNFILE,3,0,-2,IDCBS)
0029 IF(IER.GE.)) GO TO 689
0030 WRITE(1,345) NFILE,IER
0031 345 FORMAT(SX , 3A2," FAILED TO OPEN , IER - ",I5)
0032 STOP 345
0033 689 WRITE(1,4402)
0034 4402 FORMAT ( "ENTER FORMAT OF DATA'
0035 READ([, 6 )IFMT

0036 6 FORMAT(20A2)
0037 WRITE(',4403)
0038 4403 FORMAT ( " HOW HANY GROUPS' ! )
0039 READ(,*) I K
0040 WRITE(1,4404)
0041 4404 FORMAT ( ' HOW MANY SUBJECTS/GROUP? ")
0042 READ(I,*) N
0043 BHNS*K
0044 XHwH
0045 WRITE(1,9001)
0046 9001 FORMAT('EHTER I FOR RAW DATA PRINTOUT, ELSE ENTER 0')
0047 READ(1,*) IPTO
0048 WRITE( 1, 1234)
0049 1234 FORMAT('ENTER I FOR CRT DISPLAY, OR 6 FOR LINEPRIHTER'')
0050 READ(I,*) IUNIT
OOSt D0230 I,,1, K
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0032 IF(IPTO.Eg.1) WRIYE(IUNIT,903)
0053 903 FORMAT(//)
0054 D0330 Jwl,N
0055 CALL READF( 1S, IER1 ISUF)
0056 CALL CODE
005? REAID(19UFIFNT)YX
0058 IF(IPTO.EQ.1) WRITE(IUH1TIFMT) Y,X
0059 sxusxx
0060 SUMX(1 )=SUIIX( I )4.
0061t SUMX2( I )aSUMX2( I )+YoY
0062 SYUSY+Y
0063 XYUXY+X.Y
0064 YSRYS+Y*Y
0065 XSRXS+XaX
0064 GXuGX4'X
006? 330 GYmGY+Y
0060 3109 FORMAT(/v')
0069 X~uXB+GX*GX/XH
0070 Y!3aY9+GY*G'f/XH
0071 iGCaCGGGX*GY/XN

0073 X-uSx*8Xm
0079 SGuY'S/S
0000 Y-
0001 20 OTIU

~0079 SF12.3) /B
0065 WRITE( IUt41T111)Y
00616017 FORMAT(1'n(8/),2,I.,/1,-EISCVR
000? WRITE(IUHIT,1 671)Y8oY2
0093 1611 FORMAT(IX(8)X,'YF12SDE.3,/,IX(,S U()U2 ,F12.3) /l,(),

0009 WRITE( IUHtT,l'91)Y9~X~S
0090 171 FORMAT(" (B)8,2X,F12.3,/./,1X,"X-TERMS(C/lX,.")8~,~F23/

F0098 71 FOMTt,(B)~XF2., 1X'X)F12.3) 2.

0092 WIdRTE(IUNIT,453)
0093 453 FORMAT( ///!,00 CELL ,4X I'H 7X, USUHX ,6X, SUM)X2', 9X," ' M"

0094 llOXsuSD",1)
0095 D0228 IuI,K
0096 Xot EStJX( I)/XH
0097 SDI uDSQRT( (SUNMX2(lI)-( SUMX( I)*SUNX(I) )/XN )/( XN- 1))
0090 WRITE(IUMIT,229) I.N1 SIJNX(I),SUt1X2(I)1XBISDl
0099 229 FORMAT( IX, 3, 3X. I3, 43X, Fl0.3))
0100 228 CONTINUE
0101 C-YS-Y2-(XY-SS )*(XY-SS>)"(XS-X2)
0102 O-YS-Y9-<XY-GG)*(XY-GG)/(XS-X8)
01t0 3 ZIuC-D
0104 ZJnD/(BH-K-1)

01015 Z~aZl/(K-1)

0106 WRITE(1Ut41T,531)

123



@17531 FORNHAT(lX,?// 7.mSOURCE TABLE")

53 ORMAT(1X,/,4X,OSOURCE',IIX,OSSI~xDiX N.XFX
oi10 l*P(F )a

@ 1 t2 ZW40ZN/ZJ
@1t13 BNKI=BN-K-1
@114 9N2.U-2
@ t11 WRITE(IuNIr,700)c,BH2
0 t14 700 FORNAT( 1X,. TOTAL", 7X, Fl2 .3,5XF4. 0)
0117 OFlmKI
0119 OF2%BNKI
oil,) F.Z)4J
0120 CALL FPRO8(F,DFI,DF2,Z3,PFl)
0121 WRITE( 1UNZT,541)ZIKL,ZHZNJPFI
O12 541 FORMAT(/1 1X,"8ETVEEHd rRPS',F12.3,4XF4.3,3(5XF?.3),/ )
0123 4RITE( IUMlT,551 )D, SAKI, ZJ
0124 551 FORMAT(IX,*WITHIN GRPS",1',F12.3,5X1P4 0,4X.F7.3)
0125 Cu(XYi-SS)/DSQRtT(XS-X2)*(YS-Y'2))
6126 Do( GG-SS )/DSQRT( (XD-)X2)(YB-Y2) )
6127 QNu( XN-GG )/DSQRT(( XS-X8 )*(YS-Y ))
0128 WRITE(1U141T,571)
0129 571 FORMAT~tX,//," CORRELATION COEFFICIENTS N

6 130 WRITE(IUN1T.561>D.QH
0131 S91 FORMAT(2X,/,lX,w9ETUEEH GRPS',F9.3,/,lX,4WITH1H GRPS".1XF9.3)
0132 WRITE(1UNIT,58L1)C
0133 3911 FORMAT(4XOTOTAL 0,2XF9.3,/)
@134 CALL CLOJSE( 19,IER)
$135 STOP
0136 END
0137 ENDS
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ACII (RBAC-K) (One-way Analysis of Covariance, Repeated Measures)

Purpose:

This program performs a one-way analysis of covariance for one
covariate with replication either by using matched subjects o)r

repeated measures.

Mathematical Model:

The model for this design is:

Y i =adjj ý Yij - B' w(Xij "')=u + B + B . + E.iw ijJ I ,J

where:

Y.j - readjusted criterion measure

B' - common populaton 'inear regression coefficient for
w treatment levels

The hypothesis to be tested is:

Ho: B. 0 for all j
J

The fixed effect model (Model I) was assumed in the derivation of

the expected values of the mean squares.

Layout of Design:

b b 2bk

Y X Y X Y X S represents a

7 set of subjects

1. There are k levels of treatment B.

2. Subjects are assigned to a treatment so that the variability
within a treatment is less than the variability among treat-
ments. Homogeneity Nithin treatments may be achieved by
using a subject as his own control or match subjects on the
basis of a variable that correlates with the dependent variable.
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3. The experiment contains a source of variation believed to
affect the dependent variable and is considered irrelevant
to the objectives of the experiment. A measure of the extra-
neous variation can be obtained which does not include effects
attributable to the treatment.

4. The relationship of the dependent variable and the covariate
is linear.

5. For repeated measures, the dependent measure for each subject
is paired with a unique covariate measure. The covariate
cannot be identical for all measures, e.g., age of a subject.

User Considerations and Procedures:

1. A data file must be created in sequential form, with the dependent
measure (Y) first, then the covariate (x). (For example, subject
one for treatment b and zhe covariate is the first record, subject

two for treatment bI and the covariate is the second record. Follow

this procedure for all subjects in b I then index to the next level

of B.) A printout of raw data shows two data points per line.

2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: 1 for CRT
output, 6 for line printer output.

3. A printout of the raw data can be obtained. Option: 1 if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of levels of B (maximum 100)

b. number of subjects per group (level) (maximum 32767)

c. name of data file

d. format of data file

e. correlation coefficients

5. Printout gives:

a. raw data by group (optional)

b. for each group: N, Zy, y2, N, SD
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c. ANOVA source table

d. intermediate calculations of the adjusted scores

e. correlation coefficients

Comments:

Analysis of covariance uses statistical control to reduce experimental
error and obtain unbiased estimates of treatment effects. The procedure
involves measuring the dependent variable and an additional covariate.
The covariate represents a source of variation that has not been con-
trolled in the experiment and is believed to affect the dependnet
variable. With analysis of covariance, the dependent measure can be
adjusted so as to remove the effects of the uncontrolled source of
variation represented by the covariate.

Before comparisons among means can be made, the means must be adjusted
for the covariate. The intermediate calculations given on the printout
of the data must be used to adjust the means. Computational procedures
and notation references can be found in Roger E. Kirk, Experimental
Design Procedures for the Behavorial Sciences, Wadsworth Publishing
Company, I9bd, Pp. 475-1477.

Test Data:

Tnis program was tested by comparing the results of the ACII program
to results obtained from a similar PDP 8/e Analysis of Covariance
program. The program uses double precision in all calculations.
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RU,AC I 1
ACIl OR
RSAC-K ONE-WAY ANALYSIS OF COVARIANCE FOR

REPEATED MEASURES. DATA INPUT READ SEQUENCE
INDEX FOR SUBJECTS, THEN FOR WITHIN FACTOR. ENTER THE
DEPENDENT VARIABLE, THEN THE COVARIATE

ENTER NAME OF THE DATA FILE
#JRBAC

ENTER FORMAT OF DATA
(2(2X,F8.4))

HOW MANY TREATMENTS?
4

HOW MANY SUBJECTS?
6

ENTER THE RECORD LENGTH AS IN DA30
20
ENTER 1 FOR RAW DATA PRINTOUT (1=YES)
I

ENTER I FOR CRT PRINTOUT, 6 FOR LPTR
6

ACIl STOP 0000
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202.0000 28.0000
145-0000 23.0000
188.0000 27.0000
201.0000 24.0000202.0000 30.0000
228.0000 30.0000

MEAN-Y 1942333 MEAN-X 27.000
165.0000 22.0000
201.0000 26.0000
185.0000 24.0000
231.0000 28.0000178.0000 26.0000

221.0000 25.0000MEAN-Y 196.833 MEAN-X 25.167
191.0000 27.0000

203.0000 28.0000
185-0000 27M0000238.0000 30.0000

198.0000 26.0000
207)0000 27.0000
MEAN-Y 203.667 MEAN-X 27 500
134.0000 19.0000180.0000 24.0000
220.0000 28.0000
761.oooo 30.0000
226.0000 29.0000
204.0000 24.0000
A¢EAN-Y 204.167 MEAN-X 25.667

Y-TERMS (DEP. VAR.)
(BS) 976280.000
(Y) 957601.500
(B) 958037.667
(S) 967091.500

X-TERMS (COVAR.)
(BS) 16824.000
(y) 216642.667(B) 16664.333
(S) 16688.500

Y-TERMS
(BS) 127727.000
(XY) i26242.000
(B) 126250.500
(S) 126801.250
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CELL N SUMX SUMX2 MEAN SD1 6 1166.000 2 303 6 2.000 194.333 27.4572 6 1181.000 235737.000 196.833 25.6003 6 1222.000 250612.000 203.667 18.6084 6 1225.000 259569.000 204.167 43.508

SOURCE TABLE

SOURCE SS DF MS F P(F)

TREATMENT 1502.394 3. 500.798 5.150 .0132BLOCKS 3227.275 5. 645.455 6.638 .0026
RESIDUAL 1361.286 14. 97.235
TOTAL (,517.333 22.

CORRELATION COEFFEC ENTS

TREATMENTS .081
BLOCKS .848
RESIDUAL .919
TOTAL .807
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"1AC1 T=O000 IS ON CRO0002 USING 00022 BLKS R=OO0

0001 FTN4
0002 PROGCAM AClI
0003 REAL KIKIXI
0404 DOUBLE PRECISION SIAS2A,X,Y,SX,SYYS,XS,GXX2,GY
0005 DOUBLE PRECISION XE,Y8,GG,ZK,S1,S2,SS,Y2,C,ZJ,Z1,),ZI1,ZN
0006 DOUBLE PRECISION GXB,XBSD,X1,Z3,XN
0007 DOIBLE PRECISION SIA(100),S2A(100),Xl( 00),X3(100)
'lo08 DIMENSION NFIL.(3), IFNT(20), IB(272), IBUF(256)
0009 WRITE( t,4399)
0010 4399 FORKAT" ACII OR 0,/,
0011 CO RBAC-K ONE-WAY ANALYSIS OF COVARIANCE FOR ",/,
0012 $S REPEATED MEASURES. DATA INPUT READ SEQUENCSO,/,
0013 IOX,'INDEX FOR SUBJECTS, THEN FOR WITHIN FACTOR. ENTER THEO,/,
0014 t ioX"DEPEHDENT VARIABLE, THEN THE COVARIATE")
0013 WRI TE( 1,987 )
0016 387 FORMAT('ENTER HNAME OF THE DATA FILE")
0017 READ( 1,16 )NFILE
0019 16 FORMAT(3A2)
0019 WR" 7E( 1, 440 )
0020 4401 FiRNAT ( " ENTER FORIMAT OF DATA " )
0021 READ( 4. ,6 )IFMT
0022 6 FC9MAT(20A2)
0023 WRITE( 1, 4402)
0024 4402 FORMAT ( * HOW MANY TREATMENTS? ")
0025 READ(I,* ) K
0026 WRITE(1,4403)
0027 44u3 FORMAT ( N HOW MANY SUBJECTS? )
0028 READ(1,e) N
002' IDCBS=256
0030 CALL OPEN(IB, IERNFILE,3,0,-2,IDCBS)
0031 IF (IFR.LT.0) GO TO 999
0032 WRITE(1 1 154)
0033 154 FORMAT(ENTER I FOR RAW DATA PRINTOUT(I=YES)")
0034 READ(I,*) IPTO
0035 WRITE(1,912)
0036 912 FORMAT(OEHTER I FOR CRT PRINTOUT, 6 FOR LPTR')
0037 READ(I,*) IUNIT
0038 BN"N*K
0039 XHt"N
0040 DO 230 I-.,K
00*1 DO 330 J"IN
0042 CALL READF(IB, IER, IBUF)
0043 CALL CODE
0044 READ(IBUF,IFYT) Y,X
0045 IF( IPTO.Ed. I) WRITL(IUNIT, IFMT) Y,X
0046 SX-SX+X
004/' X1(I)-Xl(1)+Y
0048 X3( I )X3( I )+Y.Y
0049 SYSY+Y
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0050 XYGXY+X*Y
0051 YSGYS*Y*Y
0052 XSUXS+X*X
0053 GXuGX+X
0054 ý,Y=GY+Y
0055 SIA(J)=SIA(J).Y
0056 330 S2A(J)-S29(J)+X
0057 X9.XB+GXOGX/XN
0059 YB=Y8.GYOGY/XN
0I059 GGBCG.GXOGY/N
0060 GYsGY/N
0061 GX-GX/N
0062 WRITE(1UN1T1 231)GYGX
0063 231 FORMAT(1XG MEAN-Y 4.F10.3,4XG NEAN-X lF10.3)
0064 QX.0
0065 GY=O
0066 230 CONTINUE
0067 DO 190 Jul, N
0068 ZKmK
0069 SloS1.StA(J)*SIA(J)/ZK
0070 S*9u.S2.S2A(J ).S2A(J )/ZK
0071 190 S3-S3*SIA(J)*S2A(J)/ZK
0072 t'2-SY'SVi/BN
00?3 X2uSX*SX/BN
0074 sS-SYs9X19N
0075 WRITE(IUNIT,600)
0076 600 FORMAT(1X,//)
0077 WRITE(IUNIT, 1I6)YSoY2
0078 161 FORMAT(IX,'Y'TERMS(DEP. VAR.) ",/,a (8S) 0,F12.3:/u1X,*(Y)',2X,
0079 IF 12.3 )I
0080 URITE(IUMIT,111)YB1 SI

0082 COX-TERMS(COVAR.)O)
0093 WRITE(IUMIT,1?11)XS1 X2
0084 1711 FORMPT(IX,"(9S)',1XF12.3,/1 IX. (X)0,2XF12.3)
0005 WRITE(IUHIT,181)XgS2,XYSSGG
0006 181 FORMAT(' (9)a%2XF12.3,/,w (S)w,2XFI2.3p//,"XY?-TERNSu//,
009? X4 (BS)O,1X, F12.3,/JIX,C(XY)',1X,F12.3,/,IX,1(9) 4,1(,F12.3',
0098 WRITE( IUNIT,1811)S3
0089 1911 FORMAT(* (S)0,2X1 FI2.3)
0090 C-YS-Y?-' X'-SS )*(XY-SS)/(XS-X2)
0091 ZJwYS+Y2-YS-Sl
0092 X*XSX2-XD-S2
0093 ZIaXY+SS-GG-S3
0094 D=ZJ-ZI*ZIt'X
0095 Y.S1-Y2.ZJ-(S3-SS.Zl)*(S3-SSIZI)#'(S2-X2+X)-D
00ý,. ZIl ',YB-Y2+ZJ-( GG-SS*ZI ).(GG-SS.ZI )/( X9-X2+X )-O
0097 XN-H1
0098 QYuYt'X
0099 ZJuD/((K-1)*X-1)
0100 ZN-ZII/(K-1)
0101 WRITE( IUNIT,703)
0102 703 FORMAr(////,'0 CELLO,4X,"N,7X,NSUNXO6X,m SUNX2',6X'NMbAN%

132



0104 XNUI4
0105 G Xe -XB
0106 DO 704 1-t,K
0107 Xe-x1(I)/XM
0108 SDuDSQRT((X3(1)-(XI(1).XI(l))/XN)/(XN-1.))
0109 744 WRITEUIUNIT,709) I,H,X1(I),X3(t),XB,SD
0110 109 FORMAT(2I3,1X,4(3X,Fl0.3))

0l111 331 FORMAT(1X,//,17X,OSOIJRCE TABLE")
4IL3 GXuCY/ZJ

0114 XBmGXv
0115 KlsK-1
0 11t6 KIXln( K-I )*X-1.
OIL? ZNJWZN/ZJ
Ot18 CALL FPROS( ZHJX.Kl.KXI,ZTl 1PP1)
0119 rluxX
0120 XIG
0121 CALL FPRO9(CXiDOFI,K1Xl ZT21 PF2)
0122 WRITE( IUHIT,536)
0123 336 FORNAT(1X1/,4X,GSOURCEN~ liX, 'ss a,BXDF,9,S",9XIFN,
0124 1X*(),/
0125 WRITE( IIJIT,541)ZIIIK1,ZMDZNJ,PFI
0126 541 FORMAT(IX,ITREN.TMENT '1 3X.F9.3,F7.0,6XF?.3,3X1 F7. 3,3XF7. 4)
012? WRITE( IUHIT,542)Y. (,GY, OX, PF2
0128 542 FOMTIBOK '%2X,F9.3,1XF7.0 5 5XF7.3,3X,F7 3,
0129 13XF7.4)
0130 c RESIDUAL
0131 KIXlu(K-1 )*X-1
0132 WRITE( IUI4IT,543)D, KIX1ZJ
0133 545 FORMAT( IX,NRESIDUAL 0,2X,F9. 3,F7. O,4X, F9. 3)
0134 BN2-BN-2
0135 WRITEUIUNIT1 S51)C.9M2
0136 551 FORNAT(IX,"TOTALB,8X,,F12.3,4X,Fk.0)
0137 Xu(S3-SS)/DSQRT((SI-Y2)e(S2-X2))
0138 Cu( XY-SS )/DSORT( (XS-X2)*(YS-Y2))
0139 Du(GG-SS)/DSQRT((XU-X2).(YB-Y2))
0140 2HuM(XY.SS-GG-S3)/DSORT((YS+Y2-Y9-S1).(XS-:.2-XB-S2))
0141 WRITE( IIHIT,591)D
0142 581 FORMAT(IX,//,lX,@CGRRELATION COEFFECIENTS'//," TREATMENTS',2X1
0143 IFS. 3)
0144 WRI TV(IUNIT ,592 )X, ZNC
0145 582 FORMAT(" 8LOCKS",6X,F3.3,/,v RESIDUAL %,2XFS.3,/,' TOTAL
0146 24X..V5.3)
*0147 CALL CLOSE( I9, IER)
0148 STOP
0149 999 WRITE(1,4408)
0150 4408 FORMAT a ERROR ON CALL OPEN STATEMENT )
0151 STOP
0152 END
0153 END$
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I AC20 (CRFAC-P,Q) (Two-way Analysis of Covariance)

Purpose:

This program performs a two-way analysis of covariance for one
covariate without replication.

Mathematical Model:

The model of this design is:

Y = Y - B' + (X.. - .. ) = u + A. + B. + AB.. + E
ijm(adj) ijm w ,jm I j ij m(ij)

whe re:

Y = unadjusted criterion measure
B' = common population linear regression coefficient for treatment

w levels

X.. = covariate measure for subject i in treatment population j

The hypotheses to be tested are:

Ho: A. 0 for all i

- Ho: B. =- 0 for all ij
J

Ho: ABij 0 for all ij

The fixed effect model (Model I) ias assumed in the derivation of the
expected values of the mean squares.

Layout of Design:

Al A2  A3

Bl I 2BIB 2  Bl B2

SI X Y X Y X Y X Y X Y S represents a
set of subjects

S S2 S3 S S4 S6

1. There are two Factors (A,B) with p and q levels of treatments,
respectively. The experiment consists of pq treatment combin-
ations. The above example includes tK--e levels of Factor A,
two levels of Factor B.
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2. Subjects are randomly assigned to the pq treatment combin-

ations, with each subject receiving only one combination.

3. There should be more than one subject per pq treatment
combination.

4. The experiment contains a source of variation believed to
affect the dependent variable and is considered irrelevant
to the objectives of the experiment. A measure of the
extraneous variation can be obtained which does not include
effects attributable to the treatment.

5. The relationship of the dependent variable and the covariate

is linear.

User Considerations and Procedures:

1. A data file must be created in sequential form with the dependent
variable (Y) first, then the covariate (X). On read, indexing
for subjects comes first, then for Factor B, and finally Factor
A. (For example, first recorod is subject one for treatment and
covariate of ab 1 l, second record is subject two for treatment

and covariate of ab 1 ; continue for all subjects in treatment ab11 .

Next, enter all subjects for treatment abl 2 ; repeat for ablq Then

enter data for ab 2 1 . ., the final record would be subject n for

treatment ab .) A printout of the raw data would show two data
pq

points per line.

2. The data analysis can either be displayed on the CRT or a hard
copy car be obtained from the line printer. Option: i for CRT
output, 6 for line printer output.

3. A printout of the raw data can be obtained. Option: 1 if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (12).

4. Parameters required:

a. number of levels of Factor A (see comments)

b. number of levels of Factor B (see comments)

c. number of subjects per AB cel 1 (maximum 32767) (see comments)

d. name of the data file

e. format of data file
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5. Printout gives:

a. raw data by group (optional)

b. for each group: N, Zy, 2, SD

c. ANOVA source table

d. intermediate calculations of the adjusted scores

e. correlation coefficients

Comments:

Analysis of covariance uses statistical control to reduce experimental

error and obtain unbiased estimates of treatment effects. The procedure
involves measuring the dependent variable and an additional covariate.
The covariate represents a source of variation that has not been con-
trolled in the experiment and is believed to affect the dependent

variable. With analysis of the covariance the dependent measure can
be adjusted so as to remove the effects of the uncontrolled source
of variation represented by the covariate.

. Before comparisons among means can be made, the means must be adjusted
for the covariate. The intermediate calculations given on the print-
out of the data must be used to adjust the means. Computation pro-
cedures and notation references can be found in Roger E. Kirk,
Experimental Design Procedures for the Behavioral Sciences, Wadsworth
Publishing Company, 1968, Pp. 479-482.

This program has the following restrictions:

1. The number of subjects per AB treatment combinations should be
equal.

2. There cannot be more than 400 treatment combinations (p;q • 400).

Test Data:

This program was tested by coiparing the results of the AC20 program
to results obtained from a similar PDP 8/e Analysis of Covariance
program rhe program uses double precision in all calculations.
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RU ,AC20
AC20 OR
CRFAC-P,Q ANALYSIS OF COVARIANCE ON TWO FACTORS

WITH NO REPEATED MEASURES. ON INPUT READ SEQUENCE, INDEX
FOR SUBJECTS FIRST, THEN FACTOR B AND FINALLY FACTOR A.
PROGRAM EXPECTS 2 DATA POINTS PER LINE - DEPENDENT VARIABLE,
THEN THE COVARIATE

ENTER DATA FILE NAME
#JCRFA
ENTER FORMAT OF DATA FILE
(2(2X,F8.4))

ENTER THE RECORD LENGTH AS IN DA30
20

HOW MANY LEVELS OF A?
2

HOW MANY LEVELS OF B?
3

HOW MANY LEVELS OF SS/CELL?
5
ENTER I FOR PRINTOUT OF RAW DATA, 0 IF NOT

ENTER 1 FOR CRT PRINTOUT, OR 6 FOR LPTR
6

AC20 STOP 0000
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Y x
95.0000 40.0000
80.0000 35.0000
95.0000 40.0000

105.0000 50.0000
100.0000 45.0000

85.0000 30.0000
100.0000 40.0000
85.0000 45.0000
90.0000 40.0000
90.0000 40.0000

90.0000 50.0000
85.0000 4o.oooo
90.0000 40.0000
80.0000 30.0000
85.0000 40.0000

100.0000 50.0000
95.0000 30.0000
95.0000 35.0000
100.0000 45.0000
88.0000 30.0000

950.0000 50.000090.0000 30.0000

90.0000 45.0000
95.0000 40.0000

95.0000 45.uOOO
85.0000 30.0000
75.0000 25.0000

105.0000 50.0000
85.0000 35.0000

Y-TERMS (DEPENDENT VARIABLE'i
(A) 253628.9333 (B) 253939.4000 (AB) 254018.8000
(ABS) 255444.0000 (Y) 253552.1333

X-TERMS (COVARIABLE)
(A) 46828.3333 (B) 46822.5000 (AB) 46895.0000
(ABS) 48325.0000 (x) 468o,0.5000
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XY-TERMS(A) 108901.0000 (B) 109007.5000 (AB) 108979.0000

(ABS) 110065.0000 (xY) i08941.0000

CELL N SUMX SUMX2 MEAN SD

1 1 5 475.000 45475.000 95.000 9.354
1 2 5 450.000 40650.000 90.000 6.124
1 3 5 430.000 37050.000 86.000 4.183
2 1 5 488.000 47894.000 97.600 8.142
2 2 5 470.000 44250.000 94.000 4.183
2 3 5 445.000 40125.000 89.000 11.402

SOURCE TABLE

SOURCE SS DF MS F P(F)

A 147.423 1 147.423 5.64701 .02477

B 292.811 2 146.405 5.60802 .01036
AB 14.412 2 7.206 .27603 .76459
ERROR 600.448 23 26.106

TOTAL 1059.329 28

CORRELATION COEFFICIENTS

A -1.000
B .873
AB .992
ERROR .761
TOTAL .663
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IAC20 TuOO*04 IS ON CR00002 USING 00027 BLKS R=0211

0001 FTN4
'wa PROGRAM AC20
00*3 liWIG4ER P,QD
0004 DOUBLE PRECISION OXX(400)1 X1 YSXI SYZSYXXSSAASSNSNS1 BA, XN
0*00 DOUBLE PRECISION AB,ZZ,SNSN.SSNN9 AX,AY3AZASQH,SAQN,PQHSZ,BY,
0006 IBX,8Z,9YJPHBXJPHC,0D1 ZI, Z2,AYSX,BYS(,9A$X,BYY(400)
0*00 DOUOLE PRECISION PQH,QH,PN
0009 DIMENSION 19(272), IBUF(256),NFILE(3),IFMT(2'))
@000 DOUBLE PRECISION SUMX(400)1 SUIIX2(400)
0010 DO 89? Kwl,400
0011 BXX(K)m0,
0012 897 BYY(K)uO.
0013 WRITE( 1,3999>
0014 3999 FORMAT("AC20 OR l/

@015 C*CRFAC-P.Q ANALYSIS OF COYARIANCE ON TWO FACTORS',e',
@016 $13X,'VITH NO REPEATED MEASURES. ON INPUT READ SEQUJENCE, INDEX"
0017 %/13X,"FOR SUBJECTS FIRST, THEN FACTOR 8 AND FINiOLLY FAC70R A.",
0018 &/,13XOPROGRAM EXPECTS 2 DATA POINTS PER LINE -DEPENDENT

0019 lo*VARlABLE*,/,13Xu, THEN THE COVARIATEO,/,
0020 CGENTER DATA FILE NMANE)
0021 READ(1,568) NFILE
0022 568 FORMAT(3A2)
0023 WRITE(1,1456)
0024 1456 FORMAT(OENTER FORMAT OF DATA FILE'>
0025 READ(l,433) IFMT
0026 IDCBSw256
0027 435 FORMAT(20A2)
0020 CALL OPEN(I 19IERNFILE,3,0,-21 IDCBS)
0029 IF(IER.GE.0) GO TO 123
0030 VRITE(1,543) HFILE,IER
0031 543 FORMAT(3A2,' FAILED TO OPEN ,IER 4,15)
0032 STOP 543
0*31 123 WRITE(11 4401)
0034 4401 FORMAT ( s HOW MANY LEVELS OF A? )
0035 READ(I~o) P
0*36 WRITE( 1, 4402)
0*37 4402 FORMAT ( 4 NOW MANY LEVELS OF 6? w )
00*3 READ~l~o) 9
0039 URITE(1.,4403)
0040 4403 FORMAT ( ' NOW MANY LEVELS OF 95/CELL? '

0041 READ(I,*) N
0042 URI TE( 1, 737)
0043 757 FORNAT(*ENTER t FOR PRINTOUT OF RAW DATA 0 IF HOT")
0044 READ(l,*) IPTO
0045 WRITE(1,987)
0046 987 FORMAT(sENTER 1 FOR CRT PRINTOUT, OR 6 FOR LPTR")
0*47 READ(13 .> IUNIT
01040 IF(IPTO.EQ.I) WRITE(IUNIT,109)
0049 109 FORMAT(//,5X,*Yv,IoxlXo'/e)

0050 (NuN
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0051 DO 240 1.1 P
0052 00 330 Ju1,O
0053 DO 440 Kul,H
0054 CALL READF(I3,IER1 IBUF)
0055 CALL CODE
@056 READ(I9UF,IFMT) YX
005? IF (IPTO.EQ.1) hiRITE(IUHITIFPIT) Y,X
0050 sx-SX'x
0659 Jiu( I-lI)09+j
0464 SUNX(JJ)-SUIIx(JJ)+Y
0061 SUMX2( JJ )-8UNX2( JJ )+Y.Y
0062 SYNSY+Y
0043 ZSUZS+X.Y
0064 YSOYS+YOY
0065 XSNXS+X*X
0066 SAmSAeX
0067 AS-AS+Y
0060 SHMSN+X
0469 SNS=SNS+Y
0070 BXX( J )uXX( J )X
0071 440 BYY(J)aeyy(J)+Y
0072 IF ( IPTO .EQ. I) WRI TE( IUH IT ~33

04333 FORMATW/)
0:74 BAmBA+SNS.SNS/XH

W3 ABnAS.SN*SN/XH
0075 ZZNZZ+sHsoSH/xm

00?? SNS~n8NS/XH
0070 SHNNSNIXN
0079 S14-0
0060 330 SNSuO
0061 QNUQet4

0062 AXmAX4SA*SAQI4
0063 AY=AY.AS*AS/QN
0064 AZuAZ+SA*AS/'QN
0405 ASQH-AS/QW
0066 SAQt4.9A/QH
0067 SA-0
0000 240 ASm6

*0069 PQNwP.Q*H
0090 SZuSY*SX/PQH
0091 SY.SY*SY/PQH
0092 SXNSX*SXPQt4
0093 DO 62 JUI.,O
0094 PN-PoN
0095 BYeBY4BYY(J)*BYY(J)/PH
0096 BXNBX.9xx(J)*BXX(J)/PH
@097 OZuBZ+BXX(J)o9YY(J)/PH
0090 BYJPNNuBYY(J VPH
0099 DXJPNWBXX(J)/PN
0100 620 CONTINUE
0101 WRITE( IUNIT,171)AY,8Y,BA,YS,SY
0102 171 FORMAT(//,1X1oY-TERHS (DEPENDENT YARIABLE)"%
0103 X/,o (A) 6,F13.4,3X,o (B)*,F13.4,5X," (48)0,F13.4,
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_603WRITE( RUN IT.177 )AX BX,AB ,XS,SX
I010 177 FORNAT<1X,'X-TERMS (COVARIABLE)OI
0107 X?,' (A) OFI3.4,5X," (9)*.F13.4,5X,1 (AB).F13.4.
01*8X?,' (ABS)',F13.4j3X,' (X)*,F13.4,/)

0109 URITE(IUNIT,193)AZ,8Z,ZZ,ZSSZ
0110 183 FORMAT(IX,GXY-TERNSN,
0111 V,'t (A) *,F13.4,5X,* (9)".F13.4,6X," (A),I 4,
0112 X/," (A9S).,Ft3.4,5X,4 (XY)O.F13.4,/)
0 11t3 VRITE(IUNIT,?0I)
0114 701 FOR~qT(////,*0 CELLU,4X,uNO,7X,OSUNX.6fX,w8U1X2',9X,OM EANO,
0115 Itox*,98D/)
0116 00 704 Iu1,P
oil? DO 704 JaI,g
Otis JJU(I-1)sQ+J
0119 XDINSUMX( J ;/XN
0120 SDmSR(SM2JJ-SM(J UX(J)X)(NI))
0121 704 URITE(IUHIT,705) I.JH,SUMX(JJ),SUHX2(J.J),XB.,SDI
0122 705 FORMAT(1X,2I2,3X,13,4(3XjFlO.3))
0123 SAu(AZ-SZ)/DSQRT((AY-SY)*(AX-SX))
0124 ASu(9Z-SZ)/DSQRT((BY-SY)*(BX-SX))
0125 Xu(ZS9-SZ )/DSQRT( (YS-SY )*(XS-SX)
0126 9swu(2Z,92-AZ-OZ)/DSQRTuBA.SY-AY-9Y)*(ABeSX'-AX'-BX))
0127 SH~u(Z8-ZZ)/JDSQRT((YS-9A)*(XS-IA9))
0120 Y'c(EZ-AZ)/DSQRT((EY-AY).(EX-AX))
0129 CROY
0130 DOaSX

*0131 ZINSZ
0132 SYuYS-BA
0133 BXuXS-AB
0134 SZNZS-ZZ
0135 *A=BA.C-AY-BY
0136 A~uAB+0D-AX-9X
0137 ZZuZZ4ZI-AZ-BZ
0138 AYMAY-C

* 0139 AXmA~X-D0
0140 AZuAZ-ZI
0141 oymaY-C
0142 B)XuBX-D0
0143 82*BZ-ZI
0144 YSSYS-C
OM4 XS.XS-00
0146 Z9-ZS-ZI
@147 Cosy-sz*sz/sx
0140 AXu(AY+SY)-(AZ.SZ)e(AZ+SZ)/(AX+SX)--C
*t049 BXu(DY+SY)-(BZ$Zs2+SZ)/(28)(BX+SX)-C
0150 ABu(BA+SY)-(ZZ+SZ)*(ZZeSZ)/(AB+SX)-C
0151 XSuY$-ZS*ZS/XS
O15 J nH*P.Q-2
0153 DNP*QS(N-1)-1

013% Que-I
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0159 BA=AB/ I
0 If) 0SXuC/D

0161 WRITE(IUNIT,545)
0162 545 FORMAT(/,* SOURCE TABLE*,?)
@163 WRITE(IUNIT,~50)
@164 550 FOftNAT(1X,OSOURCEo~6X,OSS",1OX,wOF,12X,flSl,12X,wFi,IIX,
0165 CP(F)O)
0166 A'ISXUAY/SX
0167 DFluP
*169 DF2*0
0169 FwAYSX
*170 CALL FPRO9(F..DFI 1DF2,Z1 PF1)
@171 WRITE( IUNIT,555)AX1 P,AY,AYSX,PFI
0172 555 FORMAT(//,4 AO,5XF13.31 5X,I3,5X,F13.31 3X,F'11.5,3X1 FIO 5)
@173 8YOXaBY/Ox
01?4 0 F I s
@175 FwBYSX
0176 CALL FPROB( F, 0Fl,DF2,Z, VF2)
0177 WRtITE( IUNIT,536)B,9, B~Y, 8YSX. PF2
0 170 556 FORMAT(' 9*,5X,F13.3,SX,13,5X1 F13.3o3X1 F11l.5,3XF1O.5)

*0179 BASX*BI/SX
oleo FUOASX
*lei TI-I
*192 CALL FPRO9(F1 TI,DF2,ZF3,PF3)
0103 WRITE(1UNIT,560)AB,I,8A,BASXAPF3
01S4 560 FORMAT0 AB1 ,4XF1l3.3,SX,I3,5XF13.3,3XF11 .5,3X,FI.O.5)
0145 WRITE(1UNIT,561)CDSX
0186 561 FORNAT(IX,4ERROR 0.F13.3,5X, 131 5XFl3.3,/)
0197 WRI TV IUMIT ,565 )XS ,J
0100 565 FORMAT(1X,QTOTAL GF13.3,5XI3,J//)
0109 WRITE(IUNIT,1 1i)
0190 oi1 FORMqAT(IX,m CORRELA~TION COEFFICIENTSme')
@191 WRITE(IUNIT,812)SA-AS
@192 912 FORMAT(IX,%A ',F11.3)X~'
0193 URI TV IUHI T 9 2(.) SH, SNS
0 194 020 FORMflT(lX,1 AB w,F11.3,/,1X,'ERRORM F11.23)
0193 WRITE(IUNIT,921)X
0196 821 FORMAT(1X,GTOTAL',F1I.3)
019? CALL CLOSE( IO)
*190 STOP
0199 END
*200 ENDS
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AC21B (SPFAC-P.Q) (Two-way Split Plot Analysis of Covariance,
Purpose: AOne Repeated Measure)

Purpose :

This program performs a two-way split-plot aialysis of covariance
for one covariate.

