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PROGRAM DESCRIPTION

ONE SAMPLE TEST STATISTICS FOR THE MEAN

Suppose (x sX 55X .,xn) is a sample from a normal population with a known

1 32"
variance o2 and an unknown mean u. A test of the null hypothesis

Ho:u = M

is based on the z statistic which has a standard normal distribution.

If the variance 02 is unknown then the t statistic, which has the t distribution
with n-1 degrees of freedom, is used instead.

Equations:
zZ = \Iﬂ_(X—UO)
0
t = \rﬁv(i-u.o)
S

Te mean and'S is the population estimate of the

ation.



SAMPLE PROBLEM

Suppose that the mean intelligence of the general population is

100 with a standard deviation of 15.
that the following sample of students is different from the

Test the null hypothesis

population.
Student 12 3 4 5
Score 109 115 125 113 163
|ISOLUTIONL
STEP INSTRUCTIONS DISPLAY INPUT
Run "ONESAM" One Sample Test For The Mean
E to end input, C to correct
1 | Enter data as prompted Enter datum 17 109 [RTN]
Enter datum 2? 115 [RTN]
Enter datum 37 125 [RTN]
**ERROR** Enter datum 47 1 [RTN]
2 | Call error correction Enter datum 57 C [RTN]
Datum 4 deleted =1
1 | Enter correct value Enter datum 4? 113 [RTN]
1 | Continue Enter datum 57 103 [RTN]
3 | End data input Enter datum 6? E [RTN]
4 | Enter general mean Enter po? 100 [RTN]
5 | Enter general std (N-1) Enter o? 15 [RTN]
6 | Read output. Use [RTN] to see| z = 1.9379 [RTN]
next output. Use [BACK] to T = 3.5781 [RTN]
see last output Mean = 113 [RTN]
St. dev. = 8.124 [RTN]
7 | End program Run, View, End, or Continue? E [RTN]




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "ONESAM" One Sample Test For The Mean
E to end input, C to correct
Do steps 1-2 N times
1 | Enter value of indicated datum| Enter datum k? Xk [RTN]
2 | If an error was made: Enter datum k? C [RTN]
This will be displayed: Datum k deleted = Xk
If not finished with input,
goto 1
3 | Indicate the end of input: Enter datum k? E [RTN[
4 | Enter M naught: Up? Ho [RTN]
5 | Enter o: o? o [RTN]
6 | Read output - [RTN] to see Z = [RTN]
next output, [BACK to see T = [RTN]/[BACK]
last result Mean = [RTN]/[BACK]
St. dev = [RTN]/[BACK]
7 | Review routine Run, View, End, or Continue?
R = rerun the program - step 1 R [RTN]
V = review results - step 6 V [RTN]
t = end the program E [RTN]
C = goto step number 4 C [RTN]




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
A( ) Data storage K$ General utility string
N Sample size S1 Sum X = X
S2 Sum X-squared Z(xz) M Mean
S3 Standard deviation (n-1) Z Z-value
T t-value U Delay flag, = 1 if [BACK]
NOTES AND REFERENCES
Notes: 1. Both t and Z are computed. The user is reminded to use z only
when the population standard deviation is known.
2. This program is Timited to a maximum of 300 data points. To
change this 1imit, change the dimension statement in line 80.
References: The formula for this program came from the HP-41C Users'

Library Solutions book TEST STATISTICS.




PROGRAM LISTINGL

10
2
30
40
%0
&0
70
g
90
100
144
L2 ()
130

140

150
180
170
80
i%0

200

Z410

pi ]
[y

a2a0
240
2510
260
2710
280
290
S0
310
B

B30

KRt

AH0

KYoRY

POONESAM -~ One savple

' lest statistics fop

' the mean

P REV $4/04762

!

DELAY . %

DISF "One Sample Test for the Mean"
DIM ACE00) ,K$11007

DEF FNI OO = INTCXEL0000+.5)/40000
I

' Daelay routine

I

DEF FND

Ke=KEYS & IF K CMCHRSCE)
RECL3) THEN 140
FND=Kh=CHRS (8) @ FND DEF
!

