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PROGRAM DESCRIPTION

BASICS - BASIC ONE VARIABLE STATISTICS

This program computes the basic statistics of grouped or ungrouped data.
The functions computed are: Mean, variance (with population and sample),

standard deviation (with population and sample), standard error, minimum
value, and maximum value.

Formulae:

Ix

n

2 2
Sample variance = 2%~ -<§§>

n n

Mean (x)

Sample standard deviation s = V/ Sample variance

Population estimate of variance = (Sample variance)-;%f

Sample S.D.
vV n-1

Standard error =




SAMPLE PROBLEM

Compute the basic statistics of the following grouped and ungrouped data:

Grouped data

Ungrouped data

Value 5 3 6 2 1 5 4 2 6 4 7
Frequency 1 4 7 11
IJSOLUTION/
STEP INSTRUCTIONS DISPLAY INPUT
1 |Run "BASICS" Basic One - Variable Statistics
2 | Select grouped data Grouped or Ungrouped data? G [RTN]
3 RTN to stop D,D to correct
4 | Start data input Enter value 1 , freq. ? 5,1 [RTN]
Enter value 2 , freq. ? 3,4 [RTN]
**Epror** Enter value 3 , freq. ? 76,77 [RTN]
6 | Delete error Enter value 4 , freq. ? D,D [RTN]
Value 3 deleted
4 | Enter correct value Enter value 3 , freq. ? 6,7 [RTN]
Enter value 4 , freq. ? 2,11 [RTN]
7 | Stop data input Enter value 5 , freq. ? [RTN]
8 | View statistics: N of values = 23 [RTN]
Mean Mean = 3.52173 [RTN}
True population std. deviation| s (population) = 1.76609 [RTN]
Sample estimate std. deviation| s (sample) = 1.80578 [RTN]
True population variance Variance (pop) = 3.11909 [RTN]
Sample estimate variance Variance (sample) = 3.26086 [RTN]

Std. error of the mean

St. Err. Mean = .37653

[RTN]




ISOLUTIONI

STEP INSTRUCTIONS DISPLAY INPUT
Minimum value Minimum value = 2 [RTN]
Maximum value Maximum value = 6 [RTN]

9 | Run again Run, View, Continue or End? R [RTN]

2 | Select data type Grouped or Ungrouped data? U [RTN]

3 RTN to stop, D to correct

5 | Enter data values Enter value 1 ? 1 [RTN]

Enter value 2 ? 5 [RTN]
Enter value 3 ? 4 [RTN]
Enter value 4 ? 2 [RTN]
Enter value 5 ? 6 [RTN]
Enter value 6 ? 7 [RTN]
Enter value 7 ? 4 [RTN]
Enter value 8 ? 7 [RTN]

7 | Stop data input Enter value 9 ? [RTN]

8 | View statistics N of values = 8 [RTN]
Mean Mean = 4.5 [RTN]
True population std. deviation| s (population) = 2.06155 [RTN]
Sample estimate std. deviation| s (sample) = 2.20389 [RTN]
True population variance Variance (pop) = 4.25 [RTN]
Sample estimate variance Variance (sample) = 4.85714 [RTN]
Std. error of the mean St. Err. Mean = .77919 [RTN]
Minimum value Minimum value =1 [RTN]
Maximum value Maximum value = 7 [RTN]

9 | End program Run, View, Continue or End? E [RTN]

If 'R' then re-run program If 'V' re-view results

If 'C' then continue to add data to present data set If 'E' then exit program




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
1 | Run "BASICS" Basic One-Variable Statistics
2 | Select type of input Grouped or Ungrouped data? G or U [RTN]
3 | For grouped data goto step 6
4 | Enter upgrouped data: RTN to stop, D to correct
5 | Enter value Enter value j X5 [RTN]
To delete last entry Enter value j D [RTN]
Goto step 5 Value j-1 (X4_1) deleted
To end data entry press [RTN]
and goto step 8 Enter value j [RTN]
6 | Enter grouped data RTN to stop, D,D to correct
7 | Enter value and frequency Enter value j , Freq. ? X5 ,F5 [RTN]
To delete last entry Enter value j , Freq. ? D,D [RTN]
Goto step 7 Value j-1 (X4_1%F4_1) deleted
To end data entry press [RTN] | Enter value j , Freq. ? [RTN]
8 | View statistics: N of values = [RTN]
s (population) = [RTN]/[BACK]
s (sample) = [RTN]/[BACK]
Variance (pop) - [RTN]/[BACK]
Varijance (sample) - [RTN]/[BACK]
St. Err. Mean = [RTN]/[BACK]
Minimum value = [RTN]/[BACK]
Maximum value = [RTN]/[BACK]
9 | Continuation options Run, View, Continue, or End? FﬁTx] Cork

If 'R' then run program again, goto step 2
If 'V' then view statistics again, goto step 8

If 'C' then add more data, goto step 3

If 'E' then end program




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
A( ) Data storage N$ User input string

F( ) Frequency storage A$ Data input string

N Number of data points BS Frequency input string
N5 Sample size X2 Sum of X squared

T Sum of X G Frequency value

G9 Flag: 1=grouped data M Mean of data

V1 Variance (true population) S9 Standard deviation {pop)
V2 Variance (sample estimate) S8 Standard dev. (sample)
E3 Standard error of mean I Minimum value

A Maximum value

NOTES AND REFERENCES

The maximum number of data points (a grouped value is one data point) that may

be entered

is 300. To change this, change the dimension statements in line 60.




PROGRAM LISTINGL

10
20
0
40
%0

60

74

80
0

100
140
120

130
140
150
160
170
180

190
200
2410

220
230
240
250

260

270
=280

300
340
B
230
340
3%

3860
370
380
350
400
440

b BASICES - basic one
I variable stat.

b REV 14/7041/82
]

bISP "Rasic One-~Variable Statistics
" @ DELAY .§
DIM AC300) ,N$E2ST,F (3000 ,A%025]1, K1

251

DEF FMNICX) = INT(Xk400000)/400000 -“Routine to set output

precision
DEF FNE

IF N<4 THEN BEEF ® DISF ‘Must have ~Routine to delete last entry

data to delete’ @ FNE=1 & GOTO 470

DISP "Value";N;" (";AMN); & IF FOND
>4 THEN DISP “%/;F(N);

DIGP /) deleted’ ® HEEF 440 @ WAILT
i

NS=NS-F(N) @ XZ=XZ2-A(N)*2XF(N) @& T= ~Correct counters
T=HONIXRFCNDY @ N=N-1 8@ FHE=0

I=INF @ A=EPS @ FOR @=1 TO N
IF Ay > THEN A=AQ)

IF AT THEN I=6800)

NEXT @

END DEF

DEF FND ~Wait for RTN or BACK keys.

Return 4 if BACK

BEEP 440

K$=KEY$ & IF K%="" THEN 200

FND=K$=CHR$(8) & IF K${O>CHR$(HB)Y AND
KELCHRE(LBZ)Y THEN 200

END DEF

I

Pindtialize

]

DISHF CHR%(199); "rouped or ";CHR$(24 =Htart up dialogue

Fys"ngrouped data "; @ INPUT N% @ N

FrNEL" O

GE=UPRCHINSLL , i 1)="E"

IF NOT G9 THEN DISF ‘RTN to stop, D
to correct’ & WAIT 4

IF 6% THEN DISF ‘RIN to stop, D,D t
o correct’ & WAIT 4

b Clear counters

!
TLXE, N, NS=0 @ T=INF & A=LF§
!
!

Enter data
1
ON ERROR GOTO 430
DISF "Enter value";N+i; -Data entry loop
G=5 & TF G THEN 410
INFUT A% @ IF Ad="" THEN %40
Re="" 8 GOTO 460
DISE ", freq."; € INFUT A%,B%

kay is

used




PROGRAM LISTING

750

740
750
760
770

GOTO 460
IF G? AND ERRN=81 THEN A% ,Bs="" & G

070 %40

BEEP 1680 @ DIGP "Illegal data - pl

ease retype” @ GOTO 370

INPUT A% ,BS & 1F Ad="" THEN %40

IF POSC/EeDd’ ,A%) THEN VU=FNE @ GOT0
370

IF RBR${>
AL CREY D)

X=VAL (A%)

N=N+1 & NS=NS+GE € A(N)=X @ F (N)=G

T=THXKE @ X2=X24X 2%G

IF X<I THEN I=X

IF X>A THEN A=X

IF NC301 THEN 370
IF N<2 THEN REEP @

AND GY=1 THEN G=ARS(INTV

DISPF ‘Must have

more than one subject’ @ GOTO 370
OFF ERROR

!

I Compute Mean, s

01$X2/NS*(T/N§)“E @ S7=50R(VL)

VE=ULXKINS/(NS-1)) & SE=50RVE)

M=T/NS @ E3=89/80R (NS-4)
)

P Print-out

]

FRINT "N of valuves =";N% € U=FND

PRINT "Mean
U THEN 6%0
PRINT "5 (population) =";FNI(E9) @
U=FND & TF U THEN &60
PRINT "s (sample) =";FNI(58) & U=FN
D & IF U THEN &70
PRINT "Variance {(pop)
U=FND & IF U THERN &80
FRINT "Variance (sample)
@ U=FND 8 If U THEN 690
PRINT "St. Err.
=FND @ IF U THEN 700
PRINT "Minimum value =";
IF U THEN 740
PEINT "Maximum
IF U THEN 720
]

=M SFNT (MY @ Us=FND @& 1F

=" FNT (VL) @

=" FNICUR)

1 @ WU=FND ®&

value =";64 & U=FND @

! End dialogue

1

DISE CHR$CEL0);"un, ";CHR$(Z44);"ie
W, "SCHREA9S) 5 "ontinve, or " ;CHR$(
1970 "nd";

~GCall error correction routine

-Exit input mode

~Increment counters

~Compute variance and standard
deviation for N

~Compute variance and standard
deviation for N-i

-~Compute mean and standard
@arror

~Qutput results and call

rouvtine

delay

=GContinuvation options




PROGRAM LISTING

760 INPUT N$ @ N$=N$A&A" " @ NE=UPRCH(N$I
i,11)

790 ON POSC'RUCE" ,N$)+1 GOTO 770,260,65
0,370,800

800 STOP




PROGRAM DESCRIPTION

CORR - COEFFICIENT OF CORRELATION

This program calculates a Pearson Product-moment correlation matrix and the basic
statistics of a N*K sized data matrix.
Formulae:

n
Zx ,-

/=
Mean of column =

. Y/
2
=1 / ZX /
Standard deviation = - -\ =
n n
n n
n2 XY= 2 XY
Correlationr = ' = =1 =1 T
2

Where n = the number of subjects
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SAMPLE PROBLEM

The following are the scores of six subjects on 3
psychological tests. Determine the correlations
among the tests and the mean and standard deviation
(N) of each test:

Subject Test 1 Test 2 Test 3

1 82 16 18
2 14 12 29
3 05 14 56
4 09 18 11
5 18 11 17
6 11 17 41
_ISOLUTION/
STEP INSTRUCTIONS DISPLAY INPUT
Run "CORR" Coefficient of Correlation
1 |[Enter the N of subjects How many subjects? 6 [RTN]
2 | Enter the N of variables How many variables? 3 [RTN]
3 | Enter data Subject 1 , Item 1 ? 82 [RTN]
Subject 1 , Item 2 ? 16 [RTN]
Subject 1 , Item 3 ? 18 [RTN]
Subject 2 Subject 2 , Item 1 ? 14 [RTN]
Subject 2 , Item 2 ? 12 [RTN]
Subject 2 , Item 3 ? 29 [RTN]
Subject 3 Subject 3 , Item 1 ? 5 [RTN]
Subject 3 , Item 2 ? 14 [RTN]
Subject 3 , Item 3 ? 56 [RTN]
Subject 4 Subject 4 , Item 1 ? 9 [RTN]




_ISOLUTIONI

STEP INSTRUCTIONS DISPLAY INPUT
Subject 4 , Item 2 ? 18 [RTN]
**Erpor** Subject 4 , Item 3 ? 110 [RTN]
Subject 5 Subject 5, Item 1 ? 18 [RTN]
Subject 5 , Item 2 ? 11 [RTN]
Subject 5 , Item 3 ? 17 [RTN]
Subject 6 Subject 6 , Item 1 ? 11 [RTN]
Subject 6 , Item 2 ? 17 [RTN]
Subject 6 , Item 3 ? 41 [RTN]
5 | Correct error 0K? (N=change, RTN=continue)? N [RTN]
6 | Enter index Change subject # , Item # ? 4,3 [RTN]
7 | Overstrike Subject 4 , Item 3 Value : 110 [11[DEL][RTN]
5 | Continue 0K? (N=change, RTN=continue)? [RTN]
9 | Read display Clm 1 Me=23.1667 s=26.6171 [RTN]
Corr (1:2) = .1427 [RTN]
Corr (1:3) = -.3879 [RTN]
Clm 2 Me=14.6667 s=2.5604 [RTN]
Corr (2:3) = -.0862 [RTN]
Clm 3 Me=28.6667 s=15.6063 [RTN]
10 | Recycle prompt Run again, View again, or End? |E [RTN]

11
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "CORR" Coefficient of Correlation
1 | Enter the number of subjects How many subjects? r [RTN]
2 | Enter the number of variables | How many variables? ¢ [RTN]
3 | Enter data as prompted, goto
step 3 until finished Subject i variable j? Aiy [RTN]
N [RTN]
4 | Indicate error: 0K? (N=change, RTN=continue)? or [RTN]
If no error, goto step 7
5 | Enter index of bad data item | Change subject # , Item # ? Er, Ec [RTN]
6 | Correct value and goto step 4 | Subjecty Itemc Valuegc value [RTN]
[RTN] or
7 | Read display Clme Mep ss BACK]
] ) ) R, VorE
8 | Program options Run again, View again, or End? |[RTN]

If 'R' then re-run program

If 'V' then review (step 7)

If 'E' then end program




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
AC , ) Data matrix T Sum of all data Fx
T(5) Sum of clm J Ixj X2(5) Sum of cIm 3 in
X2 Sum? of all data Ix2 N$ Correction string
M(j) Mean of clm. j S9(3) s of clm. j
A$ User input string X,Y & Z Loop counters
R N of observations C N of variables
co( , ) Under diagonal=cross

product. Over diagonal=
correlation coefficient.

NOTES AND REFERENCES

This program is set up to handle a maximum of 50 subjects and 10 variables.
this, change Tines 50, 190, and 200.

References:

Cohen & Cohen, APPLIED MULTIPLE REGRESSION/CORRELATION

(Lawrence Erlbaum, New Jersey, 1975) page 35.

To change
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PROGRAM LISTING

1.0
=0
30
40
50

i
oo lo

230
240
250

260

a7
280
290
300
310

370
360
et
400
410

' CORR -~ N variable
' Correlation Coeff.
bREV 14/01/82

|

bIM AHCS0,450),TCL0) ,X2050),MC50),00¢
10,400,87C40) ,A%0401,N$L401

DEF FNICGO = INTOCELO000+.%)/40000
Xa2=0 @ T=0

!

P Delay Function

DEF FND

0 REEP 440

AP=KEYS$S & IF A$CICHRECL3E) AND a%(30

HRE(BY THEN 120

FND=A$=CHR$ (8

END DEF

DISBP " Coefficient of Correlation”
1

P input dialogue

]

INFUT "How many Subjects ?"; R & IF
R<EL OR RS0 THEN BEEP & RUNM

INPUT "How many Variables 7", C & I
Foodi OF CX20 THEMN BEEFP & RUN

FOR Y=4 TO C & X&(¥Yir=0 € TL(Y)=0 @ F
OR X=4 T0 €C @ COCX,Y)=0 & NEXT X @&

NEXT Y

]

P Enter Data

1

FOR X=1 TO R & FOR Y=41 10 C

DISBK "Gubject";¥;"Tten";Y; & TNFUT
SOXLYD

NEXT Y & BEEP 440 & NEXT ¥

P Edit Routine
]
BEEP 220, .4 & INPUT "0k? (N=Change,
RIN=Continue) 7"; X% & XE=Xe&E" "
TFOUPRCHAOXETL, 40 3N THEN 420
INFUT "Change Subjectd, ltemd 77X,
v
TF X414 OR OXOR OR Y44 OR Y20 THEM DI
5P “No Subject X Tten’ Y @ WALYT 3
& BEEP & GOTO 340
DISGPE “Subject’ :X; “lten’ ¥
Ne=GTRECAK,Y) ) & INPUT "Value:" ,N$
SN
SOKL Y =UALONS)
GOTO 310
]

P Computation
I

~Het up array tables

“Pefine output precision

-Delay rouvtine returns 1 for
BACK key, 0 for other kavs

~Enter and checlk data
parameters

~Set all counters to zero

-“Matrix input loop

-Edit routine

~Hranch out if data is correct
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PROGRAM LISTINGI

420
430
440
450
4610
470
480

490
500
510
520
530
%40

550
560
570
580
590
600
&L
&20

&30

640
650
660
670
680
690
ARl
730

7l

730
740

%0

760
770
7en
790
@auo
810

8e0

830
640

a%0

FOR Y=4 10 C

FOR X=4 TO R & IF Y=(C THEN S20

i

' Cross Product

!

FOR Z=Y+41 10 C
COCZ,Y)=C0CZ,Y)+ACX,YIXA(X,Z) & NEX
I Z

!

! Me,S5td,x,x*2

!

TCYI=T(Y)+A(X,Y) B X2(Y)I)=X2(Y)+A(X,
Y)*2 B TI=T+A(X,Y) 8 X2=XZ+a(X,Y)
NEXT X

MY)=T(Y)/R & SP(Y)I)=EAR(XZ(Y)I/R-(T(
YY/Ry*2)

NEXT Y

!

! Compute v

!

FOR Y=1 10 C

IF ¥Y=C THEN 660

FOR Z=Y+4 TO C
COCY,Z)=R¥COCZ,YI)-TLYIXRT(Z)

COCY,Z0=0C0CY,Z) /(SRR (RAX2(YI-T(Y)*2
JESBAR(RKAZ (LI -TCZI )

NEXT Z

NEXT Y

I

I Printout

!

X,Y,Z=0

Y=Y+4 @ 1TF Y>C THEN 820

PRINT "CIm";Y; "Me=";FNI{M(Y)); "e=",
FNL(S(Y D)) B A=FND

IF A=4 AND Y>1i THEN Y=Y-i & GOTO 74
0

Z=Y+4 @ TF Y=C THEN 820

PRINY "Corr LYY "2 =" FNICCO
(Y,Z2)) @ A=FND

IF A AND Z3>Y+i THEN Z=Z-1 & GOTO 74
0

IF & GND Z=Y+1 THEN 710

Z=744 @ IF Z{=C THEN 740

GOTO 700

I

P Recyele

I

DISPE CHR%(210);"un again, ";CHR$(21
4);"iew again, or ";CHRSCA97) :"nd";
INFUT A% & A%=UPRCH (A$X" ")

ON POSC/RVE,AGLL,41D+4 GOTO 820,19
0,670,8%0

STOP

~Computation loops

~Compute cross product

~Compute sum X, X squared, sun

total, sum squared total

~Compute sample std. deviation

and mean

~Computation loops

~Conmpute the correlation
to Z

~Printout

~Progrem options

of Y
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PROGRAM DESCRIPTION

DISTR: PROBABILITY OF NORMAL, F, t, & CHI-SQUARE DISTRIBUTIONS

Normal Distribution:

This program evaluates the right tail of the normal probability distribution.
The probability statement (p.) is in the form describing the chances of a score
falling above z. The probabilities are accurate to two places when z is less
than 2.51.

The cumulative probability of z=1-p.
Chi-Square Distribution:
This program evaluates Chi-Square such that p equals the probability of obtaining
a sample chi-square this large or larger. The program is accurate to two places
through 70 df.
F. Distribution:
This program evaluates the integral of the F-distribution for given values of
F (>0), degrees of freedom V1, V2, whether or not V1 or V2 is even. V1 is the
degrees of freedom in the numerator. The p presented is the probability of
rejecting the equivalence of variances.
t Distribution:
This program evaluates the cumulative distribution P(x) for a given t and degrees
of freedom. The two tailed case is given. P is equivalent to the probability
of a false rejection of the null hypothesis.
Caution is recommended when using this program as at most points the p is an
approximation of the same order as the condensed table in Biometrics Tables for
Statisticians.

General:

This series allows the efficient and relatively accurate generation of probabilities

for z, t, f, and Chi-Square. The formulations are based on the work of N. Jaspen
and C. Hastings. The approximations are sufficient for approximate evaluations
of the specified statistics. More exact evaluations require individual programs
or the use of published tables where the accuracies are public.
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PROGRAM DESCRIPTION

DISTR: PROBABILITY OF NORMAL, F, t, & CHI-SQUARE DISTRIBUTIONS
(continued)

Distribution formulae:

F = F value
I = DF numerator
J = DF denominator
1/3
(1-2/9/3)«F>-(1-2/9/1)

Normalization of F = Z =

\(2/973)F23+2/9/1
If J 3 then: Z = Z(1+.08x2%/03)

Probability P = .5/(1+C,#Z+C *Z%+C j#2+C ,+2%)?