Mathematical Model:

The model for this design it:

YiY - B' (.i. - T. .") - B' (X . - U" "') u +
ijm(adj)ý ijm b ij. w ii

A. B. + AB.. + Mi + B>.) + E..

where:

Y.. = unadjusted criterion measureIJ
B'b = between subject variation

B' = within subject variation
¶ W

X.. = covariate measure for subject i in the treatment population j

The hypotheses to be tested are:

Ho: A. = 0 for all i

Ho: B. 0 for all jJ
Ho: AB.. 0 for all ij

Layout of Design:

B 1B B3

S X Y X Y

A S S S1

I. There are two Factors (A and B) with p,q levels of treatments,
respectively. Factor A is disVinated as the between block or
nonrepeated measure. Factor B is the within block or repeated
measure. The above example includes two levels of Factor A,
three levels of Factor B.
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2. Subjects from a common population are randomly assigned to
the levels of Factor A. After this, levels of treatment B
are assigned randomly to the subjects except when the nature
of the repeated measure precludes randomization of the presen-
tation order.

3. The experiment contains a source of variation believed to
affect the dependent variable and is considered irrelevant
to the objectives of the experiment. A measure of the extra-
neous variation can be obtained which does not include effects
att ibutable to the treatment.

4. The relationship of the dependent variable and the covariate
is liiear,

5. For repeated measures, the dependent measure for each subject
is paired with a unique covariate measure. The covariate
cannot be identical for all measures, e.g., age of the
subject.

User Considerations and Procedures:

1. A data file must be created sequentially with two variables per
record - the dependent variable (Y) first, then the covariate (x).
On read input, vary the subject fastest, then B, arid finally A.
(For example, record one contains subject one for treatment and
c~variate of ablH, record two is subject two, abll; continLue for

all subjects in treatment abl . Next, enter all subjects for

treatment ab 12; repeat for ab lq. Then enter data for ab21 '

the final record would be subject ab .) A printout of raw datar pq
would show two data points per line.

2. The data analysis can either be displayed on the CRF or a hard-
copy can be obtained from the line prin.er. Option: 1 for CRT
output, 6 for line printer output.

3. A p-intout of the raw data can be obtained. Option: I if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of levels of Factor A (see comments)

b. number of levels of Factor B (kee comments)
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c. number of subjects per level of Factor A (maximum 100)

d. name of data file

e. format of data file

5. Printout give-:

3. raw data by group (optional)

b. for each group: N, :y, 2y2 , SD

c. ANOVA source table

d. intermediate calculations of the adjusted scores

e. correlation coefficients

Comments:

Analysis of covariance uses statistical control to reduce experimental
error and obtain unbiased estimates of treatment effects. The procedure
involves measuring the dependent variable aird an additional covariate.
The covariate represents a source of variation that haq not been con-
trolled in the experiment and is believed to affect the deoendent
variable. With analysis of covariance the dependent measure can be
adjusted -,o as to remove the effects of the uncontrolled source of
variation represented by the covariate.

Before compar'sons among means can be made, the means must be adjusted
for the covariate. The intermediate calculations given on the print-
out of the data must be used to adjust the means. Computational
procedures and notation references can be found in Roger E. Kirk,
Experimental Design Procedures for the Behavioral Sciences, 4adsqorth
Publishing Company, 1968, Pp. 482-485.

This program has the following restrictions:

i. The number of subjects for each level of A should be equal.

2. There cannot be more than 1,000 treatment combinations (p-rq < 1000).

Test Dato

This program was tested by comparing the results of the AC21B program
to results obtained from a similar PDP 8/e Analysis of Covariance
program. The program uses double precision in all calculations.
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RU,AC2 1B
AC21B OR
SPFAC-P,Q ANALYSIS OF COVARIANCE TWO FACTORS MIXED

DESIGN: REPEATED MEASURES ON FACTOR B. ON INPUT INDEX
FOR SUBJECTS FIRST, THEN FOR WITHIN FACTOR B, THEN
BETWEEN FACTOR A. ENTER TWO POINTS PER LINE - DEPENDENT
VARIABLE AND THEN THE COVARIATE

ENTER DATA FILL NAME
#JSPFA
ENTER DATA FORMAT(2(2X,F8.4))

ENTER THE RECORD LENGTH AS IN DA30
20
ENTER 1 FOR CRT DISPLAY, 6 FOR PRINTER
6
ENTER 1 FOR RAW DATA PRINTOUT, ELSE ENTER 0
H
HOW MANY LEVELS OF A?

3
HOW MANY LEVELS OF B?

2
SS/LEVEL OF A?

3

AC21B : STOP 0000
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8.oooo 3.0000
11.0000 5.0000
16.oo0o 11.0000

14.0000 4.O000
12.0000 4.0000

6.0000 2.0000
12.00)00 8.0000
9.0000 10.0000

8.0000 1.Ouoo
14.0000 9.0000
10.0000 9.0000

10.0000 7.0000
14.0000 8.0000
15.0000 9.0000

10.0000 4.0000
18.0000 18.0000
22.0000 92.0000

Y-TERMS (DEPENDENT VARIABLE)

(A) 3220.5000 (B) 3188.5556 (AB) 3305.0000
(ABS) 3495.0000 (Y) 3120.5000 (AS) 3397.5000

X-TERMS (COVARIABLE)

(A) 1022.8333 (B) 1-17.0000 (AB) 1034.3333
(ABS) 1233.0000 (x) 1012.5000 (AS) 1207.5000

XY-TERMS

(A) 1807.5000 (B) 1795.0000 (AB) 1835.6667
(ABS) 2004.0000 (XY) 1777.5000 (AS) 1964.0000
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CELL N SUMX SUMX2 MEAN SD

1 1 3 35.000 441.000 11.667 4.041
1 2 3 54.000 i004.000 18.000 4.000
2 1 3 27.000 261.000 9.000 3.000
2 2 3 32.000 360.000 10.667 3.055
3 1 3 39.000 521.000 13.000 2.646
3 2 3 50.000 908.000 16.667 6.110

SOURCE TABLE

SOURCE SS OF MS F P(F)
A 54.259 2.000 27.129 3.057 .136
ERRCR 44.370 5.000 8.874
B 31.547 1.000 31.547 52.613 .001
AB 2.339 2.000 1.170 1.951 .236
ERROR 2.998 5.000 .6OO

K
TOTAL 141.837 15.

CORRELATION COEFFICIENTS
A .933
ERROR .866
B 1.000
AB .994
ERROR .877

TOTAL .788
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"AC21B T=00004 IS ON CR00002 USING 00030 BLKS R,0238

0001 FTN4
0062 PROGRAM AC21B
0003 INTEGER P,Q,D
0004 DOUBLE PRECISION BXX(100),BYY(100),EXX(100),EYY(100)
p005 DIMENSION I<(272).IBUF(256),NFILE(3),IFMT(20)
0006 DOUBLE PRECISION 3IJMX(I100),SUMX2(1000)
000•? DOUBLE PRECISION XY,SXSYZSYS,,XSSA$,ASSH,SH,BA,AB,ZZAX,
0008 CAY,
0009 IAZASQNSAQN,EXEYEZSZ,BYBZ,aD.9,XPH,BYPN,C,DO.,Z , SKDAYBZ,
0010 IBYSX, BSX,PQ NP,.XNQZ, IH
*011 DO 1054 1.1,100
0012 BXX(I)-o.
0013 BYY(I)u0.
0014 EXX(I)uO.
0015 1054 EYY(I)=0.
0016 WRITE(1,3999)
0017 3999 FORMAT("AC21B OR,/,
0018 COSPFAC-P.Q ANALYSIS OF COYARIANCE TWO FACTORS MIXEDw,/
0019 #,12X,ODESIGH : REPEATED MEASURES ON FACTOR 8. ON INPUT INDEXE,

0020 $/,12X,'FOR SUBJECTS FIRST, THEN FOR WITHIN FACTOR B , THEN ,/,
0021 %12X,'BETWEEN FACTOR A. ENTER TWO POINTS PER LINE - DEPENDENT*,
0022 "/,12XmVARIABLE AND THEN THE COVARIATE',/,
0023 C'ENTER DATA FILE NAME )
0024 READ(I,8?) NFILE
0025 87 FORMAT(3A2)
0026 WRITE(1,99)
0027 99 FORMAT('ENTER DATA FORMAT m)
0028 READ(1,123) IFMT
0029 123 FORMAT(2OA2)
0030 IDCBSu256
0031 CALL OPEN(IB, IER,NFILE, 3,0,-2,IDCBS)
0032 IF (IER.GE.0) GO TO 546
0033 WRITE(1,430) HFILEIER
0034 430 FORMAT(3A2,2 FAILED TO OPEN, 17R - ",15)
0035 STOP 430
0036 546 WRITE(1,209)
0037 209 FORMAT('ENTER 1 FOR CRT DISPLAY, 6 FOR PRINTER')
0038 READ(I,*) IUNIT
0039 WRI TE( 1,2 19 )
0040 219 FORMAT('ENTER I FOR RAW DATA PRINTOUT, ELSE ENTER 0')
0041 READ(I,*) IPTO
0042 WRITE( 1,4401)
0043 4401 FORMAT ( NOW N MANY LEVELS OF A? ")
0044 READ(1,*) P
0045 WRITE( 1,4402)
0046 4402 FORMAT ( "HOW MANY LEVELS OF B? )
0047 READ(1,o) Q
0048 WRITE(1,4403)
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~0049 4403 FORMAT ( 3/LEVEL OF A?*
0050 READ(1,0) N

0052 PONUP*Q*N
0053 QI~uQ*N
0054 DO 250 Is1,P
0055 DO 330 J'11 Q
0056 IF(IPTO.EQ.1) WRITE(IUM!T,923)
0057 923 FORPIAT(/)
0058 DO 440 KoI 1 N
0059 CALL READF(I 18IER.IBUF)
0060 CALL CODE
0061 READ(UBUF..IFMT) Y1X
0062 IF(IPTO.EQ.1) WRITE(IUNITIFMT) YX
0063 SXOSX+X
0064 Ilu(I-1)se+J
0065 SUNX(II)uSUHX(II)+Y
0066 SUMX2( 11)-SUMqX2( II )+Y*Y
0067 SYuSY+Y
0068 ZSNZS+X*Y
0069 YSuYS+Y*Y
0070 XSaXS+X*X
0071 SAUSA+X
0072 ASwAS+Y
0073 SI4uSN+X
0075 BXX(-SBXN d)4
0074 SSXuSSne.Yj+
0076 BYY(Ji)U9YY( j)+Y

0077 EXX( K)*EXX( K)+X

0079 BAwBA3SqH*9S$NXN
0080 ABuAG*SN*$NIX'N
0081 ZZwZZ+SSN*SwN/XN
0092 SHNnS~SI4/XN
0083 SHN-SH/XN
0084 SHOO
0085 330 SSNuo

*0086 AX-AX*SASSA/QH
0087 AY-AY+ASOASQN
0088 AZ-AZ+SAOAS/IQH
0089 ASQNmAS/QN

*0090 SAGN-SA/QHN
0091 QZNQ

*0092 PHNuP.
0093 DO 720 Km1,N
0094 EX=EX+EXX(K)*EXX(K)/QZ
0095 EYnEY+EYY(K)*EYY(K)/QZ
0096 EZ-E Z+ EX X(K)*E YY K)/9 Z
0097 EXX(K)m0
0098 ?20 EYY(K)n0
0099 lAwO
0100 250 ASnO
0101 SZ*SY*SX/PQN
0102 SYUSYOSY/PQN
0103 $SXS.9OX/PQN
0104 DO 620 J a1, 9
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01062 FORNATINUE -EII COAIBL
0119 WRITE(IUNIT,190)AX.KA
01120 190 FORMAT(1,X,o (A),TE45X, (DEPENDENTX (A9)ABLE9.4
01213 RITE(IUNIT,171)AS1SXEX
0122 191 FORMAT(1X," (AS)*,F9.4,5X1 m (O)*,F9.'k4X,5X (AS)*,F9.4)
0123 WRITE(IUNIT,1S5)Y,,E
0124 195 FORMAT<1,(A8",943X, (YY-TERHS%/)AS4,F.
0125 WRITE( IUNIT,1 776)AZZ

0120 190 FORMAT(1X,a (A)8,F9.4,5X," (9)mF9.4,SX," (AB)O,F9.4>
0121 WRITE(IUNIT,19I)ZSSZEZ
0120 190 FORMAT(IX,"(A98)mF9.4,3X,4 (XY) 1 F9.4,3X,* (AS)",F9.4)
0129 WRITE(IUHIT,12?0)
0120 1270 FORMAT(///, CY-ELLSO,/)NX'tM.X2UXX"E
01231 WRIE0X 5  I,1SDA,/)

0124 WITE(I-)*Q,J9)SZ

0129 URITE( IUNIT,1270) IJHBPX IUX(I),B,
0130 1256 FORPIAT(//1X,2I3 2X1 1 1 4(X,F10.3)) XXSMX09X"EAO

0139 D 700 COTIUE ,
0140DO70 S JuAZSZ'DQRT(YS)(XS
01341 AS-(BZ-SZ)/QRT(Y-YeBXS
0142 SOLZS-SZH( 1)/DSR(Y-Y)mSS
0143 SD~u(ORT+SZ-vXZ-9Z)/DO(SUI(11ASY-AY-9Y )).(9.XN-XN-B>))

0144 SSN(4-(Z+ZZ-Z )/DT(AYSYR((YSAY-SAEX )()+A-B-X
0145 Ymn(EZ-AZ )eDSQRT( (EY-AY)*(EXASX))
0146 nZ-Z/SR((SS)(SS)

0143 ZNuSZZS-ZZ)DRT(AS-YY)(BSAXX)
0144 SY~(SA-Z-Z/SR(YS+AY-BA-EY)XSA--E )

0150 SX-XS.AX-AB-EX

0152 EYwEY-AY
0153 EX=Eg-AX
0154 EZuEZ-AZ
0155 ZK-EY-EZ*EZ/EX
0156 BAwBA+C-AY-BY

0158 ZZUZZ4ZI-AZ-BZ
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0159 AYwAY-C
0164 AX-AX-00

0l61 AZwAZ-ZI
0162 9YUBY-C
0163 BX-BX-DD
0164 BZUBZ-ZI
0165 Y9-YS-C
0166 XS-XS-00
*167 ZS=ZS-ZI
0160 CuSY-SZ*SZSX
0169 AX-(AY*EY)-(AZ4EZ)*(AZ+EZ)/(AX4EX)-ZK
0170 9X.(9y.SY)-(9Z.SZ)e(9Z+SZ)/(BX+3x)-C
0171 AZuZK
0172 KsPo(N-1 )-1
0173 BZwAZ/K
0174 ABa( 8A4SY )-( ZZ.SZ)*(ZZ.SZ)/( AB.SX )-C
0175 XSUYS-ZS*ZS/XS
0176 Jus4.P*Q-3
0177 DuP*(Q-1 )s(N1-1 )-I
0178 Pa-P-
0179 200-1
01890 IsPoQ
*lo1 AY-AX/P
0182 B Y- B f/Q
0103 GA-AB? I
0184 sxaC/D
0185 WRITE(IUl4IT.545)
@196 545 FORMAT(t2X1 /?//m SOURCE TABLE",//)
0187 WRITE(IUNIT,550)
@l89 550 FORMAT(" SOURCEU,SX,OSSu,13X,UDFU,7X,uMSO,9X,OFh,IIX, P(F)O)
0189 AYBZmAY/BZ
0190 TP-P
0191 T K.K
@192 F-AYBZ

@193 CALL FPROB( F, TP, TKZ1oPF I)I.0194 WRITE(IUHIT,555)AX,PAY,AYBZ,PFI
0195 555 FORMAT(1XOA *.3XF?,3,SXF7. 3,5X1 F7.3, 8X,F7 3,8X, F7.3)
0196 WRIlEC IUNIT,5?1)AZ5 KBZ
0197 571 FORMAT(IXOERROR ',3X,F?.3,5X,F7.3 15X1 F7.3)
0198 BY^QXNIIY/S)
0199 FwBYSX
0200 D F I -
0201 DF2wD
0202 CALL FPRO9(FDP1,DF2.Z2,PF2)
0203 WRITE(IUl4IT,556)BX..Q99YBYSXPF2
0204 556 FORMAT(IX,M 9 1,3X1F7.3 1 5XF7.3,5XF7 31 8X,F7.3,SX,F7.3)
0205 BASXuDA/SX
@206 FwBASX
@207 D F I I
0208 CALL FPROB(F,DFI,0F2,Z3,PF3)
0209 WRITE( IUN IT 560)AB, 1, BA, BASX, PF3
@210 560 FORMAT(1X,"AB ,3XF7.3,5X,F7.3,3X,F?7.>SX,F7.3,9X,F7.3)
@211 WRITE(IUHVT,361)C,9,SX
@212 561 FORPIAT(IX,'ERROR "13X1F?.31 5X1 F7.3,5XF7.3,/)
0213 WRITE(IUtIIT,563)XSoJ
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0214 565 FORMAT(IX,*TOTAL 9,3XF7.3,9XI3,/)
0215 WRITE( IONIT,810)SA, Y
0216 910 FORMAT(LX,"CORRELATION COEFFICIENTSO1 /1  A w,4X,F5.3,/," ERR
021? X0RO,4X,F5.3)
0216 WRITE(IUNIT..S20)AS.SNSSN
0219 820 FORNAT(1XD 0,4X,F5.3,/,o ASD 8,4X 1 F5.31 /," ERRORO4X,
@220 CF5. 3.
0221 WRITE(1UNIT,999)X
0222 99 FORMAT(' TOTAL'1 4XF5.3)
0223 CALL CLOSE(II)
@224 STOP
0225 END
0226 END$
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C. Multivariate Analysis of Variance

| 1
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MAVIO (Multivariate One-way ANOVA)

Purpose:

This program performs a multivariate one-way analysis of variance.

Mathematical Model:

The model for this design is:

Xij(r) U(k) ' Bj(r) +E ij(r)

The hypothesis to be tested is:

Ho: B, = 0 for all jr
jr

Layout of Design:

I. Same as AVIO except each treatment has multiple dependent variables.

2. Each subject has r responses.

3. There are k levels of treatments.

4. Subjects are randomly assigned to the treatment levels with each
subject designated to receive only one level.

5. Under each treatment, there are an equal number of (NR) observations.

User Considerations and Procedures:

1. A matrix data file must be created with r data points per line.
On input, index observations under each treatment fastest, then
treatment. (For example, the first record contains r responses
for subject one, treatment b,; second record contains r responses

for subject two, treatment b I * then r responses for subject

one, treatment 2' ., 'last record contains responses for subject
ri treatment b ) A printout of raw data would show - data points

per line.

2. The data analysis can either be displayed on the CRT or a hard
copy can be obtained from the line printer. Option. I for CRT
output, 6 for line printer output.

3. A printout of raw data can be obt.;ined. Option: 1 if raw data
printout is desired, 0 for no printout. The output device is
designated by the above option (/2).

156

"~~ 156



4. A printout of the sums of squares and cross products matrix
(error matrix) can be obtained. Option: 1 if printout desired,
0 for no printout.

5. Parameter- required:

a. number of treatments (maximum 20)

b. number of responses per subject (maximum 730)

c. number of subjects per treatment level (ma',imum 30)

d. name of data file

e. format of data file

6. Printout gives:

a. raw data (optional)

b. error matrix (optional)

c. the U-statistic with degrees of freedom

d. approximate F-value, degrees of freedom, and approximate
alpha level

Test Data:

This program was tested using data from Clyde Kramer's, A First
Course in Multivariate Analysis, Clyde Kramer, Publisher, 1972,
Pp. 121-144.
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RU, MAVIO
SU 4

ONE-WAY MANOVA WITH NO RANDOMIZED BLOCKS

ENTER NAME OF YOUR DATA FILE
OMAV1O
ENTER DATA FORMAT
(F4. 1 ,IX,F3. I)
ENTER NUMBER OF TREATMENTS AND NUMBER OF VARIABLES
4,2
ENTER I FOR PRINTOUT OF RAW DATA, ELSE ENTER 0

ENTER 1 FOR CRT, 6 POR LINEPRINTER

ENTER NUMBER OF OBSERVATIONS FOR TREATMENT I

7
24.03.5
13.33. 5
12.24.0
14.04.0
22.23.6
16.14.3
27.95.2
ENTER NUMBER OF OBSERVATIONS FOR TREATMENT 2
7

7.43.5
13.23.0
8.53.0
10.13.0
9.32.0
8.32.5
4.31.5

ENTER NUMBER OF OBSERVATIONS FOR TREATMENT 3

5
16.43.2
24.02.5
53.01.5
32.72.6
42.82.0
ENTER NUMBER OF OBSERVATIONS FOR TREATMENT 4
2
25.12.7
5.92.3

ENTER 1 FOR PRINTOUT OF ERROR MATRIX

THE ERROR SS ANn CP MATRIX
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ROW 1
.13026794235D+04 -. 1764 4 000001D+02

ROW 2
-.176440oooooD+o2 .67777142865D+O1

THE U-STATISTIC EQUALS .1596141i397U+00

WITH DEGREES OF FREEDOM 2 3 20

IHE APPROXIMATE F-VALUE, DEGREES OF FREEDOM
3.51913 6 33

AID THE ALPHA LEVEL IS .0000195
MAV02 ABORTED

[
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MAVI0 TO00003 IS ON CROO002 USING 00001 BLKS R-0000

0001 :SV,4
0002 RP,MAVO2
003 :RU,MAVO1
0004 :OF,MAV02
0005 :SV,O
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"NAVOI T=00003 [S ON CR00002 USING 00013 9LKS R*0000

0001 FTH4.L
0002 PROGRAM MAY01
0003 DOUBLE PRECISION Y(30),T(20,30),G(30),H(30,30),E(30,30),
0004 lSUM, TNSU,DETDETN.T4,DFl5 DF2
0005 INTEGER R
0006 COMMON 1,JRHE..0ETDETN1 IUNITTN,T,GY 1 N(30),I4AME(3)1 IFMT(20)
@007 COMMON 1B(272)1 IBUF(236)
000. DIMENSION NN(3)
0009 DATA NH/2NNA,2NY0.1l42/
0010 WRITE(1,1)
0011 1 FORNAT(5XOHE-VAY MANOVA WITH NO RANDOMIZED 9LOCKSO/)
0012 WRITE(1,2)
0013 2 FORMAT(IENTER N4AME OF YOUR DATA FILEO)
*014 READ(11 3) NAME
0015 3 FORtIAT(3A2)

0017 4 FORMAT(mENTER DATA FORMAT%)
0018 READ(1,5) IFMT
00!$ 3 FORMAT(2OA2)
0020 CALL OPEH(I9,IERNAME,3,0o0.256)
0021 IF( IER.GE .0) GO TO 10
0022 WRITE( 1, 6) NAME, JER
0023 6 FORMAT(3AZ1 ' FAILED TO OPEN, ZER " ,13)
0024 STOP
0025 10 WRITE(1,11)
4026 It FORMAT(OENTER NUMBER OF TREATMENTS AND NUMBER OF VARIABLES*)
0027 READ(11 a) JR
0028 C INTIALIZE ALL SS AND 3CP AND SUMS
0029 HTw0
0030 DO 29 1.14J
0031 DO 20 KuIR
0932 20 T(1,K)m0.OD0
0033 DO 30 Iu11 R
0034 G(I1)*0 DO
0035 DO 30 K-1,R
0036 E(I,K)s0.DO
0037 30 H(I,K)u0.ODO
0038 WRITE(1,40)
0939 40 FORMAT("ENTER I FOR PRINTOUT OF RAW DATA, ELSE ENTER 0@)
0040 READ(l,s) IPTO
0041 WRITE(1,41)
0042 41 FORMAT(OENTER I FOR CRT, 6 FOR LIHEPRINTER')
0043 READ(1,o) [UNIT
9044 DO 50 1-1,J
0045 WRITE(1,31) I
0046 51 FORMAT(IENTER NUMBER OF OBSERVATIONS FOR TREATMEHTO'1 5)
004? READ(1j*) N(I)
004 S TNuTN+N( I )
0049 IF(( IPTO.EQ.1 ).AND.(IUNIT.EQ.6)) WRITE(6,52) I
0050 52 FORMAT(//,IOXOTREATMENT 4,15,/)

0051 DO 50 IVml,N(I)
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oosa CALL READF(10,IERDIBUF)

0^154READ(IBUF,IFNT) (Y(K),Kol,R)

0055 IF(IPTO.10.1) WRITE(IUNITIFNT)(Y(K),Kml,R)
0056 DO 53- Km1.R

0057 T(I,K)=T(IK)*Y(K)
0051 K)s (K)
0059 53 CONTINUE
0060 so CONTINUE
0061 CALL RWNDF( 1D)
@062 C CALCULATE H4 MATRIX
0063 DO 200 Is1.R
0064 DO 200 LmlR
0065 SU~uo.Do
0066 DO 210 K-11 J
0067 210 SU~nSUM+TCK,L)*T(KI)/N(K)
0068 E(LL)--SU"
0069 200 H(11 L)-SUM-C(I)*C(L)/TN
0070 C CAL. E MATRIX
0071 DO 300 lu1 1 R
0072 DO 300 Lul,R
0073 SUM0.00
0074 DO 320 Mm11 J
0075 DO 320NblN)
0076 CALL REAOF(10,IR..IBUF)
0077 CALL CODE
0070 READ(IBUF,IFMT)(Y(IK),IKO1,R)
0079 SU-SU+Y( I)SY(L)
0090 320 CONTINUE
0081 CALL RUNDF(IS)
000? 300 E(I,L)ME(I.L).SU
0093 WRITE(1,157)
0084 157 FORMAT("ENTER I FOR PRINTOUT OF ERROR MATRIX')
0065 READ(1,o) IPTO
0086 IF(IPTO.NE.1) GO TO 50?

*0067 C WRITE OUT E MATRIX
*0036 WRITE( IUHIT,500)

0009 S00 FORflAT(//lOXo6TNE ERROR SS AND CP MATRIXO,/)
0090 DO 501 In1, R
0091 WRITE(IUNIT,303) 1
0092 503 FORMAT(/ 9 5X,*R0U.15)
0993 501 WRITE(IUNIT.502) (E(IK),Ku11 R)
0094 502 FORMAT(5(SX.D17.11))
0095 C CREAT N.E MATORIX . .. H
00,6 307 DO 600 I[u1 R
00971 DO 6Is001 K oIR
0096 600 H(I, K)=H(1, K).E(1, K)I 0099 CALL CLOSE( 10)
0100 CALL EXEC(9.HN)
0101 END

0102 ENDS
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*WAVO2 Tw00003 1S ON CR00002 USING 00006 DIKS R=0000

0001 FTN4,L
0002 PROGRAM MAV02
0003 INTEGER R
0004 DOUBLE PRECISION H(30,30 ),E(30.30 )5DETDETI4, U,SUM, T43 DFI, DF2
0005 DOUBLE PRECISION TN
0006 COMMON 1,J,RHE,DET,DETH,IUNIT,TN
0007 CALL MINV(H,R,DETH)
0006 CALL MINY(ERDET)

*069 DET=DET/DETH
0 01t0 11.4-l
0011 12-TN-i
0012 13.114-2
0013 WRITE(IUNIT,800) DET
0014 800 FORMAT(,'/,SXo"THE U-STATISTIC EQUALS'D5XoD16.11)
0015 WRITEt(IUNIT,802) R,I1,12
0016 902 FORMAT(/,5X,"WITH DEGREES OF FREEDOM ",3(17))
0017 C FIND APPROX. F LEVEL
0019 IF( R.HE,2 ) GO TO 900
0019 DETN.(1-DSQRT(DET))/DSQRT(DET)
0020 D*DETH*I3/I1
0021 EI-2I11
0022 DE=2*( £2-i)
0023 GO TO 901
0024 900 SUN'uROR.(J-1)*(J-t)
0025 S 'JuI
0026 IF(SUM.LE.S.ODO) GO TO 801
0027 SUmDSQRT((R*R*(J-1)*(J-1)-4.)./(SUM-5.))

0026 901 T4-TN-l-(J.R)/2.I-0029 DETHwDETo*(1./SU)
0030 DFIuR*(J-1)
0031 DF2.1eT4*SU-RO(J-1)/2.
0032 DETHm((l.-DETH)/DETH)*DF1I'DF2
0033 c USE SINGLE PREICSION IN CALL TO FPROB
0034 DmDETH
0035 El-D~i
0036 DE-0F2
0037 901 CALL FPROB(D5E1,DESD1 FPR)
0038 URITE(IUNIT,902) D,E1,DE,FPR
0039 902 FORMAT(//,* THE APPROXIMATE F-VALUE, DEGREES OF FREEDOM
0040 &,, - uSX,F1O.5,2(I7)1 /5

0 AND THE ALPHA LEVEL IS",
0041 %S5XF10.7)
0042 END
0043 ENDS
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MAVII (Multivariate Two-way ANOVA, Repeated Measures)

Purpose:

This program performs a multivariate one-way analysis of variance
with replication either using matched subjects or by reoeated
measures.

Mathematical Model:

The model for this analysis is:

Xij(r) = (r) + i 1(r) + j(r) + ij(r)

The hypothesis to be tested is:

Ho: B. = 0 for all jr
jr

Layout of Design:

I. Same as AVII except each treatment has multiple dependent
variables

2. Each subject has r responses

3. There are k levels of treatment B

4. Subjects are assigned to a treatment so that variability witi'.in
a treatment is less Than the variability among treatments. Homo-
genity within treatments may be achieved by using a subject as
his own control or by using subjects matched on the basis of a
variable that correlates with the dependent variable

5. Under each treatment there are equal number (NR) observations

User Considerations and Procedures:

1. A matrix data file must be created with r rzsponses per record.
On input, index responses fastest, then subjects, and treatment
slowest. (For example, first record contains r responses for
subject one, treatment b ; second record contains r responses

for subject two, treatment b. . , then r responses for subject

one, treatment b2. ., the last record contains the r responses
2'

for subject N, treatment b.) A printout would show r data

points per line.
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The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: 1 for CRT
output, 6 for line printer output.

3. A printout of raw data can be obtained. Option: I if raw data
printout is desired, 0 for no printout. The output device is
designated by the above option (#2).

;. A printout of the sums of squares and cross product matrix (error
matrix) can be obtained. Option: 1 if printout is desired, 0
for no printout.