AMD K%< >CH

D Error correction

!
DEF FNE

IF NCL THEN DISP "Must have data to
deleta" @ REEP 440 8 GOTO 230
"Datum™ ;N "deleted =" ;6 (N)

EBINYZ B SE=GE-A(NY B MNEN-q

L) ®OEND DEF

|
PoIndtialize

N,S1, G

DIGE CHRECL97) 5" 1o end input,
RECLIYS) ;" to corract" & WAIT 1
1

P Inpuot
I

DISE "Enter datum";N+i; & TNPUT K4
TEOUPRCHE CKE)="E " AND NY4 THEN 440

" GH

Laop

I UPRCH RSy =" THEM REEP
S "Must have more than i
WaIT 4 8 GOTO 320
I UPRCE Ky

220 @ DI
datum” @
THEN U=FNE & GOTO
OM ERROFE BEEP
gric, [UE"1, op
Oro A26
ACNEL ) =UEL (gY@

@ GRmGEEa (M) 20 @
1

2EUO@ DISE ‘Enter

LUC"d 7 @ WALT 4

nuM
& G

I E NS
GOTO

G Sl=Hi+ad
320

P Enter sigua, mul

!

ON ERROR BEER 2520 B DISK
tar numeric data" € GOTO

"Flease en
400

~Define precision of output

‘RTNY or
‘RACK

TR&ECK
keay

=“bWait fFor
Return 4 if

key .

~Delete
The

incorrect from

counters

input

end-of~data rouvtine

! If:‘ £

~Gato
antery of
=Display error if
and there is no

up o

!E‘If
data

entered

=Gall error correction routine
0T ds entered

~Eeror trap

—lncrement counters and
continue adding data

=End-of-data S0 ond

error Trap

rouvtine,



PROGRAM LISTING!

420

43510
440
450
4610
470
4

45 ()
5 {1
40
B0
5
554 (1
55 ()
60

H70
HE0

550

&HOO

&HA

DISF "Enter “";CHR$CLEY;"o"; & INFUT
()

DISP "Enter ",CHR$CY); @ IMPUT &

|

P Computation

1

OFF ERROR

MeGd /N B SE=50R (CE2-5122/7N) /NN (N

=423

ZmGER (DR (HM-U0) /8

TeGRR ) R OM-U0) /53

PRINT "z=" FNICZ) & UsFRD & IF U TH

540

PRENT "T=" FNLOTY & UsFND @& TF 1 TH

EN %10

PRINT "Mean =";FNl(M) & U=FND @& IF
U THEN %20

PRIMT "St.dev. =" FHNI{GE) & U=FND @
IF U THEN %30

!

I Review routine

I

DIGP CHRSCE40) 3 un, ";CHRE(2440 ; "ie
W, "SOHRECL?7);"nd, or "3 CHRECLIDS;
"oartinue M

INPLT K & Ke=UPRCS (KE&E" M)

ON FOSCRVECY KEGL4,410+4 GOTO H80,2

70,%40,6450,440

STOR

~Mean and standard
deviation{n—17
~Z=-yalue and T-value

=Display the results

wReyiew module




PROGRAM DESCRIPTION

KENDALL’S COEFFICIENT OF CONCORDANCE

Kendall's Coefficient of Concordance is used to test the communality of prefer-
ence among observers who have assigned n individuals ranks ranging from 1 to n
according to some specified characteristic. The coefficient (W) varies from 0
(no community of preference) to 1 (perfect agreement), and is an extension of
those rank-based measures used to test the degree of association in the two-
variable case. This test is frequently considered a reliability measure of
ranks.

n K 5
12 = T Rij)
i=1 \j=1 __3(n+1)

(K2)(n) (n%-1) n-1

2 - K(n-1)W

>
Il

degrees of freedom = n-1

where: K s the number of observers
is the number of individuals

4 =

is the rank assigned to the ith individual

* by the jth observer



SAMPLE PROBLEM

"Suppose three company executives are asked to inteview six job
applicants and to rank them separately in their order of suita-
bility for a job opening. The three independent sets of ranks
given by executives X, Y, and Z to applicants a through f might

be those shown . . . " (Siegel, NON-PARAMETRIC STATISTICS, p. 230).

Find the degree of agreement among the three executives whose
rankings of six job applicants are shown below. (Artificial data).