Where: C

1 .196854, C2 = ,115194, C3 = ,000344, C4 = ,019527
To transform to two-tailed students t, let F =t , I =1, J = DF

To transform to Chi-squared, let F = X%/DF, I = DF, J = o

Normal probability: z = z score



SAMPLE PROBLEM

Compute the following distributions:

a. Normal Distribution: z=1.18 and z=2.28
b. Chi-square distribution: X2=31.41 V=20
c. F distribution: F=4.21 V1=7 V2=6
d. T distribution: t=2.201 V=11
_JSOLUTION/|
STEP INSTRUCTIONS DISPLAY INPUT
Run "DISTR" Distribution Package
1 |Select Normal distribution Normal, Chi™2, F, or T ? N [RTN]
Type E at beep to escape
2.A | Enter z value Enter z ? 1.18 [RTN]
3 | Read probability Probability = .119 [RTN]
2.A | Enter z value Enter z ? 2.28 [RTIN]
3 | Real probability and escape Probability = .011 E [RTN]
Run "DISTR" Distribution Package
1 | Select Chi-square Normal, Chi®2, F, or T ? C [RTN]
Type E at beep to escape
2.B | Enter Chi-square and DF separ-
ated by a comma Enter Chi-square, DF ? %%%ﬁ%,ZO
3 | Read probability and escape Probability = .05 E [RTN]
Run "DISTR" Distribution Package
1 | Select F distribution Normal, Chi®2, F, or T ? F [RTN]




ISOLUTION|

STEP INSTRUCTIONS DISPLAY INPUT
Type E at beep to escape
2.C |Enter F, DF1, DF2 on the same
4,21,7,6
line, separated by commas Enter F, DFnum, DFden ? [RTN]
3 |Read probability and escape Probability - .051 E [RTN]
Run "DISTR" Distribution Package
1 |[Select t distribution Normal, Chi®~2, F, or T ? T [RTN]
Type E at beep to escape
2.D | Enter t value and degrees of
2.201,11
freedom Enter T, DF [RTN]
3 | Read probability and escape Probability = .048 E [RTN]

19
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "DISTR" Distribution Package
1 | Select type of distribution Normal, Chi~2, F, or T
1.A| N [RTN] = normal N [RTN]
1.B| C [RTN] = chi-square C [RTN]
1.C| F [RTN] = F distribution F [RTN]
1.D| T [RTN] = t distribution T [RTN]
Type E at beep to escape
2 | Enter prompted values
z value
2.A| Normal distribution Enter z ? [RTN]
2.B| Chi-square Enter Chi~2, DF ? %éfN%F
2.C| F distribution Enter F, DFnum, DFden ? EﬁTﬁﬁ’ @
2.D| t distribution Enter t, DF ? t, DF [RTN]
3 | Read probability, type [RTN] Probability = . . . [RTN] or
for more of the same type, or E [RTN]

type 'E' to exit the program.




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION

A$ User input string K$ Delay routine

T T value J Df in denominator
F value (or converted

F t,X2) I Df in numerator

R1 Flag: if F 1 then R1=1 Z Normalization of F

P Probability C Chi-square value

NOTES AND REFERENCES

The t-distribution is calculated for two-tailed t. To convert to one-tailed t,
divide the P-value by 2.

References: Jaspen, Nathan, "The calculation of probabilities corresponding
to the values of z, t, F and Chi-square", JOURNAL OF EDUCATIONAL
AND PSYCHOLOGICAL MEASUREMENT, page 877-80, Vol XXV, No. 3, 1965.

Fisher & Yates, STATISTICAL TABLES FOR BIOLOGICAL, AGRICULTURAL,
AND MEDICAL RESEARCH (6th ED, Oliver and Boyd, London, 1963)
page 46-47.

Kerlinger & Pedhauzer, MULTIPLE REGRESSION IN BEHAVORIAL RESEARCH
(Holt, Rinehart & Winston, New York, 1973) page 494,499-500.
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PROGRAM LISTING

10
2
30
40
50
&0

280
290
300
dia

400
440
40
430

P DISTR - Chi~&, F,
P& Z2-way student’s t
P odistributions.
]
i

REV 11/01/82

Distribution Package” @ W

arT o7

DIM ASLL00],K$L4007]

DEF FNICX) = INTOXHL000+.%)/74000
1

! Delay

]

DEF FND

BEEP 440

Ke=KEY% & IF K#H=""
IF UPRCHS(KGI="E"

FND=0 & END DEF
f

b Type of
]

DIGEH CHRE$(Z06Y ;" ormal,
"hirg, "CHR$L9EY ", or
')5" Il}

INPUT A% & AS=UPRCSEASTL,41)

IF POS(“NCFY",Gﬁ)*U THER 200

DISE "Type “;CHR$C497)," at beep to
aacape” @ WAIT .7
TF A$="N" THEN ITMPUT
B OL=ARS(Z) @ Ri=0 @
IF A%="T" THEN TNPLTY
"eT,T 8 FeTr2 & Y=i
IF A4="C" THEM ITNPU
DE 25 C,T & F=C/1 @
0 340
TPUT
>

THEN 140
THEN STOP

dist

sCHR S (155 ;
CCHRE (242

"Enter z 1", Z
GOTO 3%0
"Enter T,
B GDTO 310
“Enter Chitz,
J=9 400 @

DF 7

"Enter F, DFnum, DFden 72";F,1

|

I Compute

!

Ri=0 & IF F{1 THEN UsT @ I=) @ J=U

@ oF=4/F & Ri=i

~:f1~$/;,3>*F”<1
g RS9 PRF»~(2/3

IF J&3 THEN

B (A=E/9/T)
[RENZI I
ZELH A OBKZAG/T°3)

P S/ (44
YR TANE

W

IF Ri=i
!

F Printout
]
PRINT
U= WD
GOTO 240
STOF

19685437+ 1154 94%2 2%
“.i (})r* DRRTALY ~d

THEN P=f-F

L0003

"Probability =";FRIM)

~Function to set
precision

output

-Exit/delay function

~Determning
dizteri

the type of
bution to be used

=Input routine for normal
distribution
=input routine for
te-distribution
=input routine for
distribution

Chi-square

~Input routine for
Fdistribution

~Invercion for small values

~Compute normalization

factor for small
frecdom
pirobability
S oconstants
inversion

~Lorrection
degraes of
- |‘ip]J 0x LMH Te
pan
~Reverse

using

=Display probability
~Gall Exit/delay routine




PROGRAM DESCRIPTION

DEPENDT - DEPENDENT (PAIRED) T-TEST

Given a set of paired observations, the t-statistic may be used to test the
null hypothesis that the two samples are drawn from the same population. This
program may be used to calculate the t-statistic, standard error of the differ-
ence, correlation X:Y, the mean and standard deviation of each variable,

and the mean and standard deviation of the difference between the two
variables.

Formulae used:

Paired T test formulas:

Number of observations = n
Difference (D)=Y — X

n n
X; > Y= Xy
L .

Mean diff (D) = =1
n n

i=

Mean X (X)=

Standard deviation of population est. (S,) =

2 2 2
si+s2—s2_,
25,S,

Correlation Coefficient =

D

tvalue = —=—
\/Sg_x/n
: /a2
Error of difference =/S}, _,/n

Degrees of freedom =n — 1

23
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SAMPLE PROBLEM

Given a set of paired observations (below), test the null
hypothesis that V;=V,. Also, compute the basic statistics

of both variables.

X 14.0 17.5 17.0 17.5 15.4
Y 17.0 20.7 21.6 20.9 17.2

1SOLUTION
STEP INSTRUCTIONS DISPLAY INPUT
Run "DEPNDT" Paired T
1 RTN to end data; D,D to delete
Enter data pairs Point #1 Enter X , Y ? 14,17 [RTN]
17.5,20.7
Point #2 Enter X , Y ? [RTN]
17,21.6
Point #3 Enter X , Y ? [RTN]
175,2099
**Eprror** Point #4 Enter X , Y ? [RTN]
3 |Delete error Point #5 Enter X , Y ? D,D [RTN]
Point #4 deleted: X=175 Y=2099
17.5,20.9
1 |Enter correct value Point #4 Enter X , Y ? [RTN]
15.4,17.2
Continue Point #5 Enter X , Y ? [RTN]
2 |Exit input routine Point #6 Enter X , Y ? [RTN]
4 NOTE: SD (n-1)
Mean and Sd(N) of X X mean = 16.28 s = 1.53851 [RTMT
Mean and Sd(N) of Y Y mean = 19.48 s = 2.19932 [RTN]
Mean and Sd(N) of difference Diff mean = 3.2 s =1 [RTN]
Error of difference Error of Diff = .44721 [RTN]
Correlation Correlation XY = .91676 [RTN]
t-value and DF t = 7.15542 DF = 4 [RTN]
5 |End program Run again, View again, or End? E [RTN]




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "DEPNDT" Paired T
RTN to end data D,D to delete
1 | Enter data pair Point #n Enter X , Y ? XnsYn [RTN]

2 | To delete last pair enter D,D
and goto step 2 Point #n Enter X , Y ? D,D [RTN]
3 | To end data entry press [RTN] | Point #n Enter X , Y ? [RTN]
4 | Read results: Note that the
standard deviation is the
population estimate. NOTE: SD (n-1)
Press [RTN] for next answer, X mean = S = [RTN]
[BACK] to view previous answer| Y mean = S = [RTN]/[BACK]
Diff mean = S = [RTN]/[BACK]
Error of Diff = [RTN]/[BACK]
Correlation XY = [RTN]/[BACK]
t = DF = [RTN]/[BACK]
5 | Program options Run again, View again, or End? ?éij or
R = run program - step 1
V = re-view results - step 4
E = end program

25
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VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
X( ) Observations of X Y( ) Observations of Y
X$ X input string Y$ Y input string

D1 Difference Z(Y-X) D2 z(Y-X)?

X1 Sum of X IX X2 Sum X squared FXZ
Y1 Sum of Y xY Y2 Sum Y squared Y2
N Number of observations D Degrees of freedom
M1 Mean of X S1 Sd of X

M2 Mean of Y S2 Sd of Y

M3 Mean of Y-X S3 Sd of Y-X

K$ General input string R Correlation X:Y

E Error of difference T t value

NOTES AND REFERENCES

A maximum of 100 data pairs may be used. To change this, change the dimension
statement in 1ine 60.

The standard deviation that is computed is the population estimate (N-1).

References:

Winer, B., STATISTICAL PRINCIPLES IN EXPERIMENTAL DESIGN
(2nd ed., McGraw-Hi11, New York 1962) page 44-49.
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PROGRAM LISTING

10
20
30
40

0

&0
70

o

G0
100
140
120

130
140

150
160
170
180
190
200
@i
220

230

240

250

260

270
260
w50
300
540
B0
340

3410

A50

\..‘ (’; U

360
e
400

440

I DEPNDT -~ Dependent
! (paired) t value
PREV 11704782

I

DIGF ™

i

DIM XC100) ,Y 4000 ,XA4$04001,Y404001
DEF FNS(SL,82,N) = SAR(SZ/(N-1)-541
S INKIN-1) )
DEF FMI(X) =
0

!

I Delay Routine
!