5. Parameters required:

a. number of subjects (maximum 20)

b. number of treatments (maximum 20)

c. number of responses per subject (maximum 30)

d. narie of data file

e. format of data file

6. Printout gives:

a. raw deta (optional)

b. error matrix (optional)

c. block (subject) totals for each dependent variable

d. treatment totals for each dependent variable

e. the U-statistics with degrees of freedom

f. approximate F-test with degrees of freedom and alpha level

Comments:

Mount a scratch tape before running program.

Test Data:

This program was tested from Clyde Kramer's, A First Course in
Multivariate Analysis, Clyde Kramer, Publisher, 1972, Pp 145-158.
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RU, MAVII
SU,4

PROGRAM TO PERFORM ONE-WAY MANOVA WITH
REPEATED MEASURES (OR RANDOMIZED BLOCKS)

ENTER NAME OF DATA FILE
#MAVII
ENTER FORMAT OF FILE
(3(2X,F3.0))
ENTER NUMBER OF BLOCKS, TREATMENTS, AND VARIATES
4,5,3
ENTER I FOR LISTING OF RAW DATA, ELSE ENTER 0

ENTER I FOR ERROR MATRIX PRINTOUT, ELSE ENTER 0
I

ENTER 1 FOR CRT, OR 6 FOR LINE PRINTER OUTPUT
6

ENTER 1 FOR PRINTOUT OF IFATMENT AND BLOCK TOTALS

MAVIB ABORTED
MAVIC ABORTED
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RAW DATA

TREATMENT

96. 10. 725
142. 16. 700
122. 13. 655
I1l. 13. 680

TREATMENT 2

102. 15. 695
I06. 10. 710
95. 14. 705
93. 12. 680

TREATMENT 3

1o9. 15. 690
113. 15. 690
101. 14. 680
1oo. 19. 685

TREATMENT 4

103. 17. 680
97. 16. 690
99. 13. 730

135. 12. 670

TREATMENT 5

98. 17. 680
97. 14. 695

105. 16. 680
86. 22. 710

PRINTOUT OF BLOCK TOTALS

508.00000 74.00000 3470.00000

555.00000 71.00000 3485.00000

522.00000 70.00000 3450.00000

525.00000 78.00000 3425.0000
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PRINTOUT OF TREATMENT TOTALS

471.00000 52.00000 2760.00000

396.00000 51.00000 2790.00000

423.00000 63.00000 2745.00000

434.00000 58.00000 2770.00000

386.00000 69.00000 2765.0O000

THE ERROR SS AND CP MATRIX IS

.22589000001D+04 -. 2464999998D+02 -. 1658250000D+O4

-. 2464999998D02 .91500000000D+02 .40000000000D+01

-. 1658250OD+o4 .4000000000D+O1 .55325000000D+04

THE U-STATISTIC EQUALS .3990056930
WITH DESGREES OF FREEDOM 3 4 12

THE APPROXIMATE F VALUE, DEGREES OF FREEDOM,
S1.20013 12 35

AND THE ALPHA LEVEL IS .3212206
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MAVII T-OOO04 IS ON CROO002 USING 00001 BLKS R=0009

0001 :SV,4
0002 :CN
0003 :RP,MAVIB
0004 :RP,MAVIC
0005 :RU,MAVIA
0006 :OF,MAVIB
0007 :OF,MAVIC
0008 :CN
0009 :SV,O
0010
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"MAVIA T=00003 IS ON CRO0002 USING 00008 BLKS R=0000

0001 FTH4, L
0002 PROGRAM MAYIA
0003 DOUBLE PRECISION Z(30)
0004 INTEGER BT,P
0005 COMMON 9BT,P,IUNIT, PT,IPTI,IFwT(20),IBUF(256),IB(272),Z
0006 DIMENSION HM(3),NAME(3)
0007 DATA NH/2HHA,2HYI,1h9/
0008 REMIND 8
0009 WRITE( 1, 1)
ooto I FORMAT('PROGRAN TO PERFORM ONE-WAY MAHOVA WITH ",/,
0011 VREPEATED MEASURES ( OR RANDOMIZED BLOCKS)',//)
oot2 WRITE(1 , 2)
0013 2 FORMAT("ENTER NAME OF DATA FILE')
OOt4 READ(1,3) NAME
0015 3 FORHAT(3A2)
0016 WRITE( 1,4 )
0017 4 FORMAT(NENTER FORMAT OF FILE')
0018 READ(1,5) IFMT
0019 5 FORMAT(2OA2)
0020 WRITE(1,6)
0021 6 FORMAT('ENTER NUMBER OF BLOCKSTREATMENTS, AND VARIATE'.")
0022 READ(1,*) 9,T,P
0023 CALL OPEN(I, IERjNl;,M,3,0,0.272)
0024 IF(IER.GE.0) GO TO 20
0025 WRITE(1,?) NAME, IER
0026 7 FORMAT(3A2,5X,6FAILED TO OPEN, IER x 2,15)
002? STOP 7777
0028 20 WRITE(1,21)
0029 2t FORMAT(NENTER 1 FOR LISTING OF RAW DATA, ELSE ENTER 0")
0030 READ(I,*) IPTO
0031 WRITE(1,22)
0032 22 FORMAT('ENTER I FOR ERROR MATRIX PRINTOUT, ELSE ENTER 0')
0033 READ(1,*) IPT
0034 WRITE(1,23)
0035 23 FORMAT('ENTER I FOR CRT, OR 6 FOR LIHEPRONTER OUTPUT')
0036 READ(1,o) IUNIT
0037 IF(IPTO.EQ. 1) WRITE(IUNIT,24)
0038 24 FORMAT(//,lX,"RAW DATA',/)
0039 DO 30 I-1,T
0040 IF(IPTO.EQ.1) WRITE(IUNIT,25) I
0041 25 FORMAT(/,IOX.*TREATMENT ',I?)
0042 DO 30 Jl,B
0043 CALL READF(I8, IER, IBUF)
0044 CALL CODE
0045 READ(IBUF,IFNT) (Z(K),Kw1,P)
0046 IF(IPTO.EQ.I) WRITE(IUNITr,IFNT) (Z(K),KIlP)
0047 30 WRITE(8,IFMT) (Z(K),K-I,P)
0048 EHDFILE 8
0049 REWIND 8
0050 CALL CLOSE( 18)
0051 WRITE(1.60)
00'32 60 FORMAT(//,'ENTER I FOR PRINTOUT OF TREATMENT AND BLOCK TOTALS')
0053 READ(I,*) IPTI
0054 CALL EXEC(9,NM)
0055 END
0056 ENDS 170



INAY18 TmO*O3 IS ON CR00002 USING Q00001 BLKS R*0000

0001 FTN4 L
0002 PROGRAM MAY19
0003 DOUBLE PRECISION 91(20,30)1 T1(20,30)1 G(30 ),H(30,30),E(3O,3O),
0004 &.Y( 30)9 BL,8K, TI, SUH
0005 INTEGER 9,TP
0006 COMMON BT,P, IUHIT1 IPT, ITP1, IFMT(20)9 H,E,1B,HlG,Y?
000? DIMENSION NN(3)
0008 DATA HM?2HMAD2HVIJ1NC?
0609 DOIO Ial,20
0010 D0010 J atl,30
0011 G(J)*0.DO
0012 81(I1 J~u0.DO
0013 10 Tl1(IJ)m.0DO
0014 CALL ENDIO
0015 DO 30 Is IT
0016 DO 30 JaI,B
0017 READ(8,IFMT) Y( II), IIsI P)
0018 DO 30 KwIP
0019 91( JK )=Bl( J , K )+Y( K')
0020 30 T1(IK)uTl<(I, K)+Y( K
0021 REWIND 8
0022 DO 40 Ku1,P
0023 DO 40 I.1,6
0024 40 G(K)mG(K)4B1(IK)
0025 61.9
0026 BKo6.T
0027 T I aT
0028 IF(ITP1.HE.1) GO TO 41
0029 WRI TV(IUNIT ,42)
0030 42 FORHAT(??,5X,"PRIHTOUT OF BLOCK TOTALS",/)
0031 DO 44 Im1,9
0032 WRITE( IUMIT 43)
0033 43 FORMAT(5X)
0034 44 klRITE( IUHIT,45)(B1( 1 1K),K1 1,P)
0035 45 FORMAT(5(3XF13.5))
0036 WRITE( IUHIT,46 )
0037 46 FORMAT(?//,3X,OPRINTOUT OF TREATMENT TOTALS",,')
0038 DO 4 7 Im I, T
0039 WRI TE( IUN IT ,43)
0040 4? WRITE(IUHIT9 45) (Tl(I,K),Kw1,P)
0041 41. CONTINUE
0042 DO 50 1- 1 ,P
0043 DO 50 J= I, P
0044 SUM-0.DO
0045 1) 0 6 0 Kv I, T
0046 60 SUM-SUM+Tl( K,I>.TI(K,J)
0047 H(I,J)=SUM/8I-G(I)*G(J)('BK
0048 E(I,J)m-HI(I,J )
0049 SUMO. DO
0050 DO 70 K-1 B
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0051 70 SUMu SUM+ 9 VK,1)*9 1( K, J
0052 E(I,J)-E( 11J)-SUM/TI
0053 SU~mmoDO
0054 D0 90 Ilist,T

0055 D0 90 Ji-1, a
0056 CALL ENDIO
0057 READ(8,IFMT ) (Y(K),Kn1,P)
0058 90 SU14uSUM+Y(I )*Y(j
0039 E(I,.I)=E( 1J)*SUM
0060 REWIND 8
0061 so CONTINUE
0062 C H1E MATRIX COMPLETE OPTION FOR PRINT OF E
0063 IF(IPT.EQ.0) G~O TO 100
0064 WRITE(IUHIT,500)
0065 300 FORPIAT(//,IOX,'THE ERROR SS AND CP MATRIX IS ,'

0066 D0501II I1, P
006? WRITECIUHIT,43)
0069 501 WRITE(IUNIT,302) (E(LJ),J=1,P)
0069 502 FORMAT(4( 4XD16.11))
0070 C CREAT H+E STORE IN N
0071 100 D0600 I-In, P
0072 D0600 Jsj,P
0073 600 H( I , J )=H( I, J)+E( I,J4
0074 C FINISHED WITH THIS PART
0075 CALL EXEC(9,NM)
0076 END
007? ENDS
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OMAVIC TwOOOO3 IS OH CR00002 USING~ 00007 BLKS R=O0000

0001 FTH4 L
0002 PROGRAM MAYIC

000, DOUBLE PRECISION H( 30,30 ), E<30, 30)LDET ,DET7,LUF
0004 DOUBLE PRECISION SUM,SU,T4,DFI
0005 INTEGER B,TP
0006 COMMON4 BTPIUNIT,ITP1 ITPI,IFMT(2f))4 HE
000? CALL tiINYCE,P,DE7)
0008 CALL MINV(NP, DE7I)

k 0049 tUmDEI'DETI
0010 C T~4E U-STATIST IC WITH DF P,11, 12
0011 11 =T- I

0 013 13 w8 *T
0014 C I1I&DEGREES OF FREEDOM FOR HYPOTH 1?=DF FOR ERROR
0015 C I3zTOTAL SAMPLE SIZE
00t16 WRITE( IUHlT,100O) U ,P, I IL 12
0017 1Q0) FORMAT( 5X , 'XT HE U-ST AT IST IC EQUALS" JX F 15. 14).
0018 $5X,"WITH DEGREES OF FREEDOM 4 (XI)
0019 C HNEX T "0C CAt- A P 00 F -YA ULE
0020 C CHECK~ FOR EX'ACT F-V)L UE
0021 1 F P .NE .2) GO TO 2 0
0022 D ET mDS QR T(U
0023 DET=(I-DE,)/DET
0024 DmD E T( 12 -: )III0025 C )ýEXACT F VIALUE
0026 ElI=II * 2
002? 0E=2*( 12-1)
0028 C CALL FPROR
0029 GO TO 300
0030 200 SUM=P*P+I1*I1
0031 SU=1 DO0
0032 IF<SUPI.LE.5.DO) GO TO, 210
0033 SU=DSQRT((P*P*I1*11-4.OO)).'(SUM-5 Do))
0034 210 T4=I3-1-( T+P)-'2. D)
0035 DETI=U**(1.DO0/SU)
0036 DFI=P*1l
0033? DET=I+T4*SU-DFl/2.D*
0038 U="(1.DO-DETl) 4 'DETl)*(DET/DFl)
0030 C USE SING'E PRECISIOI4 ON FPROB CAL
0040 D=U
0041 E I xDF I
0042 DE=DETl
0043 C £',El.DE == F-YALUEDEGREES OF FREEDOtM
0444 C FPR= ALPHA -LEVEL
0045 300 CALL FPROB(D.E1.EjE,SDFPR)
0046 WRIIE( Idiifl 90?) 04 El DEFPR
004? 902 F~JRMATý ¾'/ THE APPROXI MATE F-VALUE, DEGREES OF FREEL"Omi,
0648 ANt ~F05,(?,, HD THE ALPHA LEYEL 13",
0049 %5x 4 F 07
0050 ENHD
041 ENHD $
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MAV20 (Multivariate Two-hay ANOVA)

Purpose:

This program performs a two-way multivariate completely randomized
analysis of variance.

Mathematical Model:

The model for this analysis is:

X ~ M + A +B +ABijk(r) ' (r) i(r) + j(r) A ij(r) + ijk(r)

The hypotheses to be tested are:

Ho: A. = 0 for all ir
ir

Ho: B. = 0 for all jr
jr

Ho: AB.. r - 0 for all ijr

Layout of Design.

I. Same design as AV20, except each Factor has multiple dependent
variables

2. Each subject has r responses

3. There are two factors (A,B) with p and q levels of treatments

4. 'ubjects are randomly assigned to the pq treatment combinations,

with each subject receiving only one combination

5. There are an equal number of observations for each AB cell

User Considerations and Procedures:

I. A matrix data file must be created with r responses per record.
On input subjects vary fastest, then factor B, and finally A.
(For exampie, first record cortains r responses for subject one,
treatment ab , second record contains r responses for subject

two, treatment ab1 l . ., then r responses for subject one, treat-

ment ab 2. . , then r responses for subject one, treatment ab21 .

final record would be r responses for subject k for treatment ab .)
r pq

A printout of raw data would show r data points per line.
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2. The data analysis can be displayed on the CRT or a hardcopy
can be obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

3. A printout of raw data can be obtained. Option: I if raw data
printout is desired, 0 for no printout. The output device is
designated by the above option (#2).

4. The printout of the sums of squares and cross product matrix
(error matrix) can be obtained. Option: 1 if desired, 0 for
no printout.

5. Parameters required:

a. number of levels of Factor A (maximum 20)

b. number of levels of Factor B (maximum 20)

c. number of subjects per AB cell (maximum 32767)

d. number of responses (r)

e. name of data file

f. format of data file

6. Printout gives:

a. raw data (optional)

b. error matrix (optional)

c. cell totals

d. the U-statistics with degrees of freedom

Test Data:

Program was tested from Clyde Kramer's, A First Course in Multivariate
Analysis, Clyde Kramer, Publisher, 1972, Pp. 164-137.
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RU,MAV20
TWO WAY MULTIVARIATE ANALYSIS OF VARIANCE

ENTER NAME OF RAW DATA FILE

#MAV20
ENTER FORMAT OF DATA
(3X,F4. I,2X,F5.1,2X,F4.1)
ENTER NUMBER OF LEVELS OF FACTOR A, FACTOR B, NUMBER OF VARIATES, AND
NUMBER OF OBSERVATIONS PER A,B TREATMENT CELL
2,3,3,4
ENTER 1 FOR CRT OUTPUT, 6 FOR LINEPRINTER
6

ENTER I POR RAW DATA LISTING, ELSE ENTER 0

ENlR 1 FOR PRINTOUT OF ERROP MATRIX, ELSE ENTER 0

ENTER 1 FOR PRINTOUT OF FACTOR TOTALS

FI

17Th
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RAW DATA

TREATMENT PAIR

40.1 85.6 46.8
41.1 83.2 41.7
40.9 79.5 38.1
39.4 78.0 39.6

CELL TOTALS
.161 50000000D+03 .32630000000D+03 .1662000000OD03

TREATMENT PAIR 1 2

63.0 102.4 44.8
61.9 100.3 39.4

6i.6 101.3 39.9
64.0 106.2 50.0

CELL TOTALS
.25050000000D+03 .41020000000D+03 .174100000000+03

TREATMENT PAIR 2

52.8 114.4 47.1

53.6 115.6 42.1
53.9 114.2 42.3

53.8 113.2 35.7
CELL TOTALS

.2i410000000D+03 .45740000000D,03 .16720000000D+03

TREATMENT PAIR 2 2

68.6 129.3 42.7

70.7 131.0 47.1
69.1 135.8 45.2

73.3 147.6 49.2
CELL TOTALS

.28170000000D+03 .54420000000D+03 .18420000000D+03

TREATMENT PAIR 3

41.6 142.3 45.8

37.7 137.0 37.0
/3.2 143.8 44.0
42.0 143.6 40.8

CELL TOTALS
1645000OOOOD+03 .566700000OOD+03 .16760000000Dl+03

TREATMENT PAIR 3 2

62.8 !64.4 44.4

56.6 156.0 45.3
63.3 161.3 46.3

60.9 161.4 42.2

CELL TOTALS
.2436OOOOOOOD00 3 .6431 0000000D+O3 .1782000000D+03
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ERROR MATRIX
ROW 4 1
.64497499943D+02 .10466500044D+03 .48837500215D+02
ROW # 2
.1o466500044D+03 .32391249943D+03 .15558500028D+03
ROW # 3
.48837500215D+02 .15558500028D+03 .25961750042D+03

ROW TREATMENT TOTAL3

ROW I

.412OOOOOOOOD+03 .736500000000+03 .34030000000D+03
ROW # 2
4958000OOOOD+03 .10016OOOOOOD+0 4 .3514OOOOOOD+03
ROW # 3
.408100OO00OD+O3 .120980000000+04 .345800000000+03

COLUMN TREATMENT TOTALS

COLUMN I
.54010OOOOOOD+03 .135040OOOOOD+04 .50100000000D+03

COLUMN 2
.77580OOOOOD+03 .15975000000D+04 .53650000000D+03

HYPOTHESIS TEST RESULTS
HYPOTHESIS OF U-STATISTIC DEGREES OF FREEDOM
INTERACTION EFFECT .47183408163D+00 3 2 18
FACTOR A EFFECT .77473471183D-03 3 1 18
FACTOR B EFFECT .23177578747D-01 3 2 18
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HMAV20 Tw00004 IS OH CRO0002 USING 00029 BLKS R=0238

0001 FTN4,L
0002 PROGRAM MAY20
0003 INTEGER CRP
0004 DOUBLE PRECISION RIJ(30,30),G(30),X(30),SUM(30),RHRCHCN,SU
0005 DOUBLE PRECISION E(30,30),DETE,DETI,DET2,DET3
0006 COMMON C,RP,NIPTIUNIT , RIJ,IFMT(20),IB(272),1 IUF(256),
0007 SHAME(3),XSUM,E
0008 EQUIVALENCE (GSUM)
0009 REWIND 8
0010 VRITE(l, )
0011 1 FORMAT(lTVO UAY MULTIVARIATE ANALYSIS OF VARIANCE',/
0012 S/,'ENTER NAME OF RAW DATA FILEO)
0013 READ(I,2) NAME
0014 2 FORMAT(3A2)
0015 CALL OPEH(IB,IERNAME,3,0,0,272)
0016 IF(IER.GE.0) GO TO 20
0017 323 WRITE(1,3) NAME, IER
0018 3 FORMAT(3A2,* FAILED TO OPEN, IER * ", I)
0019 STOP
0020 20 WRITE(1, 3
0021 5 FORMAT("EHTER FORMAT OF DATA")
0022 READ(I 1 6) IFMT
0023 6 FORMAT(20R2)
0024 WRITE(1,7)
0025 7 FORMAT(OEHTER NUMBER OF LEVELS OF FACTOR A, FACTOR B,H,
0026 S'NUMBER OF VARIATES, AND ',/,*NUMBER OF OBSERVATIONS PER
0027 %'A,B TREATMENT CELL ")
0029 READ(I,*) C,R,P,H
0029 WRITE(1,14)
0030 14 FORMAT("ENTER 1 FOR CRT OUTPUT, 6 FOR LINEPRINTER")
0031 READ ,Cs) IIINIT
0032 WRIT'(1,1 )
0033 15 FORMAT(OEHTER I FOR RAW DATA LISTING, ELSE ENTER 0')
0034 READ(I,*) IPTO
0035 WRITE(1,16)
0036 16 FORMAT("ENTER 1 FOR PRINTOUT OF ERROR MATRIX, ELSE EHTER 0')
0037 READ(I,*) IPT
0038 WRITE(1,17)
0039 17 FORMAT("ENTER 1 FOR PRINTOUT OF FACTOR TOTALS')
0040 READ(1,s) IPTI
0041 IF(IPTO.EO.1) WRITE(IUNIT,13)
0042 13 fORMAT(//,5X,"RAW DATA*,/)
0043 CALL ENDIO
0044 DO 30 m1uR
0045 DO 30 J-I,C
0046 DO 40 K"I,H
0047 40 SULM(K)wO.DO
0048 IF(IPTO.EQ. 1) WRITE(IUNIT, I1) I,J
0049 11 FORMAT(15X,"TREATMENT PAIR "..217)
0050 DO 50 K-1,H
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0051 CALL READF( TB, ER, ZDUF)
0052 CALL CODE

0053 READ(IBUF,IFMT) (X( II). Ilul,P)
0054 IF(IPTO.EQ.1) WRITE(IUNITIFNiT) (X(I1),1 11u1,P)

0057 WRITE( 8, 15) ( SUN( I I), I*I, P)

0061 123 FORMAT(o CELL TOTALS")

k0063 WRITE(IUtIIT,533)
0064 522 FORMAT(5X,4(3Xfr16.11))
0065 533 FORMAT(SX)
0066 30 CONTINUE
006? CALL RWNDF(IB)
0068 C NOW CREAT 99@XTJKUOXIJKV INTO RIJ MTX
0069 REWIND 0
0070 CALL INIT(RIJ)
0071 DO 300 I.,IP
0072 DO 300 Jm=1 P
0073 SUnmOD0
0074 DO 400 L3m1,R
0075 DO 400 Llul,C
0076 DO 400 L 2 al ,N
007? CALL RFDr( I8, TER, IBUF)
0079 CALL CODE
0079 READ(IBUF,IFMT) '.X(I1),III a, P)
0080 400 SU=SU+X( I )*X(J3
0081 RIW(I*J)uSU
0082 CALL RWNDF( IB)
0083 300 CONTINUE
0084 C CREAT ERROR MATRIX
0085 CALL INIT(E)
0086 CALL EHDIO
0087 DO 500 1aI1, P
0088 DO 501 Jz , P
0089 SU=u0DO
0090 DO 60,) Kul,R
0091 DO 600 Lu1,C
0092 READ(8,.11) (X(II)>, Ilu1P)
0093 SUUSU4'X(I)*X(J)
0094 600 CONTINUE
0095 REWIND e
0096 CALL ENCIO
0097 501 E(I,J~aRIJ(I1 J)-SU/N
0098 500 CONTZINUE
0099 1F(IPT.HE.1) GO TO 564
0100 WRITE(IUNIT,565)
0101 565 FORtIAT(///.SXIERROR MATRIXu)
0102 DO 156 1 1, P
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01403 WRITE(IUHIT,52) 1
0104 116 10TM(IUNIT..53 ) (E(1, J ).Jal.. P
0105 564 REWISO 8
0106 CALL RYHDF( IS)
0107 CALL INIT(R!J)
0108 DO 101 lot, 30
01i0 9 101 V(I )no.DO
Oi!O DO 100 Iul,R
0111 DO 100 Jut,C
0112 D11~ 100 KuIN
0113 CALL REFADF(I9,IERIBUJF)
01t14 CALL CODE
0115 REAO(IBUF,IFNWI > 'X( 11), I1-1,P)
0116 r,0 100 LnI,P
0117 G(L )mG(L )eX(L )

0119 too CONTINUE
0120 IFIPTI.HE.14) GO TO 36
0121 WRI TE( IUHIT1 37 )
0122 3? FORMAT(/e'/, * ROW TPEATTIEHT TOTALS",//)
0123 DO 110 1-1,R
0124 WRITE(IWHIT 52 ) I
0125 52 FORMAT(SXoOROW # 015)
0126 110 WRITE(IUt4IT1 53) (RIJ(!.J)DJ-1,P)
0127 53 FORMAT(4(4XDI6.I1))
0128 36 RHxR.N

0129 CH-C*H
0130 RCHmR*C*H
0131 CALL ENDIO
0132 DO 200 I-1,P

0 13 3 DO 200 Jml,PI
0134 SU=O.DO
0135 DO 202 K-l,R

0136 202 SU=SU+RIJ(KI)*RIJ(KJ)
0137 SU=SU/CH-G(I)*G(J)/RCH

0138 WRITE(8,311) SU
0139 511 F0RMA'r(rD20. 13)

0140 200 CONTINUE
0141 CALL RWt4DF(I9)
0142 REWIND 8
0143 CALL EMDIO
0144 DO 203 IstP
0145 DO 203 JUI,P
0146 READ(8,511) RIJ(IJ)
0147 203 RIJ(I,J)=RIJ(I,J)4E(IJ)
0148 CALL HINV(RIJ,P,DET2)
0149 CALL INIT(RIJ)
0150 DO 92 Is1,R
0151 DO 92 J-1,C
0152 DO 92 K-1 N
0153 LNALI READF( 18, IER, I BUF)
0154 CALL CODE
0155 READ( IDWF, IFMT ) (XC I), 11, P )
0156 DO 92 L.I,P
0157 92 RIJ(J,L)aRIJ(JL)+X(L)
0138 IF(IPTl.NE.1) GO TO 39



0159 WRITE(IUt4IT335)
0160O 35 FORMAT(///,SX,&COLUMlN TREATMENT TOTALS4,//)
0 161i DO 210 In1, C
0162 'WRITE(IUHIT,39) 1
0163 39 FORMAT(5X"COLUMH1.I7)
0164 210 WRITE( IUHIT,53 ) (RIJ( 1) J)Jai P
0165 38 DO 94 In1,P
0166 DO 94 Jm1,P
0167 SUuO.DO
0168 DO 95 Ku1,C
0!.69 95 SUuSU+RIJ<K,1)*RIJ(K,J)
0170 SU=SU/'RN-G(I)*G(J)/RCN
0171 WRITE( 9,511 ) SU
0172 94 CONTINUE
0173 CALL RUNDF( IO)
0174 REWIND 8
0175 J2uP.'P
0176 CALL ENDIO
0177 DO 0,12 Iml,J2
0179 912 RZAD(9.511) SU

DO 99 In ,P
0180 DO 99 J- I1,P
ois1 READ(8,511) RIJ(IJ)
0182 99 RIJ(I.J)=RIJ(1,J)+E(I,J)
0183 REWIND 8
0184 CALL MINY(RIJP,DE73)
6195 CALL 14IT(RIJ)
0186 SUB HI,H23 E FROM TOTAL GET HE STORE IN TIJ
0187 DO 3000 Iu1,P
0180 DO 3000 J aI ,P
0189 SUmO DO
0190 DO 4060 0- LlR
0191 DO 4000 LlIulI, C
0192 DO 40C-0 L2=1.,H
0193 CALL READF( TB, IER, IBUF)
0194 CALL CODE

0196 4000 SUmSU+X(I).X(J)
0197 RIJ(I,J)-SU-G(I)*G(J)/RCH
0198 CALL RUNDF( IS)
0199 3000 CONTINUE
0200 CALL CLOSE( 18)
0201 CALL ENDIO

0202 DO 1001 11-1,2
0203 DO 1001 ImI,P
0204 DO 1001 J-1,P
0205 READ(8,311) X( 1)
0206 1001 RIJ( I,J)=RIJ( IU )-Xý 1)
02017 CALL KINV(RIJ. PDET I
0208 CALL MIHV(EPDETE)
0209 DETIuDETE/DETI
0210 DET2uDETE/DET2
0211 DET3.DETE/DET3
0212 C DETI,DET2,DET3 CONTA14 U -STATISTIC FOR HI.N2,H3 HYPOTH
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0213 JIaR-I
0214 J2"C-l
0215 J3=J I*J2
0216 KuR*C*(H-I)
0217 C DFARE PJ(I),K

0218 WRITE(ILUNIT,409) DETI ,P, JI ,K, DET2, P, J2, K, DET3, P, J3, K
0219 409 FORMAT(//,l0X,1 "lYPOTHESIS TEST RESt".TS",//,5X,"HYPOTHESIS OF
0220 $1OX, U-STATISTIC',IOX,*DEGREES OF FREEDOM 3//,SX,
0221 1'INTERACTION EFFECT ",5X,D16.11,3X,3I?,/,5X,*FACTOR A EFFECT',
0222 2bXoD16.115,X, 3I?,/,5X,'FACTOR B EFFECT",8XD16.11l 5X,31?)
0223 C PLACE FPROB HERE IN WANTED
0224 END
0223 SUBROUTINE ENDIO

0226 C SUB. TO WAIT UNTIL TAPE IS FREE
0227 10 CALL EXEC(13,10B,11,12,1 3)
0229 IF(I1.L0.O) GO TO 10
0229 RETURN
0230 END
0231 SUBROUTINE INIT(RIJ)
0232 DOUBLE PRECISION RIJ(30,30)
0233 DO 10 I=l,30
0234 DO 10 JI, 30
4233 10 R11 (I,J)O.DO0
0236 RETURN
023? END
0238 ENDS
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D. Regression and Factor Analysis
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SREGR (Simple Linear Regression)

Purpose:

This program performs a simple linear regression, and provides
an ANOVA goodness of fit which tests the aptness of the model.

Mathematical Model:

The rodel for the regression analysis is:

Y. = b + b x
0

where:

i - I to N, the number of observations

User Considerations and Procedures:

1. Program expects a data file to be created ,see DA30) with N
records. Each record has two variables, X and Y, which are
arranged in that order.

2. The data analysis can either be displayed on the CRT or a hard-
copy zan be obtained from the line printer. Opticn: I for CRT
output, 6 for line printer output.

3. A printout of the raw data can be obtained. Option: 1 if -aw
data printout is desired, 0 for no printout. The output device
is designated by the above option (,-!2).

4. Parameters required:

a. number of observations (maximum 32767)

b. name of data file

c. format of data file

5. Printout gives:

a. raw data (optional)

b. X andY

c. estimated value of 8 and 5]

d. ANOVA source table

e. R valu&_

f. standard error of B0 and B
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Test Data:

This program was tested using data from John Neter and William Wasserman,
Applied Linear Statistical Models: Regression, Analysis of Variance, and
Experimental Design, Richard D. Irwin, Inc., 1974, P. 93. The program
uses double precision.
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RU,SREGR
SIMPLE REGRESSION, YmB0 + BI*X

DATA ENTER AS X THEN Y
ENTER NAME OF FILE FROM DA30
#SREGR
ENTER FORMAT OF DATA
(2(3x,F5.1))
ENTER I FOR PRINTOUT OF RAW DATA, ELSE ENTER 0q 1

ENTER 1 FOR CRT DISPLAY, 6 FOR LINEPRINTER
6

ENTER IN NUMBER OF OBSERVATIONS

10It
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RAW DATA

x y

30.0 73.0
20.0 50.0
60.0 128.0
80.O 170.0
40.0 87.0
50.0 108.0
60.0 135.0
30.0 69.0
70.0 148.o
60.0 132.0

BAR - 50.0000 YBAR = 110.0000

BO - 10.00000000
BI - 2.00000000

SOURCE SS DF Mc F P(F)MODEL 13600.0000 1 13600.0000 1813.3333 .000003ERROR 60.OOOO 8 7.5000
TOTAL 13660.oooo 9

R - .99780)
STANDARD ERROR OF BO = 2.5O294
STANDARD ERROR OF BI - .14852
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'SREGR TuO0003 IS ON CR00002 USING 00012 BLKS R=0000

0001 FTH4
0002 PROGRAM SREGR
0003 REAL MSE..MSR
)004 DOUBLE PRECISION XYSUNX1 SUMY,SUNX2..SUMY2,SUNXY,R,80,
0005 &81,DENXM,SX, SYSXYSSTOSSEMSENSRS90. 58
0006 DIMENSION I8(144),IBUF(12S).HNME(3).IFNT(20)
0007 URITE(1,16)
0008 10 FORMAT("SIMPLE REGRESSION, Y=00 + 91.X4)
0009 URITE(1,1I)
0010 11 FORMAT(GENTER NAME OF FILE FROM DA304)
0011 READ(11 12.N WNME
0012 12 FORMAT(342)
0013 NRITE(1,13)
0014 13 FORNAT(OENTER FORMAT OF OATAO)
0015 READ(11 14) IFMT
0016 14 FORMAT(2OA2)

0019 IF(IER.CE.0) GO TO 20
0019 WRITE(1,1 5) !qANE.IER
0020 15 FORMAT(3A2IPF3ILEb TO OPEN ,JER " ,15)
0021 STOP 15
0022 20 WRITE(1,16)
0023 16 FORMAT(OENTCkZ;, 1 FOR PRINTOUT Of RAW DATADELSE ENTER 00)
0024 READ(11 .) ipro
0025 WRITEC1DI8)
0026 1o FORMAT(OEHTER I FOR CRT DISPLAY, 6 FOR LIt4EPRINTER*)
0027 READ(1..) ZUNIT
0026 WRITECI.,17)
0029 17 FORPATCIENTER IN NUMBER OF OISERYATIONSO)
0030 REAO(15in) N
0031 IF( IPTO. EQ. 1) WRITEC IUMIT,99)
0032 99 FORMAT(O RAW 'IATA a-6 x Y
0033 DO 30 iuI,N
0034 CALL RICADF(IB IERPIBUF)
0035 CALL CODE
0036 READ(IUUF,IFMT) N.Y
003? IF(IPTO.EQ.02 NRITE(IUNITDIFM'r) XY
0038 SUMXwSUMX+X
0039 SUNYUSUNY+Y
0040 9UNX2aSUMNX2+XX
0041 SURY2wSUNY2*YSY
0042 30 SUMNXYSUMXY+NeY
00437 XNHN
0044 DE~aXN*SUMX2-SUMNXSUNX
0045 B*( ,UIMYsSUMX2-SUMX'SUMXY)/DEH
0046 g1u(XN*SUNXY-SUMXeSUNY)/DEN
0047 XBAR=SUMX/XN
0048 YvARmSUMY/XN
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0049 SXYNSUIIXY-SWIXSSUNY/XN
0030 sXnSUNqX2-SUNX.SUNqX/XN
0051 SYsSURY2-SUNY.SUNY/XN
0052 RnSXY/DSQRT(SXSSY)
0053 R=SXY/DSQRT(SXSSY)
0054 SSTOzSUMY2-XN*YBAR*Y9AR
0055 SSE*SUNY2-90sSUNY-91.SJNXY
0036 NSR=SSTO-SSE

005? HSEuS8E/(XN-2. )
0058 F=NSR/NSE
0059 DFlu1
0064i DF2uN-2
0041 CALL FPROO(FDFI,DF2,Z1 P)
0062 SBOuDSQRT(NSE.( I./XN.XDAR.XBAR/SX))
0063 S9I-DSQRT(NSE/SX*XN)
0(14 IdRITE(IUNIT,190) X9AR.Y9AR
0065 190 FORMAT(//,*XSAP * ,F10.4. YOAR - 1,FIO.4,//)
0066 WRITE(IUNIT,908) 80,01
0067 908 FORMAT0 80 - ',F14.9,/,O 81 - ',F14.8/)
0060 WRITE(IUNIT,1 OO)
0049 100 FORNAT(//SOURCE",9X,SSO,10X,uDFu,IOX,ONS',OX,"Fu,'OX,

¶0070 COP(F)O/)
0071 DF3uDFl.0F2
0072 SSRSHSR
0073 WRITE( IUIIIT,II0) SSRDFI,NSR,FPSSE,DF2,MSE,9STO,DF3
0074 Ito FORMAT(' NCDkL',5X,FIO.4,3X,F5.0),2(3X,FIO.4),3X,FIO.6,/" ERRORO
0075 $,5XFt0.41 3XF5.01 3X.FIO.43 /* TOTAL",5X1 F10.4,3X.F5.0)
0076 WRITE(IUNIT,1 20) RSDoSDI
0077 120 FORP!AT(//,O Re 0,FtO.61 /8 STANDARD ERROR OF 90 - 1F10.S,/,
0079 $0 STANDARD ERROR OF 91 ",*F10.5)
0079 CALL CLOSEC IS)
0080 END
0061 ENDS
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SRM30 (Correlation Matrix)

Purpose:

This program creates a correlation matrix from raw data. The matrix
is required for the factor analysis (FATAA) and multiple regression
(MRMAIN) programs.