Applicant
a b ¢ d e f
Executive X 1 6 3 2 5 4
Executive Y 1 5 6 4 2 3
Executive Z 6 3 2 5 4 1

R; (not computed) g 14 11 11 11 8

ISOLUTION |

STEP INSTRUCTIONS DISPLAY INPUT

1 | Run "KENDALL" Kendall's Coeff. of Concordance
2 | Enter the # of executives How many observers (K)? 3 [RTN]
Enter the # of applicants How many subjects (N)? 6 [RTN]

Type C to delete error

3 | Enter Appl.1l, Exec.l Subject 1 Observer 17 1 [RTN]
Enter Appl.l, Exec.? Subject 1 Observer 27 1 [RTN]
Enter Appl.1l, Exec.3 Subject 1 Observer 37 6 [RTN]
Enter Appl.2, Exec.l Subject 2 Observer 17 6 [RTN]
Subject 2 Observer 27 5 [RTN]
Subject 2 Observer 37 3 [RTN]
Enter Applicant 3 Subject 3 Observer 17 3 [RTN]




ISOLUTION |

STEP INSTRUCTIONS DISPLAY INPUT
Subject 3 OQObserver 2?7 6 [RTN]
Subject 3 Observer 37 2 [RTN]
Enter Applicant 4 Subject 4 Observer 17 2 [RTN]
Subject 4 Observer 27?7 4 [RTN]
Subject 4 Observer 3? 5 [RTN]
Enter Applicant 5 Subject 5 Observer 17 5 [RTN]
Subject 5 Observer 27 2 [RTN]
Subject 5 Observer 37 4 [RTN]
Enter Applicant 6 Subject 6 Observer 1? 4 [RTN]
**Epror** Subject 6 Observer 2? 334 [RTN]
Call correction Subject 6 Observer 3? C [RTN]
Correction displayed 6,2 deleted = 334
Enter correct value Subject 6 Observer 27 3 [RTN]
Continue Subject 6 Observer 37 1 [RTN]
4 | Coefficient of Concordance W= .1619 [RTN]
5 | Chi-square value Chi-square = 2.4286 [RTN]
6 | Degrees of freedon Df = 5 [RTN]
7 | End program Run again, View again, or End? |E [RTN]
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
1 | Run "KENDALL" Kendall's Coeff. of Concordance
2 | Enter the # of observers How many observers (K)? k [RTN]
Enter the # of subjects How many subjects (n)? n [RTN]
Type C to delete error
3 |Enter data as prompted Subject i Observer j? Ri4 [RTN]
If an error was made: Subject i Observer j? C [RTN]
De]etéd datum displayed i,j deleted = Rij
Goto 3 until done
4 | Real output. Use [RTN] key W = [RTN]
to see next, [BACK] to see Chi-square = [RTN]/[BACK]
last result. Df = [RTN]/[BACK]
5 | Review routine Run again, View again, or End?
R = rerun program - step 2 R [RTN] or
V = review results = step 4 VY [RTN] or
E = end program E [RTN]




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION

K$ General input string Al ) Temporary data storage

SO Grand sum of data N Grand N of data

s1 IXi j 52 £(2Xij)?

M Mean of data VA Z statistic

E ETA n
NOTES AND REFERENCES
Notes: The value of the Coefficient of Concordance must be in the range of

Referenc

zero to 1 (0<=W<=1). If it is not within that range, the program will
display a warning message. If you get the message "W is illegal. Check
data", make sure that you have entered the data by subject (see sample
problem), and that the observer's ranks are in the range 1 to n (the
number of subjects). Tied ranks are each assigned the average of the
ranks they would have been assigned had no ties occurred (see

reference to Siegel).

es: 1. Siegel, Sidney, NONPARAMETRIC STATISTICS FOR THE BEHAVORIAL
SCIENCES, (McGraw-Hi11, 1956), p. 231-232.

2. Gibbond, J.D., NONPARAMETRIC STATISTICAL INFERENCE, (McGraw-Hill,
1971).

3. Conover, W.J., PRACTICAL NONPARAMETRIC STATISTICS (John Wiley,
New York, 1971).

4. Formulae found in HP-41C Users' Library solutions TEST STATISTICS.
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IPROGRAM LISTING

10
20
30
40
La
&
70
80
Q0

100
140
e

130
140

1%0

160
170
160
190
200

2410

20

230
2410
=0
260
270
280
2510

00

410

JFe0

30

340

360
370
3810
390
400
4140

I KENDALL — Kendall’s
V Coefficient of

I Concordance

1 Rev 11/01/832

1
!