DEF FND

Paired T" & WAIT

INTOX)%1 00000+ .%)/740000

BEEP 440

Ke=KEYS & 1F KE{ CHES$(E) AND K4${>CH
RECLE)Y AND UPRCHKSICI"E" THEN 140
1F UPRCE (KE)="E" THEN &20
FNO=Ke=CHRE (8D

END DEF
|

I Error correction

]

DEF FNE

FNE =1

TF N4L THEN BEEP 4760 & DISP "Must
have data to deleate " & GOTO 290
DIGPE "Pt #";N; "deleted: X=";X(N);"Y
=MV (NDY B WALT 4

XA=34-X(N)Y @ Yi=Yi-YI(N)
DI=Di-YI{MI+X{NY 8 DE=DZ-(Y(N)Y-X{IN))
A

XPwmX @ X(M) 2 B Y2=YI-Y(N) 2

MN=N-

END DEF

]

b Enter Raw data

i

DA, D, X4, Xe, Y4 ,Ya, 0, N=0

DISBE "RTN to end data ";CHR$(4%8);
"oto delete"; ¥ WALT 1 @
oT0 32840

DIEF "Point #";N+4;" Enter ¥ , Y ",
TRPUT X4 ,74 @ 1F Xd="" THEN 4&0

TF POSO"DdEe” ,X$04,41) THEN U=FNE @
GOTO 390 ELSE GOTO 390

1P EREN=81 THER 460 ELSE GOTO 3%0
Ml f E NI =UALIXSE ) & YN =UAliYs)
DA=Da+Y (N)Y-X(NY @ DE=Da+ (Y (NI=-X ()
ACD

XE=X A4 ON) @ XE2=X24X N 2 & Yi=Yi+Y
(MY 8 Y2=Y2eY(NY 2

ON ERROR G

ztandard
Gastimate)
output

~Function to compute
deviation (Pop.

=Function to set
precision

~Wait for a
BACK key

key, return 1 if

=~EFryror correction routine-

~Display deleted value

-Decrement counters

=Input rovtine-

~Enter vaiuve and check for

gsCape
-fall error

corvection routine

~Increment counters



28

PROGRAM LISTING

420
430
440
450
460

470

600
&1

620

GOTO 3%0
!

I Compute mean,std dev

!

IF N2 THEN BEEF 1760 ¢ DISP "Must
have more than one point" 8 WAIT 4
& GOTO 3%0

OFF ERROR @ Mi=Xi/N @ M2=Yi/N & Si=
FNS(XL,X2,N) & S2=FNE(YL,Yd, N) & D=
N-1

M3=Di/N € S3E=FNS(DL,D2,N)

R=(5L"2+52%2-832) /7 (2%51%62)
T=M3/GAR(EI*2/NY @ E=BAR(E32/N)

PRINT "NOTE : 8D.=n-{"

PRINT "X mean=" ;FNI(ML);" =" ,FNI(S
A 8B Us=FND @ IF U THEN Si10

PRINT "Y mean=";FNI(MZ) ;" a=" FNI(S
2)

U=FND & TF U THEN %20

PRINT "Diff mean=";FNIM3) ;" g=";FN
I053) @ U=FND & IF U THEN 30

FRINT "Error of diff. =";FNI(E) & U

=END @ IF U THEN %%0

FRINT "Correlation XY =";FNI(E) & U
=FND @ IF U THEN %60

PRINT "t="FNICT);"  DF=";D & U=FND
& IF U THEN 570

DIGH CHR$C(210);"un again, ";CHRE$(24
4y Miew again, or ";CHRECAI?)"nd";
LMPUT X% & X$=UPRCHXBA" ")

OM FOSC"RVE" XEL4,410+1 COTO %%0,33
0,510,620

END

~GCalculate the mean and 5D of X
and Y

~GCalculate the mean and %d of
Y -X

~Calculate the correlation
coafficient

~Calculate the t value and the
error of the difference
~“Printout

~Frogran options




PROGRAM DESCRIPTION

INDPT - t TEST FOR 2 UNEQUAL SIZED SAMPLES

If two independent samples of size N1 and N2 are drawn at random from a normally

distributed population with a mean X and a variance of o2, this statistic is

used to test whether or not the two samples have been drawn from the same normal

population or from normal populations with different means but the same variance.
This program will calculate the t statistic and the basic statistics for a set

of data entered by keyboard.

Formulae: Ny n,
in ZYI

=1

Mean 1 (X)= el Mean 2 (Y) =
nx ny

nX nX 2
Numerator of standard deviation (L,) = nXZX% — ( ZX,)

i=1 i=1

Ly
Standard deviation (population est.) = _—
(pop ) e —1)

Ny ny 2
(ny+n,—2) (nyZX,-— nXZY,-)

i=1 i=1

t=
(ny+n,)nL,+n,L,)

fX—Y#0 then t=t*SGNX—Y)
where: SGN(V)= v_. V#0
: ik

Degrees of freedom (df) = (n, — 1)(n, — 1)

29
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SAMPLE PROBLEM

Calculate the basic statistics for the 2 unequal sized variables found be-
low, and determine whether or not they have been drawn from the same popu-

lation (calculate the t value).
Ident. 1 2 3 4 5 & 1 8 9 10
X 79 84 108 114 120 103 122 iEO - o
Y 91 103 90 113 108 87 100 80 99 54
ISOLUTION |
STEP INSTRUCTIONS DISPLAY INPUT
Run "INDPT" Independent Sample t test
RTN = finish treat, D = delete
1 | Enter X treatment Trt 1 Point 1 ? 79 [RTN]
Trt 1 Point 2 ? 84 [RTN]
Trt 1 Point 3 ? 108 [RTN]
Trt 1 Point 4 ? 114 [RTN]
Trt 1 Point 5 7? 120 [RTN]
Trt 1 Point 6 ? 103 [RTN]
Trt 1 Point 7 ? 122 [RTN]
Trt 1 Point 8 ? 120 [RTN]
End X treatment Trt 1 Point 9 ? [RTN]
2 | Enter Y treatment Trt 2 Point 1 ? 91 [RTN]
Trt 2 Point 2 ? 103 [RTN]
Trt 2 Point 3 ? 90 [RTN]
Trt 2 Point 4 ? 113 [RTN]
Trt 2 Point 5 ? 108 [RTN]
**Eprpor** Trt 2 Point 6 ? 888 [RTN]




]SOLUTION |

STEP INSTRUCTIONS DISPLAY INPUT
4 | Delete Tast input Trt 2 Point 7 ? D [RTN]
Last value is deleted Point 6 Deleted = 888
2 | Enter correct value Trt 2 Point 6 ? 87 [RTN]
Trt 2 Point 7 ? 100 [RTN]
Trt 2 Point 8 ? 80 [RTN]
Trt 2 Point 9 ? 99 [RTN]
Trt 2 Point 10 ? 54 [RTN]
End Y treatment Trt 2 Point 11 ? [RTN]
5 [ NOTE: Sd=Population est. NOTE: Sd/n-1
Mean and Sd. of X Mean 1 = 106.25 s 1 =16.637 |[RTN]
Mean and Sd. of Y Mean 2 = 92.50 s 2 =16.821 | [RTN]
t value t =1.732 [RTN]
Degrees of freedom DF = 16 [RTN]
6 | Review routine Run again, View again, or End? ?ﬁij or

If 'R' then re-run program

If 'V' then re-view results

If 'E' then stop

31
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "INDPT" Independent Sample t test
RTN to finish treat, D to delete

1 | Enter X as prompted or Trt 1 Point n ? Xn [RTN]

3 | End treatment and goto step 2 | Trt 1 Point n ? [RTN] or

4 | Delete last input Trt 1 Point n ? D [RTN]
Value will be deleted Point n deleted = Xn
Goto step 1 until done

2 | Enter Y treatment. Apply
steps 3 or 4 as above Trt 2 Point n ? Yn [RTN]

5 | Read output NOTE: SD/n-1
[RTN] = view next output Mean 1 = s 1= [RTN]
[BACK] = review last output Mean 2 = s 2 = [RTN]/[BACK]
REMEMBER: In this program t = [RTN]/[BACK]
the standard deviation is DF = [RTN]/[BACK]
for the population estimate

6 | Review routine Run again, View again, or End? ?ﬁij ot
If 'R' then re-run program
If 'V' then re-view output
If 'E' then stop




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION

N Input counter D ggtggsggygggons

X0 N of obs. in X ng YO N of obs. in Y ny

X1 Sum X = IX Y1 Sumy = Zy

X2 Sum x squared = £x2 Y2 Sum y squared = Zy?

K$ User input string A( ) Temporary data storage
L1 (nx) (zx2)-(zx)?2 Y Index counter

L2 (ny)(Zy2)-(zy)? S1 Standard dev. of X (n-1)
S2 Standard dev. of Y T t value

M1 Mean of x M2 Mean of y

NOTES AND REFERENCES

This program will accept a maximum of 100 data per treatment. Change the

dimension statements in line 90 to change this maximum.

The standard deviation in this program is calculated for the population estimate.

References:

Winer, B.J., STATISTICAL PRINCIPLES IN EXPERIMENTAL DESIGN 2nd edition,
(McGraw-Hi11, New York, 1971) pages 35-37.
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PROGRAM LISTING

10
20
30
40
%0

60
70
80
90
100
140
120
130
140
1%0

180
190
200
2410
220
230
240

260
270
260
290
300
E10
320
330
340

350
360
370
380
350
400

4450
4:20

FOINDPT - Independent
I Sample t—-test

I REV 11/01/82

!

DISF "

@ WALT 4

Independent Sample t test”

]
P Inidtialize
]

DIM K$L1001,AC500)
l<$:‘ "nn i
DEF FNI(X) =
!

I Delay routine
!

DEF FND

INTCGOkL0004.5)/4000

BEEP 440

Ke=KEY$ @ IF K${(OCHRS(L3) AND K4<(>C
HR$C(E)Y THEMW 170

FND=K$=CHR$(8)

END DEF

]

I Correction

}

DEF FNE

IF N<CL THEN BEEP @ DISP "Must have
data to delete” & WAILT 1 @& GOTO 280
IF Y=4 THEN X0=X0-1 & Xi=Xi-A(N) @
X2=X2-H(N) 2 ELSE YO0=Y0-4 @ Yi=Yi-A
(NY B Y2=YZ-a(N) 2

DISF "Point";N;"Deleted =
N=N-4 & D=D-}

FNE=0 & END DEF

]

! Enter
]

DIGE "RTN =
"R WALT 4
N,D,X0,X4,X2,Y0,Y4,Y2=0

ON ERROR REEF & DISPF “"Inwvalid
- please ratype” & GOTO 340
FOR Y=1 T0 2

DISF "Trt.";Y;"Foint";N+4i; @
K%

IF K$="" THEN 4%0

IF FPOSC"DAdEe” JUPRCH (K$ELL,410)
U=FNE & GOTO 360

N=N-+41 @ D=D+i & A(NI=VAL(K$)
IF Ysi THEN X0=X0+4 & Xi=Xi+tAN) @
X2=X2+A (M2 ELSE YO=Y(0+4 @ Yi=Yi+A
(NDY B Y2=YZ+A(N)Y 2

GOTO 360

}

"SR

data

Finish treat. D=delete
data

INPUT

THEN

-Define the output precision

~Wait for a key- return i for
the BACK kevy

~Error correction

~Erropr invalid
input

~Input

trapping for

loop-

~Call end of treatment
~Call error correction

-Increment counters




35

PROGRAM LISTING

430
440
450

460
470
480
490
500
510
520
530
5410

LS50
Sa0
570
e
590
&HO0
&40
H2
&HEQ
Ha(l
&S
HGO
&7
LB

690
YARt

710

I End
!