User Considerations and Procedures:

1. A matrix data fiie must be created with n point per record.

2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line prInter. Option: I for CRT
output, 6 for line printer output.

3. The correlation matrix can be saved in the file SRDATA. This
matrix is necessary for FATAA and/or MRMAIN. To save this matrix,
enter I For yes, 0 for no.

4. Parameters required:

a. number of variables (maximum 30)

b. name, format, and record length of data file (see )A30)

c. number of subjects (maximum 32767)

6. names of the n variables (maximum 8 characters per name, one
name per line)

e. scratch file name - do not use the same SCRTCH. This file
is a working file and is destroyed upon completion of SRM30.

f. number of variables per line for output

5. Printout gives:

a. number of variables

b. number of subjects

c. two-tailed significance level

d. X, SD, name of each variable

e. correlation matrix
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Comments:

Whenever the option to save the correlation matrix is specified,
the previous content in the SRDATA file is destroyed. Therefore,
FATAA and/or MRMAIN should be run before using SRM30 again in order
to preserve the data files. If this cannot be done, save the con-
tents of SRDATA in another file. It will be necessary to dump the
preserved data file into SRDATA before FATAA and/or MRMAIN analyses
are done.

Test Data:

This program was tested using data presented on the next page. The
a;curacy of this program is less than that obtained by the Statistical
Analysis System. The data analysis output is only accurate to six
digit places instead of ten digits.
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Variables

Subject 1 2 3 4 5 6 7 8

0001 24.00 81.00 992.00 1024.0 978.00 1101.0 936.00 1120.0
0002 25.00 22.00 181.00 310.00 293.00 346.00 138.00 166.00
0003 27.00 57.00 124.00 172.00 166.00 491.00 154.00 83.00
0004 29.00 36.00 553.00 719.00 605.00 833.00 585.00 346.00
0005 30.00 54.00 I046.0 2221.0 1841.0 2656.0 1062.0 1030.0
0006 31.00 25.00 322.00 522.00 402.00 676.00 261.00 379.00
0007 32.00 78.00 833.00 364.00 222.00 433.00 1014.0 584.00
0008 35.00 80.00 575.00 405.00 456.oo 320.00 789.00 320.00
0009 36.00 30.00 835.00 811.00 716.00 824.00 735.00 975.00
0010 37.00 80.00 1001.0 166.00 179.00 154.00 907.00 1065.0
0011 37.00 57.00 1418.c 1706.0 1656.0 1759.0 1024.0 219.00
0012 45.00 74.00 531.00 503.00 581.00 593.00 481.00 593.00
0013 77.00 66.00 218.00 637.00 681.00 591.00 300.00 201.00
0014 80.00 47.00 133.00 109.00 112.00 1O6.O0 166.00 108.00
0015 80.00 80.00 74.00 100.00 115.00 90.00 79.00 68.00
0016 80O00 74.00 550.00 322.00 422.00 204.00 600.00 400.00
0017 i8.O0 61.00 72.00 429.00 456.00 411.00 405.00 856.00
0018 19.00 18.00 67.00 760.00 856.00 509.00 966.00 3216.0
0019 20.00 80.00 173.00 434.00 311.00 511.00 103.00 139.00
0020 20.00 15.00 209.00 422.00 573.00 250.00 230.00 110.00
0021 22.00 29.00 18.00 1024.0 1114.0 853.00 687.00 671.00
0022 22.00 56.00 98.00 267.00 229.00 341.00 206.00 106.00
0023 22.00 7.00 21.00 752.00 795.00 491.00 1252.0 1308.0
002' 24.00 14.00 292.00 1312.0 1324.0 1296.0 1342.0 1851.0
002'. 80.00 51.00 116.00 777.00 1034.0 548.00 880.00 952.00
0026 74.00 51.00 13.00 392.00 390.00 394.00 243.00 265.00
0027 64.00 46.00 19.00 318.00 292.00 348.00 156.00 134.00
002b 60.00 37.00 42.00 703.00 787.00 578.00 142.00 257.00
0029 59.00 18.00 345.00 899.00 778.00 1141.o 424.00 411.00
0030 54.00 14.00 49.00 968.00 747.00 1521.0 925.00 85-.00
0031 514-.00 71.00 16.00 503.00 bnl.00 964.00 275.00 226.00
0032 51.00 53.00 15.00 198.00 201.00 193.00 591.00 236.00
0033
0034
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RU,SRM30

SRMAI N30
ENTER # DATA VAPIABLES:8
ENTER INPUT FILE NAME:
#FATAA
ENTER INPUT DATA FORMAT (SUBJ DATA ACROSS)-
(8(2X,F6.2))
ENTER THE RECORD LENGTH AS IN DA30

64
ENTER # SS:
32
DESIRE TO SAVE OUTPUT FOR MR? (1YES, 0-NO):

ENTER i FOR CRT OUTPUT, 6 FOR LPT:
6
ENTER VARIABLE NAMES (MAX 8 CHARACTERS EACH):
A
B
C
D
E
"F
G
H
ENTER NAME OF SCRATCH FILE.
IF YOU ARE CONSIDERING NAMING YOUR SCRATCH FILE 'SCRAICH'
PLEASE NOTE THAT THE PRINCIPAL FACTORS PR.OGRAM FATAA
ESTABLISHES A FILE WITH SUCH A NAME FOR JSE IN THAT PARTI-
CULAR PROGRAM. IN ORDER TO SAVE YOURSEL.F SOME TIME OR TO
AVOID ERRORS (IF YOU INTEND TO USE FATAA) IT IS TO YOUR
BENEFIT NOT TO NAME THIS FILE 'SCRATCH.'
SCRATCH FILE NAME =

HELLO

ENTER # VBS. PER PAGE FOR OUTPUT:=-;t 8

SRM30 IS NOW FINISHED
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NUMBER OF VARIABLES - 8
NUMBER OF SUBJECTS = 32

TWO-TAILED SIGNIFICANCE LEVELS
P = .050 P .010 P = .005 P .001.29635 .35203 .46338 .59090

VB MEAN SD
1 42.750 21.350 A
2 48.812 23.575 B
3 342.375 374.970 C
4 632.781 457.059 D
5 616-656 422.742 E
6 672.687 534.885 F
7 565.875 370.204 G
8 601.625 636.181 H

1 2 3 4 5 6 7 81 1.0000 .2301 -. 2057 -. 2388 - 2014 -. 2070 -. 3045 -. 34512 ,2301 1.0000 .3379 -. 2689 -. 2920 -. 1948 -,1690 -. 33073 -. 2057 .3379 0.0000 .4819 .4241 .4659 .4920 .08464 -. 2388 -. 2689 .4819 1.0000 .9689 .9375 .6105 .37555 -. 2014 -. 2920 .4241 .9689 1.0000 .8408 .6300 .42816 -. 2070 -. 1948 .4659 .9375 .8408 1.0000 .4869 .23267 -. 3045 -. 1690 .4920 .6105 .6300 .4869 1.0000 .68720 -. 3451 -. 3307 .0846 .3755 .4281 .2326 .6872 1.0000

19
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OSRN30 T-00004 IS ON CRO0002 USING 00025 RLKS R-0199

O000i FTH4

0002 PROGRAM S R830
0003 INTEGER XHAME
0004 DOUBLE PRECISION XBAR(30),SIG(3A),R(30,60),X(30)
0005 DOUBLE PRE%.ISION VAR
0006 DIMENSION IB(272N,AC(;?2),ID(272),IDUF(256)
0007 DIMENSION ISIZE(2),IA(3),NAMA(3),HANB(3)
0008 DIMENSION XNAME(<0,4),IHFILE(3),IFMT(20),ISCTCH(3)
0009 COMMON XBAR,SIG,R,XVAR
0010 DATA IA/2HSR, 2HDA,2HTA/
0011 DATA NAA/2NHMR,2HM3,IHO/
0012 DATA NAMB/2HFA,2HTA,IHA/
001'1 WRITE(1,4400)
00t1, 4'00 FORMAT ( 04SRNAIN30 )
0015 WRITE( 1, 4401)
0016 4401 FORMAT ( 'CENTER # DATA VARIABLES, )
0017 READ(I,*) L
0018 WRITE(1,4402)
0019 4402 FORMAT ( 'SENTER INPUT FILE NHAME: )
0020 READ(1,2)IHFILE
0021 2 FORMAT(3A2)
0022 WRITE( I, 4406)
0023 4406 FORMAT ( 46ENTER INPUT DATA FORMAT (SUBJ DATA ACROSS): N

0024 READ(L,231)IFMT
0025 231 FORMAT(2OA2)
•026 WRITE( 1, 88)
002? 36 FORMAT( ENTER THE RECORD LENHTH AS IN DA30")
0028 READ( I, , 0)LENGTH
0029 LEN-LENGTH/2
0030 IF((LENM2).NE.LENGTH) LEN-LEH+N
0031 LENGTH-LEN
0032 IDCiS-LEHGTH
0033 IF(LEHGTH.LT.144) IDCB,-144
0034 WRITE(1,4403)
0035 4403 FORMAT ( aENTER # SSS -)
0036 READ( I,) KHT
0037 WRITE(1,4404)
0038 4404 FORMAT ( *aDESIRE TO SAVE OUTPUT FOR MR? (I=YES; OzHO): ")
0039 READ(1,*) NPCH
0040 25 WRITE(1,4405)
0041 4405 FORMAT C 'aENTER I FOR CRT OUTPUT, 6 FOR LPT: a)
0042 READ(1,I) IUNIT
0043 IF(IUHIT.NE.1.AND.IUNIT.HE.6)GO TO 25
0044 IF(HPCH.ýE.O)GO TO 27
0045 2? CALL OPEN('IBIER,INFILE,3,0,-2,3 r'CB )
0046 IF(IER.GE.0) GO TO 800
0047 WRITE(1,801) INFILEIER
0048 801 FORMAT(O NO OPEN DATA FILE 0,3A2,0 IER "135

S0049 STOP 701
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0050 800 DO 5 K-1,30
0051 XBAR K )=O0
0052 S IG( K)-0
0053 DO 275 1-1,4
0034 271 XMAME(K, I )no
0033 DO 5 Ju!,60
0056 5 R(KJ)•'0
0057 WRITE(1,4407)
0058 440? !'ORNAT ( "4EHTER VARIABLE HANES (MAX 8 CHARACTERS EACH): )
0059 DO 19 [le,L
0060 READ( 1 ,4 )XNANE( I, J Jt ,4
0061 4 FORMAT(4A2)
0062 19 CONTINUE
0063 NSmO
0064 WRITE(1,4408)
0043 4408 FORMAT ( "4EHTER HNAME OF SCRATCH FILE.4 )
00..6 WRITE(1,4409)
0067? 4409 FORMAT ('IF YOU ARE CONSIDERING NAMING YOUR SCRATCH FILE"0068 1' 'SCRATCH d)

0069 WRITE( 1, 4410)
0070 4410 FORMAT(*PLEASE NOTE THAT THE PRINCIPAL FACTORS PROGýAM FATAA-)
0071 WRITE( 1, 4411)
0072 4411 FORMAT (' ESTABLISHES A FILE WITH SUCH A NAME FOR USE"
0073 2"IN THAT PAR-K)
00?4 WRITE( 1, 4412)
0073 '.412 FORMAT(v TICULAR PROGRAM. IN ORDER TO SAVE YOURSELF 30ME TIME')
0076 WRITE(L, 4413)
0077 4413 FORMAT (' OR TO AVOID ERRORS (IF YOU INTEND TO ll3F c-''AA) IT")
0078 WRITE(1,4414)
0079 4414 FORMAT(" IS TO YOUR BENEFIT NOT T1 NAME THIS FILE 'SCRATCH' .)
OOsO WRITE( 1, 4415)
0081 4415 FORMAT ( SCRATCH bILE HNAME )
0082 READ(I,2 )ISCTCH
0083 ISIZE(2)-LENGTH
0084 X3U-KNT
0085 SIZE-LENGTH
(.086 SIZE.XSU*SIZE/128. + 1.
008? ISIZE(I)"SIZE
0098 CALL CREAT(IC,IER,ISCTCN,ISIZE,2,0,-2,IDC9S)
0089 IF(IER.GE.O) GO TO 810
0090 WRITE(1,80 ) ISCTCH,IER
0051 909 FORMAT(" SO OPEN SCRATCH FILE 4,3A2," IER ",13)
0092 CALZ CLOSE(IB)
0093 STOP 702
0094 810 DO 11 JMNI,KKT
0095 CALL READF(IB, IER, IDUF)
0096 CALL CODE
0097 READ(IDUF,IFNT)(X(I), I1I,L)
0098 NHSNS+i
0099 DO 7 JItL
0100 7 XBAR(J )mXBAR(J )+Y(J)
0101 CALL CODE
0102 WRITE( IDUF, IFMT)(X(J),J1,.,L)
0103 CALL WRITF(IC, IER, IDUF)
0104 11 CONTINUE
0105 CALL CLOSE(ICN
0106 DO 9 JetL
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010? 9 XBAR(J )=HDAR( J )/NS
0108 CALL OPEN(IC,ZER1,ISCTCI43,0,-2,?tDC8S)
0109 1lF( IER I.-GE. 0) Go To 820
0110 WRITE(1,801) ISCTC14,1FRI
0111 CALL SLOSE( 18)
0112 STOP 703
0113 920 DO t400 J~uI, HS
0114 CALL READF( IC, IER, IDUF)
0115 CALL CODE
0116 READ( IDUF, IFMT )(X( J ).Jml ,L)
011? DO 1400 JmlLL
0118 DO 1400 KatoL
0119 1400 R(J K)wR( JK)+(X(J )-XBAR(J )).(X(K )-,C8ARt(K
0120 CALL CLOSE( IC)
012l DO 1401 Jwl,L
0122 VAR-R(J,J)/HS
0123 IF(YAR EQ .0.0)GO TO01408
0124 SIG(J)-DSORT( VAR)
0125 GO TO 1401
0126 1408 SIC(J)=0.0
012? 1401 CONTINUE
0128 DO 1402 J-tL
8129 DO 1402 K-J,L
0130 R(J,K)-,I(J,K)eNg
0131 IF(SIG(J)*SIG(K).NE-0-0)GO TO 1406
0132 R(JK)u0
0133 GC TO 1407
0134 1406 R(,J,%)mR(J,K)/(SIGC J)*SIG(K))
0135 1407 R(KJ)=RCJ,K)
0136 1402 CONTINUE
01t3? 7 RITE( IUNIT,99 )LNS
0138 98 FORMAT(* NUMBER OF YARIABLES a ,3
6139 S' NUMBER OF SUBJECTS L 2,15)
0140 $SON$
0141 SEwl./SQRT(SS-1)
0142 SAI .65*SE
0143 Sga1.96.SE
0144 SCu2.39aSE
0145 SDu3 .29.SE
0146 IF(NPCH.LE.*)GO TO 91
0147 CALL OPEN(ID,IER,IA,3,0,-2,256)
0148 1 (IFER .GE ,0 )GO TO 840
0149 WRI TV I,801 )IA, IER
0150 CALL CLOSE( IB)
0151 CALL CLOSE( IC)
0152 STOP 740
0153 840 DO 802 J2u11 60
0154 CALL C'ODE
0155 WRITE( IDUF, 94 )(R(JI ,J2)1 Jil t30 )
0156 94 FORNAT(30(2X, FIO.4)
0157 CALL WRITF( ID, IER, IDUIF)
0158 802 CONTINUE
0159 CALL CODE
0160 WRITE(IDUF,94) X9AR
0161 CALL WRITF( ID, IER, IDUF)
0162 CALL CODE
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0163 WRTTE( IDUF, 94) SIG
0164 CAI.L WRITF(IDIElRI0UF)
6165 CACL CODE
e 166 URI tE( IDUF, 849. ((XI4ANE( 11 12), !2u l.4), I 11,30)
ol67 CALL WRITF( ID, IER, IDUF)
0168 808 FORMiAT(30(4X, 4A2)
0169 9t ARITE( IUK;T,13)
417* 13 FORMATC(/ vI. MEAN SO,)
0171 DO 14 1-1,L
0172 *4 WRITE( IUMIT 15)! ,X9AR(lI) 1SIC( I),( XNAME(Z, J), Jal,4)
0113 15 FORMAT(9X.13,2F10.3, IOX,4A2)
o174 100 WRITE(11 4416)
0175 4416 FORMAT( )
017'6 101 WRITE(1,4417)

r41.77 4417 FORMAT ('&ENTERc 0 Y92. PER PAGE FOR OUTPUT: )
Oi73 READ(i,*) NPAGE

6179 IF(NPAGE.GT.L)GO TO L01
0140 NPX-NPAGE-1
0191 Ke~v'(L-i)?HP0GE+l)*HPAGE
0192 1#O 995 K-htPAGE,KM,NP*GE
0193 Lw-M-NPX
0194 IF( M-K(I)9)7,996..99?
4185 996 IMuL
0186 997 VRITE( lUNIT.910)(11 !uL.A,M)
0187 91#~ FORM AT 7X, .0 ( I10,1 X)
O18o DO 995 1-1,LL
0199 995 WRITE(IUHIT,930)1,(R(IJ),JnLA1 N)
0190 930 FORMAT(iSF13.4,1X,9(Ft0.41 lX))
0191 931 WRITE(1I,44t9)
0192 4418 FORMAT(?///,m SRM30 IS NOW FINISHED")
0193 C t.LL CLOSEC IB)
o194 CAL' CLOSC(1C)
0 1945 CALL CLOSE( ID)
0196 CAllL PURGE(ID, TERISCTCH)
0197 STOP
0198 END
0199 ENDS
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MRMAIN (Multiple Regression Analysis)

Purpose:

This program performs a multiple regression analysis,arriving at
a final equation using a forward stepwise procedure based on a
maximum R-squared and F-test criteria.

Mathematical Model:

The model for the regression analysis is:

Yi =B + BX + BX + ... B.X.. + E.

where:

Y. = ith observation of dependent variables
I -

X..= ith observation of the jth independent variable
jI

B. regression coefficient

E. normally distributed error term

User Considerations and Procedures:

I. Program requires input from SRM30. MRMAIN reads the file
SRDATA created by SRM3O to receive the correlation matrix,
variablh means, standard deviation, and variable names.

2. Initial options and parameters:

a. option for device output; enter 6 for line printer or
I for CRT

b. enter number of variables from SRM30 (maximum 30)

c. enter the number of subjects on which correlation matrix
is hbased

d. enter number of the dependent variable (as entered in SRM30)

e. enter minimum acceptable F for inclusion in equation -

standard or typical value is I

f. enter tnc number of va iles excluded from model, and those
C~rced in model. If n,,ie are excluded, enter 0. If none
are forced, enter 0
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II
1) if the number excluded is not 0, program asks which

variables are to be excluded. Enter the variable
numbers of those to be excluded. These can be entered
in any order separated by commas.

2) If the number forced is not 0, program asks how the vari-
ables ire to be forced in the equation. Enter the variable
number-, of the forced variables in the order they are to
be forced. Separate the varables numbers by commas. (NOTE:
forcing variables that are highly correlated to each other
will cause stability problems.)

g. enter number of this equation - enter 1, usually

h. enter number of additional composites desired

i in the following options, enter 1 for yes, 0 for no:

1) suppress weight reversals (0 forces B.AO)
2) multiply weights by 1000 1

3) set mean of predicted scores - if I, program then asks you
to enter t'e mean

4) set standard de!ation of predicted score - if I, program
asks you to eniter the star49r.. deviati,)n

5) check parameters, entei I it they are correct or 0 to restart

2. Options for storing data in order to plot the residuals: Enter
I to plot residuals, 0 otherwise. (NOTE: If I is entered a
scratch tape must be mounted. Residuals are outputted to mag-
netic tape as Y-criterion, Y-predicred in a (2(5X,FIO.3)) format.
To plot residuals run the program RESID. When this option is
used, the name of raw data file and format of file is required.)

3. Printout gives:

a. copy of desired initial options and parameters

b. listing of variable names and corresponding X, and standard

deviation

c. as each variable is entered into the model the following
information is given: nu,,1er entered, variable numbers,
cumulative multiple R, cumulative multiple R increase by
this variable, R-square, shrunken R-squared, F-value for
entering into model, degrees of freedom and probability
of the F-value, and name of variable entered
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d. after each vairable is entered, the following information is
giver: the number entered, the variable number, mean, stan-
dz;d deviation, 2-weight, raw score weight (B.), critical R,
2-weight * critical R, and variable name

e. B0 or constant is printed out for each step

Comments:

The scratch file is automatically purged from the disc at end of the
MRMAIN run.

Test Data:

This program was tested using data presented below. The accuracy of
this program is less than that obtained by the Statistical Analysis
System. The data analysis output is only accurate to five or six
diqit places instead of ten digits except when variables are forced
into the model that are too highly correlated, (i.e., > .99). In
those cases accuracy is less than five digit places.

Dependent Variable
Subject Independent Variable 1 2 3

1 19 1 1 1
2 28 2 2
3 17 1 -1 5
4 42 3 4 5
5 24 1 2 3
6 1 -1 -l -l
7 8 -1 2 3
8 16 0 3 -3
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RU,MRMAINI :sv,4
MRMAIN30
ENTER 1 FOR CRT OUTPUT, 6 FOR LPT:
6
[ENTER # VP• IN MATRIX (MAX 30):
4
ENTER # SS ON WHICH CORRELS BASED:
8
ENTER # OF CRIT VARIABLE:
I

ENTER MINIMUM ACCEPTABLE F FOR INCLUSION IN EQUATION:

ENTER # VBS EXCLUDED, & # VBS FCRCFr-
0,0
ENTER # OF THIS EQUATION:

ENTER # OF ADDITIONAL COMPOSITES DESIRED:
0
IN THE FOLLOWING DIALOG, I - YES, 0 , NO
SUPPRESS WT REVERSALS?

MULT WTS BY 1000?
0
SET MEAN OF PREDICTED CORES?
0
SET SD OF PREDICTED SCORES?
0
SUPPRESS ADDITIONAL SHRUNKEN R ESTIMATES?
0
CHECK ABOVE PARAMETERS, ENTER I TO CONTINUE, 0 TO RESTART:

ENTER NAME OF SCRATCH FILE:
TECH 1
ENTER I TO PLOT RESIDUALS (Y-PRED VS Y-OBS):

OUTPUT FILE FOR RESIDUALS IS MAG TAPE!
ENTER ,4W DATA FILE NAME:
#MRM30
ENTER PAW DATA FORMAT:
(4 (4x,FI0. ))
MRM30 FINISHED
MRM30 ABORTED
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MRMAIN T-OOOO4 'S ON CROO002 USING 00001 BLKS R-0005

0001 :SV,4
0002 :RP,MRM30
0003 :RU,MRM31
0004 :OF,MRM30
0005 :SV,1

I2
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lNkW3O TwO0004 IS ON CR00002 USING 00040 DLKS Ru0325

0001 FTN4
0002 PROGRAM MR?130
@0003 COMMON I UNIT, HINC, I FIN, L H,NC,FYALNEX , HFRCENT1 ME, RPT,
0004 SNPOS,NULT,LCON.TMNN,TSIG,NSNR,AL,HPASS. ICOMfl,NFA
0005 COiNMON lRDFIL(3),IRFI1T(2O),RDATA(30)
0006 INTECER RFMT(20),XHMAE
000? COMMNON lSIZE(2)3 IHFZLE(3>3 IFNT(20)
*00*9 COMKON SGN(30),KFRCE(3O'),WT(30),KKX(30')
0009 COMMON X(60),HX(30)
@010 COMMON N(30,60),S1G(30),XBAR(3O),XNANE(30,4)
0*11 COMMON I8(2?2 ),1 UF(256)
@012 DIMENSION ISRD(3)
@013 DATA ISRD?2HSR,2HOA,2HTA/
@014 1000 IF(NTIME.GT.I)GO TO 4000
0015 3000 CALL OPEH(I9.IERISRD,3.,O,-2,256)

¶0016 IF(IER.GE.0) GO TO 3010
001? JRITE(11 4420) ZER
001, 4420 FORMAT ( *NO OPEN SROATA1 IER a 0,15)
@019 STOP 4420
0020 3010 WRITE(1UN1T,3020)
@021 3020 FORMAT(" INPUT FILE; SRDATA')
@022 DO 4421 IJe1.60
@023 CALL READF(I9,1ERIBUF)
0024 CALL CODE
@025 READ( i ur ,94) (R( J11 IJ ),JI .1,30)
0026 94 FORMAT(.4O(2XFlO.4))
002? 4421 CONTINUE
0028 CALL REAOF(I9,IERIBUF)
0021 CALL CODE
10310 REA D( I19UF,94) XBAR
0031 CALL READF(18,IER,IBUF)
0032 CALL CODE
0033 READ(IBUF,94) SIG
0034 CALL READF(I9, IER, I UF)
0035 CALL CODE

003? 809 FORMAT( .0(4X, 4A2)
0036 CALL CLOSEC 19)
0039 3150 IF(HTIME.GT.0)GO TO 4000
0040 IF(NRPT.LE.0)CO TO 40)0
0041t HTINEml
0042 4000 CONTINUE
0043 EWP-1
0044 IGtuNFRCE
0045 IG2uNFA
0046 1G3mNEX
004? IF(HTIME.NE.1)GO TO 4080
0040 WRITE(1,4430)
0049 4430 FORMAT ( "4ENTER NMAE OF SCRATCH FILE!")
0050 READ(l.30?t)IMFILE
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0052 ISIZE(i)s:73

0053 CALL CREAT(1B,IER,H4FILE,ISIZE,2,01 -2,150)
*054 1IF( IE R.GE 0 ) GO T0 4 03 0
0055 VRITE(1,4431) IER
0056 4431 FORMAT ( 'NO OPEN SCRATCH FILE, IER a 4,15)
0057 STOP 4431
@050 4030 MFIUHIT.EQ.(#)WRITE(IUNIT,4040)INFILE
0059 4040 FORMAT(' 3CRATCH FILE: 32
0069 CALL CODE 32

0061 WRITE( IBUF1 22 ) XBAR
6002 22 FORNAT(30FLO.4)
0063 CALL WRI TF( 10, IERI BUF)
0064 CALL CODE
0065 WRI TE( IBUF,22> )ala
0046 CALL WRITF(19,IERIBUF)
006? 00 40?0 [.1,60
004a CALL CODE
0069 WRITE( IBUF, 22) (R(J11 ), JmI,30)
0070 4070 CALL WRITF(19,IER1 IBUF,,
0071 CALL CLOSE( ID)
0072 4080 IF(HTIIIE.LT.2)GO TO 4110
0073 CALL OPEH(19,IER,IHFlLE,3,0,-21 150)
0074 IF(IER.GE.0)GO TO 4090
0075 WRlTE(1,4433) IER
0076 4433 FORMAT ( "NO RE-OPEN SCRATCH FILE, IER 0,"~15)
0077 STOP 4433
0078 4090 CALL REAOF(19,IERIBUF)
0079 CALL CODE
0000 READ(IBUF.22) XSAR
*0091 CALL READF( 19. ERIBUF)
0082 CALL CODE
0003 READ(IBUF.22) (,IG
0084 D0 4100 1 =1,60
6000 CALL READF(I1BIER, IBUF)
0004 CALL CODE
000? 4100 READ(IBUF.22) (R(JI),J-1,3o)
0080 4110 WRITE(IUHIT,4120)
4009 419-0 FORMAT(M/4X,- Y9. MEAN ST. DEV.N//)
0090 KKM-HEX
*091 DO 4160 Iwl,L
0092 SGN(I )-R( I, C>
el09 3 IF(MEX.LE.0)GO TO 4140
0094 DO 4130 Jal,NEX
0095 KKX((J)oNX(j)
0096 NZOHX(j)
0097 1IF( I -EQ NZ )GO TO 4 160
6094 4130 CONTINUE
0499 4140 WRITE(:CUNIT,4150)1,X9AR(I),SIG(I),(XNAME( 14 ),JUl,4)
0100 4150 F9RMAT(14X. 13,SX.FL0.3,5X1 FI0.3,5X,4A2)
0101 4160 CONTINUE
0102 IF( TNN .GT .0 . )AR( HC ) =TN

0103 IF(TSIG.GT.0.)SzG(HC)mTSIGI0104 KwL41
4105 NTu2*L
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*101 DO 4190 IwKHT
010? DO 4190 Jnt,L
0108 MmJ4L
0109 IF( I-M)4180,4170,4180
01hO 4170 R(J.I)u-1.0
0111 GO TO 4190
0112 4100 R(JI)s*
0113 4190 CONTINUE
0114 IF(NEX)4220s4220,42~000
0115 42000 DO 4210 Ju1.HEX
0111 HNNuIX(J)
0117 DO 4210 Iwl,L
oil$ R(NZ.I)*0.
0119 4210 R(tWZ)uo.
0120 4220 AMAmO.
0121 OLDRuO.
0122 ANON-1
*123 00 4230 Isl,L
*124 4'30 NX(I)-0
0125 NFIRul
0126 TSuSlG(NC)
*12? IF(MULT.LE.0)0, TO 4240
0128 !F(TSIG.GT.0.)MULTuO
0129 4240 IF(NULT.GT.0)TSmTS*l000.
0130 5000 CONTINUE
0131 URITE(IUNIT,5020)NC,(XNANE(NCI>.I=1,4),XBAR(HC),TS
0132 5020 FOR"AT('0*** CRIT Y9 .**8,14,J ",4A2,QNEiN' ",F10.3,1
0133 hkj SIGMA, 0,F10.3)
0134 5030 DO 5060 I1-1L
0135 IF(RU 1 I )-.001 )5040,5040,5S05
*13fi 5040 X(I)wo.
013? GO TO 5010
0138 5050 X(I)m-.R(IHC)aa2)/R(II)

*0119 5010 CONTINUE
0140 X(NC)A0.
0141 IF(MFR.GT.HFRCEA'O TO 5070
@142 HaKFRCE(MFR)
0143 NFR*MFR+l
0144 TENMPuX(Ml
0145 GO TO 5.20
@14fi SN ;0 IF(CHPOS. ..E. 0)CO TO 5090
*147 DO 5080 1 1,L
0146 EPP h.'-90
@149 IF( TEMP .LE.0. )X( I ý-.
@150 5080 CONTINUE
0151 5090 TEMPmX(1)
0152Ha
0153 DO 5110 I'l,L
*154 IF(X(1 )-Tl-i1P)ýll(,151I0,5100
*155 5100 TEHPsylI)
0151 "-1
015? 5110 CON T INJi'
0150 5120 AANAAMOi'4 II 0159 NFAutIFA-1
*160 DFAwAH-AMlA
*161 YuR( HC14C )-TEMP
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0163 5130 FA.00
0164 A9A-L
0165 10O TO 5150
0166 5140 FRATu( TEMPiDFA )/V
016? IF(NFA.GE.0)GO TO 5150
0168 IF(FRAT-FYAL)fi0e0,60(50,515v
0169 5150 IF(R(N5PI).GT.0.001)tG0 TO 5160

*0170 VA.0
0171 GO TO 5170
W12 5160 Yst./SQRT(R (14,M))

0173 5170 00 5160 [utNT

0175 0D) 5190 Im1,L
0176 IF(X(I).EQ. 0, )GO TO 5190
017? DO 5190 J"I1 NT
0179 1 F(9( J). E0. 0, G0 TO 5190
0171 R(I, J )R(l ~J )-X( I )X( J
0190 5190 CONTINUE
0 161 R ( ", M) no.
6192 Rm~uR(.,!NC)
0183 RKKwfkM8*(At4/DFA)
41@4 RSNwi. -RKK
0195 IF(HSHR.GT.0)GO TO 52000
0196 R995-l.-RKKe(l.+(AL/(2.*DF'A)>>