!

DELAY . %

DISF "Kendall’s Coeff. of Concordan
e

DIM ACL00) ,K$L1001]

!

I Delay rovtine

I

DEF FND

Ke=KEY$ & IF KEC2OHRSE) AND K$<XOH
RECLE) THEN 4%0
FrubD=K4=CHR$(8) & END DEF

1
VU BError correction
1

DEF FNE

ITF I THEN BERP 220 & DISPF "tust h
ave data to delete" € GOTO Z40

DIGP STRSCL); M, ";5TRSCI-4)3" delete
d o ="5A00-4) @ WALT 4

=J=4 B S0=80~-A0T)

HE=0 B END DEF

DEF FRHIOKY = INTOXRL0000+ . %) 250000

1
F

|
Podndtialize

|

KO, X, 8=0

ITMPUT "How many observers (K) 7";K

TF K42 Or K400 THEN BEEF 220 & DIS

Po'Please enter Ld4CA00Y @ GOTO 300
INFUT "How many subjects (n) "N
TF NCZ THEN BEEP 220 @ DISP "Please
enter nol" @ GOTO 320

DIGFE "Type ";CHR$0495);" to delete
agrror' & WALT 1

ON ERREOR BEEP 220 & DISP ‘Enter num
eric data or L"C"17 @ WALT L & GOTO
40 (1

!

' Data dinput

I

FOR T=4 T0O N & S0=0 & FOR J=4 TO K

DISF "Houbject"; 1 "Observer";J;
INFUT Ke & IF UPRCH S = 0" THEN Us
FNE & GOTO 400

- Wait

for ‘RTMNY

Retorn 1 if

“frror

decremant

or ‘HACK’

RACK Y kevy

kerys .

correction routine,

counters

~Detine precision of ocutput

~lnput

~Error trap- display warning
invalid

~Lall
user

dialogue and
initialization

coerrection

enters

entry

t’{';l

routine

if

if
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PROGRAM LISTING!

40
430
4410

gl
460
470
480
470
SO0
5410

Sl

B30

bl
S
e

%70
80

590

ACT)=UALIKE) & S0=50+a(1)
NEXT J 8 S=54+50°2 @ NEXT I

Calculate W,chi,df

S ARG/ OO BN O 2 ) ) 3N+ 1) / (N4

— B e e e

CE=loriN-4 %W & D=pN-4
!

P Output routine

]

DISP "W=" 3 FNTICW) @ Us=FND & 1F U THE

NS

IF W4 OR WO THEN DISP Wi "is dlleq

al. Check data." @& BEEP 440,1.5 @ ¥

=MD

DI&k
@ IF

DIGP
i

DISF CHRES(ZA0); "un again, ";CHEYS (24
423 "iew again, or ";CHRECL97) s "na ",
LNFUT K% & KE=UPRCHE(K$&" ")

UM POSCTRVE" JKELL,100+4 GOTO S60,29
0,%20,%90

aTar

"Chi-square =";FNI(CE) @
U THEN %20
DD @ U=FND & OIF U THEN %4

Us=F D

—Increment
=End looap
counter

sub ject
and

counter
increment total

~Compute W
~Gompute chi-square
=Frintoeut rovtine

~Display warning if W0 or WYL

=feview routine



PROGRAM DESCRIPTION

CORRELATION COEFFICIENT TEST

Under the assumptions of rank-order correlation analysis, the t statistic,
which has the t distribution with n-2 degrees of freedom, may be used to
test the null hypothesis (the true correlation coefficient p=0).

To test the null hypothesis p=p,, where p, is a given number, the z stat-
istic is used. =z has approximately the normal distribution.

Equations:

r n-2

t = ——

Vl-rz
o Ans [(w)(l-po)}

2 (1-r) (1+p,,)

Where r is an estimate (based on a sample of size n) of the correlation
coefficient p.



SAMPLE PROBLEM

Given a sample size (N) of 31, and correlation coefficient

of .12, test that the null hypothesis Po = 0.