TF N{2 THEN DISF "Must have more th
an i point" & BEEP @ WALT 4 & GOTO
360

N=()

NEXT Y

!

I Compute

!

Li=X0%XX2-X142 @ LZ=YOXY2-Yi*2

treatment

Si=GAR L4/ (X0X(X0-1))) @ Sz=5QR(L.2/
(YORCYO—-120)

Mi=X1/X0 ® M2=YLi/Y0
T=8RARCCX0+Y -2 XY ORXL -XOKY LY 27 ( (X
0+YOIRCYORLE +X0%LED D))

IF Mi-M2¢20 THEN T=TXEGNIMI-ME)

D=X0-44(Y0~4)
1

' Print-out

]

PRINT "NOTE: SD/n-1"

PRINT "Mean 4§ =";FNI{(Mi);" s
NICSL) @ U=FND & IF U THEN 600
PRINYT "Mean 2 =" ;FNI(M2);" & 22 =",
FNICS2) &8 U=FND & IF U THEN 610
PRINT "t =" ;FNIC(Ty & U=FND & IF U 1
HEM 620
PRIMT "DF
HAE0

]

' End dialogue

1

DIGP CHRE%(240);"un again, ";CHR$(24
A3 Miew again, or ";CHR$CL97); "nd";
INPUT X4 & X$=UPRCHEIX$EE" ")

ON POSCURVE" X$T4,51+4 GOTO 680,32
0,600,740

STOP

om0 }F

=D 6 UsFND ® IF U THEN

~Compute numerator of standard
deviation

~Compute rest of standard
deviation

~Compute the mean of X and Y
~Compute t value

~Multiply by mean X
Mminus mean Y

~Compute the degrees of freedom

the sign of

“Printout and call
routine

delay

~Gontinuation options
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PROGRAM DESCRIPTION

CHISQR - CHI-SQUARE TEST

Contingency tables are used to test the null hypothesis that two variables are
independent. Pearson's coefficient of contingency measures the degree of association
between the two variables. The Chi-square statistic is computed with the assumption
that the samples are independent and have been entered in nominal form (not as
percentages).

Formulae:

r k .y = .y 2
x> = ZZ = E,'/EU)

i=1=1
Where

0, = Observed number of cases categorized in the /" row of the /” column.

r k
ZAa/ ZA,b
a=1 b=1

r k

Z ZAcd
c=1d=1

r =the number of rows in the data set
k =the number of columns in the data set

Expected value (E;) =

X2

N-l-)(2

Contingency coefficient (C) =

Where

Degrees of freedom (df) = (r — 1)k — 1)



SAMPLE PROBLEM

Find the Test Statistic Chi-Square for the following set of data:

i1z 3 4
1 36 67 49 58
2 31 60 49 54
3 58 87 80 68
]SOLUTION |
STEP INSTRUCTIONS DISPLAY INPUT
Run "CHISQR" Chi-Square test
1 |Enter matrix size: R How many rows: 3 [RTN]
2 How many columns? 4 [RTN]
3.1 Enter A(1,1) Row 1 Column 1 ? 36 [RTN]
Enter A(1,2) Row 1 Column 2 ? 67 [RTN]
Enter A(1,3) Row 1 Column 3 ? 49 [RTN]
Enter A(1,4) Row 1 Column 4 ? 58 [RTN]
3.2 Enter A(2,1) Row 2 Column 1 ? 31 [RTN]
Enter A(2,2) Row 2 Column 2 ? 60 [RTN]
Enter A(2,3) Row 2 Column 3 ? 49 [RTN]
Enter A(2,4) Row 2 Column 4 ? 54 [RTN]
3.3| Enter A(3,1) Row 3 Column 1 ? 58 [RTN]
**Epror** Row 3 Column 2 ? 887 [RTN]
Enter A(3,3) Row 3 Column 3 ? 80 [RTN]
Enter A(3,4) Row 3 Column 4 ? 68 [RTN]
4 | Call error correction OK? ([RTN]=continue N=change) |N [RTN]

Enter index of incorrect value

Enter Row #,

Column # ?

3,2 [RTN]
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ISOLUTION|

STEP INSTRUCTIONS DISPLAY INPUT
Enter correct value 01d value: 887 New? 87 [RTN]
Exit OK? ([RTN]=continue N=change) |[RTN]

5 | Read observed and expected 1,1 0=36 E=37.6614 [RTN]
values 1,2 0=67 E=64.4763 [RTN]
1,3 0=49 E=53.6298 [RTN]
1,4 0=58 E=54.2324 [RTN]
2,1 0=31 E=34.792 [RTN]
2,2 0=60 E=59.5638 [RTN]
2,3 0=49 E=49.5438 [RTN]
2,4 0=54 E=50.1005 [RTN]
3,1 0=58 E=52.5466 [RTN]
3,2 0=87 E=89.9598 [RTN]
3,3 0=80 E=74.8264 [RTN]
3,4 0=68 E=75.6671 [RTN]
View Chi-square value Chi-Square = 3.3574 [RTN]
View degrees of freedom value | Degrees of Freedom = 6 [RTN]
View contingency coefficient Contingency coeff = .0692 [RTN]
6 [ End program Run again, View again, or End? |E [RTN]




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "CHISQR" Chi-Square test
1 | Enter the number of rows How many rows? N [RTN]
2 | Enter the number of columns How many columns? C [RTN]
3 | Enter the data as prompted Row; CoTlumnj Ai3 [RTN]
4 | Check for incorrect value 0K? ([RTN]=continue N=change) [N [RTN]
If values are correct goto 5
Enter Row #, Column # Re, Ce [RTN
Correct
01d value = Ag~  New? value [RTN]
Goto 4
5 | View observed and expected (r,c) O= E= [RTN]/[BACK]
values for all input data.
Use [RTN] to continue, [BACK]
to review.
View Chi-square value Chi-square = [RTNT/[BACK]
View degrees of freedom value | Degrees of Freedom = [RTN]/[BACK]
View contingency coefficient Contingency Coeff = [RTN]/[BACK]
6 | Continuation options Run again, View again, or End? Féij ot

If 'R

then re-run

If 'V' then re-view

If 'E' then stop

39
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VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
AC , ) Data storage matrix A$ Input string
R(Jj) Sum of row j R Number of rows
c(3) Sum of column j C Number of columns
E( , ) Expected value T Sum of all data
c2( , ) Chi-square value of datum I,J Index
co Contingency coefficient C2 Total chi-square
U Delay: 1=[BACK] key used D Degrees of freedom
R1, C1 Error correction index

NOTES AND REFERENCES

A maximum of 15 subjects and 15 variables may be entered.

the dimension statements in line 60.

References:

To change this, change

Sjegel, Sidney, NON PARAMETRIC STATISTICS FOR THE BEHAVORIAL
SCIENCES (McGraw Hi11, New York, 1956) page 197, 104-107.

Conover, W.J., PRACTICAL NON PARAMETRIC STATISTICS

(John Wiley, New York, 1971)
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PROGRAM LISTING

10
20
30
40
w0
&H0

70
&0
?0
100
140
120
130
140
150

1610
170

1840
190
200
240
230
=40
50
260
2710
280
290
E00
340
G20
330
340
350
350

370

380

390

400

440
4320
450
444
4%.0
460

CHISAR

! - Chi
I Square
}

tTest

]

DIsP Chi-Square test" @ WAIT 1
DIM &C(4%,4%) ,R(45),0C04%) ,EX1%,4%),C
204%5,2%),A%045001

T=0 & Ci@=0

i

Short Prec

FNICK) = INT(KX10000+.%)/40000

i

!
DEF
I

' Delay routine
I

DEF FND

REEP 440

AS=KEYS & IF A$(OCHR$(43) AND A%{>C

HRS(E) THEN 170

FND=A$=CHR$ (8)

END DEF

!

P Start dialogue

!

INPUT "How many rows 7";R

INFUT "How many Columns 7";C

IF R<GE OR CCL THEN BEEP ® RUN

!

PoInput loop

!

FOR I==4 TO R & R(L)=0

FOR J=4 TO C & CYir=0

DIGP "Row";I;"Column";J;

INPUT ACT,) & NEXT J & NEXT I

!

' Error
!

INPUT "0k? (RTN=coentinue, N=chanqge)
T A% B OAR=AEAE" "

Y OUPRCE(ASTIL, 410 <> "N THEN 420

INFUT "Enter Rowd , Clmd ?2";R4,CH

correction

IF Ri1CL OR RLGE OR
NOBEEP 880 & DIgP

Ci<i OR €430 THE
"Impossible datum

"R GOTO 360
DIGH "0ld value:";A(RL,C1);" New",

# O INPUT ARL,CL)
GOTO 3460
FOR I=1 TO R & FOR
RCTLD: IY+4 (T,
COTy=CC+na 0T, T)
T=T+A(L, 1)

NEXT J 8 NEXT I

J=1 10 €

-Get precision of output

~Wait for & key- return 41 if
BACK key

-Data entry routine
~Row loop
=Column loop
-Display index value

and input

-Error correction routine

-Check for error
~Enter the index value of the

error

=Check validity of data

-Enter new value

~Summation
-SuMm rouws
-Sum columng

~Sum all valves

loop—
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PROGRAM LISTING

470
480
490

500
540
L0
Haw

&HUO
6H10

H&E0
670

&G0

690
700

240

FOR I=1 10 R ® FOR J=i 10 C
ECL,T)=RCIIKCCI) /T
CECL,I=(AL,T)-ECT, ) 2/ECT,T)

C2=C24+C2¢1,T)
MEXT J @ NEXT I
D=(C~-1L)%(R~1)
CO=8RARICZ/(T+C2N

!

P Print-out

!

FOR 1=4 TO K & FOR JT=1 10 C

AF=STRECIIE™ , "ASTRS(T)

PRINT A%; " O=";a6CL,T);" E=";FNI(E
CL,T))

U=FND @ IF U AND J>4 THEN J=J-2

IF U=1 AND J=41 AND 131 THEN I=I-2 @
GOTO &%0

NEXT J

NEXT 1

PRINT "Chi-Square =" ;FNI(C2) # U=FN
D @ IF U THEN %70

PRINT "Deqrees of Freedom =";D @ U=
FND & IF U THEN &40

PRINT "Contingency Coeff =";FNI(C0)
U=FND & TF U THEN 450

DIGF CHR$C210);"un again, ";CHR% (24
4ry;Miew again, or ";CHRELY7);
INFUT "nd 75 A% & As=UPRCE(A$E" ")

ON FOSCRVE" ,A%1L1,40)+4 GOTO 680,23
0,570,740

END

~Computation loop-

~Compute expected value

=Compute chi-square
contribution

~Compute the degrees of freedom
~Compute contingency
coefficient

=“Print the observed and
expected values

~Frint the chi-square value,
DF, and contingency coef.