*ool IF(RSSS.GT.0.)RSS5wSQRT(RSS5)
52109 IF(RS93.GT.0.)RSS3uSQRT(RSS3)

0190 52001F (R SN. GT .0.RSH S 9R T( S H
0191 RN9*1.-RMS
0192 R~MSOQRT(RMS)
0193 UPuRM-OLDR
0194 KuAHA
0195 NOF-DFA
0t96 P9-1.0
0197 CALL FPRO9(FRAT,P9,DFAZZ,PP)

*0198 Pp.1u I. -P P
*0199 EWPuEUP*PPB

0200 EURmlI-Eyp
0201 WRITE(IUtIIT,6010)M 5 HC,(XNAHE(HC,I >,1u1,4)
0242 6010 FORNAT(uOYARIABLE ADOED2 0,13,0J(CRIT. IS HO.l,I3,2X,4A2,l).")
0203 WRITE(IUHIT..6020)
0204 6020 FORMAT(% W. Va. CUM NULT R INCREASE R-SQUARE",
0205 $0 HRHtK R F-VALUE DFwl & PROB<Fý")
0206 WR T.IN T6 3 ),,M U , S R H FA ,D ,P ('A E M I),
020? C I -I ,4
0208 6030 FORMAT(w ",13,2X,-I3,4(4X 1F9.6),F11 .4,8X,I5. ?X,F8.5,5X,4A2>
0209 t4INCmNINC+1
0216 OLDR-RtI
0211 MX(M)mK
0212 KKNuKKM+t
0213 K KX ( KK M
0214 NCK-L-K-1-HEX
'k 213 IF(HSHR.GT.0)GO TO 6050
0 216 WR IT EkI UNIT , 6040 )R SSS , R SS3, EWR
0217 6040 FORMAT(o */u CORRECTED SHRUNKEN P ESTIM¶ATE$; ",2FI2.3,
0218 CUM ERROR PROB: ",FIO.6/)
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0219 6050 K-L+ I
0220 00 6060 JmKNHT
0221 M=J-L
0222 6060 UT(M>UR(HCJ)
0223 TEMPuO.
022~4 HVBSul,-l-NEX
0225 IF(HFA.GE.0)QO TO 6080
0241 IF(FRATGT.FVAL.AND NINC.LT.HV9Oý)GO TO 6080
022" ~00 WRITE(IUH1T,6070)
0224 60.4 l:ORMAT(s0 FINAL EQUATION,./
0229 IF!NuI
0230 6000 CONfIHUE
.231 00 C14~0 Ja1,L

1.232IF(NXC(I).LE.0)GO TO 6100
V,233 V*SIG(HC)/SIG(J)
0234 IF(TSIG.GT.O. )VuV/RH
0233 (5UTJ*
0236 IF(NUIT.LE.0)GO TO 6090
0237 XYTPwX(J)*tQ00.i+0.5
0230 KTPoXKT;
0239 X((J)uKTP
0240 6090 TEMP-TEM'+X(J )*XBAR(J )
0241 6100 C0NTIN',
0242 ZnXBA14(HC>-TEMP
0243 WRITV IUNIT,6110)
0244 6110 FORMAT(' N Ve. HEAR SIGMA Z-WE 1 GHTO,
0245 $6 RAW SCR UT CRIT R 2-WT*CRIT R"e/)
0246 DO 6130 Imt,L
0247 PRODuSGN( I )*WT( I)
0249 IF(NX( I))6i130,6130,6t24
0249 6120 UfRITE(ZUNIT,6150)NX(I),IX9AR(I),SIG(I),UT(I)1 X(I),SGH(I),I'RODI
0250 $( XNAME ( I , J)Jm1, 4
0251 6130 CONTINUE
0252 WRI TV(IUN IT 6 140 )Z
0253 6140 FORMAT(* CONSTANT: 2,F10.3)
0254 6150 FORMAT(2X~l313 4,4XFIO.3,3X,FIO0.'.ý4,F9.5,FI1 .5,2(3X,F9,5)
0255 S5S(.4A2)
0256 URI TV(IUN IT, 6160)
9257 6160 FORMAT(v v)
0258 6161 GO TO 6t68
0259 65432 IPLv0
0260 WRI TE( 1,450A~
0261 4500 FORMAT ( E4TER I TO PLOT RESIDUALS (Y-PRED YS Y-C29S ):

0262 READ( I~ IPL
0263 1 F( IPL EG .0)GO T U 7000
0244 WRITE(1,45S01)
*265 4501 FORMAT(* OUTPUT Fl.L7 FOR RESIDUALS IS 1~AC TAPE!4pA')
9266 6162 URI TV1, 4503)
026? 4503 FORMAT ( 'ENTER RAW DARt FILE NAME'
0260 READ(1,3071>IRDFIL
0249 WRITE(1,4504)
0270 4504 FORMAT ( 'ENTER RAW DATA ~FnRMAT:"
0271 READ( 1 34?0 )IRFMT
0272 CALL OPKN(19 1 1ERIRDFIL,3,0,-2,256)
0273 IF( IER.GE .0)GO TO 610;3
0274 WRITE( 1, 4505) IER
0275 4305 FORMAT O NO OPEN RAW DATA FILE, IFR 4 ,15
0276 STOP
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027? 6163 VRITE(1UNIT,61633)IRDFIL,IRFtIT
*279 WRITC(IUNITo61636)
*279 61635 FORHATý10IHPUT RAW D~ATA FILE: 0,3A2/8 INPUT DATA FORMAT:",
0210 $20A2)
0231 61636 FORMAT(m RESIDUALS OUITPUT TO TAPE: / (CRITERION,*
0202 *VY-PREDICTED V311to Flu ý3) FORMAT)"M )
0283 DO 6166 Ilml,N
0234 YiPOZ

0235 CALL 5&EkDF( IS, IER I BUF)
4244 CALL CODE
028? READ(IBUF1 IRFNT)(RDATA( I2),12a11 L)
0200 DO 6164 12=1,L
0269 IF(NX(12).CT.O)YP-YP+X(12)*RDATA'I2.)
0290 6164 CONTINUF
0291 WRITE(8,1815)RDATA(MC),YP
0292 0185 FO9MAT(2(5XFl0.3))
0293 6166 CONTINUE
0214 616? CALL CLOMEIS)

4215EIHDFILE 8
0296 GO TO 7000
0291 6168 IF1N-~0
0296 IF(HC9.LE.o,,Co To 6170
0299 IF( FRAT. GT. FYAL )GO TO 5030
0300 IF(HFA.GE.0)GO TO 5030)
*3*1 WO7 IF(IARPT.LE.O)GO TO 6200o
0302 NPASS=NPASS.1
0303 IF( KKH.LE .0) GO TO 5647
0304 DO 61.80 IblKKH
0305 6180 4X(I)-KKX(Is
*3*6 5647 NINC-0
*307 NTIHEu2
0300 KKHuIG3
0309 NFRCE-IC1
0310 NFA-IG2
0311 WRITE( IUNIT1 6190 )HPASS
0312 6190 FORHAT(o1 EQUATION SET! 0.13,6 (tTTENPTEDO)
0 313 NRPTuNRPT-t
0314 GO TO 4000
0315 61"00O0 CONTINUE
0316 GO TO 65432
4317 ?oOO W ITE(1,450o,)
6#319 r^'9 FJRPIAT('NRM30 FINISHEC' 4440)
0319 CALL CLOSE(IB)
0320 CALL PURGE( 18, !ER, IHFILE )
0321 RLVIND 8
0322 3071 FORMAT(3A2)
0323 3070 FORNAT(20A2)
0324 STOP 1234
0325 END

0326 END$
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*NRN3I T-00003 IS ON CR*00002 USING 00017 BLKS Rmoooo

0401 FTN4
0002 PROGRAM NRN3I
0003 COMMON tUNITNINC, IFIH,L,H,NC,FVAL,NEX,WFRCr,hTII4EHRPT,
0004 £NPOS1 NULTICCN1 TNM.TSIG1NS14RAL1NPASS, ICOI'M,HFA
0005 COMMON lRDFIL(3)1 IRFMT(20),RDAT4(30)
0006 INTEGER RFMT(20),XHANE
0007 COMMON I9IZE(2)1 INFILE(3),IFMT(20)
0008 COMMON SCN(30),KFRCE(30),UT(30).KKX(30)
0009 COMMNON X(60).NX(30)
00to COMMON R(30,60)1 SIG(30),X9AR(30),XNMqE(30.4 )
0011 COMMON I8(272).IBUF(256)
0012 D IMEHS ION I SROD(3 ),WAR1( 3
0013 DATA ISRO/214SR 121DA12HTA/
0014 DATA MANI /2HMR,2HM3,2140/
0015 `JRI TE( 1,4400 )
0016 4400 F'OPHAT ( 'KRNAIN30& )
001? IOOC DO 1010 Ixl,30
0018 SGM(I)m0
0019 KFRCE(I)%O
0020 WT( I).0
0v21 KKX(I)s0
*022 SIG(I)v*
0023 RDATA(I)m0.
0024 XBAR(I)m0
0025 MXC 1 u00
0026 DO 1010 J=1,20
0027 RFMT(J)=2H
Ov28 IFMT(J )-2H
0029 DO 1010 Kw1,60
0030 R(t 0.0O
0031 X(K)uO
0032 1010 CONTINUE
0033 900 WRITE(11 4401)
0034 4401 FORMIAT ( 'ENTER I FOR CRT OUTPUT, 6 FOR LPT: 4)
00*3 REAO(l1 s) IUNIT
0036 IF(IUHIT.NE.1.ANO.IUHIT.NE.6)GO TO 900
003? N!NCuo
0039 IFINuO
0039 WRITE( 1,4402)
0040 4402 FORMAT ( "AENTER # VPS IN MATRIX (MAX 30): 0)F0041 READ(15 .) L

L0042 WRITE( 1,4403)
0043 4403 FORMAT ( 04ENTER 0 SS ON4 WHICH CORRELS BASED: "

0044 READ(1,*) N
0045 WRITE( 1,4404)
0046 4404 FORMAT ( OSENTER I OF CRIT YARIABLE: 6)
004? READ(1~o) NC
0048 WRITE( 1. 4405)
0449 4405 FORMAT(OSENTER MINIMUM ACCEPTABLE F FOR INCLUSION8,
0050 C* IN EQUATION. * )
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0051 READ(I,*) FVAL
0052 WRITE( 1, 4,406)
0053 4406 FORMAT ( "&ENTER 0 V9S EXCLUDED, Y S vgS FORCED: '
0054 READ(l,*) NEXNFRCE
0055 IF(HEX.GT.O) WRITE(1,543)
0016 543 FORMAT( 4 F.HTER of' S OF VIS. TO EXCLUDE (ANY ORDER): ')

0(.3 IF(HEX.GT.0) READ(1~s) (NX(1),I-uNEX)
60I IF(NFRCE.GT.0) WRITE(1.544)
00ý- 544 FORHAT('6EHTER O'S OF VBS. TO FORCE (IN4 DESIRED ORDER)!')
(,4440 IF(HFRCE.GT.0) READ(1,o) (KFRCE(I),I-l,HFRCE)
0061 WRITE(1,4407)
0042 4407 FORMAT ( "4ENTER # OF THIS EQUATION: ")
0063 READ(l,o) NTIME
0064 WRITE(1,4400)
0065 4408 FORMAT C "SENTER 0 OF ADDITIONAL COMPOSITES DESIRED: 4)
0066 fEAD(1,.) HRPT
0067 NPOSwO
0068 MULTwO
0069 ICONmO
0070 TMNNO
0071 TSIGnO
0072 NSHRuO
0073 WRITE(1,4410)
0074 4410 FORMAT ( 'IN THE FOLLOWING DIALOG, I * YES, 0 N HO.2 )
0075 URITE(1,4411)
0076 4411 FORMAT ( JSUPPRESS UT REVERSALS? 4)
0077 READ(1,*) HPOS
0079 WRITE(1,4412)
0079 4412 FORMAT ( MNULT UTS BY 1000? ')
0080 READ(I,*) MULT
0001 WRITE(1,4413)
0082 4413 FORMAT ( "SET MEAN OF PREDICTED SCORES? ")
0083 READ(i,*) ICON
0084 IF(ICOM.EQ.1) WRITE(1,531)
0085 531 FORMAT('aENTER MEAN: ')
0006 IF(ICOM.EQ.1) READ(1,0) TMN
0087 WRITE(1,4414)
0068 4414 FORMAT ( 'SET SD OF PREDICTED SCORES? ")
01)9 READ(1,0) ICON
0090 IF(ICOM.EQ.1) WRITE(1,S43)
0091 545 FORMAT('EHTER SD; ")
0092 IF(IOjM.Eg.1) READ(l,*) TSIG
0093 '14 ITE( 1,4413)
0094 4'.. FORMAT ( 'SUPPRESS AflDITIONAL SHRUNKEN R ESTIMATES? ")
0095 READ(1,*) NSNR
?I9 6 AL"L-1-NEX
0097 HPASSuI
0098 WRITE(1,4418)
0099 4418 FORMAT ( *&CHECK ABOVE PARAMETERS, ENTER I TO CONTINUE, 0 TO',
0100 $'RESTART: ")
0101 READ(l,e) ICON"
0102 IF(ICOMN,.EO.O)GC TO 1000
0103 20000 IF(IUNIT.NE.6)GO TO 2080
0104 WRITE(IUMIT,2010)
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010 :0o10ot FORMAT(sI OUTPUT FROM NULTR22/ * SELECTED OPTIONS **

01~ WRITE( IUNIT..2020)L,H,FYfL

0107 20oFORMAT(' # VS a *,13/ * SS a 0,13/' F-VALUE 0 ',F7.0)

0108 c.....PRINT OPTIONS SELECTED

@10w IF(HFRCE.GT.0)URITE(IUNIT,2030)(KFRCE(l>DIfhINFRCE)
0110 2030 FORMAT(% FORCING SEQUENCE' 6,1013)

0111 IF(NPOS.GT.O)URITE( IUMIT,2040)

0112 2040 FORMAT(% WT. REVERSALS SUPPRESSED.0)

0113 IF( HEX. GT .0)WRITE( IUN IT, 2050 )(HX( I), I-I,HEX)

0114 2050 FORMAT(//a VBS. EXCLUDED' 0,1013)

Otis IF( TNN.GT .0. )RITE( IUNIT,2060 )T1IN

011.6 2060 FORMAT(* ESTAOLISH MIEAN OF PREDICTED SCORES AT: 0,F10.3)

0117 IF(TSIG,.GT.0.)WRITE(IUNIT,2070)TSIG
0118 2070 FORMAT(" ESTABLISH STANDARD DEVIATION OF PREDICTED SCORES AT:"

0119 S,F:itj3,4 ESD OF CRIT. WILL SQU: (SD OF PRED SCORE)/~RIO)

0120 2090 A .Iý I
0121 CALL EXEC(9,HAN1)
0122 END
0123 ENDS
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RESID (Residual Plot)

Purpose:

T'iis program is used to calculate residuals from data obtained from
the MRMAIN program and to plot the residuals against Y-HAT or another
independent variable.

Graphic Display:

Min RESIDUALS Max
Min

Lii

~1

co

Man

User Considerations and Procedures:

1. Program reads off magnetic tape, Y-criterion and Y-predicted
vaiues created by MRMAIN (see MRMAIN). RESID then calculates
the residuals by the formula:

Residuals = (Y-predicted) - (Y-criterion).

2. Option: enter 0 to plot Y-HAT (Y-predlcted) vs residuals; enter
variable number of raw data file to plot that independent variable
vs residuals; enter -999 to end program.

3. Enter number of observations (program plots out residual for
each observation) .

4. Enter number of variables on raw data file.

5. Enter name of raw data file.

6. Enter format and record length of raw data file.

7. Enter 1 for Ckf I display or 6 for line printer display of data.

Lii

I-I
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Comments:

If the device chosen for display was the CRT, the program trans-
fers the CRT graph to hardcopy before doing another plot. If a
hardcopy is not desired, turn hardcopy unit off.

On line printer output, a cleaner representation can be obtained
by turning the paper over so there are no lines on the printed page.
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RU,RESID
PROGRAM TO PNALYSE RESIDUALS BY PLOTTING YHAT VS
RESIDUALS AND/OR ANY INDEPENDENT VARIABLE VS RESIDUALS

ENTER 0 TO PLOT YHAT
VAR # TO PLOT THAT VARIABLE

-999 TO STOP

0
ENTER NUMBER OF OBSERVATIONS
32
ENTE,1 NUMBER OF VARIABLES
8
ENTER NAME OF DATA FLE NAME
#FATAA
ENTER FORMAT OF RAW DATA
(8(2X,F6.2))

ENTER THE RECORD LENGTH AS IN DA30
64
ENTER I FOR CRT, OR 6 FOR LINEPRINTER GRAPH
6

ENTER 0 TO PLOT YHAT
VAR # TO PLOT THAT VARIABLE

-999 TO STOP
2

ENTER 0 TO PLOT YHAT
VAR # TO PLOT THAT VARIABLE

-999 TO STOP
-999
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2RESID Tw*0003 IS ON CR00002 USING 00022 BLKS R=0000

0001 FTN4.,LoA
0002 PROGRAM RESID
0003 COMMON IUN!T,HgU9,X(2,1000),Y(30),IBUF(256),18(272)
0004 COMMON IFMT(20),HAME(3)1 IC(120),ID(75)
0005 DO 10 1-1,120
0006 10 1 C( I)- 2H
000? DO 234 1-1,75
0000 234 10(l)-2H
0009 ICCI)AIN
0010 1 C( 2)a1HY
0011 1 C( 3)wINM
0012 IC(4)olHl
0013 IC( 3)a INN
00111 IC( 102 ,' IHY
4ý0i IC( 103 )aI HN
0016 IC( 104 )a IHA
001? IC( I05)uIHX
0018 DO 103 1-1,5
0019 103 ID( I )aIC(I)
0020 DO 104 1-1,4
0021 104 ID(I+63)mIC(I+10I)
0022 178=154148
0023 177.154279
0024 WRITE(l5 1)
0025 1 FORMAT0 PROGRAM TO AHALYSL RESIDUALS BY PLOTTING Y'HAT VS0,
0026 $/,' RESIDUALS AND/OR ANY INDEPENDENT VARIABLE VS RESIDUALSO)
002? NTIMEmO
0028 2 URITEC1,3)
0029 3 FORMAT(//OENTER 0 TO PLOT YNAT O./;5X,VYAR * TO PLOT THAT '

0030 $OYARABLE 0,/,-'9,9T SO
0031 READ(t.*) ICOM
0032 IF(1COM.LT.0) GO TO 999
0033 IF(NTIME.HE.0) GO TO 100
0034 WRITE(1,4)
0035 4 FORMAT(OENTER NUMBER OF OBSERYATIONS")
0036 READ(1,o) NSUB
003? HTiMEuNTIME+1
0038 WRITE(1,5ý
0039 5 FORI1AT(0ENTER NUMBER OF YARIA8LESN)
0040 READ(1,*) NYAR
0041 WRITE( 1, 6
0042 6 FORNAT('SNTER NAME OF DATA FILE NAME")
0043 READ( 1 7) NAME
0044 7 FORMAT(3A2)
0045 WRITECI.S)
0046 8 FORMAT(oENTER (?ORMAT OF RAW DATA")
0047 READ(1,9) IFNT
0048 9 FORMAT(20A2)
0049 IDC9Sm236
0050 CALL OPEN(I9.tERRNHAME,3,0O-21 IDC9S)
0051 IF(IERR.GE.0) GO TO 77

0052 WRITE(1,7S) NAME,IERR
0053 79 FORMAT(3X,3A2q FAILED TO OPEN IS"ERROR 1m)
0054 STOP
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0055 77 WRITE(1,4403)
0056 4403 FORMAT("ENTER t FOR CRT ,OR 6 FOR LINEPRINTER GRAPHO)

t005? READ(l~o) IUNIT
0058 TF( IUNIT.HE.1I) GO TO 100
0059 WRITE(1,93) 177, 178
0060 83 FORMAT(NTURN OF HARD COPY UNIT POWER, IF HARD COPY',/,5X,
0061 $'1S NOT DESIRED* e.A2)
0062 100 CONTINUE
0063 CALL RWHDF( 19)
0064 REWIND 8
0065 DO 15 1 - 1,NSUB
0066 READ(B5 11) CRIT,YHAT
0067 11 FORMAT(2(3X,FiO.3))
0068 RES-YRAT-CRIT
0069 IF(ICON.EQ.0) GO TO 20
0070 CALL READF( 19..IER. IBUF)
0071 CALL CODE
0072 READ( IBUF1 IFMT) (Y( J) ,Jul NYAR)
0073 .X(l,1)NY( ICON)
0074 GO TO 21
0075 20 X(1,I)mYiiAT
0076 21 X(2 1 1)wRES
0077 15 CONTINUE
0078 CAlLL SORT(YNIN1 YMAX)
0079 MF(IUHIT.EQ.1 ) GO Tf) 59
0080 WRITE(6,55) ICON
0091 55 FORMAT(o1 OPTION TAKEN%,17,/)

tL0082 GO TO 63
0083 59 WRITE(1,84) 178
0064 84 FORMAT(A2)
0065 URITE(1..55) ICON
0006 63 WRITE(IUMIT,56) YMIH,YMAX
0087 56 FORMAT(" YPIIN a .,F14.7,3X,'YMAX rn 0F14.7,/)
0008 IF(YHIN.LT.O.AMi.YllAX.GT.O) GO TO 57
0099 IF(IUNIT.Eg.1) GO TO 65
0090 WRITE(6, 16)
0091 16 FORMAT(3X,wYMIN%,97X,wYNAXm)
0092 GO TO 66
0093 65 WRITE(1,17)
0094 1? FORMAT(,YNIH' 159Xi"YMAXw)
0095 GO TO 66
0096 57 RAHGEwYMAX-YMIN
0097 Zu-YMIH/RAHGE
0098 IF(IUNIT.:E.I) GO TO067
0099 IV-99.*Z+.5
0100 lFFUV.Gr.3.AHD.Iv.LT.99) GO TO 70
01t0 1 WRITE(6.16)
0102 GO TO 66
0103 70 IC(IV.3)w1HO
0104 WRITE(6s71) (IC(I),Io1,103)
0105 71 FORMAT(105A1)
0106 [CC IY+3)-1H
0107 GO TO 66
0108 67 1VE59.*Z+.5
0109 lFFUV.GT.5.AHD.IV.LT.3)GcOTO 72
Ot1o WRITE(1,17)
0111 GO TO 66
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6112 72 ID(IY+3)NIN@
0113 WRITE(1,?3) (10(l),Iu1,67)
0114 73 FORMAT(67A1)
oils IDC1V43)uIN
0116 66 CONTINUE

0119 564 FORMAT(7O(*-*),/)
O11s IF(IUNIT.EQ.6) WRITE(6,366)
0120 566 FORMAT(11O(O-4))
0121 (LALL STO(YNIXNYHAX)
0122 CALL PPLOT
@123 IF(IUNIT.EQ.1) WRITE(1,569) 177,178
@124 569 FORMAT<2A2)
0 12 5 GO TO 2
0126 999 WRITE(1,30)
0127 30 FORMAT(///,ORESIDUAL ANALYSIS COMPLETV)
0128 CALL CLOSE(TO)
0129 REWIND 8
0130 END
O1M SUBROUTINE STD(XMIH1 XMAX)
C132 COMMON IUNIT,HSIJS,X(2 11000.)
0133 RAHGEmXMAX-XMIN
0134 DO 10 IuI,NSUB
0135 10 X(2,I)m(X(2oI)-XMIN)/RAHGE
0136 RETURN~
0137 END
0138 SUBR!)UTINE PPLOT
0139 COMMON IUNITHSUBX(2,1O00)
0140 DIMENSION tA(100)
0141 DATA ISTAR/1H*/,IBLANK/IH/
0142 DO 10 I1-tNSUB
@143 DO 20 Lu1,100
0144 20 IA(L)a!BLANK
0145 ZKu39.
0146 IF(IUNIT.Eg.6) ZK099.

*014? ZuX(2oI)
0148 J=ZK*Z + I
0 149 IA(J)nISTAR
0150 IF(IUNIT.EQ.1) GO TO 30
0151 WRITE(IUHIT,1) IA
0152 1 FORMAT(4X,'I',10041,'I)
0153 GO TO 10
0154 30 WRITE(1,2) (IA(M),Mu11 60)
0155 2 FORMAT(3X,`I',6OAl,'P>
0156 10 CONTINUE
0157 RETURN
Oi58 END
0159 SUBROUTINE SORT(YHINYMAX)
0160 COMMON IUNIT,HSUB.X(21 1000)
0161 YMIHuX(21 1)
0162 YMAX.YMIN
0163 DO 10 I1-1HSUB
0164 YMIN-AMIH1(YMIN,.A(2,1))
0165 YMAXuAMAXl(YMAX,X(2,I)

0166 10 CONTINUEIi016? NtaNSUe-1
0169 00 1 Is1~Nl
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0170 0 0 Km KNSUB
0171 IF¼A(1,I).LE.X(1,K)) GO TO02
0172 TEHP-X(1,I)
0173 X(l, I)uX( 1,K)
0174 X(11 K)nTEMP
0175 TEMP*4(2,I)

0177 X(2,X)=TEMP
0179 2 CONTINUE
0179 t CONTINUE
oleo RETURN
0191 END
0182 ENDS
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FATAA (Factor Analysis)

Purpose:

FATAA computes principal components of a correlation matrix and,
optionally, follows with a principal factor analysis using sciuared
multiple correlations as communality estimates. If desired, the
principal factor analysis may be iterated until commonalities
stabilize with ,' an specified tolerance.

Principal components analysis may be run alone or used as a begin-
ning point for the factor analysis. In the factor analysis, the
number of factors extracted will be equal to the number of eigen-
values from the rincipal components analysis which are greater than
one, unless a sm.i er number is specified.

As with any analysis involving matrix inversion, care should be
taken not to include variables which are complitely predictable
from linear combination of other variables included. In practice,
variables with very high multiple correlation (.98 or above) aie
likely to involve inversion problems. The program will detect such
linear dependencies, exclude those variables from the analysis, and
repeat the analysis with the reduced matrix.

User Considerations and Procedures:

I. Program SRM30 must be run first to give FATAA initial correlation
matrix, variable means, standard deviation, and variable na,.ies.

2. Program has option for calling varimax rotation program. If this
option is used, before running FATAA, enter RP, VARI. After
FATAA and VARI is complete enter 'OF, VARI

3. Program uses disc files 'SCRTCH' and 'REDMTX'. These should
never be purged From disc. Also, program creaties user files for
other programs such as for varimax rotation. These should be
treated as regular data files and should be purged (deleted) from
the disc when not needvd.

4. Initial options and parameters:

a. option for device output, enter 1 for CRT output or 6 for
line printer

b. enter number of variables from SRM30 (maximum 30)

c. enter I for principal component solution only, enter 0 for
principal component and principal factor solutions

226



d. eiiter maximum number of factors to be extracted (maximum
of 30). This should not be greater than number of variables.
A zero value defaults to 30

e. enter maximum number of iterations for principal factor
solutions. A zero value defaults to 1. NOTE: The more
iterations requested, the longer the program takes

f. maximum number of iterations for eigenvnlue extraction. A
zero value defaults to 10

g. enter convergence criterion for eigenvalue extraction. A
zero value defaults to .01

h. enter convergence criterion for stabilization of communalities.
Iteration will stop when all communalities change less than
this value across iterations. A zero value defaults to .01,
which is considered stringent. For a moderately unstable
solution, .03 or .05 is better

i. enter number of variables to be excluded from the analysis

j. enter 1 for a printout of intermediate results, otherwise
Lnter 0. This option slows down the program and should
only be used when convergence is uncertain

k. enter lowest acceptable eigenvalue (for consideration as a
factor). A zero value defa~ilts to 1.00

1. enter the numbers ')f variables to exclude in any order,
separated by commas. (If response to option i was 0, this
option does not occur)

m. name of output file for principal component snluticn

n. name of output file for principal factor solution, if optioned
for

o. enter 1 to call varimax rotation program (VARI); else enter 0.
(See (2) User Considerations and Proccdures.) NOTE: After FATAA
is finished, you can call VARI by hand, by entering RU, VARI.
All options for va-imax rotation program is given in VARI.

5. Printout gives:

a. rank of matrix, determinant, and a list of variables ý.1iminated
during inversion due to linear dependencies

b. final r matrix, after exclusions and eliminations

c. principal -.omponents solution
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W!-

1I) number of factors with eigenvalues greater than 1.0

2) total percent of variance explained by the number of

factors extracted

3) estimated common variance
4) for each factor, eigenvalue and percent of variance

explained
5) commonality for each variable

6) factor loading matrix

d. correlation matrix with squared multiple correlations in

diagonal

E. principal factor solution

1) if iterated, commonality for each iteration and its

4 change from preceding iteration, and factor matrix if

elected by option
2) when iterations are completed, output for the principal

factor solution corresponding to c-I through c- 6 above

Test Data:

This program was tested using the same data as SRM30 (See SRM30).

The accuracy of this program is less than that ob&iined by the

Statistical Analysis System. The data analysis output is only

accurate to four or five digit places instead of ten digits.
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RP,VARI
:RU,FATAA
PRINCIPAL COMPONENTS/FACTOR ANALYSIS
NOTE: THIS PROGRAM WILL OPEN/READ/WRITE SEVERAL DISC FILES

'SCRATC.,'; 'REDMTX'; 2 USER FILES
IT WOULD BE PRUDENT TO CHECK FOR EXISTING FILES
IIEFORE RUNNING
ENTER 1 FOR CRT OUTPUT, 6 FOR LPT OUTPUT:
6
ENTER # OF VBS. IN MATRIX:
8
ENTER I FOR PRINCIPAL COMPONENTS ONLY, 0 FOR PRINCIPAL
COMPONENTS AND PRINCIPAL FACTORS:
0
ENTER MAX 4 OF FACTORS TO BE EXTRACTED (0 DEFAULTS TO 30):

ENTER MAX 4 OF ITERATIONS OF PRINCIPAL FACTOR SOLUTIONS
(0 DEFAULTS TO 1):
25
ENTER MAX 4 ITERATIONS FOR EIGEN VALUE EXTRACTION
(0 DEFAULTS TO 10):
50
ENTER CONVERGENCE CRITERION FOR EIGEN VALUE EXTRACTION
(0 DEFAULTS TO .01):
.005
ENTER CRITERION FOR STABILIZING COMMUNALITIES
(0 DEFAULTS TO .01):
.005

ENTER # OF VARIABLES TO BE EXCLUDED BEFORE ANALYSIS:
0
ENTER 1 TO PRINT INTERMEDIATE ITERATIONS, 0 O, IERWISE:
0
ENTER LOWEST ACCEPTABLE EIGEN VALUE
(0 DEFAULTS TO 1.00):
I

COMPUTE PRINCIPAL COMPONENTS
COMPUTE COMMUNALITY

PRINCIPAL (COMPONENTS SOLUTION OUTPUT NOW
PRINT FACTOR MATRIX
ENTER NAME OF THIS OUTPUT FILE:
OUTPI
COMPUTE INVERSE
PRINT FACTOR MATRIX
ENTER NAME OF THIS OUTPUT FILE:
OUTP2
ENTER I TO CALL VARIMAX
I

VARIMAX
ENTER 1 FOR CRT OUTPUT, 6 TO LPT:
6
ENTER # OF SETS OF ROTATION (MAX IS 25):

IIj 
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ROTATE WITH £ W/OUT GENERAL FACTOR (I=Y, 0-N):
0
ENTER #'S OF FACTORS IN EACH SET TO BE ROTATED FROM SMALLEST TO LARGEST:
3
WOULD YOU PREFER TO SKIP THE PRINCIPAL COMPONENT

SOLUTION AND PERFORM ONLY THE PRINCIPAL AXIS SOLUTION?
(1=Y, 0-N):
0
MS1, NV - 8

ENTER NAME OF FILE CONTAINING FACTOR MATRIX FOR PRINCIPAL COMPONENTS:
OUTPI
MS2,NFR - 3
BIG LOOP THRU NX SETS OF SEPARATE ROTATION PROBLEMS
OBTAIN RESIDUAL CORRELATIONS

ENTER NAME OF FILE CONTAINING FACTOR MATRIX FOR PRINCIPAL AXIS SOLUTION:
OUTP2
MS2,NFR - 3
BIG LOOP THRU NS SETS OF SEPARATE ROTATION PROBLEMS
OBTAIN RESIDUAL CORRF'ATIONS
ENTER 1 T' CONTINUE, 0 TO END RUN:

VARI : ,TOP 0000

FATAA :STI3P 000
:OF,VARI

VARI ABORTED

3
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"IFATAA T-00004 I1 ON CRO0002 USING 00062 BLKS R=0492

0001 FTM4
0002 PROGRAM FATAA
0003 INTEGER XID
0004 DIMEHSION X(30),COM(30),Y(30),IHFILE(3),IFMT(20),IOFILE(3)
0005 DIMEHSIION ISIZE(2)
0006 COMMON HELVA(30),XID(30,4),HEX
0007 COMMON R(30,30),T(30,30),EIGEH(30),VAR(30), IUNIT
0008 DIMENSION !B(272),IBUF(256),IDA(3),IRDA(3),ISCR(3),NVARI(3)
0009 DATA NVARI/2NVA,2HRI,2H /
0010 DATA ISCR/2HSC,2HRT,2HCH/
0011 DATA IRDX/2HRE,2HDM,2HTX/
0012 DATA IDA/2HSR,2HDA,2HTA?
0013 WRITE(1,4400)
0014 4400 FORMAT ( 'PRINCIPAL COMPOHENrS/FACTOR ANALYSIS"
0015 WRITE(1,4401)
0016 4401 FORMAT('HOTE: THIS PROGRAM WILL OPEN/READ/WRITE SEVERAL DISK ',
)017 ?$ FILES")
0018 WRITE( ., 4402)
0019 4402 FORMAT ( " 'SCRATCH'; 'REDMTX') 2 USER FILES"
0020 WRITE(1,4403)
0021 4403 FORMAT ( 'IT WOULD BE PRUDENT TO CHECK FOR EXISTIHG FILES"
),)22 WRITE( 1,44,04)