ISOLUTION |
STEP INSTRUCTIONS DISPLAY INPUT
Run "CORRTEST" Correlation Coefficient Test
1 | Enter the sample size Enter the sample size (n)? 31 [RTN]
2 | Enter r Correlation coefficient (r)? .12 [RTN]
3 | Enter p, Enter RHO-naught? 0 [RTN]
4 | Read t t = .650923 [RTN]
5 | Read Z L = .638055 [RTN]
6 | End program Run again, View again, or End? |[E [RTN]

15
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT

Run "CORRTEST" Correlation Coefficient Test

1 | Enter N Enter the sample size (n)? N [RTN]

2 | Enter r Correlation coefficient? r [RTN]

3 | Enter pq Enter RHO-naught? Po [RTN]

4 | Read t value t=1t [RTN]

5 | Read Z value 1=z [RTN]/[BACK]
Use [BACK] to review t-value

6 | Review routine Run again, View again, or End?
R = rerun the program - step 1 R [RTN] or
V = review results - step 4 V [RTN] or
E = end the program E [RTN]




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
K$ Input string N Sample size

R Correlation RO Po

T t-score Z Z-score

U Delay flag

NOTES AND REFERENCES

Notes:

1.

This program will check that N>3, o =<31, and p0<l, and will
display a warning if an error is found.

Usually, the z statistic is used when the sample size is large.
Note that both t and z are returned. If the test being made is
that p is not equal to zero then use z. Choice of the appropriate
statistic is Teft to the user.

References: 1. Hogg and Craig, INTRODUCTION TO MATHEMATICAL STATISTICS,

(Macmillan and Co., 1970).
2. J. Freund, MATHEMATICAL STATISTICS, (Prentice-Hall, 1971).
3. The formulae for this program come from the HP-41C Users'
Library solutions TEST STATISTICS, '"Test statistics for the
correlation coefficient", p. 5.
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IPROGRAM LISTING!

10
20
30
410
50
&0
70
=40
90

100

110

120

130

140
150
60
170
180
190

200
240
2
250

@4
gl

26
a7
280
250
S00

4.0
A
$310
40
S0
Aol
370
S0

Syt

400

b CORRTEST -~
P statistics
! Correlation
I REV 44/04/782

Test

for the
Coaff,
I

DELAY %

DISHF "Correlation

DIM K$14001]

|

I Delay
|

DEF FND

Coefficient Tesgt”

function

KE=KEY$ @ TF K$<XCHRE4(8)
RECEZ) THEN 130
FD=K$=CHKEE (8)
DEF FNI(X) =
I
P Input
I
ON ERROR BEEP 220 & DISP
ter numeric data” & WAIT 4 @
(1
TP
3
IF NCE THEN BEERF 2220 & DIGP "Data e
rreor o nA3" B OWALT 48 GOTO 200
INPFUY "Correlation coefficient ()
? " ; ]
IF ARSOR)Y >=1 THEMN LBEEF 220 & DISE »
Impossible correlation”™ & GOTO 220
NPT "Enter RHO-naught YV RO
TF ARSCRO) >=4 THEN DISBF "Data error
"LSOHRECAE) ;"o dllegal M B GOTO R4

AND K%< >CH
& ZMD DEF
INTORLED 6+ . 5070076

"Please en
GOTO 4
(ny "

"Enter the sample size

0

!

P Computation

!

TaRRSEAR (N-2) /78AR (4~ )

2GR ON-S) AL 0GR ROE-ROY /(4R
KOLAR0D) )

i

PoFpdnt-out

!

DIGE "= FNTOTY 6 U=FND & 1F U THE

RERCTR(

nLseP

(RERC TR

!

PEsMNLRNTCLY OB UsFND & TF U THE

P Review routine

!