~=Continuation options
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PROGRAM DESCRIPTION

ONE-WAY ANALYSIS OF VARIANCE

The one-way analysis of variance is used to test whether observed differences
among sample means can be attributed to chance or whether they indicate actual
differences among the corresponding population means. The F ratio is the test
statistic for determining if the null hypothesis can be rejected at a given
level. The "between group variance" is compared with "within group variance".
The R-squared is a measure of the relationship between the independent and
dependent variables in the sample in the fixed effect case. Omega square is

a measure of the independent-dependent variable association in the population
in the fixed effect case. This program will compute an analysis of variance
table, F-ratio, R-squared and Omega squared for a set of data input by the user.

Formulae: n

number of samples

~
ft

number of treatments

n
Sum of column j=T,= ZX, n;
i=1 ZX/

Mean of observations in the /% sample = X; =

n;

Standard deviation of observation in the /" sample:

SS Total X%—
i=1=1 n
n_n 2
n, 72 (;;X'7)
SS Treatment = L ==
j=1 n/‘ n



PROGRAM DESCRIPTION

ONE-WAY ANALYSIS OF VARIANCE (continued)

Treatment degrees of freedom: df; =K—1
Error degrees of freedom: df, =N —K
Total degrees of freedom: df3=N—1

Mean square treatment = SS Treatment/df,
Mean square error = SS Error/df,

Mean square treatment

The Fratio=
Mean square error
R2 = SS treatment
SS total
SS treatment — (df,)(Mean square error)
Omega? =

SS total + Mean square error
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SAMPLE PROBLEM

The following are the scores obtained in an achievement test
by a random sample of students from four different schools:

Student
1 2 3 4 5 b 7
School 1 88 99 96 68 85
2 78 62 98 83 61 88
3 80 61 74 92 78 54 77
4 71 65 90 46
ISOLUTION/
STEP INSTRUCTIONS DISPLAY INPUT
Run "ONEAQV" One Way Analysis of Variance
1 | Enter the # of treatments How many treatments? 4 [RTN]
Push [RTN] to end treatments Depress [RTN] to end treatment
2 | Begin treatment 1 Treat 1 Subject 1 ? 88 [RTN]
Treat 1 Subject 2 ? 99 [RTN]
Treat 1 Subject 3 ? 96 [RTN]
Treat 1 Subject 4 ? 68 [RTN]
Treat 1 Subject 5 2 85 [RTN]
4 | End treatment 1 Treat 1 Subject 6 ? [RTN]
2 | Begin treatment 2 Treat 2 Subject 1 ? 78 [RTN]
Treat 2 Subject 2 ? 62 [RTN]
Treat 2 Subject 3 ? 98 [RTN]
Treat 2 Subject 4 ? 83 [RTN]
Treat 2 Subject 5 ? 61 [RTN]
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ISOLUTIONI

STEP INSTRUCTIONS DISPLAY INPUT
Treat 2 Subject 6 ? 88 [RTN]
4 | End treatment 2 Treat 2 Subject 7 ? [RTN]
2 | Begin treatment 3 Treat 3 Subject 1 ? 80 [RTN]
Treat 3 Subject 2 ? 61 [RTN]
Treat 3 Subject 3 ? 74 [RTN]
Treat 3 Subject 4 ? 92 [RTN]
Treat 3 Subject 5 ? 78 [RTN]
Treat 3 Subject 6 ? 54 [RTN]
Treat 3 Subject 7 ? 77 [RTN]
4 | End treatment 3 Treat 3 Subject 8 ? [RTN]
2 | Begin treatment 4 Treat 4 Subject 1 ? 71 [RTN]
Treat 4 Subject 2 ? 65 [RTN]
Treat 4 Subject 3 ? 90 [RTN]
**E ppor¥* Treat 4 Subject 4 ? 496 [RTN]
3 | Delete last entry Treat 4 Subject 5 ? E [RTN]
Incorrect value deleted (4,4) Deleted = 496
2 | Enter correct value Treat 4 Subject 47 46 [RTN]
2 | End treatment 4 Treat 4 Subject 5 ? [RTN]
5 | Read mean and standard Trt 1 Mean = 87.2 s = 10.87 | [RTN]
deviation Trt 2 Mean = 78.333 s = 13.35 | [RTN]
Trt 3 Mean = 73.714 s = 11.671 | [RTN]
Trt 4 Mean = 68 s = 15.7 [RTN]
Total mean and standard
deviation Total Mean 77 s = 14.35 | [RTN]
Treatment SS, Df Treat SS = 930.438 Df = 3 [RTN]




ISOLUTION|

STEP INSTRUCTIONS DISPLAY INPUT

Treatment MS Treat MS = 310.146 [RTN]
Error SS, Df Error SS = 3599.562 Df = 18 [RTN]
Error MS Error MS = 199.976

Total SS, Df Total SS = 4530 Df =21 [RTN]
F value F = 1.55092 [RTN]
R squared R squared = .20539 [RTN]
Omega squared Omega squared = .06988 [RTN]

6 | End program Run again, View again, or End? [E [RTN]

47
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "ONEAOV" One Way Analysis of Variance
1 | Enter the number of treatments| How many treatments? k [RTN]
2 Depress RTN to end treatment
2.1| Enter data item Treat. Subject ? Aij [RTN]
3 | To correct previous data item: | Treat. Subject ? E [RTN]
(i,3-1) DELETED = Aij—l
4 | If all subjects for the treat-
ment have been entered, goto
step 5 Treat. Subject ? [RTN]
5 | Read mean and standard devi-
ation for each treatment Treat n Mean = s = [RTN]
6 | View results: press [RTN] to | Total Mean = S = [RTN]
see next answer, [BACK] to see| Treat SS = Df = [RTN]/[BACK]
previous answer Treat MS = [RTN]/[BACK]
Error SS = Df = [RTN]/[BACK]
Error MS = [RTN]/[BACK]
Total SS = Df = [RTN]/[BACK]
F = [RTN]/[BACK]
R squared = [RTN]/[BACK]
Omega squared = [RTN]/[BACK]
7 | Continuation options: Run again, View again, or End? IEﬁTr\vlj ort

If 'R' then step 1

If 'V' then step 6

If 'E' then end program




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
X$ General string input X Value of data point
J Column counter K Number of columns
. Number of subjects
N Total number of subjects N(1) per column
T Sum of all data Ix T( ) Sum of columns IZXs
Sum square of data set Sum square of
X2 7 (x2) X2( ) columns T(x2)
Standard deviation
S9 Standard deviation of data S9( ) of column
M Mean of all data M( ) Mean of columns
Vv Variance of data V() Variance of columns _
s ) T
19 Intermediate step > fi— 19( ) Intermediate step =&y~
Q( ) Sum square of columns SSu S1 SS treatment
S2 SS error S3 SS total
M1 MS treatment M2 MS error
2 Degrees of freedon :
I1 Intermediate step (Zﬁ) D1 trgatment
D2 Degrees of freedom : error D3 Degrees of freedom : total
F F ratio R2 R squared RZ
Value to delete
02 Omega square 2 El from counters
FNI (x) Short precision output FNJ(x) Long precision output
FND( ) Delay: 1=last line FNS( ) Compute variance

Temporary storage of trt.

49
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NOTES AND REFERENCES

A maximum of 100 observations per treatment may be used. To change this, change Tlines
80 and 560.

A maximum of 20 treatments may be used. To change this, change Tines 80 and 440.
Once a treatment has been finished by the solo [RTN], it may not be edited.

References: Winer, B.J., STATISTICAL PRINCIPLES IN EXPERIMENTAL DESIGN
(McGraw-Hi11, New York; 1971) page 210-214.

Hays, W.L., STATISTICS FOR PSYCHOLOGISTS (Holt, Rinehart and Winston;
1963) page 382.
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PROGRAM LISTING

10
20
30
40

60
70

&0

90
100
110
120
130

140
150
160
170

180
170

200
2410
220
230
240

250

260

271
260
290
a0

3410

320

3410
350
360
A70
380
KSR

400
440

I ONEAOV - One way
' Analysis of Variance
!

Rev 44/04/82
]

DELAY .9

DISF “One Way Analysis of Variance’
REAL N,T,X2,V,M,51,82,83,M1,M2,M3,D
1,02,D3,59,F,RE,02

REAL NCZ0),TC(20),X2¢(20),T0¢20),Q¢20
Y,VUC20) ,M(20),82¢20),RC100)

DIM X41201

|

I Define variance

1

DEF FNS(S41,82,N) = S2/N-(51/N)*2
!

' Delay routine

!
DEF FND

BEEP 440, .4

Ag=KEYS & 1F A${ICHR%(43)
HRE$(E)Y THEM 190

FND=0 @ TF &%=CHRS$(E)
END DEF

!

P lnteger routine

!

DEF FNIC(X)

AND B$(C

THEN FMD=41

INTOXXL000+.50/745000

i

il

DEF
{

i

' Correction
!

DEF FNELL)

FNJ (X)) INTOXRL 00000+ .95/740000

IF NCCYCL THEN REEFP & DISP "Must ha
ve data to delete" @ GOTO 350
Ed=RINCCYY & DIGP "0, ";NCHY; ™)
DELETED =" R(NCC)Y) & WALT 4
TLCI=TLCY R4 & T=T-FEL & NCHY=M(C)r-1
& N=pN-1

XmX@-Eire @ X2 (C)y=X2CHr-EL2

FME=0 & END DEF

i

P Indtialize

|
FOR O Y=1 TO 20 & NYI=0 @ T(Y)=Q0 @ X
SYr=0 @ T0CY)=0 @ QC(Y)=0 @ V(Y)=0
f MUY)=0 & NEXT Y

MNLT,X2,10,0=0

!

-Define variables and

array tables

sET up

~Function to compute the
variance

~Delay until key pressed,
return & for BACK kavy

=Integer function for short
output precision
=lnteger function

putput precision

for long

correction - delete last

from the counters

~Error
input

-Get starting values of all

counters 1o zero
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PROGRAM LISTING

4:20
430
4410

450

460

470

S70
580
B9 0
&00
610

620
6HE0
6H410
55101
6H60
6710

&80
6510
AU

740
70

730
740
750
760

77
780

' Enter data

i

INPUT "How many Treatments 7"; K @
IF K<2 0OR K>20 THEN REEP @ GOTO 440
DISP "Depress RTN to end treatment”
@ BEEP 220 @ WAILT .9

FOR 3=4 T0O K

DISH ‘Treat.’;J; ' Subject’ ;N{J)+4; @
INPUT X%

IF X$="" THEN 610

IF FOS("DdEe",%%) THEN U=FNE(J) @ G

0T0 470

X=VAL (X$)

]
' Loop counters

]

NCI)=NCT)+4 @ N=N+d 8 RON(CTY))I=X
TII=TOII+X @ T=T+X @ X2(I)=X2(J)+X
A2 B X2mX2eX2

IF NI =400 THEN REEF @ DIZP "Can’
1 Enter any more” @ WAIT 4 @ GOTO 6
10

GOTO 470

1
FEnd of treatment
1

REEP 220 @
SP "Must
@ GOTo
NEXT J

!