0023 4404 FORMAT ( "BEFORE RUNHNIG' )
0024 WRITE(1,4405)
0025 4405 FORMAT ( 'EHTER I FOR CRT OUTPUT, 6 FOR LPT OUTPUT: ')

0026 READ(1,*) IUNIT
0027 1500 WRITE( 1,4406)
0028 4406 FORMAT ( "ENTER 0 OF VBS. IN MATRIX:
0029 READ( I,*) MV
0030 WRITE( 1,4407)
0031 4407 FORMAT('ENTER 1 FOR PRINCIPAL COMPONENTS ONLY,0 FOR PRINCIPAL')
0032 WRITE(1,4408)
0033 4408 FORMAT ( 'COMPONENTS AND PRINCIPAL FACTORS: "
0034 READ(1,.) NTYP
0035 WRITE( 1,4409)
0036 4409 FORMAT( 'ENTER MAX # OF FACTORS TUi BE EXTRACTED (0 DEFAULTS ',

0037 XITO 30):' )
0038 READ(t,*) MAXFAC
0039 WRITE(1,4410)
0040 4410 FORMAT('ENTER MAX 0 OF ITERATIONS OF PRINCIPAL FACTOR "
0041 C"SOLUTIOHS")
0042 WRI TE( 1, 4411)
0043 4411 FORMAT ( '(0 DEFAULTS TO 1)1 ')
0044 READ(t, ) MAXIT
0045 WRITE(1,4412)
0046 4412 FORMAT ( 'ENTER MAX # ITERATIONS FOR EIGEHYALUE EXTRACTION
0047 WRITE(1,4413)
0048 4413 FORMAT ( '(0 DEFAULTS TO 10): ')

0049 READ(t, ) ITMAX
0050 WRITE(1,4414)

* 238



0051 4414 FORMAT('ENTER CONVERGENCE CRITERION FOR EIGEHVALUE EXTRACTION4)
0052 WR TE( 1, 4415)
0053 4415 FORMAT ( &(0 DEFAULTS TO .01): ")
0054 READ(1,.) EPS
0055 WRITE(1,44L6)
0056 4416 FORMAT ( EHTER CRITERION FOR STABILIZING COMMUNALITIES 4
0057 WRITE(1 4417)
0058 4417 FORMAT ( (0 DEFAULTS TO .4 ); 0)
0059 READ(1,$) CRIT
0060 WRITE( .4418)
0061 4418 FORMIAT(".dTER I OF VARIABLES TO BE EXCLUDED BEFORE ANALYSIS: S >

0062 READ( I ,* ) HEX
0063 WRITE( 1, 4419)
0064 4419 FORMAT(OENTER I TO PRINT INTERMEDIATE ITERATIOHS,O OTHERWISE:m)
0065 READ(I,*) IGEN
00o6 URITE(1,4420)
0067 4420 FORMAT ( 'ENTER LOWEST ACCEPTABLE EIGENVALUE *
0068 URITE(1, 4421)
0069 4421 FORMAT ( 4(0 DEFAULTS TO 1.00)' ")
tý)7 0 READ( I A YGN
0071 IF(HAXFAC.EQ.0)HAXFACi:30

0072 IF(MAXIT.EQ.0)MAXIT-I
0073 IF( ITMCAX.EQ.0)ITMAX=L0
0074 I F( EPS. EQ. 0 )EPS".01
0075 IF(CRIT.EQ.O)CRIT=.0i
0076 IF(AYGN.EQ.0)AYGN- .00
0077 IF(NEX.EQ.O)GO TO 1492
0078 WRITE(1,4422)
0079 4422 FORMAT ( 4ENTER I'S CF VBS TO EXCLUDE, ANY ORDER: ")

0080 READ(I,*) (HELVA(I),I-tHEX)
0081 1492 CONTINUE
0082 IPUN-O
0003 74 CALL OPEN(IBIER,IDA,3,0,-2,256)
0084 IF(IER.GE.O)GO TO 745
0095 WRITE( 1, 4428) IER
0086 A423 FORMAT ( "SRDATA FILE FAILED TO OPEN, IER = ' I5
0007 STOP
00,8 745 DO 10 Il,30
0089 CALL READFKIBIERIBUF)
0090 CALL CODE
0091 READ(IBUF,94) (R(JI),J-l,30)
0092 10 CONTINUE
0093 94 FORMAT(30(2X,F10.4))
0094 CALL READF(IBIERIBUF,256,LENH,1)
0095 CALL CODE
0096 READ(IBUF..94) X
0097 CALL READF(IB,IERIBUF)
0018 CALL CODE
0099 READ(IBUF,94) CON
0100 CALL READF(19, IER, IBUF)
0 01 CALL CODE
0102 READ(IBUF,808) ((XID(I,J), J 1,4),I-1,30)
0103 908 FORNAT(30(4X,4A2)
O0 L04 CALL CLOSE( 19)

0105 CALL OPEH(IB,IER,ISCR,3,0,-2,256)
0106 IF(F.EX.NE.O)CALL REDC(NVO)
0107 251 DO 252 I-l,30
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0108 CALL CODE
0109 WRITE( IBUF, 74? )(R( IPJ)Jo1,30)
0110 747 FORNAT(30(2X*F12.3))
ýl11 252 CALL URITF(I8,IERI9UF)
0112 253 CONTINUE
0113 CALL CLOSE(1B,IER)
0114 WRITE(lUhIT,1894)HV
0115 1894 F0RMAT(??5X,"HUM9ZR OF VARIABLES ......."%2X, 12)
0'116 DETERw $I ML( NY)
0117 IF( HEX WE.0 )CALL REDC(NV,1)
0118 WRITE(IUHIT,1895)NYDETER
0119 1895 FORMAT(5XoRAMK OF MATRIX...........'1 2X.12/%X1
0120 X'DETERMINANT.................,kg.E14.7)
0121 IF( HEX.EW .0 )GO TO 2600
0122 1896 FORMAT(SX,*YARIABLES ELIMINATED......',2X,13)
0123 WRITE(IUHIT~i896)HEX
0124 DO 1897 I1- ,HEX
0125 KPut4ELYA(1)
0126 1097 WRITE( IUHITji898)(XID(KP',J),Ja1,4)
0127 1898 FORMAT(32X,4A2)

0'129 2600) DO 80 ImlsNV
0129 8so Ie10(.t'(.)

0131 CALL OPEN(I91 IER,ISC~j3,0,-2 1 256)
0132 DO 2602 I1-130
0133 CALL. RcADF(IB, IER, I UF)
0134 CALL CODE
0135 2602 READ(18UF,74? )(R(IJ),.J-1,30)
0 1.36 CALL CLOSE( IBUF, TER
0137 1IF( HEX .EQ . 0)GO TO 23415
0138 C ALL REDC( NV, 0)
0131 C ALL OPEN(18, 1 ER , IS.9 , 3,0,-2 ,256)
0140 DO0 38 I=I, 30
0141 CALL CODE
0142 38 WRITE(I8UF,747)(R( I,J ),Jw1,30)
0143 CALL CLOSE(18, TER)
0144 WRITE(1,4429)
01L4 5 4429 FORMAT ( 'PRINT R MATRIX')

0146 2345 CALL RPRT(1,HV)

0148 IF(IER.GE.O)GO TO 2344[
0149 WRITE( 1, 4430) IVI
0150 4430 FORMAT ( ýPEDMTX FILE FAILED TO OPEN, TER m ',15
0151 STOP
0152 2344 CALL CODE
0153 WRITE(I8UF1 24$3)HI
0154 CALL WRITF( 18, IER, IBUF)
0155 DO 2346 1-1,30
0156 CALL CODE
o0157 WRITE( ISUF, 747 )( R( I , J ), .J m1,30)
0158 2346 CALL VRITF( 18, IER. IBUF)
0159 2347 CALL CODE
0160 WRITE( IBUFO08)((XID( I,J),Ju1,Aý), 1.130)
0161 CALL WRITF( 8, IER, IBUF)
0162 CALL CLOSE (t8,IER)
0163 1 F( HTYP. EQ. 2)GO TO 4300
0164 WRITE(1,4431)
0165 4431 FORMAT ( 5COMPUTE PRINCIPLE COMPONEP-S"
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0166 CALL EXTC(NV,ITMAX,EPS, IGE ,PCT)
0167 TVAR=O .0
0168 DO 120 Jul MY
0169 IF(EIGEH(#).LT.AYGN>GO TO 135
¢ i 70 TYAR TVR +VAR( J)
0.?1 IF(J.Eg.MAXFAC)GO TO 130
0172 120 CONTINUE
0173 130 HFAC=J
0174 GU TO 140
0175 135 HFAC=J-1
0176 WRITE(1,4432)
€177 4432 FORMAT ( "COMPUTE COMMUHALITY"
0178 140 DO 150 Tw1,NY
0179 CON( I)no
0t80 DO 150 JnlNFAC
0181 T(I,J)=T(I,J)*SQRT(EIGEN(J))
0182 150 CON( I)-CON( I)+T( I- J )*T( I ,J)
0193 IF(IUNIT.Eg.6) WRITE(1,4090)

1984 4090 FORMAT(" PRINCIPAL. COMPONENTS SOLUTION OUTPUT HOW ')
0185 WRITE(IUHIT,303)
0186 303 FORMAT(" PRIiRCIPAL COMPOHFNTS SOLUTION")
0187 C3 TO 20.1
0189 2001 CALL OrEN(IBIERISCR,3,O,-2,256)
0189 WRITE(1,4433)
0190 4433 FORHAT ( "COMPUTE INVERSE )
0191 2003 DO 2004 I=1,30
0192 CALL READF(I9, IER, IBUF)
0193 CALL CODE
0194 2004 READ( I8UF,747)(R(IJ),J-1,30)
0195 2005 CONTINUE
0196 CALL CLOSE(19, IEk)
0197 NTYP2NTYP+l
0199 DO 90 IllNV
0199 90 R(II)mX(1)
0200 CALL RPRT (O,NV)
0201 ITER=O
0202 1809 CALL EXTC(NVITMAXEPS,IENPCT)
0203 ITER=ITER+1
0204 TYAR=O
0205 DO 2250 I..,HFAC
9206 2250 TVAR=TVAR÷VAR(I)
0207 DO 2150 I-l,HY
0208 CON( I)=0
020q DO 2150 Jw1jNFAC
0210 TkI,J)nT(I, J).SQRT(EIGENýJ))
0211 2150 COM( I)uCOM( I )+T( I, J )*T( I J )
0212 IF(IGEH.Eg.0) GO TO 1305
0213 PRITE(IUIIT,506)ITER,(JX(J),COM(J),J I,HNV)
0214 506 FORMAT(/,J/,5X,UITERATION 1m 3//10X,
02'5 X'VARIABLE ESTIMATED OBSERVED"//
0216 $( 13X,13,2X,FIO.4,2X,FIO.4))
0217 CALL. FPRT(HV,NFAC)
0218 1305 IF( T ER.EQ.MAXIT)GO TO 199
0219 DO 160 J-I, V
0220 IF(ABS(CON(J)-X(J)).GT.CPT)GO TO 180
0221 160 CONTINUE
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0222 GO TO 200
0223 180 DO 185 Jsl,NV
0224 185 X(.J)ECON(J)
0225 CALL OPEN(II. IER,ISCR..3.0.-2,256)
0226 1841 DO 1142 1-1,30
022? CALL READF( 19,IER, IBUF)
0223 CALL CODE
0229 1842 READ(I9UF,747)(R(I,J),J*1,30)
0230 1843 CONTINUE
0231 CALL CLOSE( 19, IER)
0232 DO 186 Iu1,NY
0233 186 R(l,I)-X(I)
0234 GO TO 1809
0235 199 CONTINUE

r0236 IF(IUNIT.EQ.6) WRITE(1,413)
0237 413 FORMAT(mPRINCIPAL FACTORS SOLUTION OUTPUT NOW ')

0238 WRITE(IUNIT,302)
0239 30)2 FORMAT(" PRINCIPAL FACTOR SOLUTIOHO)
0240 200 Y(1)oVAR(1)
0241 DO 205 Jm2,NFAC
0242 j "Ixj - 1
0243 205 Y(J)sY(JMl>.YAR(J)
0244 WRITE(IUNIT,206) HFACTVARPCT
0245 206 FORMATý//' FACTOR EXTRACT!ON STATISTICSm//IOX
0246 1'NUMBER OF FACTORS .........',5X, I5/IOX,
0247 2'PERCEHT OF VARIANCE .......'.F1O.4/10.4,
0248 3'ESTIMATED COMMON YARIANCE4,F10.4///
0249 415X,'FACTOR'.4X,'EIGENVALUE',4X,'PERCENT VARIAHCEm,4X,
0250 56CUMULATIYE PERCENT'//)
0251 URI !E( IUNIT,207)(J ,EIGEN(J ), VAR(J ),Y(J ),JI NHFAC )
0252 207 FORMA"T(I7X, I2,4XFIO.4.6X.F10.4,11XF10.4)
0253 WRITE(IUHIT,209) ((XID( I,J),Jx1,4),I,COI( I), I.1,HV)
0254 209 FORMAT(4X,*COMI1UNALITIES"//o VARIABLE"%13X,' COMMUNALITY'
0255 :i'5X,4A21 SN,I3,F10 .4))
0256 WRITE( 1,4435)
0257 4435 FORMAT ( 'PRINT FACTOR MATRIX')
0258 CALL FPRT(HV,NFAC)
0259 WRITE( 1,4436)
0260 4436 FORMAT ( 'aENTER NAME OF THIS OUTPUT FILE:')
0261 READ(t,809)IOFILE
0262 809 FORMAT(3A2)
0263 ISIZF(1)n63
0264 ISIZEC2)=53
0265 CALL CREAT(I9,ICR,!OFILEAISIZE,2,0,-2,144)
0266 IF( IER GE .0)GO TO 2094
0267 WRITE(L,4437) IER
02( '.37 FORMAT ( 'OUTPUT FILE FAILED TO OPEN, IER " ,15
02b.7 STOP
6270 2093 FORMAT(5X,15)
0271 2054 CALL CODE
0272 WRITE( IBUF, 2091 )NFfC
0273 CALL WRITF 18, IER, T8UF)
0274 DO 210 Ju1,NFAC
0275 Moo
0276 D0 210 KE.1NV,?
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027? MINO +iM

0278 muff.1
0279 CALL CODE
0290 WRITE(I9UF,2O95) J,M,(TýI,J),IwK,L)
0281 210 CALL WRITF(I10, IER, !BUF)
0202 2095 F0RMAT(213,2Xl0Fl0.7)
0283 CALL LOCF(IB.IERI1,IR9.IlJSFC)
0284 ITRIUNuJSFC/2 - IR9 - I
0285 CALL CLOSE( 18,IER, ITRUM)
0286 IF(HTYP.EQO.)GO TO 2001
0287 WRITE( 1 4438)
0269 4439 FORMAT ( 'ETER I TO CALL VARIMAX 0)
0289 READ(1,.) YARI
0290 IF( VARI. EQ. 1)CALL EXEC( 9,NVAR 1)
0291 4300 WRITE(1,4439)
0292 4439 FORMAT ( 'ENTER 1 TO CONTINUE, 0 TO END RUN: 0)
0293 READ(l,s) NEXT
0294 CALL CLOSE(I18IER)
0295 IF(NEXT.NE.0)GO TO 1500
0296 3300 STOP
029, END
0298 SUBROUTINE FPRT( NY.NFAC)
0299 INTEGER XID
0300 COMMON NELVA( 30),XID( 30. 4),NEX
0301 COMMON R( 30, 30), T( 30,30.E IGEN( 30)VAR(30) IUN IT
0302 ifRI TE( IUN IT ,1803 )
0303 1003 FORMAT(4X,NFACTOR MATRIX')
0304 DO 640 K-I.NFAC,9
0305 LoMIMO(K+7..NFAC)
0306 WRITE<IUNIT,4fiO)(JJ-K.L)
030? 460 FORMAT(/?12X,8(81(,I3))
03*0 DO 640 Iu1.NY
0309 64o WRITE( IUNIT,385)(XID( I, J), Jul,4 ), I,(T( IJ ) JuKL)
0310 385 FORMlAT(1X,4A2,2XI 13,X. 8(F7. 4,4X) )
0311 RETURN
0312 END
0313 SUBROUTINME RPRT( NTYP NY)
0314 INTEGER XII)
0315 COMMON NELVA( 30i,XID( 30.4),NEX
0316 COMMON R( 30 30), T( 30,30,E IGEH( 30)VAR( 30) IUNI T
031? WRITE(IUNIT,335)
0318 355 FORMAT<//5X'CORRELATION MATRIX')
0319 400 DO 440 KuINY,9
0320 L=M I NO<K+7, MY)
0321 WRITE(lUNIT,46O)(J.JmK.L)
0322 460 FORMAT(//12X,8(OXI3))
0323 DO 440 I=K,NY
0324 MDsM!NO(LI)
0325 440 WRITE(IUNIT,3S5)(XID(I.J),J1l,4),I,(R(I,J),JuK,MID)
0326 385 FORMAT(1X,4A2,2X,r3,3X,8(F7.4,4X) )
0327 IF(NTYP.NE. 1)WRITECIUNIT,4O7)
0328 407 FORMAT(//5XONOTE--DIACONAL ENTRIES ARE SQUARED MULTIPLE
0329 $CORRELATIONS OF EACH VARIABLE WITH THE OTHER~ H-1 YARIABLES")
0330 RETURN
0331 E"D
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03 2 SUBROUTINE EXTC(MV,1TNAXEPSIGENPCT)

0333 DOMNSO A lul, 30

0339 DO 2 J.1,HV

0340 2 T(1,J).0
0341 SIGImO
0342 OFFDSQuO
0343 00 5 1-1 NY
0344 SIClwSICI4R(I,I)
0345 T(1,1).L
0346 11.1.1
0347 IF( I GE. NY)GO TO 6

0349 3 OFFDSQnOFFDSQ+R(I,J)*R(1,J)
0350 6 S-2*OFFDSQ+SIGI
0351 SIGLD-SIG1
0352 NVYuNV-1
0353 PCTuSCID/IV?
0354 DO 26 ITERmI,ITMAX
0355 DO 20 Iul,NVY
0356 11 a +

¶0357 DO 20 JwII,NV
0359 9.ABS( R( I, I )-R(J ~J))
0359 IF( 9.LE. I.E-7 )rO TO 9
0360 IF(ADS(R(I1 J)).L.E.l.E-7)GO TO 20
0361 P.2*R( I, J )*Q/( R( 1, 1 )-R( J J
0362 SPO.SQRT(P*P+9*Q)
0363 CSAmSORT((1.QSPQ)?2)
0364 SHAaPv'(2*CSA*SPU)
0365 GO TO 10
0366 9 CSAm1/SQRT(2.0)
0367 SNAwCSA
0368 10 CONTINUE
0369 DO 11 KmI,NV
0370 WT-T(K,I)
0371 T(K, I )uT.CSA*T( K, J)*SHA
0372 11 T(K,J).VT*SNA-T(K,J )*CSA
0372 DO 16 K-1,NV
0374 IF(K.GT.J)GO TO 15
0375 AIK(K)-R(I,K)
0376 R(1,K)nCSAsAIK(K).SNA.R(K,J)
0377 IF(K.NE.J )GO TO 14

40379 R(J,K)uSNA*AIK(K)-CSA*R(J,K)
0379 14 GO TO 16
0390 15 WT-R( I K
0301 R(I5 K)-CSA*WT.SNA*R(J,K)
0392 P(J,K)=SHA*WT-CSA*R(J,IV)
0303 16 CONTINUE
0384 AIK(J)uSNA*AIK(I )-CSA*eiIK(J)
0385 00 19 Kai J
0386 IF(K.-LE. I)GO TO 19
0387 R(K1 J)uSNAAeIVKK)-CSA*R(K,J)
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ý039 GO TO 19
0389 to W-RKS
0390 R(K,!)uC$A*WT4SNA *R(KJ)
0391 R(K,J)nSNA*WT-CSA*R(K,J)
0392 19 CONTINUE
0393 20 R(I,J)=0
0394 SIG2u4
0395 DO 21 lot MY
0396 E IGEN(I )-R( I. I
039? 21 SIG2-SIC2eEIGEM(I)*E1OEH(I)
0398 IF( -SIG1/ýSIG2 GE. EPS )GO TO 26
0399 GO TO 30
0400 26 SIG1u91G2
0401 30 HYVVNV-1
0402 DO 300 1.1 NYV
0403 1pI aI +I.
0404 DO 300 JsIPI1'N
0405 IF( EIGEM( I )GE.-EIGEN( J))GO TO 300
0406 TEMP=EIGEN(I)
0407 EIGEH( I )EIGEN(J)
0409 EIGEN( J )TEMP
0409 DO 250 Lw1,MY
0410 AIK(L)-T( L, I
0411 T(L,I)wT(LJ>
0412 250 T(L,J)rAIK(L)
0413 300 CONTINUE
0414 DO 35 Jm11 t4V
0415 35 AIK(J )uEIGEN( J)/VM
0 41L6 IF( ICEN, EQ. 0)RETURN
0417 WRITE(IUNIT,204)
0418 204 FORMAT11',X,6COMPLETE EIGENSTRUCTURE/t/)
0419 00 205 Ia1,HV
0420 205 URITEC IUIIT,201)I,EIGEH( I)1AIK( I)
0421 201 FORMAT(SX,13,2F10.4)
0422 RETURN
0423 END
0424 SUJBROUTINE REDC(HYJNTYP)
042! INTEGER XID
0426 COMMON NELVA(30),XID(30, 4),NEX
042? COMMON R(30,30),T(30.30),EIGEH(30),VAq(30), IUNIT
0428 DIMENSION AIK(30>
0429 EOUIJIALENCE (AIK,VAR)
0430 WRITE(1,4400)
0431 4400 FORMAT ( "ORDER VARIABLES, T0 BE ELININATED )
0432 IF(NEX.EQ.1)GO TO 40
0433 MX-NEX-1
0434 DO 300 Iw11 t4X
0435 IP-I +Ii
0436 DO 300 JuIPI..NEX
0437 IF(NELVA(I).GE.NELVA(J))GO TO 300
0438 NTEMPoNELVA( I)
0439 NELYA(I)-@HELYA(J)
A440 NELVA(J)-HTEMP
0441 300 CONTINUE
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0442 40 DO 20 IIsNEX
0443 ZEN-V-l
0444 HEL"NELV'A(I)
0445 IF(NEL.EQ.NV)GO TO 19
0446 DO 15 JvNEL,NZ
044? J PIuJ +1
0448 DO 15 K"1,NV
0449 15 R(KJ)-R(KJPl)
0450 DO 17 K-NELMZ
0451 KPlvK+1
0452 DO 17 JIl,NV
0453 17 R(KJ)*R(KP1,J)
0454 WRITE(1,4401)
0455 440t FORMAT ( "REDUCE VARIABLE NAMES )
0456 IF(HTYP.EQ.1)GO TO 19
0457 DO 18 J-HEL4MZ
0459 JPI-J+1
0459 DO 18 Km1,4
0460 19 XID(J,K)"XID(JPI,K)
0441 19 HVuHV-1
0462 20 CONTINUE
0463 RETURN
0464 END
0465 FUNCTION SIML(M)
0466 INTEGER XID
0467 COMMON HELVA( 30),XID( 30,4),NEX
0468 COMMON R(30,30),EIGEN(3ý),VAR(30),IUHIT
0469 EQUIYALENCE (A,R)
0470 DIMENSION A(30,30)
0471 HEXmO
0472 DET-1
0473 DO I J-I s
0474 PVTuA(J,J)
0475 IF(PVT.GT.0.01)4O TO 25
0476 NEX"NEX+I
0477 NELYA(NEX)-J

0479 GO TO I
0479 25 DET-DET*PVT
0490 A(J, J )aI
0481 DO 2 KuI,M
0402 2 A(J,K)uA(J,K)/PVT
0403 DO 1 K-,oN
0404 IF(K-J)3,1,3
0405 3 TuA( K, J )
0406 A(K,J)uO
0407 DO 4 L "I,M
0409 4 A(K, L)-A( K, L)-A( J, L )T
0499 1 CONTINUE
0490 SIML"DET
0491 26 RETURN
0492 END
0493 ENDS
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VARI (Varimax Location)

Purpose:

VARI accepts input from factor analysis programs and performs
normalized varimax rotation on the full factor matrix or sets
of the factors.

VARI offers several ways to vary the number of factors rotated.
Since it is often not desirable to rotate all the factor obtained
in a factor analysis, the user can choose to rotate any number of
factors up to the maximum extracted. In addition, sets of various
sizes can be rotated in one program run.

Another option allows the first factor to be treated as a generai
and ignored in rotation. If the first facLor is truly a general,
so that all variables load on it, the varimax procedures will not
be able to achieve a satisfactory "simple structure" solut~on. if
a general is suspected, each factor set can be rotated with and
without the first factor to determine differences between the solu-
tions. Factors are rotated pairwise until each rotation required
is less than .01 degrees. Each angle of rotation is selected so as
to maximize the variance of the loadings squared for each factor.
This program can be run apart from FATAA with the 'RU, VARI' com-
mand or as an opticn of FATAA.

Initial Options and Parameters:

1. Option for device output; enter 1 for CRT display or 6 for line
printer.

2. Enter number of sets of rotation (maximum is 25, 0 is set to I).
If different number of factors from the same analysis are to be
rotated, this number is equal to the total of all such sets (NS).

3. Enter 1 to rotate each set twice, with and without general factor;
otherwise, enter 0.

4. Enter the number of factors in each set to be rotated from smallest
to largest separated by commas. (NOTE: The first set should have
the smallest number of factors, the last should be largest.) If
only I set, enter number of factors to be rotated in that set.

5. Enter I to skip principal component solution and perform only
principal axes solution; otherwise, enter 0.
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6. !f asked for, enter name of file containing factor matrix for
principal components solution (from FATAA).

7. Enter name of file containing factor matrix for principal axis
solution (from FATAA).

8. Enter I to restart program, 0 to stop.

Printout Gives:

1. Number of variables and names (in number of factors principal
axis solution).

2. Factor matrix from FATAA.

3. For each set of rotations:

a. during solution, the iteration number and the number of
rotations greater than 0.01 degree

b. when rotation complete

1) number of variables
2) number of factors
3ý rotated factor matrix
4 sum of factor loading squared (for .ach factor)
5) percent of variance (for each facto-)

6) total percent of variance
7) NV x NV matrix with original correlations above the

diagonal, commonalities in the diagonal, and residual
correlation below the diagonal

Test Data:

This program was tested using the same data as SRM30 (See SRM30).
Printout of input parameters and statistical output is presented in
the factor analysis calculations (See FATAA). The accuracy of this
program is less than that obtained by the Statistical Analysis System.
The data analysis output is only accurate to four or five digit places
instead of ten digits.
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VYAR! TuO00004 IS ON CR00002 USING 00032 BLKS R-0263

000t FTN4
0042 PROGRAM YARI
0003 INTEGER YID
@004 DINENSION IPFILE(3).IRNX<3).1B(2?2),ISUF(256)
*000 COMMON R(30,30). H(30).VZD( 30, 4),F( 30,10),
0006 XAIJ( 30o10), NI( 25). NOMH48)
@007 COMMON NV,HFCOH,MX,FH
@006 DATA IRMX?2NRE,2HDM1 2HTX/
*009 1995 FORMAT'' PRINCIPAL CroMPONENTS SOLUTIONO)
@010 1S99 FORMAT(o PRINCIPAL AXIS ROLUTION*"
001t 505 FORMAT,,' ITER.1.13,15,8ROTATIONS OUT OF 8n,15,l MORE THAN
0012 $ .01 DEGREESO/)
0013 50? FORMAT(41XDo KAISER YARIMAX ROTATED FACTOR ?IATRIXU/
0014 $46X,13DVYARIABLES X' 1 3*FACTORS "?)
0015 508 FORMAT(49X,o FACTOR L - GENERAL FACTOR*?)
0016 509 FORMAT(/ VAR IDEN #'.2X.I3,13(4X.I3))
@01? 510 FORMAT(IX>
0010 511 FORMAT(IX,4A2,I4,14F?.3)
0019 512 FORMAT(/8 SUM OF FACTOR LDGS SOD", 14Ft ý3)
@020 513 FORMAT(' PERCENT OF VARIANCE *,14F7.3)
@021 514 FORMAT0/' TOTAL PERCENT OF VARIANCE OF ',13," FACTORS * 'F7.3)
0022 515 FORMAT('Pm)
0023 516 FORMAT(34X,* RESIDUAL CORRELATION MATRIX -",13," FACTORS '

@024 SaEXTRACTED'../
0025 *34X,' IIPR RH-ORIG4INAL CORRELATIONS'/34X,a D!ACONALaCOMMUNALITY,
0*26 S./34X,l LWR Lt~uRESIDUAL CORRELATIONS"/)
@02? 51? FORMAT(" ERROR',13,1 DInES NOT EQUA.L n. 13," [l1HUS ",13)
0029 WRITE(1#4400)
*029 4400 FORMAT ( *YARIMAX')
0030 WRITE( 1,4401 )
0031 4401 FORMAT ( OENTER I FOR CRT OUTPUT, 6 FO LPT: ' )
0032 READ(l,s) IUMIT
0033 CON.57.295645
0034 1 WRITE(1,4402)
0035 4402 FORMAT ( 'ENTER 0 OF SETS OF ROTATION (MA~X IS 25); 9)
@036 READ(l.*) NS
003? URITE(1,4403)
@030 4403 FORMAT ( OROTATE WITH & U/OUT GENERAL FACTOR (1-V, O=N>:
0039 READ(1,o) KGEH
0040 WRITE(1..4404)
0041 4404 FORMAT( 'ENTER #'S OF FACTORS IN EACH SET TO BE ROTATED',
0042 *'FRON SMALLEST TO LARGEST:")
0043 READ(1.e) (HI(I),I.1.NS)
0044 14 ORITE(11 4403)
0045 4405 FORMAT ( RWOULD YOU PREFER TO SKIP THE PRI'i.CIPAL COMPONENT )
0046 WRITE(1,4406)
044? 4406 FORMAT( * SOLU TION AND PE RFORMH ONLY T HE PV INC IP AL AXI S
0048 C, 4SOLUTION?4 )
0049 WRITE(1,440?)
0050 4407 FORMAT 0( IwY, Ow a
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0051 READ(I~b JACK
0052 CALL OPEM(I3,IER,IRMX,3 1 0,-2,256i)
0053 IF([IER.GE.O)GO TO 1500

L 004 VRITE(1,4-%09) IER
QO53 4406 FORMAT ( ffREDMTX FILE FAILED TO OPEN, [ER 4 ,1S
0056 STOP
005? 1300 CALL READF(13,IER.IBUF)
0053 CALL LOD~E
005,9 REA0(I3UF,11501)H
0060 150L FORNAT(3XI5)
0061 URI TV1, 4409 ) NY
0062 4409 FORMAT ('HSI, NY w 1,15
0063 DO L503 1-1,30
0064 CALL READF(18,IER.I9UF)
0065 CALL CODE
0066 READ<(I UF, 1502 )(R( I[,4 ), J 1 30
006? 1502 FORMAT(30(2XF12.5))
00668 1503 CONTINUE
0069 CALL READF(IS, IERIBUF)
0070 CALL CODE
0071 READ( IBUF',1504 )( (ID( I. J) J.I1,4),1 1 30)
0072 1504 FORMAT(30(4X,4A2))
0073 CALL CLOSE( IBIER)
0074 9999 FORMAT(3(2XI0Fl*.7?))
0075 WRITE( IUHIT,9996)
0070 9996 FORMAT(/SXOYAR1ABLES UNDER ANALYSIS*)
@077 C VRITE(IUHIT,9999) ((R(I,J), JuI,30)1 Ist,3'0)
0076 WRITE(IUHIT,1504) ((VID(I.J), -,ml,4), Im1,NV)
0079 1545 IF(JACK.EQ.0)WRITE (i,432)
006) 432 FORMAT(" ENTER NAME OF FILE CONTAINING FACTOR MATRIX,"11
0031 $%FOR PRINCIPAL COMPONENTS SOLUTION:d)
0002 IF(JACK.EQ.1) WRITE(1,433)
@0053 433 FORMAT(o ENTER NAME OF FILE CONTAINING FACTOR MATRIX N

0034 S'FOR PRINCIPAL AXIS SOLUTION:")
@005 READ(t1 1505)IPFILE
0000 1505 FORMAT(3A2)
003? CALL OPEN(IBIER,IPFILE,3,0,-23144)
00698 IF(IER.GE.O)CO TO 15055
0099 VRI TV(1 4410 ) IF R
@0090 4410 FORMAT ( FACTOR MATRIX FILE FAILED TO OPEN, IER ",13
0091 STOP
0092 15055 CALL READF(1B,IERIBUF)
0093 CALL CODE
0094 READ(ISUF,1311)NFR
0095 1511 FORMeAT(SX,IS)
0096 WRITE(1.4411) NFR
0097 4411 FORMAT ( 'NS2,NFR a 1,13)
0093 PRITE(IUNIT,999?')IPFILE
0099 9997 ':ORMAT(/I1X,342?/)
0100 DO 1506 Jai, NFR
0101 "No
0102 DO 1566 Kul,HY,?
0103 L=NINO(K+6,HY)
0104 MuH+1
0105 CALL READF( 19, IER, IBUF)
0106 CALL CODE
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010? REAfl(IBUF,2095) IZ1 1 IZ2,(AIJ(IJ)j.=KL)
0106 2095 FORMAT( 213, 2X, 10F1 0
0109 1306 CONTINUE
*110 CALL CLOSE( IB,IER)
0111 15075 IGENwKGEN
0112 F14-NV
0113 IF( HS. EQ. 0)HI(1I)ENFR
0114 IF( MS. EQ . 0)NS-l
0115 JACKUJACK~l
0116 JQUI
011? IF(IGEN.HE.0)JC.2
Otte WRITE( 1,4413)
0119 4413 FORMAT (%BIG LOOP THRU HS5 SETS OF SEPARATE ROTAT13H PROBLEMS%)
@120 10 D0 100 LmI,HS
0121 WIT-0
0122 IF( L.EQ. i )KA-1I
$123 IF( L.NE. I)KA-NIV(L- I)+I
0124 NFmNI(L)
0125 DO 8 J-KA,I4F
@126 DO B 1u1.NV
@127 a F( I,J )=A IJ( I,J
0128 IF(IGEN.EQ.0)tlnMF*O4F-l)/,2
0129 IF( EGEN.NE,O)Nu(HF-l)*(HF-2)/2
0130 LKm*
0131 DO 9 IuI1 NY
@132 H(I)w0
0133 00 13 J-JCHF
0134 13 H(I)UH(I)+F(l,J)**2
0135 N(I)uSQRT(H(I))
0136 DO 9 J-JGHF
013? 9 F(I,J)mF(IJJ)?H( I)
*138 20 M-
@139 JuNF
0140 11 LFwJ-I
@141 DO 12 K-JGLF
@142 12 CALL CROT(J,K)
0143 JNJ -I
0144 IF(J. GT. JG )GO TO Il
0145 NITaNIT41
0146 WRITE(IUNIT1 5O5)4IT1 MXM
014? IF(MX.GT.0)GO TO 20
0148 DO 30 IuI4NV
0149 DO 30 J-JG, HF
0130 30 F(!,J)nF( 1,J.N( I)
0151 KAUI
0152 KO-14
0153 IF( HF. LT . 15 )K~uNF
0154 40 IF(JACK.EQ.1)','2ITE(IUNIT,1895)
0155 IF(JACK. EQ. 2)URITE( IUHIT, 1996)
0156 WRI TV(IUH IT 507 )NY,NF
0157 IF(IGEP4.HE.O)WRITE(IUHIT,508)
0153 60 WRITE( IUNIT,3O9)(J,JwKA,K9)
0159 WRITE(IUHIT,510)
0160 DO 41 Iu1,NY
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0162 IF(LK.NE.0)WRITE(IUNITI 511 )(YID( 11 J),J-1.4, l,(R( I,J ), J-KAKB)
0163 41 COHTINUE