DILGF CHRS 24025 "un again, ";C0HR$L24
4y Miew again, or "iCHREOLP7) . "nd"
TR K @ Kes=UPRCE (Ks&™ ™)

=Wait for ‘RTN’ or
return 1 4f TBACK”

CRACK
ey

=Define output precision

~Error trape
non-numerio sntry
~lnter M

=Werdfy that N2

=Enter correlation ()

=Werify thaet the absolute
of ) ds less than one

~Enter rho-navght

~Mer i fy that the
of rho is less

abzolute
than one

~Gompute the t-value
=Gompute the z-value

=Frant the results

~Review modole

ke s

dieplay warning if

value

value




PROGRAM LISTING|

490 ON POSCRVE" ,KE14,479+1 GOTO 390,49
0,440,420
420 END




PROGRAM DESCRIPTION

INTRACLASS CORRELATION COEFFICIENT

The intraclass correlation coefficient r; measures the degree of association
among individuals within classes or groups. The coefficient is most easily
calculated using the analysis of variance techniques. r; is the sample es-
timate of the population intraclass correlation coefficient o;. If we can
assume that the individuals within groups are random samples from normal
populations with the same variance, then the hypothesis p;=0 can be tested
using the F statistic. This program also calculates the R-squared statis-
tic, which is a measure of the relationship between the sample independent
and dependent variables in the fixed effect case, and Omega-square, which
is an estimate measure of the independent-dependent variable association

in the population in the fixed effect case.

Mean of subjects in the jth sample

X = IX
1 1
nj
Standard deviation o0Op = JZI(xj 2) (X )2
n: 1

SS total = Z(Zx‘

NS
1

@Z%ZXn

2

T.2\ _ 2

SS treatment = Z(;%—) (?T) T is the column sum
1

SS error = Z(Exz.) - Z(Tz./n )
J i3
Df total = n-1 K = the number of sets
Df treatment = K-1 = the total n
Df error = n-k J = the number of subjects
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PROGRAM DESCRIPTION

INTRACLASS CORRELATION COEFFICIENT (continued)

MS treatment = SS treatment/df treatment
MS error = SS error/df error

R2
SFi2

MS treat/MS error
SS treat/SS total
(SS treat - (MS error)(K—l)l/{SS total + MS error)

Intraclass r = SS treat - SS error SS treat + SS error
K-1 K(J-1) K-1 K
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SAMPLE PROBLEM

F?nd_the degree of association between individuals (A-B)
within the following set of groups:

Subjects
A B
1 71 71
2 69 72
3 59 65
Groups 4 65 64
(sets) 5 | 66 60
6 73 72
7 68 67
8 70 68
ISOLUTION/|
STEP INSTRUCTIONS DISPLAY INPUT
1 | Run "INTRA" Intraclass Correlation Coeff.
2 | Enter the N of groups How many sets? 8 [RTN]
3 | Enter the N of subjects How many subjects? 2 [RTN]
C to correct error
4 | Enter set 1 Set 1 Subject 17 71 [RTN]
Set 1 Subject 27 71 [RTN]
Enter set 2 Set 2 Subject 17 69 [RTN]
Set 2 Subject 27 72 [RTN]
Enter set 3 Set 3 Subject 17 59 [RTN]
Set 3 Subject 27 65 [RTN]
Set 4: ERROR Set 4 Subject 17 666 [RTN]
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ISOLUTION|

STEP INSTRUCTIONS DISPLAY INPUT
Call correction routine Set 4 Subject 27 C [RTN]
Deleted value is displayed (4,1) DELETED = 666
Enter correct value Set 4 Subject 17 65 [RTN]

Set 4 Subject 27 64 [RTN]
Enter set 5 Set 5 Subject 17 66 [RTN]
Set 5 Subject 27 60 [RTN]
Enter set 6 Set 6 Subject 17 73 [RTN]
Set 6 Subject 22 72 [RIN]
Enter set 7 Set 7 Subject 17 68 [RTN]
Set 7 Subject 2? 67 [RTN]
Enter set 8 Set 8 Subject 1? 70 [RTN]
Set 2 Subject 27 68 [RTN]
4 | Read means Set 1 Me = 71 Std = 0 [RTN]
Set 2 Me = 70.5 Std =1.5 [RTN]
Set 3 Me = 62 Std = 3 [RTN]
Set 4 Me = 64.5 Std - .5 [RTN]
Set 5 Me = 63 Std = 3 [RTN]
Set 6 Me = 72.5 Std = .5 [RTN]
Set 7 Me = 67.5 Std = .5 [RTN]
Set 8 Me = 69 Std = 1 [RTN]
5 | Read output Total Me = 67.5 Std = 4.031 [RTN]
Treat DF = 7 SS = 216 [RTN]
Treat MS = 30.857 [RTN]
Error DF = 8 SS = 260 [RTN]
Error MS = 5.5 [RTN]




24

ISOLUTION|

STEP INSTRUCTIONS DISPLAY INPUT
Total DF = 15 SS = 260 [RTN]
F value F = 5.61039 [RTN]
R squared = .830769 [RTN]
Omega squared = .66855 [RTN]
Degree of association Intraclass r = .697446 [RTN]

End program

Run again, View again, or End?