P CALCULATION

b Me,8TD,Internal
!

FOR J=1 TO K

IF NOIYC2 THEN BEEF @ DI
have more than oneg sub ject
470

I0CT)=TCII 2/NCT) & T0=10410¢))
GLIY=X2CT)=00CT) @ Q=@+CiT)
VI =FNGCT (T X200 ,NIT)Y) @
QROVCT Y

MOTI=TLTY/NCT)

PRINT "Tet";J; "Mean=";FNI(M(I)I);" &
=YORNIOE9CI ) & U=FND
NEXT J & U=FNS(T, X2, N) @
=GER (W)

PRINT "Total
NICSED)Y @ U=FND

Y (1) =5

M=T/N & &%

Mean=" ;FNIL(M);" a=",F

]
Lodnt, S5, M8, DF
1

T4=T~0/N

~Enter the number of treatments

~Reqginning enter
treatments

~Enter a string

of loop to
10 be analyzed

=If null exit loop
next ditem. If D or E

and goto
call FNE

~Convert
numeric

string value to

~Increment counters

~Ensure that more than one
subidect has been entered

=Loop to compute mean and 5d of
gach treatment

-Compute intermediate sum

~Compute 8% of columns

~Compute variance and
deviation

standard
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PROGRAM LISTING

790
gao
810
a0
8340
840
850
a6
g7
880
870
AN
7L

G0

%40

G50

760

570

950

990

LOoo

Gi=10-I1 @ §
Di=K-1 @
Mi=51/Di €@ M
!

L F, R 2,02
|

F=M1i/M2 & R2=51/83 & 02=(51-(K-1)%M

23/ (83+M2)

]

P Perint Out

]

PRINT "Treat
@ U=FND @ IF
PRINT "Treat
@ 1F U THEN

PRINT "Error
# U=FND @ IF
PRIMT "Error
& IF U THEN

PRIWNT "Total
¢ U=FND & IF
PRINT

i 930
PRINT "W
& T U THEN

PRINT "Omeqga
FND @ IF
DISP CHR%{Z4

S0 U

4y;Miew again, or

THP Y
i GOTD 970, 3
D1SF
5TOR

2uXE-10 @
D2=N-K @

"t ENIOF) @

H3=X2-114
D3=N-14

2=52/D2

HH="FNI(SL);"DF=" ;D14

U THEN 740
Mo=" 3 FNL(ML) & U=FND

290

GE="SFNI(SZ) ;"DEF=" ;D2
U THEN 200
ME=" 3 FNIT(MZ) & U=FND

740

8= FTI (53
U THEN 920

U=FND & IF

UDF=Y DS

ared=";FMJ(RZ) & U=FND

F40
squared=";FNJ(02) @ U=
U THEN

750

02;"un again,

90,740,990

U TH

"LCHRS (24
"CCHR$C197); "nd "
X% B ON FOS(RVE",UPRCSH(X$) )+

~Compute
~Compute
~Compute

the sum of squares
the deqgrees of freedom
the mean squares

~Compute F, R-squared,
omega-squared

-Frint out results

~Gontinuation options
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PROGRAM DESCRIPTION

PREDICT - SIMPLE LINEAR REGRESSION

This program calculates (or accepts) the basic statistics that are used to describe
two variables X and Y, and uses that information to calculate the F value, test the
correlation against zero, produce the slope and intercept of the regression line,
determine the standard estimate of Y when predicted from X, and determine the 95%
confidence range of Y.

Formula:

Formula (Linear Regression Prediction)
B, =8 Sy
Xy Xy Sx
Axy: éozv - (é1))_(

SE=S,/(V1—r%)

Y=XB,,+A,

Correlation coefficient:

S0 (30 (S30)

=1 =1 =1

fvalue:  f=(r)2/((1 —(r,,)?)/(n — 2))

Y2

Slope: By, = rx,/(Sd,/Sd,)

y intercept: Ay, =Y — (B, )X)
Standard error: Se= i(de)(M)
y predicted from x: Y= XB,, + Ay



SAMPLE PROBLEM

Below are the scores achieved by students on a math test and

a reading test:

Achieved math:
Achieved read:

70 75 80
88 70 90

80 97 99 101
81 91 95 93

Calculate the F value and other statistics from the achieved
math and reading scores.

Using the above achieved math scores, predict the reading

scores:

Achieved math:
Achieved read:

70 75 80
79.8 81.9 84.2 84.2 91.7 92.6 93.5

80 97 99 101

Use the achieved math scores of 25, 50, and 76 to predict

reading scores:

Achieved math:
Predicted read:

25 50

76

59.8374 70.9111 82.427

ISOLUTION|
STEP INSTRUCTIONS DISPLAY INPUT
Run "PREDICT" Linear Regression Prediction
1 | Enter raw data Enter raw data (Y/N) ? Y [RTN]
2 RTN to end data, D to delete
Point #1 Enter X , Y ? 70,88 [RTN]
Point #2 Enter X , Y ? 75,70 [RTN]
Point #3 Enter X , Y ? 80,90 [RTN]
**Error** Point #4 Enter X , Y ? 80,811 [RTN]
Call deletion function Point #5 Enter X , Y ? D,D [RTN]
Point #4 Deleted: X=80 Y=811
Enter correct values Point #4 Enter X , Y ? 80,81 [RTN]
Point #5 Enter X , Y ? 97,91 [RTN]
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ISOLUTION/

STEP

INSTRUCTIONS

DISPLAY

INPUT

Point #6 Enter X , Y ?

99,95 [RTN]

Point #7 Enter X , Y ?

101,93 [RTN]

End data input Point #8 Enter X , Y ? [RTN]
3 | xand s X Mean = 86 s =11.7352 |[RTN]

y and s Y Mean = 86.8571 s = 8.0255 [[RTN]

Correlation coefficient Correlation xy = .6477 [RTN]

f-value F =3.6134 [RTN]

Standard error St. error = 6.1146 [RTN]

Slope and intercept of 1ine Byx (Slope) = .4429 [RTN]
Ayx (Intercept) = 48.7638 [RTN]

4 | Predictions: Prediction. Type E to exit

Enter the known X? 70 [RTN]
X =70 Pred.Y = 79.77 [RTN]
Enter the known X? 75 [RTN]

NOTE that the range of the

prediction is printed, but not

shown here. (Range = predic-

tion + standard error).
X =75  Pred.Y = 81.9847 [RTN]
Enter the known X? 80 [RTN]
X =80 Pred.Y = 84.1995 [RTN]
Enter the known X? 97 [RTN]
X =97 Pred.Y = 91.7295 [RTN]
Enter the known X? 99 [RTN]
X =99 Pred.Y = 92.6154 [RTN]
Enter the known X? 101 [RTN]

X =101 Pred.Y = 93.5013

[RTN]




IJSOLUTION/

STEP INSTRUCTIONS DISPLAY INPUT
Enter the known X? 25 [RTN]
X =25 Pred.Y = 59.8374 [RTN]
Enter the known X? 50 [RTN]
X = 50 Pred.Y = 70.9111 [RTN]
Enter the known X? 76 [RTN]
X =76 Pred.Y = 82.4277 [RTN]
5 |Exit Enter the known X? E [RTN]
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SAMPLE PROBLEM

To continue the study in sample problem 1 after the machine
has been cleared without re-entering the raw data use X=86,
y=86.8571, s,=11.7352, sy=8.0255, rxy=.6477, n=7.

Predict the reading scores from the math scores of 27 and
150. NOTE: It would be possible to predict the reading
scores by reversing the values of X, y, s,, and s

-
1SOLUTIONCLC
STEP INSTRUCTIONS DISPLAY INPUT
Run Linear Regression Prediction
1 | Enter statistics: Input raw data (y/n)? N [RTN]
2 Enter Correlation Coeff.? .6477 [RTN]
Enter the mean of X? 86 [RTN]
11.7352
Enter the SD of X? [RTN]
86.8571
Enter the mean of Y? [RTN]
8.0255
Enter the SD of Y? [RTN]
Enter the sample size (n)? 7 [RTN]

3 | Fvalue F=3.6135 [RTN]
Standard Error St. error=6.1146 [RTN]
Slope and intercept of line Byx (Slope)=.443 [RTN]

Ayx (Intercept)=48.562 [RTN]
4 | Prediction Enter the known X? 27 [RTN]
X=27 Pred.Y=60.74 [RTN]
Confidence interval Range Y [54.6013-66.8305] [RTN]
Prediction Enter the known X? 150 [RTN]
X=150 Pred.Y=155.1989 [RTN]
Confidence interval Range y[109.0843-121.3134] [RTN]
5 | End Enter the known X? E [RTN]




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "PREDICT" Linear Regression Prediction
1 |If entering raw data goto 3 Enter raw data (Y/N)? Y or N [RTN]
2 |Enter statistics Enter Correlation Coeff.? Rxy [RTN]
Enter the mean of X? X [RTN]
Enter the S.D. of X? Sx [RTN]
Enter the mean of Y? y [RTN]
Enter the S.D. of Y2 sy [RTN]
Enter the sample size (N)? N [RTN]
Goto step 5
3 Enter raw data RTN to end data, D,D to delete
Repeat step 3 for all data. If
the last pair was wrong, enter [Point #n Enter X , Y ? X,Y [RTN]
D,D and then re-enter the pair.
[RTN] when all N pairs are in. | Point #n+l Enter X , Y ? [RTN]
4 |View statistics X mean =X S=Sx [RTN]
Use [BACK] to view the pre- Y Mean =y  s=s, [RTN]/[BACK]
vious answer Correlation XY = Rxy [RTN]/[BACK]
5 |F value F = value [RTN]/[BACK]
Standard Error St. Error = value [RTN]/[BACK]
Slope and intercept of Tline Byx (STope) = value [RTN]/[BACK]
Ayx (Intercept) = value [RTN]/[BACK]
6 Prediction
Predict Y from X Enter the known X? x [RTN]
Predicted Y X = value Pred.Y = value [RTN]
Confidence interval Range Y[value - value] [RTN]
7 |Enter 'E' to end, else goto 6 | Enter the known X? E [RTN]
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VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION

X( ) X-value storage X$ X-value input string

Y( ) Y-value storage Y$ Y-value input string

X1 Sum of X Ix Y1 Sum of Y Iy

X2 Sum of X squared Ix? Y2 Sum of Y squared Ty2

C Cross product Ixy N Number of data

E Standard error K$ General input string

M1 Mean of X M2 Mean of Y

S1 Standard deviation of X S2 Standard deviation of Y
F F-value R Correlation coefficient
El Min. confidence interval E2 Max. confidence interval
U Delay value: 1=[BACK] key A Axy: Y intercept

B Bxy: Slope of line

NOTES AND REFERENCES

A maximum of 100 data points may be entered as raw data.
change the dimension statement in line 60.