0164 ~IF( LK. NE .0)GO TO 44
0163 0O 42 Jw1 1 NF

0166 N(J)m0
016? DO 42 IaI1 NV

0169 42 N(J)uH(J)4F(I,J)**2
0169WRITE( IUHIT,512)(H(J)1 J'KAKB)

0171 0O 43 JuI1 NF
0172 N(J )atIo*H( J )FN
@173 43 SUN-SUM+M(J)
0174 WRITE( IUNIT,513)(H(J),JwKA,KB )
@175 WRITE(IUN1T,314)NF,SUM
*016 44 KAoKA+14

*0177 ~ DK9.B+14
0179 1 F( LK.NHE 0)GO TO 55
0079 1 F(K9. GE.NF )KB NF
oleo I F(NF. GE.KA )GO TO 40
0191 VRITE(IUN1T,1 3)

*0102 XF(IVGEHNHE .0)GO TO L 00
0103 WRITE( 1,4 i'4)
0114 4414 FORMAT ( ;-4TAIN RESIDUAL CORRELATIONS"
@165 DO 52 J-1.,1:
0166 DO 52 I=J , )Y
O1e? SUMuO
0106 0O 51 KuI,NF
4109 51 SUMuSUN.F( I, K )-F(J K>
@190 IF(I.NE.J)CO TO 53
*191 R(I,I)m9UM
*192 GO TO 52
0193 53 R( I pJ)aR( J I)-SUM
0194 52 CONTINUE
@1t$ KAml
0196 KB=14
019? IF( NY. LT .15 )KB.NV
0198 LKuI
0199 so WRITE(IUHIT,516)NF
0200 GO TO 60
0701 55 IF(KB.GE.NY)K9-NV
0202 IF(HY.GE.KA)GO TO 50
0203 WRITE( IUNIT,513)
0204 100 CONTINUE
@205 IF(IGEN.Eg.o)GO TO 200
02*6 IGEN*0
0207 JG-1
0209 GO TO 14
@209 999 WRITE(IUNIT,5l7)HVHYCHE
0210 200 IF(JACK.EQ.1)GO TO 1545
0211 VRITE(1,.4415)
0212 4415 FORMAT < 'ENTER 1 TO CONTINUE, 0 TO END RUN, U)

0213 READ(1I, *) ICOM
0214 IF( ICOM. EQ. I GO TO0
0215 STOP
0216 END
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@21? SUBROUTINE CROT( J, K
0218 INTEGER YID
0219 CORNON R( 30,30). 1( 30) ,V 10<30,4). F( 30,10),
0220 XAID( 30,10), NI( 25), NOII48 )
*221 COIINON HV,NF,CON,MX,FH
0222 Au@
0223 Sao
@224CE
@225 DwO
0226 DO 5 Iml,NY
022? U.< F( I, j )+F( 1, K) )*( F( 1, 1 )-F( I .K
0228 Y=2. *F(I, J )*F(1, K)
0229 AuA.U
01*30 9-0+V
0231 CNC+(U*U-V.'V)
0232 5 DuD+2.*U*V
0233 VuD-(2.*A.B)?FH
0234 UnC-(A*A-Bog)/FN
0235 IF(U.EQ.O)GO TO 94
0236 DwY/-U
023? D=ATAN(D)*CON
0238 IF(V)81.82.S2
0239 81 IF( U )S3,8 4,96
0240 82 MFUM,594, 86
@241 83 V.0-180.
0242 GO TO 87
@243 84 IF(V.EQ.0)GO TO 90
0244 IF(Y.LT.0)Vu-90.
0245 IF(Y.GT.0.)Vu90
0246 GO TO 8'
024? 95 V*IS0.,D
0248 GO TO 97
0249 86 V.0
0250 9? Y-Y/4.
@251 IF(ABS(V).GT. .01)G0 TO 91
@252 90 NXuNX-l
@253 GO TO 21
@254 91 VinY/CON
0255 ANSIN(V)
0256 9uCOS(V)
@257 DO 20 Iw1,HV

0258 DuF(11 J)*B+F(1,K)*A

0 260 20 F(I,J)nD
@261 21 CONTINUE
0262 RETURN
0263 END
0264 ENDS
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III. NONPARAMETRIC STATISTICS
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RANK (Column Ranking)

Purpose:

This program ranks data in a data file ad cicates a new file to be

stored on the disc.

Layout of Design:

"ankina is done across columns independently of rows. In the case
of a tied observation average ranks are assigned.

11ser Cons~derat* ,ms and Procedures:

I. RANK expects a data File to be created in a row x column (R x C)
matrix form. A printout of raw data would show C (column) elements
pei line. The created file has the same data format 3nd record

length as the original,

2. The data analysis can either be displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

3. Program has f.iur optiznq foi data printout. Enter:

I for printout of raw data only

2 for raw and ranked data printout

3 for ranked data prirtout

4 for no printout

4. Parameters required:

a. number of columns (maximum 100)

b. number of rows (maximum 32767)

c. raw data file name

d. format and record length of data file

e. new fileý name (not same as raw data file)

5. Printout as optioned for only.

Comments:

Ranked data are used for program CHIRA.
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RU RANK
ENTER NUMBER OF COLUMNS

C
ENTER NUMBER OF ROWS

32
ENTER DATA FILE NAME

#FATAA
ENTER DATA FORMAT

(8(2X,F6.2))
ENTER THE RECORD LENGTH AS IN DA30

64

ENTER OUTPUT FILE NAME
GEORGE
ENTER I FOR PRINTOUT OF ONLY RAW DATA, 2 FOR RAW DATA AND RANKED DATA,

3 FOR ONLY RANKED DATA, AND 4 FOR NO PRINTOUT AT ALL
2
ENTER 1 FOR CRT DISPLAY, 6 %CR LPTR
6
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RAW DATA

24.00 81.00 392.00 1024.0 978.00 1101.0 936.00 1120.0
25.00 22.00 181.00 310.00 293.00 346.00 188.00 166.00
27.00 57.00 124.00 172.00 166.00 491.00 154.00 83.00
29.00 36.00 553.00 719.00 605.00 833.00 585.00 346.00
30.00 54.00 1046.0 2221.0 1E1.0 2656.0 1062.0 1030.0
31.00 25.00 322.00 522.00 402.00 676.00 261.00 379.00
32.00 78.00 838.00 364.00 222.00 433.00 1014.0 584.00
35.00 80.00 575.00 405.00 456.00 320.00 789.nO 320.00
36.00 30.00 835.00 811.00 716.00 824.00 735.00 975.00
37.00 80.00 1001.0 166.00 179.00 154.00 907.00 1065.0
37.00 57.00 1418.0 1706.0 1656.0 1759.0 1024.0 219.00
45.00 74.00 531.00 503.00 581.00 593.00 481.00 593.00
77.00 66.00 218.00 637.00 681.00 591.00 300.00 201.00
80.00 47.00 133.00 109.00 112.00 106.O0 166.00 108.00
80.00 80.00 74.00 100.00 115.00 90.00 79.00 68.00
80.00 74.00 550.00 322.00 422.00 204.00 600.00 400.00
18.00 61.00 72.00 429.00 456.00 411.00 405.00 856.00
19.00 18.00 67.00 760.00 856.00 509.00 966.00 3216.0
20.00 80.00 173.00 434.00 311.00 511.00 103.00 139.00
20.00 15.00 209.00 422.00 573.00 250.00 230.00 110.00
22.00 29.00 18.00 1024.0 1114.0 853.00 687.00 671.00
22.00 56.00 98.00 267.00 229.00 341.o0 206.O0 106.00
22.00 7.00 21.00 752.00 795.00 491.00 1252.0 1308.0
24.00 14.00 292.00 1312.0 1324.0 1296.0 1342.0 1851.0
80.00 51.00 116.00 777.00 1034.0 548.,o 880.00 952.00
74.00 51.00 13.00 392.00 390.00 394.00 243-00 265.00
64.00 46.00 19.00 318.00 292.00 348.00 156.OO 134.00
60.00 37.00 42.00 703.00 787.00 578.00 142.00 257.00
59.00 18.00 345.00 899.00 778.00 1141.0 424.00 411.00
54.00 14.00 49.00 968.00 747.00 1521.0 925.00 857.00
54.00 71.00 16.00 503.00 ':21.00 964.00 275.00 226.00
5i,00 53.00 15.00 198.00 201.00 193.00 59100 236.00

RANKED DATA

1.00 2.00 5.00 6.00 4.00 7.00 3.00 8.00
2.00 1.00 4.00 7.00 6.00 8.00 5.00 3.00
1.00 2.00 4.00 7.00 6.00 8.00 5.00 3.00
1.00 2.00 4.00 7.00 6.00 8.00 5.00 3.00
1.00 2.00 4.00 7.00 6.00 8.00 5.00 3.00
2.00 1.00 4.00 7.00 6.00 8.00 3.00 5.00
1.00 2.00 7.00 4.00 3.00 5.00 8.00 6.00
1.00 2.00 7.00 5.00 6.00 3.50 8.00 3.50
2.00 1.00 7.00 5.00 3.00 6.00 4.O0 8.00
1.00 2.00 7.00 4.00 5.00 3.00 6.00 8.00
1.00 2.00 5.00 7.00 6.00 8.00 4.00 3.00
1.00 2.00 5.00 4.00 6.00 7.50 3.00 7.50
2.00 1.00 4.00 7.00 8.00 6.o0 5.00 3.00
2.00 1.00 7 00 5.00 6.00 3.00 8.00 4.00
4.50 4.50 2.00 7.00 80.0 6.00 3.00 1.00
2.00 1.00 7.00 4.00 6.00 3.00 8.00 5.00
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1.00 2.00 3.00 6.00 7.00 5.00 4.00 8.00

2.00 1.00 3.00 5.00 6.00 4.00 7.00 8.00

1.00 2.00 5.00 7.00 6.00 8.00 3.00 4.00

2.00 1.00 4.00 7.00 8.00 6.00 5.00 3.00

Ž.00 3.00 1.00 7.00 8.00 6.00 5.00 4.00

1.00 2.00 3.00 7.00 6.00 8.00 5.00 4.00

3.00 1.00 2.00 5.00 6.00 4.00 7.00 8.00

2.00 1.00 3.00 5.00 6.00 4.00 7.00 8.00

2.00 1.00 3.00 5.00 8.00 4.00 6.00 7.00

3.00 2.00 1.00 7.00 6.00 8.00 4.00 5.00

3.00 2.00 1.00 7.00 6.00 8.00 5.00 4.00

3.0) 1.00 2.00 7.00 8.O0 6.00 4.00 5.00

2.00 1.00 3.00 7.00 6.00 8.00 5.00 4.00

3.00 1.00 2.00 7.00 4.00 8.00 6.00 5.00

2.00 3.00 1.00 7.00 6.00 8.00 5.00 4.00

2.00 3.00 1.00 5.00 6.00 4.00 8.00 7.00
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*RAHK TO00603 IS OH CRO0002 USING 00013 BLKS R=0000

0001 FTN4
0002 PROGRAM RANK
0003 COMMON A(lO0),AX(I00),NAME(3),IFMT(20)
0004 COMMON 1B(-"72),IC(272),]BUF(256),ISIZE(2)
0005 DO 109 l-1,1¢0
0006 A( I )m0 .
0007 A I(1 )0.
0008 109 CONTINUE
0009 WRITE(1,17)
0010 17 FORMAT(" ENTER NUMBER OF COLUMNS ")
0011 REAO(I,'*) HC
0012 WRITE(1,16)
0013 16 FORMAT(o ENTER NUMBER OF ROVS°)
0014 READ(I,*) NR
0013 WRITE(l,13)

0Q1• 15 FORMAT( ENTER DATA FILENMAE)
0017 READ('0,) NANE
0018 1 FORMAi(3A2)
0019 WRITE(I.14)
0020 14 FORMAT(" ENTER DATA FORMAT*)
0021 READ(1.11)IFMT
0022 11 FORMAT(2OA2)
0023 WRITE(1,88)
0024 88 FORMAT(' ENTER THE RECORD LENGTH AS IN DA30")
0025 READ(1,o) LENGTH
0026 LEN-LENGTH/2
0027 IF((LEN.2). HE .LENGTH) LEN-LENMI
0028 LENGTHwLEH
0029 IDCBSoLENGTH
0030 IF(LENGTH.LT.144) IDCBS"I44
0931 CALL OPEN(IBIER,NAMF,3,0,-2,IDCBS)
0032 IF(IER.GE. 0) GO TO 543
0033 WRITE(1,566) NAKE, IER
0034 566 FORMAT(3X,3A2," FAILED TO OPEN IER ,15)
0035 STOP 566
0036 543 WRITE(1, 12)
0037 12 FORMAT(* ENTER OUTPUT FILENAME*)
0038 READ(I,I)NAME
0039 ISIZE(2)-LENGTH
0040 SIZE-LENGTH
0041 XSUUNR
0042 SIZE-XSUSIZE/129. + 1.
0043 ISIZE(1)=SIZE
0044 CALL CREAT(IC,IERNAME,ISIZE,2,0,-2,IDC9S)
0045 IF(IER.GE.O) GO TO 350
0046 WRITE(1,566) HAME, IER
004? STOP 56?
0048 350 DO 100 MSul,NR
0049 LI-I
0050 NaO
0051 CALL READF(IB, IER, IBUF)
0052 CALL CODE
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0053 READ(IDUV. IFHT )(A(K )..ul ,NC)
0054 2 ALOW29999.99
0055 N=N+Ll
0056 DO 3KuI,HC
0057 IF(A(K).EQ.99.99)G TO 3
0458 IF (K)L.ALOV)ALOW.A( K>

0061 LluO
0062 c-0
0063 DO 5 Kmt 1 NC

0064 IF(A(K).HE.ALOU)GO TO05
0065 LluL1.1
0066 CCNL-
0067 5 CONTINUE
0069 CuCL1
0469 DO 4 KuI.NC
0070 IF(A(K).HE.ALOW)GO TO 4
0071 41( K uC
0072 A(K)n9999.99
0073 4 CONTINUE
0074 GO TO 2
0075 10 CALL CODE
0076 WRITE(I9UF,IFMT)(Al(K),KwI,HC)
0077 CALL WRITF(ICoiER1 I9UF)
0078 100 CONTINUE

¶0079 WRITE( 1#159)
0000 159 FORMAT('ENTER I FOR PRINTOUT OF ONLY RAY DATA.2 FOR RAW DATA '

0081 $/,o AND RANKED DATA1 3 FOR O..LY RANKED DATA , AND 4 FOR NO *
0092 $,"PRINTOUT AT ALL8)
0003 READ(I, * ) I PTO
0 084/ IF((IPTO.LT.1).OR.(IPTO.GE.4)) GO TO032
0685 WRITE(1,160)
1.086 160 FORMAT(OENTER I FOR CRT DISPLAY, 6 FOR LPTR")
0007 READ(I,.) IUMIT
0089 CALL RUNDF( 19)
0089 CALL RWHDF( IC)
0090 IF( IPTO.EQ.3) GO TO 798
0091 WRITE(IUNIT,209)
0092 209 FORNAT(//,5XRAW DATA*,/?)
0093 DO 137 Iw1.HR
0094 CALL REAMF(18,IER I BUF)
0095 CALL CODE
0096 READ( IBUF. IFMT) (A( K),Kul, NC)
009? 137 WRITE(IUHITIFMT) (A(K),Kzl,HC)
0099 IF(IPTO.EQ.1) GO TO 32
0099 788 WRITE(IUNIT,237)
0100 237 FORMAT(///.5X,'RAHKED DATA m?)
0101 DO 273 Im1,HR
0102 CALL REAMF IC, IER, I BUF)
0103 CALL CODE
0104 READ( IBUF., IFNT ) (Al(K ), Kai i C)
0105 273 WRITE(IUMITT391) (Al(K),K-11I4C)
0106 391 FORMAT(10(1X,F6.2))
0107 32 CALL CLOSE (18,IER)
0108 CALL CLOSE (ICoIER)
0109 END
0110 END$
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ORANK (Matrix Ranking)

Purpose:

This program ranks data in a data file and creates a new file to

be stored on disc.

Layout of Design:

Unlike the program RANK, ranking is done for entire data set. In
case of tied observations, ranks are assigned randomly.

User Considerations and Procedures:

I. Program expects data file to be created in a row x column (R x C)
matrix format. A printout of raw data would have C (column)
elements per line. The created data file would be in R x C
matrix form with different data format and record length.

2. Parameters required:

a. raw data file name

b. ranked data file name

c. raw data format and record length

d. ranked data format and record length

e. number of records (rows) (see comments)

f. number of columns (see comments)

3. Therc is no printout of the ranked data.

Comments:

The maximum size of parameterq, row (R) and column (C), is as follows:

I. C 330

2. R C < 2500
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RU,ORANK
PROGRAM TO RANK ENTIRE DATA SET BY ROWS AND COLUMNS
ENTER NAME OF INPUT DATA FILE
#FATAA
ENTER NAME OF OUTPUT DATA FILE
#UWF
ENTER INPUT DATA FILE FORMAT
(8(2X,F6.2))
ENTER OUTPUT DATA FILE FORMAT
(8(2X,F6.2))
ENTER THE RECORD LENGTH AS IN DA3fo

64
ENTER THE OUTPUT RECORD LENGTH AS IN DA30

64
ENTER IN NUMBER OF RECORDS

32
ENTER IN NUMBER OF VARIABLES

8
"RANK STOP 0000

:LL,6
:LI ,#FATAA,A
:LI ,#UWF,A
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6ORANX ToOO003 IS ON CR00002 USING 00012 BLKS RuOOQO

0001 FTN4,L
0002 PROGRAM ORANK
0003 COMMON Y(2500),1B(272),IC(272),IBUF(256),ICtJF(256),NAME(3),
0004 &INAME(3),IFMT(20),IFMT2(20),X(30),JJ(30),IREC,IVAR,ISIZE(2)
0005 COMMON Z(30)

000? 1 FORMAT(OPROGRAM TO RANK ENTIRE DATA SET BY ROUS AND COLUMNSO)
0009 WRITE( 1, 2)
0009 2 FORMAT('ENTER NAME OF INPUT DATA FILE")
0010 READ(1,3) NAME
l011 3 FORMAT(3A2)
0012 WRITE(1,4)
0013 4 FORMAT(mEHTER NAME OF OUTPUT DATA FILE'>
0014 READ(t,3) [NAME
0015 WRI TV I , )
0016 5 FORMAT('ENTER INPUT DATA FILE FORMAT*)
0017 READ(t,6) IFIIT
0019 6 FORMAT(20A2)
001w URITECI.?)
0020 7 FORMAT(*ENTER OUTPUT DATA FILE FORMAT*)
0021 READ( 1 6) [FMT2
0022 URI TE( 1,88)
0023 88 FORMAT(* ENTER THE RECORD LENGTH AS IN DA3O' )
0024 READ(1,.) LENGTH
0023 LENmLEHCTH/2
0026 IFU(LEN.2).NE LENGTH) LE~xLEN+I
0027 LENGTHmLEN
0028 IDCBS-LENGTH
0029 IF(LEHGTH.LT.144) IDCBSir144
0030 CALL OPEN(IBIERNAf1E,3.0,-2,IDCBS)
0031 1 F( IER .GT.0 GO TO 8
0032 WRITE( 1, 9) NAME, IER
0033 9 FOjR~lAT(3A2. u FAILED TO OPEN ,IER - ',15)
0034 STOP 1
0035 3 CONTINUE
01)36 WRITE(1,89)
0037 39 FORMAT(% ENTER THE OUTPUT RECORD L-ENGTH AS IH DA30")
OQ39 READ(1,*) LENGTH
0039 LEH=LENGTH..2
0040 I F( (LEH*2 ).HE. LENGTH) LEH-LEN *1
0041 LENGTH-LEH
0042 IDCBSzLEHGTH
0043 IF(LENGTH.LT.144) IDCBS=144
0044 WRITE( 1. 1)
0045 1') FORMAT("ENTER IN NUMBER OF RECORDS-)
0046 READ(1,*) IREC
0047 WRITE(1,Il)
0048 '41 FORMAT('ENTER IN NUMBER OF YARIABLESN)
0049 READ(V.*) TVAR
0050 1 TOTAL-I REC*t VAR
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0051 SIZE=LENGTH
0052 ISIZE(2)'LENGTH
0053 XGwIREC
0054 SIZE=XG*SIZE/128. + I
0055 ISIZE(I)-SIZE
0056 CALL CREAT(ICIERI1AMEISIZE,2,0,-2,IDCBS)
00597 IF(IER.LTO) WRITE(1,9) INAIIE,IER
0058 IF(IER.LT.0) CALL CLOSE(IB)
0059 IF(IER.LT O) STOP
0060 DO 12 Jxl,IREC
0061 CALL READF(IB,IERI9UF)
0062 CALL CODE
0063 READ(IBUF,IFMT)(X( I), I-t,IVAR)
0064 DO 13 I-t,IVAR
0065 La( J -1 )* [VAR+ I
0066 13 Y(L)=X(I)
0067 12 CONTINUE
0069 CALL SORT(ITOTAL)
0069 CALL RWHDF(IB)
0070 DO 50 K-I,IREC
0071 CALL READF(IBIERIBUF)
0072 CALL CODE
0073 READ(IBUF,IFMT) (X(13),13=1,IVAR)
0074 DO 51 J-I,IVAR
0075 DO 52 I-IITOTAL
0076 IF(X(J).ME.Y(I)) GO TO 52
0077 Y( 1 )a'9)9 .363
0078 Z( J )MI
0079 GO TO 51
0080 52 CONTINUE
0081 51 CONTINUE
0082 CALL CODE
0083 WRITE( ICUF, IFMT2) (Z( I4),I4-1,IYAR)
0084 CALL WRITF( IC, IER, ICUF)
0085 50 CONTINUE
0086 26 CALL CLOSE( I)
0087 CALL CLOSE(IC)
011) 08a STOP
0089 END
0090 SUBROUTINE SORT(H)
0)091 COMMON Y(2500)
0092 HIaH-I
0093 DO 1 Iu1,NI
0094 JuI+1
0095 DO 2 K"J,N
0096 1F(Y(I).LE.Y(K)) GO TO 2
0097 TEMP*Y( I )
0098 Y(I )=Y(K)
0099 T(K)uTEMP
0100 2 CONTINUE
0101 1 CONTINUE
0102 END
0103 END$
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STACH (Nonparametric Descriptive Statistics)

Purpose:

This program is a descriptive package for nonparametric data
which includes the following statistics: mean, median, standard
deviation, middle 80 percentile range, semi-interquartile range,
alpha 3, and alpha 4. This program also performs a chi-squared
goodness of fit test for resting normality based on a frequency
histogram of the raw data.

Mathematical Model:

The program creates a histogram, with a specified number of classes,
from the raw data. Then, it standardizes each variable by the mean
and variance of the histogram. The chi-squared value is determined
by comparison of the histogram class frequency against the expected
standard normal class frequency. This is done by:

Chi2 

:

i=l E(f.)

where:

f. = actual frequency

E(f.) = expected frequencyI

N = number of classes

User Cinsiderations and Procedures:

1. Program expects data created in matrix form. Each record -on-
tains X..; j = 1, M; where M = number of variibles in data set;ij

and i = the observation (or subject number). A print-ut of raw
data would show m d.ita points per line.

2. The data analysis can be either displayed on the CRT or hardcopy
can be obtained from the line printer. Option: I for CRT output,
6 for line printer output.

3. A printout of the raw data can be obtained. Option: I if raw
data printout is desired, 0 for no printout. The output device
iK designated by the above option (#2).

4. A printout of the histogram can be obtained. Enter 1 if a histo-
gram printout is desired, 0 for no printout.
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5. Program asked if test for ncrmality is wanted. Respond I for
yes. If only the histogram and/or different nonparametric
statistics are desired, respond 0.

6. An option for IAP (rerun program) exists, respond 1 if you wish
to rerun program, 0 for no.

7. A printout if the expected normal frequencies can be obtained.
Enter I if desired, 0 if not.

8. Parameters required:

a. number of variables in data file (maximum 100)

b. number of subjects (maximum 32767)

c. number of classes in histogram (maximum 25)

d. number of variables to be analyzed (maximum 100)

e. enter variable numbers which are to be analyzed

f. name of data file

g. format and record length of data file (see DA30)

9. Printout gives:

a. number of observations, mean, median, mode, standard deviation,
middle 80 percent range, semi-interquartile range, alpha 3,
alpha 4, for each requested variable

b. frequency histogram (optional)

c. expected normal frequency (optional)

d. chi-squared value and degrees of freedom (optional)

Comments:

The results of the chi-squared test gives the calculated chi-squared
value with its degrees of freedom. To determine the probability level
go to a chi-squared table. This test is very conservative; data have
to be very unnormal to reject null hypothesis.

Test Data:

The data used to test this program is the -ame as SRM30 (See SRM30).
This program was hand-tested using a Texas Instrument calculator soft-
ware program. The progrqm uses double precision for most variables.

266

a bz



RU,STACH

ENTER NUMBER OF VARIABLES
8

ENTER THE NUMBER OF VARIABLES TO BE ANALYZED

ENTER NUMBER OF SUBJECTS
64

ENTER # OF CLASSES IN THE POLYGON; MAX-25

POLYGON WANTED? i=YES, O=NO

TEST FOR NORMALITY WANTED? ]=YES, O=NO
I

IAP I1YES, 0 = NO

ENTER DATA FILE NAME
#STACH
ENTER DATA FORMAT
(8(2X,F6.2))
ENTER THE RECORD LENGTH AS IN DA30
64
ENTER 1 FOR CRT OUTPUT, 6 FOR LP
6
ENTER NUMBER OF VARIABLES TO BE INCLUDED
I

ENTER 1 FOR RAW DATA PRINTOUT

0
ENTER I FOR PRINTOUT OF EXPECTED VALUES
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STATISTICS FOR VARIABLE 1
NUMBER = 64
MEAN = 42.750
MEDIAN = 35.500

MODE = 25.500
STANDARD DEVIATION = 21.034
MIDDLE 80 PCT RANGE = 57.173
SEMI INTERQUARTILE RANGE 18.133
ALPHA 3 = .561
ALPHA 4 = 1.813

FREQUENCY POLYGON VARIABLE
17.500 25 500 XXXXXXXXXXXXXXXXXXXX
25.500 33.500 XXXXXXXXXX
33.500 41.500 XXXXXXXXX
41.5OO 49.500 XX
49.500 57.500 XXXXXX
57.500 65.500 XXXXXX
65.500 73.500
73.500 81 500 XXXXXXXXXXXX

EXPECTED NORMAL VALUES
13.1892185
7.9343309
9.3600349
9.5714035
8.4840889
6.5187569
4.3416157
4.6005507

VARIABLE 1 CHI SQUARED FOR NORMALITY 12.056,DF 6
CK 3
CK 4
CK 5

268



O8TAC14 Tx00004 IS ON CR00002 USIi C 00028 BLKS R-0243

0001 FTN4
0.0002PROGRAM STACH

0003 DOUBLE PRECISION ZlT','V(23)
0004 COMMON SC( l00),IBUF(2'56),1B(272),HJ(2).NAME(3), IFMT(20 ),
0005 CNUL(100)
0006 *4 LIHE(100),FR(25)..VLLý(25),V..TNE(25)
0~00 INTEGEk BLANKEX
0000 DATA BLAHKI'2H /,EX?2HX
6009 1o1 CONTINUE

@911 395 FORMAT(OEITP.R N4UMBER OF YACIABLES'>
60t2 READ(L,*) NY
*003 WRITE(11 29S>
O*14 298 FORMAT(OE'TER THF7 HUMBER OF VARIABLES TO BE ANALYIZED')
0015 READ(1,*) NWd
0016 URITE(1D299)
0017 299 FORMAT("Et4TER HUMBER OF SUBJECTS3 )
0019 READ(1,*) NP

0020 336 F'ORMAT(aEHTER f OF CLASSES IN THE POLYGON ; IAX=230)
0021 REAO(1,*) NC
0022 WRITE(1,332)
0*23 332 FORMAT(OPOLYGOH WANTED "' I - ?ES )=HOO)
0024 READ( I, *) NJ( I
0025 WRITE(1.331)
0026 331 FORMA1\3 TEST FOR NORMALITY~ WINTED ? IYES 0N0O)
0027 READ( 1,s ) HJ(2)
0028 WRI T E(1,334)
0029 334 FORMAT(" IAP ImYES onmH0)
0030 READ(1,*) IAP

p0031 WRITE(1,333)
0032 333 FORMAT(*EHTER DATA FILE NAME,)
0033 READ(1,1002) NAME
0034 1002 FORIIAT(3A2)
0035 WRITE(1,1003)
0036 !003 FORMiAT(OSNTER DATA FORMATO)
00~37 RF.AD(I.1004) IFMT
0038 1004 FORMAT(20A2")

0040 88 FORMAT(' ENTER THE: RECORD LENGTH AS' IN DA300)
0041 RE.AD(1,*) LEHGTH
0042 LEN*LEM%"TH?2
0043 I7((LE'1s2).HE.L.EHGTH) LEH=LEH+1
0044 LENGTH-LEH
0045 IDCCmi.ENGTH
0 04 b I F( LEHUT~L1T.L'r.144 ) I DCOS -144
0048 IF(IER.CE 0) GO TO 73

0049 OP.ITE(t,39) HAflF.IER
'1050 39 FORMAT(3A2.' FAILED TO OP'EN !, >Y ,11%P)



00il STOP
0052 73 VRITEU1,9a)

0039p FORMATC"ENTER I FOR CRT OUTPUT, 6 FOR LP4)
0054 READ(I,e) IUNIT
0055 VRITE(1,934)
0056 934 FORMAT(*ENTER UNUMER OF VARIALDES TO BE INCLUDED)
005? READ(1,.)(NL[.u,)
0051 WRITE(11 437)
0039 437 FORMAICOENTER I FOR RAW DATA PRINTOUTO)
0060 READ(I~s) IPTO
0061 VRITE( 1,3487)
0062 340? F02HATk'ENTER I FOR PRINiTOUT OF EXFECTý-D YAIUE34)
0063 READ(1~o) ITP
0064 DO 23t1 31ItNW
0065 SUM~wo.
0066 SUMX2*0O
0067 DO 4 Iu1,NP
0068 CALL REAC.F(19,IER,IBUF)
006? rALL CODE
0070 READ(1BUFIFMT) (SC(j),Jvl,NV)
0071 IF (IPTOI.1Qt) WRITE( IUMIT, IFMT) (SC(J ),J-=INV>
0072 XuSC(NUL(131))
0073 SUNMNuSqx.x
0074 SUMX2*SUMX?+X*X
0075 IF(1I.ME. I)GO TO 400
0076 XLmX
0077 X14aX
0070 400 IF(X.LT. XL) XL=X
0079 IF(X.GT.XH) XHuoX
0080 4 CONTINUE
0001 SHCuIPC
0082 IPTO-0
0033 SHP-4PuP
0004 RINC=XH-XL-+1
0065 CINRINC/Sr4C
0066 NCluc1+.9,111
008? CIUNCI
00.8 DO 7 KuI,HC
0009 7 FR(K )-0
0090 DO 8 Kut,HC
0091 FK-K
0092 8 YLL(K)=XL-.5+(FK-1)*CI
0093 CALL RIJNDF( IB
0094 DO 9 Izl,HP
0095 CALL READF(IBIER,IBUF)
0096 CALL CODE
009? READ( IBUF, IFMT )(SC( .J ),J=1, lv>
0099 XCxSC(MWL(131))
0099 KKo( XC-YLL( I) )/C1+ 1
0100 10 FR(KK)-FR(KK)+i
0101 9 CONTINUE
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0102 CODle.Ibot4p
@103 COOl6.250SNP
4104 C0054..S.NP
@105 C003-.?5SSNP
0106 COD90.90SNP
010? sx(u0