E [RTN]




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
1 |[Run "INTRA" Intraclass Correlation Coefficient
2 | Enter the N of groups How many sets? k [RTN]
3 | Enter the N of subjects How many subjects? n [RTN]
C to correct error
4 | Enter indicated datum Set i Subject j? Xij [RTN]
If an error was made: Set i Subject j? C [RTN]
This will be displayed: (i,3) DELETED = Xij
Goto 4 until done
5 | View means Set i Me = Std = [RTN]
6 | View results. [RTN] to see Total Me = Std = [RTN]
next result, [BACK] to see Treat DF =  SS = [RTN]/[BACK]
last result. Treat MS = [RTN]/[BACK]
Error DF = SS = [RTN]/[BACK]
Error MS = [RTN]/[BACK]
Total DF = SS = [RTN]/[BACK]
F = [RTN]/[BACK]
R squared = [RTN]/[BACK]
Omega squared = [RTN]/[BACK]
Intraclass r = [RTN]/[BACK]
7 | Review routine Run again, View again, or End?
R = rerun program - step 2 R [RTN]
V = review results - step 6 V [RTN]
E = end program E [RTN]

25
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VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
T(i) Xy X2(i) 2
M(i) Mean of treatment i 10( ) thn
S9(1) SD of treatment i V(i) Variance of i
R( ) Temporary storage El Value of deleted data
X$ General input string T Grand sum of all data
N Grand n of all data X2 X% of treatment
10 E(Ti/n) I1 Intraclass correlation
S1 Treatment SS M1 Treatment MS
S2 Error SS M2 Error MS
S3 Total SS F F-value
D1 Treatment df R2 R squared
D2 Error df 02 Omega squared
D3 Total df
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NOTES AND REFERENCES

Notes: 1.
2.
3.
References:

A maximum of 100 subjects per set may be used. To change this,
change the dimension statements in line 70.

A maximum of 20 sets may be used. To change this, change lines 370
and 420.

Once a set has been finished, it may not be corrected.

1.

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

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

Ostle, B., STATISTICS, IN RESEARCH, Iowa State University
Press, 1972.

HP-41C Users' Library, TEST STATISTICS, p. 33-34.
HP-75 STATISTICS SOLUTIONS BOOK, One-Way Analysis of Variance
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PROGRAM LISTING!

10
20
30
40
B0
&0

70

80
210
100
110
120

130
140
150
160

170
180
190
200
240
220
230
240
250
260
270
280

24990

04

i

YL
BA0
a4
Fh 0
F&
KAt

Aa0
E9 0
4040
410
420

430

I IMTIRAC-Intraclass
V' Correlation Coeff.
b Rev 44/04/788

I
DELAY . %

DIGF "Intraclase Correlation
DIM TC20),X2C20),T0C020),V020)0,M20)
;920 ,ROL000

DIM X$T201]

!

Coeff.

P Define variance
|

DEF FNB(S51,82,N) = S2/N-(51/N) 2

I Delay
I

DEF FND

routine

Af=KEYS @ TP ag="" THEN 170
FD=0 & TF A$=CHRE(E) THEN FND={
EMD DEF

!

V Precision
i

DEF FNI(X) =
DEF FNJ(X) =
!

V' Corvection
!

DEF FNECC)

routine

TNTORRL 0534 B2/ 0073
ITRTOXCRL 026+ %) /00%6

@ DISKF "Must have
@ WALy 4 B GOT0O 330
Ef=R (L4 & DIGP "{"50",";0-4:"y D
ELETED =";R{I-4) @ WAIT §
TCCI=TLCY -4 @ T=T-FL @ I=l-4 @
-1
K @=-E4re @ XElCr=xXad0)y-fgep
FNE=0 & EMND DEF
I

ITF =4 THEN REEP

data to delete®

NER

Podndtialize

|

FOR Y=1i TO 20 @ TY)=0 @ X2(Y)=0 @&
TOCY =0 @ VY =0 @& MOYr=0 & NEXT Y
NL,T,HE, Ta=0

!