The standard deviation presented is the population.

of the population is used and the number of data points is less than 30, change
line 530 as follows:

To change this limit,

In cases where a sample

530 M1=X1/N @ M2=Y1/N @ S1=SQR((N%X2-X1"2)/(N%(N-1))) @ S2=SQR((NxY2-Y1"~2)/(Nx(N-1)))

References:

Cohen, J. & P., APPLIED MULTIPLE REGRESSION/CORRELATION ANALYSIS FOR
THE BEHAVIORAL SCIENCES (Lawrence Erlbaum Associates, New Jersey,

1975) pages 39-43, 110.
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PROGRAM LISTING

10
20
30
40
50
H0
70
80

90
100
110
120

130
140

1%0
160
170
180
190
200
2410

220
230

240

250

260

a0
280
a7

300
310

Aeh
230
340
350
360

370

360
370
400
4410
40

' PREDICT - Linear

I prediction

!} REV 14/01/82

)

DISF "Linear Reqression Prediction”
DIM XC400),Y(400),X$04001,Y414001]
Xi,X2,Y4,Y2,C,N=0

DEF FNI(X) = INT(XX10000+.%)/740000

!

I Delay Routine
!

DEF FND

REEP 440

Ké=KEY$ @ IF POSC(CHR$(LZIIACHRE(GIA"
E",UPRCH (K$)>)=0 THEN 140

1IF UPRCE(KE)="E" THEN 820
FND=Ks=CHR$ (8)

END DEF

|
' Error correction
]

bEF FNE

FiNE=]

IF Nd{i THEN REEF
have data to delete
DISP "Point #";N;"Deleted:
;"Y="SY(NY 8 WAIT 4
Xi=X4i-X(N)Y @ Yi=Yi-Y (M)
Xa=X2-X{N)*2 & Ya=Ya-Y(N)*2 @
(NIXRY ()

NN- 4

END DEF

INPUT "Enter raw data (Y/N)

1760 8 DISP "Must
@ GOTO 280
X X AN

C=C-X

? n ,X‘B

IF UPRCS(X$STLL,410="Y" THEN 420
INPUT "Enter Correlation Coeff. ?7";
R

IF ABRSC(RY >4 THEN
INPUT "Enter the

REEP & GOTO 3i0
mean of X ?7";Mi

INFUT "Enter the S.D. of X 7";864
INPUT "Enter the mean of Y 7" ;M2

INFUT "Enter the $.D. of Y 27,852

INPUT "Enter the sample size (N) "
5 i

GOTO 620

!

P Enter raw data

]

DISF "RTN to end data
"oto delete"; @ WAIT 4
0710 4460

"S;CHRE (196D
@ ON ERROR G

-Function to set
precision

output

—~Wait until a key is pressed,
return 4 if RBACK

~Ervror correction routine -
delete last input pair

~Determine data
direct?

Type — rauw or

~Enter values of Mean, Sd. and

rodirectly

~Raw data entry- compute Mean,
8d, and r.
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PROGRAM LISTING

430
440
450

460

470
480

450
500
510
520

530

540

U1
i
=

560

570

580

590
600
640
620
HE
HA0

&EHO

660

6710

690
700
710

70

740
e
760
770
760

‘;/ L".;; 0

G600

DISF "Point #";N+4i;" Enter X , Y ";
INFUT X4%,Y% & 1F X$="" THEN %30

IF FOSC"DdEe”,X$04,41) THEN U=FNE @
GOTO 430 EL.SE GOTO 470

IF ERRN=841 THEN OFF ERROR € GOTO 53
0 ELSE GOTO 430

N=N+HL @ XONDY=VAL(X$) @ Y(N)I=UAL(Y$)

Xi=X14+4X(N) 8 XZ2=X24X(N)Y 2 8 Yi=Y1+Y
(N) @ Y2=Y2+Y(N)*2

C=C+X(NIXY(N) @ GOTO 430

I

I Compute mean,s

]

Mi=X1/N & MZ2=Yi/N @ Si=S5GR{(X2/N-(X1
ANIAEY B S2=5RR(Y2/N-(YL/NY*2)
R=(C-XiXYL/N)/SURC(XE-X4 "2/ NIk(Y2-Y
122/N))

PRINT "X Mean=";FNI{(ML);"s=";FNI(51
) B U=FND

PRINT "Y Mean=";FNI(M2),;"s=";FNI(52
)

U=FND & TIF U THEN 5%0

PRINT "Correlation xy =";FNI(R) @ U

=END @ IF U THEN %&0

]
'V FL,LSt. error
I

F=R*2/((5i-R*2)/{N-2))

E=G2%50R (4-R*2)

B=RX(S2/7854) @ A=ME2-EXMA

PRINT "F=";FNICF) 6 U=sFND € IF U TH
=N 580

PRINT "S1. Error =";FNI(E) & U=FND

@ IF U THEN 6%0

PRINT "Ryx (Slope) =";FNI(R) & U=FN
D @ IF U THEN &60

PRINT "Ayx (Intercept) =";FNI(A) @

U=FND @& IF U THEN &70

}
I Prediction routine
|

DISF "Prediction. Type ";CHR$(1L97);
"to exit" 8 WAIT 4

ON ERROR BEEP 440 @ DISF "Please en
ter Numeric or 7E7" @ WALIT 4 & GOTO
740

INFUT "Enter the known X T";X$

IF UPRCHOXELL,41)="E" THEN 820
X=UAL (X¢$)

YaRRH2KC(CA-ML) /751 +M2

Ed=Y-E @ E2=Y+E

PRINT "X=" 3 X;"Pred. Y=";FNI(Y) & U=
FND

PRINT "Range YU";8TRS(FNICELY ;" -
"LOBTREFNICEZY) ;"1 @ U=FND & I+ U

THEN 70

-Increment counters

~Compute Mean and Sd of X and Y
-Compute correlation between X

and Y
-Print mean and Sd.

-Compute F
-Compute standard error
~Compute slope and Y-intercept

~Error trapping routine

-Predict Y from X

=Display confidance interval



PROGRAM LISTING

810 GOTO 740
820 sTOP
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PROGRAM DESCRIPTION

PERMUTATIONS AND COMBINATIONS

This program will calculate the number of permutations and combinations for
a given number of objects, n, divided into groups of a given size r. A permu-
tation is the number of items that can be fit into a specified order, and a
combination is the number of items that may be fit without any specific order.

The formula for the number of permutations of n objects in groups of size r
is:

_ n!
nPr = Th-r)T
( ! = Factorial = 1%2%3x..... *n)

The number of combinations of n objects in groups of size r is:

nCr = nir




SAMPLE PROBLEM

1) Suppose a restaurant has 10 chairs at a table.
How many ways can 10 guests be seated at the
table?  (3628800)

ISOLUTION|
STEP INSTRUCTIONS DISPLAY INPUT
A | Run "PERMUT" Permutations and Combinations
1 | Enter the number of guests Enter the number of objects? 10 [RTN]
2 | Enter the number of chairs Enter the group size? 10 [RTN]
Answer:
3 | # of Permutations 10P10 = 3628800 Permutations [RTN]
# of Combinations 10C10 = 1 Combinations [RTN]
4 | Re-run the program Run again, View again or End? R | [RTN]
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SAMPLE PROBLEM

2) A city has a council with 3 vacant seats and 40

candidates. How many ways could the three seats
be filled? (9880)
ISOLUTION
STEP INSTRUCTIONS DISPLAY INPUT
B Run "PERMUT" Permutations and Combinations
1 | Enter the number of candidates | Enter the number of objects? 40 [RTN]
2 |Enter the number of seats Enter the group size? 3 [RTN]
3 | # of Permutations 40P3 = 59280 Permutations [RTN]
Answer:
# of Combinations 10C3 = 9880 Combinations [RTN]
4 |Stop Run again, View again, or End? R| E [RTN]




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT

Run "PERMUT" Permutations and Combinations

1 |Enter n Enter the number of objects? n [RTN]

2 | Enter ¢ Enter the group size? ¢ [RTN]

3 | Read output nPr = P Permutations [RTN]

nCr = C Combinations [RTN]

4 | Review routine Run again, View again, or End? |[RTn] ©
R = re-run program
V = re-view results
E = end program
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VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
N Number of objects P Permutations
R Group size K$ Option entry
C Combinations I Counter

NOTES AND REFERENCES

Between Tines 110 and 150, this program has a routine to calculate the factorial
of any number #>0. To use this routine in other programs, enter lines 110-150
of this program, and use the routine in the following manner:
(Sample) 1050 input "X= ?";x
1060 disp "X Factorial = ";FNF(X)
(Sample formula) 1070 y=fnf(x)/x

References: Gehring, Robert E., BASIC BEHAVIORAL STATISTICS (Houghten-mifflen,
Boston, 1978) page 418-422.
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PROGRAM LISTING

10
20
30
40
S0
60

70
80
70
100
140

120
130
140
150
160
170
180
190

200
210
220
230

240
as0
260
270
260
290

200

340

320
330
340
350
360

370
580

E50

400
410

At
430
4410
450

I PERMUT - Factorial
' Permutations and

! Combinations

' REV 14/041/82

|

DISP " Permutations and Combination
DIM K$L02201

!

I Factorial

]

DEF FNF(N)

U={ @ FOR I=2 TO N

U=Ux]

NEXT I @ FNF=V

END DEF

!

' Error display

!

ON ERROR REEP 880 ® DIGF "Overflow!
e GoOTo 230

1

PV Input dialogue

!

INPUT "Enter the number of objects
?II}N

INPUT "Enter the group size 7";R

!

I Calculation

!
N=INT (ARS(N)) @ R=INT(ARS(R))
IF NCR OTHEN BEEP @ GOTO 230

P=FNF (N) ZFNF(N-R)
C=P/FNF(R)

C=INTCCY @ P=INT(P)

!

! Output

!

PRINT STRENDI;"P";STRE(RY ;" =" P "P
ermutations"”

BEEF 440

IF KEY$="" THEN 380

PRINT GTR$(NY;"C" S 8TRS(RY ;" =",(C; "0
nmbinations"

BEEF 440

IF KEY$="" THEN 4410

!

I Recyole

!

DISF CHR%¢(240);"un again, ";CHR%(21
4);"iew again, or ";CHRS A7) ;;"nd";

~Routine to compute the
factorial of a number

~Error trapping routine for
overflow

~Calculate the number of
permutations

~Calculate the number of
combinations

~Print the number of
permutations

~Calculate the number of
combinations

-~Recycle routine
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PROGRAM LISTING

460 INFUT K$ @ K$=UPRCSH(KSA" ")

470 ON POS("RVE" ,K$L1,11)+4 GOTO 4%0,23

0,360,480
480 STOP
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