0109 SSXw@

0110 saXwo
0111 DO 12 Jw1,NC
0112 SHCaJ
0113 AAsYLL(1)+CIs(SNC-.5)
0114 SXmSX+FR(J)*AA
4115 SSX=SSX+FR(J).(AA*.2)
0116 SCXaSCX+FR( J )(AAS.3)
0 11? 12 SOX aSO X+FR J )*(A Ao*4
*Its CT~mSXSNP
0119 SIC.SOQRT(SNP*SSX-SX**2)/ISNP
@120 ALPH-SCX-3sCTMsSSX.2"SNPe( CTMq.31
4121 ALPNUALPH/(SNP*(SIGs*3))
0122 BET.SQX-4SSCXsCTN.6aSSX.(CTM*.2 )-3eSNP*(CTM*.4)
0123 9ETuSET/(SNP.(SIQ*e4) )
0124 AAm@
0125 DO 14 J-IA4C
0126 B9-AA.FR.J)
@127 IF(99.GE.CODL)GO TO 15
0128 AAaBB
0129 GO TO 14
6130 15 DEIUVLL(J)+CI*(COOI-AA)/FR(J)
0131 G0 TO 16
0132 14 CONTINUE
0133 16 AA:0
0134 WRITE(1UNIT,663)
0135 66 FORMAT(" CK 3 S)
0136 D0 17 J-I,NC
0137 99u=AAFR(J)
0139 IF(99.GE.COOI)GO TO 18
0139 AAuBB
0140 GO TO 17
0141 18 QTlmYLL(J)+CIe(COQl-AA)?FR(J)
0142 GO TO 19
0143 17 CONTINUE
0144 19 AAm0
0145 00 20 Ju1,HC
0146 99nAA.FR(J)
0147 UA99O.CE.C005)GO TO 21
6148 AA.v99

0149 CO TO 20
0150 21 DE5mYLLCJ).CI*(C0OD-AA)/FR(J)
0151 GO TO 22
0152 20 CONTINUE
0153 22 AA=O
0154 DO 23 JuiNC
0155 8UAAt'FR J)
0136 lF(8B.GE.C0Q3) GO TO 24
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0157 AA=SS
0158 GO TO 23
0159 24 BT3mVLL(J)*CI*(C003-AA)?FR(J)
*160 GO TO 25
0161 23 CONTINUE

p0162 25 AA=O
0163 WRITE( IUNIT,664)
0164 664 FORHAT(o CK 4
0165 00 26 JnlNC
0166 B9wAA+FR( 4)
*167 IF( 98.GE .C009 )GO TO 27
0160 AAw9D
0169 GO TO 26
@170 27 DE9uYLL(J)4CI.(COD9-AA)/FR(J)
0171 GO TO 28
0172 26 CONTINUE
0173 28 R~e6-oE9-DEl
0174 SIQa(QT3-OTl.)/2
0075 AAwFR( I)
0176 Hxe1
017? 0O 29 JuI.NC
0178 IF( FR( J) .GT .AA )HXJ
0179 IF( FR(4). CT. AA)AA-FR(J )
0110 29 CONTINUE
0181 WRITE(IUMIT,667)
@182 667 FORI9AT(o CK 5 U

0183 NNxuNxeI
0184 NNXuNX-l
0185 RATm(FR( NMX )) 4MFR( HHX )+FR( NMX)
*186 YMOD=YLL(HX)4RATsCI
0147 19olUNIT
*too URITE( I9,30)I31,NPCTN1 DE5,VNO0,SIG,RM90,SIQALPH.BET
0189 30 FORMAT(IHISTATISTICS FOR YARIABLEO,13?1X,"NUMBER ="14?/
*190 XIX 1"MEAH ua,F7.3/1X,NMEDIANu',F7.3/1X,"MODE -",F7.3,/1X,
0191 XOSTAMDARD DEVIATION =",F7.3/1X,"MtIDD1E 80 PCT RANGE ~
0192 XF7.3/1X,
0193 XOSENI INTERGIJARTILE RANGE -*,F7.3?1X,*ALPHA 3 c*%F7? 3/X,
*194 XIALPHA 4 *',F7.3)
0195 IF(N4(1).EQ.O)GO TO 200

019? 31 FORMAT(1H1~mFREGUEHCY POLYGON YARIABLE ,13)
0198 DO 32 Ju1,HC
0199 DO 33 Ka1,100
*200 33 LINE(K)*BLAHK
0201 NBAR-FR(J)
0202 IF(NBAR.EOl.0)r~O TO 100
0203 DO 34 KaI,NBAR
0204 34 L INE( K )EX
0205 100 HLwVLL(J )+CI
0206 WRITE( IUHIT,33)YLL(J),HL,(LINE(K),K-1. 100)
020? 35 FORMAT(IHO1 F?.3,iN ,F7.3,2X,l00A1)

[0208 32 CONTINUE
0209 200 IF(NJ(2).EQ.0)GO TO 11
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0210 C H I a
0211 C SIG-SBRT((SUMX2-SUMqX*SUflX/SNP)/(SNP-1.))
0212 C CTM-SUMX?-SHP
0213 DO 3)3 Ij-1,HC
0214 fZlvVLL(IJ)-CTM)/SIG
0215 CALL Yt4ORM( Zi , TI)
0216 93 Y<(I J )Tl
021? 111CCUNC-1
0218 THE(1I)mSNPeV(2)
0213 00733 lV-2,NCC
0220 J3uIY~1
0221 733 THE(IV).SNP*DASS(V(J3)-V(IV))

t 222 734 FORIIAT(5X,F14.7)
0223 THE( NC )-SHP.OABS( I-Y( MC)
0 2.k4 !F( ITP E12. I) WRITE( IUNIT,9812)
0225 9812 rORMAT(o EXPECTED NORMIAL VALUES *,5X 1 F14.?)
'2 26 IF( ITP.EQl .) WRITE( IUHIT, '34) kTHE( 1K), IKI NHC)
"22? DO 248 J21,HC

0223 IF(J.EQ.NC)GO TO 40
0322) IF(lToiE().u'E.5)GO TO 40
0230 K wJ +1
0231 JHCcuICC-1
0232 THE( K)=THE( J )THE(K)
0233 F R( K >aeR (K + F R (J
0234 GO TO 248
0235 40 CHIuCHI1(UVR(J)-THE(J))a*2)/THE(J)
0236 248 CONTINUE
3237 WRITE( IUHIT, 41 )131 ,CHI, HCC

0238 41 FORe1AT(1H0/1XVoARIABLEw,I3,' CHI SQUARED FOR HORIALITYu*,F7.3,

0231) XI,DFo,13)
0 24o 11 CONTINUE
0241 231 CALL RUIKDF( 18)
0242 CALL CLOSE( 109)
0243 IF( IAP.EQ.1I GO TO 101
0244 END
0245 END$
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CHIRA (Coefficient of Concordance)

Purpose:

This program finds Kendall 's coefficient of concordance, W, tests
for its significance, and provides reliability figures of the
ranked data. Wilcoxin sign rank, A, can also be obtained for all
variable combinations.

Mathematical Model and Layout of Design:

In our layout, we have N objects (or individuals) ranked in K-sets.
Each set is ranked independently of each other.

1 2 3 . . . . N

1 r r rr
1 1 12 13 . . . . 'in

2 r21 r22 r23 . . . . r2n

3 r31 r32 r33 . . . . r 3n

k rkl r k2 rk 3  rkn

I. Mount a magnetic tape! (any scratch tape will do).

2. Program expects ranked data in k x N matrix form tu have been
created (see program RAUK). A printout of data would show N
observations per line.

3. The data analysis can be ,either displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: 1 for CRT
output, 6 for line printer output.

4. A printout of the raw dat. can be obtained. Cption: 1 if raw
data printout is desired, 0 for no printout. The output device
is designated by the above option '3)

5. Program asks if Wilkoxin sign rank, Z, i , desired. Enter I for
yes, 0 for no. NOTE: The program prints out the Wilcoxin ý
for all pirs of voriables and an approximate probabil ity The
number of s igncd ranks N (N - ])/2.
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r. Paameters required:

a. number of columns N = (maximum 70)

b. number of rows - k *= (maximum 30)

c. enter I for correction of ties (Not to correct for ties s
incorrect! If data have been created using RAN4K, ties have
already been assigned average ranks.)

d. name of ranked data file

e. format and record length of data file (see DA30)

7. Printout gives:

a. raw data (optional)

b. W4 lkoxin 9 (optional)

c. Kendall's W, chi-square with degrees of freedom, average
row reliability, and total reliability

d. S, sum of squared deviations from mean of nth object (see
comments)

Comments:

The h,/pothesis being tested .viith Kendall's W is whether k-sets of rank-
ings are independent. Kendall's W expresses the degree of agreement
among the k-sets (judges, etc.) in ranking the N objects. When N > 7,
W is related to the chi-squared distribution by

2
X =(N - 1)W with df = N - 1.

The program gives the X2 value in all cases. If N`ý 7 this value
will be incorrect. For critical values in this case (N • 7) see
S. Sieg, I, Nonparametric Statistics for the Behavioral Sciences,
lable R, P. -2 6. This table gives critical values of S, which thc
program prints out. The t3ble shows minimum critical values of S
for the .05 and .01 level of significance.

If N 7, compare the ch'-square for R, printnd by program, with
the chi-square value from any tabl..-, of critical values (i.e.,
Table C, P. 249, in . Siegel).
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The average row reliability equals (kW - 1)/(W (k - I)). Total

reliability equals (kW -1)/(W (k - 1)).

In Wilcoxin Z, the hypothesis we are testing is whether 2 variables

(in each Z) differ.

Test Data:

This program was tested using data from S. Siegel, Nonparametric

Statistics for the Behavioral Sciences, McGraw-Hill, 1956, P. 233-237.
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RU,CH IRA
ENTER DATA FILE NAME
#CHIRA

DO YOU WISH TO COMPUTE WITH TIES ]=YES, 0=NO

NUMBER OF COLUMNS (MAX 70)
4

NUMBER OF ROWS (MAX 30):
10

ENTER DATA FORMAT
(4(]X,F3.0))

ENTER 6 FOR LINE PRINTER OUTPUT, I FOR CRT
6
ENTER I FOR RAW DATA PRINTOUT, ELSE ENTER 0

DO YOU WANT WILKOXIN SIGN RANK Z?, ]=YES, 0=NO
I

ENTER THE RrCORD LENGTH AS IN DA30
16
CHIR STOP 0000
CTAPE ABORTED
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1.0000 2.0000 3.0000 4.0000
1.0000 2.0000 3.0000 4.0000
1.0000 2.0000 3.0000 4.0000
2.0000 1.0000 3.0000 4.0000
2.0000 1.0000 3.0000 4.0000
1.0000 2.0000 3.0000 4.0000
1.0000 3.0000 2.0000 4.0000

1.0000 2.0000 3.0000 4.0000
2.0000 1.0000 3.0000 3.0000
1.0000 2.0000 4.0000 3.0000
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CHIRA T=00004 IS ON CR00002 USING 00001 BLKS R=0005

0001 :sv,4
0002 :RP,CTAPE
0003 :RU,CHIR
000o4 :OF,CTAPE
0005 :SV,0
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'CHIR T-00003 IS ON CR00002 USING~ 00021 BIKS R-6000

0001 FTH4
0002 PROGRAM CHIR
0003 COMMON SC(30.70).RS(70).D(30),DR( 30),RA(30. 70)
0004 DIMENSION TAB(C25,3 ),IFMT(20), ITAPE(3)
0005 DATA ITAPE/214CT,2HAPo2HE
0006 DATA TAB( 6,1). TAB( 6.2). TAB( 6,3 >'2 .227. 99.999.99. 999/
0007 DATA TAt)(7. 1).TAB(7,2),TAB(7,3)/2.028.2.366.99.999/
0008 DATA TAB( So I), TAB( 8.2 ), TAB( 8 3 )/1 .96 0,2 .240. 2. 52 1 /
0009 DATA TAB( 9, 1 )TA9(9,2), TAB(9, 3)/l1.955,2.310,1.429/

0*10 DATA TAB(10,t),TAB(i0.2),TAB(10.3)/1.988.2.2932.2497/
0011 DATA TAB(11.1),TAB(11.2).TAB( 11.3)/i .956,2.312,2.490/I

p0O12 DATA TAB(12,1),TAB(12.2),TAB( 12,3,/1.961,2.275,2.510,/
0013 DATA TAS( 13,1 ),TAB( 13.2 ),TAB( 13,3)/I .992,2.271.2 491/
0014 DATA TAB( 14, 1 )TAB( 14,2 )T AB9( 14,3 >/I .977 2. 291.2. 480/
0(453 DATA TA8( 15. 1).TAB( 15.2 ),TAB( 15,3)/I .988.,2.272,2. 499/
0016 DATA TA)( 16,1 ),TAB( 16.2 ),TAB( 16.3)/I .965,2.275,2.482/

0417 DATA TAB(17,1).TAB(17.2),TAB(1?.3)/1.965,2.2962.2533/
0019 DATA TAB( 18,.1) ,TAB(1S,2 ) ,TAB( 18,3)/1 .992,2. 286,2.504/
0019 DATA TAB(19,1 ) ,TAB(19,2 ),TAB( 19,3/1 .972,.2 294 2.535/
0020 DATA TAB( 20 ,1 ) ,TAB( 20 2 ),TAB( 20,3 )/1 .979, 2. 315,2. 50 1/
0021 DATA TAB(21,1),TA9( 21,2),TAB( 21,3)/I .964.2.311.2.520/
0022 DATA TAB (22 ,1I TAB(22 ,2 T AB(22,3)/1 .964,.2 289 ,2 . 16/
0023 DATA TRS(23.1 ),TAB(23.2 ),TA8C23,3)/l .977.2.3 2,2. 524'"
0024 DATA TAB(24,l),TAB(24.2),TAB(24,3)/1.971,2.314,2.543/,
0025 DATA TAB(25,I).TAB(25,2).TAB( 25.3)/I .978,2.301,2.543/
0026 50 REWIND 8
002? 173 9.0
0029 CALL EXEC(9,ITAPE)
0029 REWIND 8
0030 READ(8,239) IER, ICON
0031 IF ( IER. LT. 0) GO TO 333
0032 239 FORMAT(215)
0033 READ(8,2031) ITIES.HKHR,IUMIT
0034 2031 FORMAT(4I5)
0035 READ(9.2033) IFNT
0036 2033 FORMAT(20A2)
0037 DO0 70 In l 70
003r 70 RS( I )=O
0039 DO 7 1 I= 1 30
0040 DR( I)aO.
0041 71 D( I )-
0042 suplao
0043 T=O
0044 DO 2 Iul.NR
0045 READ(8,IFMT) (SC(I ,J).JuI.NK)
0046 2 CONTINUE
004? DO 4 Iu1.NR
0048 DO 4 Jxl,HK
0049 RA( 7 J )m.

0050 DO 4 Kai HK



0032 ~IF(SC( , J ~.#GA SC< I, K ) )A( I, J )mR A( I +

0054 DO 69) 1-1 HK
0031 DO 60 Ju1,HR
00S6 60 RS( I)uRS( I )RA(iI)
0057 DO 22 Iu1lI4K
0058 22 SU~uSUM+RS( I)
0059 SU~uSUM/NK
0060 DO 21 I1- 1 NK
0041 21 S.8+(R$( I )-SUN )**2
0062 IF(ITIES.EQ.0)GO TO 61
0063 DO 32 JwI,HR
0064 N-1
0065 SUNNO
0066 DO 31 1 -1I, HK
006? u
0068 K2=1+1
0069 DO 30 KuK2, HK
0070 IF(RA(J,I).HE.RA(J 1K))G0TO030
0071 =l
0072 0( N)uRA(J , I
0073 30 CONTINUE
0074 IF( M EQ. i)GO TO 31
0075 DO 29 Klul,N
0076 IF(N.EQ.K1)GO TO 28
007? IF(D(H).EQ.D( K1))GO TO 31
0078 29 CONTINUE
00?9 28 SUMsSUH1+(Nee3-M)
0090 HNN41
0081 31 CONTINUE
0082 IF(N.EQ.1.AND.SU?4 EQO.)GO TO 32
0063 T aT +S UM / 12
0084 32 CONTINUE
0085 61 ANKuNK
0086 ANRwNR
0087 UK.S/( (( ( AH4Rs2)*( AMK**3-A4K ) )/12 )-C ANR*T ))
0088 CHIKwAHRs(ANK-1 )*UK
0089 HDFKNK-i
0090 ARB-(AHR.WK-l)./ANR-1)
0091 S9RnAHR*ARB/( l4( AR-1 )*AR8 )
0092 IF(ITIES.EQ.1) GO TO052
0093 WRITE( ILINIT,33)
0094 53 FORI1AT(IN1~o DATA CALCULATED WITHOUT CORRECTIONI FOR TIES')
0095 GO TO 51
0096 52 WRITE(IUHIT,54)
0097 54 FORM'AT(i~j,o DATA CALCULATED WITH CORRECTIONS FOR TIES')
0098 51 WRITE(lUNIT,9)CHIKNDFK
0099 9 FORMAT(" CHI .SQU4RE FOR R- ',B, ~DEGREES OF FRUEDOGM -',13)

0101 10 FORMAT(' KEHDAI.L'S Wm ".FG,3)
0102 WRITE(IUHIT~t1.)e4R8 1 SBR
0103 ti FF)RMAT(4' AVERACE ROW RELIABILITY - .F6,3." TorAL REL"1,
0104 I*IA31LITY
0105 WRITE( IUNIT,936) S
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0106 936 FORMAT(" 8 ',S~X,FI0.S,//)
0107 IF(ICON.NE.1) STOP
4108 DO 200 Iwt,30
0109 200 DR( I )=
0110 NKRuNK-l
0111 DO 12 1u1.NKR
0112 11 =I+11
0113 00 12 JulIINK
0114 HNNHR
Otis DO 13 K-I.NR
01t16 13 D(K~)oSC(K,I)-SC(KJ)
4'117 NPLUsaO
0118t 00 14 K-1,WR
0119 IO A.)R -
0120 IF(D(K).EQ.0)WN-NN-1
0121 IF4D(K.). EQ.0)GO TO 14
0122 IF(D(K).GT.0)NPLUSaNPLUS.1
0123 DR(K)-.3
0124 DO 14 LxINR
0125 IF(D(L).EQ.0)GO TO 14
0126 IF(ABS(D(K)).EQ.A9S(D(L)))DR(K):sDR(K)+ .5
012? IF(ABS(D(K)). GT.ABS(D(L) >)DR(K)-'DR'kK)+1
0128 14 COE~TINUE
0129 HNN~m(NN12)
0130 T=O
0131 IF(NPL.US.GT.NNH)GO TO 16
0132 DO 17 KuIHR
0133 IF( D(K). CT.0)TmT+DR(K)
0134 17 CONTINUE
0135 GO TO 19
0136 16 DO 18 Ku1,NR
0013 lF( D(K). LT. 0)T-T.DR(K)
0130 18 CONTINUE
0139 19 FHNmNN
0140 TOP*FNN*(FNN41 )/4
0141 BOTaSQRT(TOPe(2*FNN.1 )/6)
0142 ZEEx&T-TOP)/BOT
0143 IF(NN.LT.6)GO TO 100
0144 IF(NN.GE.6.AHD.NH.LE.25)CO TO 101
1t45 PR..!

0146 1 F( ZEE .GE .1 .96 )PRu .0!r0147 IF(ZEE.tE.2.327)PRw.02

0148 IF(ZEE.GE.2.575)PRo.01
0149 GO TO 102
01.A 101 PRe..!
0151 IF(ABS(ZEE).GE.TAD(WM,1 ))PRn.05
0152 IF( ABS( ZEE) . E. TAD( NN,2) )P~u .02
0153 IF(ABS(ZEE).GE .TAB(NII.3) )PRu. )1
0154 GO TO 102
0155 10o PRU..
0156 102 URHIEC IUHIT,20)1,JDZEEDNH,PR
0157 20 FORMAT(' VAR 0,13,0 AND VAR ",13, WILCOXTN SiGNED RANK Z
0159 XF8.3,Q 0 OF PAIRS a ',13," ALPHA LEVEL S GNIFICANCE w0,F8.3
0159 X//)
0160 12 CONTINUE
0161 333 STOP
0162 END~
0163 ENDS
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"CTAPE T-00003 IS ON CRO0002 USING 00009 DLKS R-O000

0001 FTH4
0002 PROGRAM CTAPE
0003 COMMCH SC(70),IHRNE(3),IFMT(20),IB(272),IBUF(256)
0004 WRITE(1, 121)
0005 121 FORMAT(OENTER DATA FILE HAMEO)
0006 READ(1,98) INANE
000? 98 FORMAT(3A2)
0003 WRITE( 1, 194)
0009 REMIND 8
0010 READ(I,*) ITIES
0011 194 FORMAT( " DO YOU WISH TO COMPUTE UITH TIES 1-YES, O-NO ')
0012 WRITE(1, 195)
0013 READ(1,o) NK
0014 195 FORMi T(" NUMBER OF COLUMNS (MAX 70) ; ")

0015 WRITE(1,196)
0016 196 FORNAT(' NUMBER OF ROWS (MAX 30)
0417 READ(I,+: HR
0018 WRITE(1,198)
0019 199 FORMAT(" ENTER DATA FORNAT')
0020 REAt k1', 199) IFMT
002! 199 FURMAT (20A2)
0022 iRI TE( 1,98? )
0023 987 FORMAT(o ENTER 6 FOR LINE PRINTER OUTPUT, I FOR CRTO)
0024 READ(I,*) IUNIT
0025 WRITE(1,45)
0026 45 FORNqT(OENTER I FOR RAW DATA PRINTOUT, ELSE ENTER 0")
0027 READ(.,o) IPTO
0028 URITE(1,393)
0029 393 FORMAT(aDO YOU WANT WILKOXIN SIGN RANK Z ? , IuYES, O-N0)
0030 READ(1,o) ICON
"1031 iWRI TE(1, 88)

0032 98 FORNAT(" ENTER THE RECORD LENGTH AS IN DA30")
0033 REAO(t,*) LENGTH
0034 LEI•-LENGTH/2
0035 IF((LENe2).HE.LEHGTH) LEHuLEH÷l
0036 LENGTH-LEN
0037 I DC'-LENGTN
0038 IF(LENGTH.LT.144) IDCDS-144
0039 CALL OPEN(IB,IER,INANE,3,0,-2,IDCBS)
0040 IF(IER.GE.0) GO TO 123
0041 WRITE(1,145) IAMAEIER
0042 141 FORMAT(3A2," FAILED TO OPEN , IER a ",13)
0043 WRITE(8,20) IER, ICON i
0044 20 FORMAT(215)
0045 REMIND 8
0046 STOP 145
004? 123 CONTINUE
0048 dRITE(8,20) IER, ICON
0049 VRITE(8,204) IT'IES,HK,NR,!IUNIT
S9050 204 FORMAT(415)
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0051 WRITE( So205) IFHT
0052 205 FORMAT(2OA2)
0053 DO 10 I.1,NR
0054 CALL READF(IB1 IER.ISUF)
0055 CALL CODE
0056 READ(tBUF1 IFNT) (SC(J),J.1.NK)
0057 WRITE(SIFNT) (SC(J).JotHK)
0059 IF(IPTO.E~l.1) WRITE( IUMIT, 209 ) (SC(J),Jn11 NK)
0059 209 FORMAT(OF10.4)
0660 IF(IPTO.EQ.I) WRIrECIuNIT,2o90)
@001 2090 FORHAT(5)
0062 10 CONTINUE
0063 REWIND 8
0064 CALL CLOSE(IB)
0065 END
0066 ENDS
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CHISQ (Chi-square)

Purpose:

This program performs a chi-squared test for independence on a
row by column (R x C) contingency table and calculates tne con-
tingency coefficient.

Layout of Design:

2. A TotalA1 A2 ..... a Ac

B ab ab ... ab R

B2 ab21 ab22 ...... ab2c R2.

B ab abr2 . ... ab Rr r 2rc r .

Total R R R N
.1 .2c

where:

R.. = total in ith column

R.. = total in jth row

N overall total

Mathematical Model:

2 R C [o.. E 2
1 22] -IjE.

where:

0_ = observed value in i, jth position.lI '

E.. = exoectee value in i, jth position R. R ./N
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The hypothesis to be tested is:

Ho: A = A2 =A =A1 2 3 c

User Considerations and Procedures:

1. Program expects data in a R x C matrix form. A printout of
raw data would show C data points per line.

2. The data analysis can be either displayed on the CRT or a hard-
copy can be obtained from the line printer. Option: I for CRT
output, 6 for line printer output.

i. A printout of the raw data can be obtained. Option: I if raw
data printout is desired, C for no printout. The output device
is designated by the above option (#2).

4. Parameters required:

a. number of columns (maximum 100)

b. number of rows (maximum 100)

c. data file name

d. format and record length of data fiie (see DA30)

5. Printout gives:

a. raw data if optioned

b. calculated chi-squared value with d.f. - (R - l)*(C 1)

c. the contingency coefficient, C = (X 2/(X2 + N))**.5

Comments:

Program provides calculated chi-squared value which can be compared
to a critical chi-square table to determine probability.

Test Dat.:

This program was tested using data from S. Siegel, Nonparametric
Statistics for the Behavorial Sciences, McGraw-Hill, 1956, P. 198.
Program uses double precision for accuracy.
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RU,CHiSO
CHI-SQUARED TEST FOR INDEPE.iDENCE OF A RXC

CONTINGENCY TABLE AND THE CONTINGENCY COEFFICIENT
INPUT FILE NAME

#CHISO
ENTER DATA FORMAT

(4(lX,F4.0))
NUMBER ACROSS
4
THE NUM9ER DOWN:
3

ENTER THE RECORD LENGTH AS IN DA30
20
ENTER I FOR PRINTOUT OF RAW DATA,, ELSE ENTER

ENTER 1 FOR CRT OR 6 FOR LINEPRINTER OUTPUT
6

THE CONTINGENCY COEFFICIENT = .38865

I

I.!

288



RAJ DATA

23. 4o. 16. 2.

II. 75. 107. 14.
1. 31. 60. 10.

CHI-SQAURED 69.3893283 DEGREES OF FREEDOM 6

I2
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"CNISQ T=00003 IS ON CRO0002 USING 00010 BLKS R=0000

0001 FTH4
0002 PROGRAM CHISO
0003 DOUBLE PRECISION EX,Y.Z,CHISoC,TOTAL
0004 DIMENSION X(10),Y(10O),Z( 10 ),HNA E(3), IFMT(20)
0005 DIMENSION 18(272),IBUF(256)
0006 IUNITml
0007 WRITE(1,981)
0008 991 FORMAT(OCHI-SQUARED TEST FOR INDEPENDENCE FU A RXC ",/,
0009 $4 CONTINGENCY TABLE AND THE CONTINGENCY COEFFICIENT')
0010 WRITE(1, 1111)
0011 tll FORMAT(" INPUT FILENAMEO)
0012 READ(I,1)INAME
0013 1 FORMAT(3A2)
0014 WRITE(1,1112)
0015 1112 FORMAT(' ENTER DATA FSRNAT')
0014 READ(1.34)IFMT
0*17 54 FORYIAT(2OA2)
0018 WRITE(1,1113)
0019 1113 FORMAT (*HUMBER ACROSS')
0020 READ(1,*) HC
0021 WRITE(I, 114)
0022 READ(I,*) HR
0023 114 FORMAT ('THE HUMBER DOWN : ")
0024 TOTALuO.
0025 ;HISnO.
0026 IDCOS-256
0027 CALL OPEN(I9,IER1 NAME..3,O 1 -2,IDCBS'
0029 IF(IER.GE.0) GO 10 123
0029 WRLTE(1,124) 4.ANEIER
0030 124 FORMAT(3A2," FAILED TO OPEN , IER - , I5)
0031 STOP 123
0032 123 CONTINUE
0033 WRITE(1,459)
0034 459 FORMAT(mENTER 1 FOR PRINTOUT OF RAW DATA, ELSE ENTER 0')
0035 READ(I,.) IPTO
0036 WRITE(1,56)
0037 56 FORMAT('ENTER I FOR CRT OR 6 FOR LINPRINTER OUTPUT')
0038 READ(I,*) IU4IT
0039 IF(IPTa.HE.1) GO TO 987
0040 WRITE(IUNIT,3679)
0041 3679 FORMAT(/,'RAW DATA%,/)
0042 987 WRITC(IUNIT,913)
0043 913 FORMAT(///)
0044 DO 100 J-uNR
0045 CALL READF(IB; IER, IBUF)
0044 CALL CODE
0047 REAO(I18UF,IFNT) (X(I),I"I,HC)

0048 IF(IPTO.EQ.1) WRITE(IUNITIFMT) (X(I),I-t,NC)
0049 00 100 I1',NC
0050 Y(I)uY(I)+X(I)

,



0031 Z(J)*Z(J)+X(I)
0052 100 CONTIN4UE
0033 00 101 joU1HC
0054 101 TOTALaTOTAL+Y(J)
0055 CALL RWHDF( 19)
0054 DO 200 Jul. HR
0057 CALL READ7( 19)IER) IDUFi'
0059 CALL CODE
0059 READ(191JF,IFKT)(X(1),Iul,NC)

44to D *O 24 ai,Rc
0061 EuY(I)*Z(J)/TOTAL,
0062 200 CHIS,%CHIS+( X( I)-E)*(X( I)-E )/E

0064 C=DSQRT(CHIS/(CHISITOTAL))
0065 WRITE(IUNIT,9876) CHIS4H
0066 9876 FORMlAT(//,SXOCHI-SQUARED m',Fl4.7,l0X,,*DEGREES OF FREEDOM -4
0 0(b? C, is)
0049 WRITE( IUHIT, I115 C
0069 1115 FORMAT(//' THE COIITINCENCY COEFFICIENT a S 1F10.5)
0070 CALL CLOSE(IB)
0071 END
0072 ENDS
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APPENDIX A

GENERALIZED SUBROUTINES

FPROB and YNORM are subroutines used in many of the statistical programs.

FPROB calculates the probability value for the F-statistic in the analyses

of variance and covariance programs. There are five arguments for FPROB

(F, OFI, DF!, Z, and P). The three parameters passed to the subroutine are

the F-statistic value and the two degrees of freedoms associated with the F.

The return parameters are the Z-value and the probability calculation, P.

YNORM is used to normalize scores. There are two arguments for YNORM

'DZ, YORMX). DZ is the initiai score value which is passed to the sub-

routine; YORMX is the recalculated score that is returned to the original

program. Program listings for these tý- subroutines are on the following

pages.
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IFPEO9 ToOO003 IS ON CR00002 USING 00004 BLXS R*0000

*000t FTH4,L
0002 SUBROUTINE FPROO(F,DF11 DF2.Z,P)
0003 DOUBLE PRECISION ELDF1 EDF2,FA,TAB,~TOP,9OTCACBCC, CD
*004 DOUBLE PRECISION F,DFL,DF2DZ,P
0005 P-L.O
0006 EDF1-DFI
000? EDF2mDF2
0009 FA.F
0009 IF( F.LE. 0.)GO TO 100
0010 IFEDFi.LE.0.)GO TO 100
*011 IF(EDF2.LE.O. )GO TO 100
0012 IF(F.GE.I.O)GO TO 60
0013 FAml .01F
0014 TaEDFl
0015 EDF1mEDF2
00*1 EDF2uT
001? 60 Au2./(9.*EDFI)
0410 0%2./(9.e'EDF2)
0019 TOPs(1.-.8)*FA**(1./3.)-l.+A
0020 BOTuDSQRT(B*FA**(2./3.)+A)
*021 Z-DABS(TOP/90T)
0022 IF(EDF2..GT.3. )GO TO 80
0023 Z.Z*(L.+.08*Z**4/EDF2**3)
0024 80 CAm.196854
0025 C~s1195~4
0026 CCo.000344
002? C~rn.01'9527
0028 T.Z.(CA+Z*(CB+Z*(CC+ZOCD)')
0029 Tu(1..T)004
0*30 Pu.5/T
0011 IF(F.GE.1.0)GO TO 100
0032 P.1.-p
0033 100 RETURN
0034 END
*035 END$

A-2
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*YN~iRH TwOOO04 1S 0ON CRO0020 USINC 00006 DLKOO RwOO00

0061 Ff 14 4
0*02 SUJBROUTINE YIMORM(DZYOR1IX)
0003 DOUBLE PkECISIM4 DZDIYRXDDLDLDHDH D81DB,DAI,
0004 SOFA,DFB,DAC,DRC
0003 DPI=.399942290401<33
4006 DXnDABS(DZ)I0007 YOROX-0.0D0

0009 IF(DZ.LT.-1S.7 0) GO TO 99
0609 YOR14X=I.DO
0010 IF(DZ.GT.9.00) GO TO 99
0011 IF(DX GT.3.DO) GO TO 10
0012 DALO.~0O0
0013 DBLsl.0D0
0014 DAHmOX
0015 0814-1.00
0016 DAN'Q0.0D0
0017 5 DI"fDAN 1.0 Do)
0018 Dui-(2.D0*DAcH-L.D0)*DX*DX
0019 D0B14.D0*0AN-1.D0
0020 DALPD91*011He0AI*0AL
0021 BvBDS+A*B
0022 DAIuDX*DX-DAI
0023 D6[m2.DO+D91
0024 DAHuDBIDDAL+5AI*DAH
0025 DBHuDBI*DBLeDAI*DBH
0026 O)FAPIALDW.
0027 DFBwDAH/D'jH
0028 IF(DFB.EO.0.DO) GO TO 20
0)29 IF(DA9BSUDFB-DFA)/DFA).LE.1.D-10) GO TO 20
0030 GO TO 5
0031 10 DAL*0.000
0032 DOL-l.ODO
0033 D4Hx1.0D0
0034 DDI'.OX
0035 DBIWOX
0036 DA~wulD0
0037 DcA-1.DO/DX
0038 t3 DANaDAN41.0D0
0039 DAIsDAH-I.D0
0040 DAC=DBI*DAH+DA I*DAwL
0041 DBC*DBID TBP+DA I*DBL
0042 DFBwDAC/DBC
0043 DALuDAi4
0044 D9L=u)BtL0045 DAHuDAC
0046 DDH=DBC
004' IF'DFP.Ee.0.DO) GO TO 20
0048 IF(!.ABS((DFB-DFA)/1)F9).LE.1.0-1o) GC TO 20
0049 DFA=DFB
005) GO TO 15

0011 20 YORMX=DPI*DFB.0EXP(-DX.DX/2.DO)
0052 IF(DXLE.3.DO) YORMXm0.5D0-Y0P.N'
0013 IF(DZ.GT.O.DO) YORIIXw1 ODO-YORflX
'0034 99 RETURN

0*13 ENDI ~ 0056 E~4D$ -
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