P Enter data

!

INFUT "How many sets 7%; K & TF K2
OR K220 THEN BEEF € GOTO 420

IMPUT "How many subjects? "5 NO & 1
FOoNOCL THEN BEEP & GOTO 430

~Routine to calculate the

variance

RTMS ar
CRACK

fRECK
key

~Wait for
Raeturn 4 if

key .

=Define precision of ocutput

~Error corvection routineg-
decrement counters

-Get ceunters To



IPROGRAM LISTING|

440

4% 0

460
24570

460
45 ()

500
40
Gl
Bal
S0
50

Hé
S0
L840
L0
&HOO
&0
&2l
HH0
&40
&HB0

H&60

3 I:" 0

H60

&HG' 0

700
740
7l
730
740
AL
Ve
770
Al
7910
oo

gin

YRV
aain
G40
G

ON ERROR REEP & DISKF "Please enter
numeric data™ & WAIT 4 @ GOTO 470
DIGE CHRS(49%):" to correct ervor.”
® RBEEP 440 6 WALT 1

FOR T=% TO K & FOR I=1 70 N0

DISKH ‘Set’;¥; Subject’/;1; @ INPUT X
7

TP Xd="" THEN 470

IF POSOCen, X4 THEN U=FNECT) & GOT
0 470

HKEUEL XS

I

Vloop counters

I

NNl @ RO =)

TCIY=TCI)#X B T=TeX @ XaL{I)=X2{T)+¥X
Ao @ XXX rR

MEXT 1

NEX T T

OFF ERROR

]

P CALCULATION

PoMe,5TD, Internal

|

FOR J=4 TO K

TOCT =Tl 200 @ L0=T0+T0¢CT)

VI =FNGOT 0T X200, N0 @ S9% (0 )=50R
(VT

MLT =T 0T ) /NG

DIGEF "Ser" 0 "Me="FNLMOT) ) 3 "Etd="
SFNTCEZCT Y 6 U=FND

NEST T @ Ve FREGOT, HE L MY B MsTAN @ 89
=HER (V)

DIGF "Total
(59 @ UsEND
|
Podnt, 85, M8 ,DF

I

Ti=T" 2/

Gi=10-1T1 @ S2=X2-T0 & GE=X2-11
Di=K-4 B DE=N-K & DE=-1

Mi=G1/010 @ ME=HE/00

I

I R RN W R

I

Fapi /M2 & RE=S1/83 & 02 (5L~ (k-1 %M
ER DA S EIL S

Tiw (850 /(K =4 082/ (KA ING~12)) /(8L / (K~
LB/

!

PoPrdint Out

i

DIGY "Treat DF=" DL "88=" FNI{EL)
@ L=FND

Me="  FMNITOMY, "Std=" PNl

~Error trap- retuen warning i4F

Lllegal data is entered

~Input Looap
=Call error

~Pecrement

=Intertaedilas
=ariance &

“Mean

~Laloculate
=Caloculate
~Lalculate

correction

counters

ter calculation
nod SHind

UM GOUares
degrees of freedom
MEaN-HHUaTEs

29
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PROGRAM LISTINGI

q&0

870

ae0

8390

YO0

740

S0

P30

950

P60

DISK "Treat MB=";FNI(MiI) & U=FND @
IF U THEN 8%0

DISP "Error DF=";D&; "58=";FNIL(5®)

& U=FND & IF U THEN 8&0

DISY “Error MS=";FPNIMEY @ Us=FND @
IF U THEN 870

DIGP "Total DF=";DE;"65="FNI(S3)

@ U=FND @ IF U THEN 8810

DIGF "F=",;FNJ(F) & U=FND & 1F U THE

N 890

DISPF "R squareds=";FNJ(RZ) & U=FND @
IF U THEN 200

DISF "Omega squared=";FNJ(02Z) @ U=F

ND @ IF U THEN 940

DIGP "Intraclass v =";FNJ{11) @ U=F

ND & TF U THEN 920

DIGP CHR$(210);"un again, ";CHR$(24

4);"iew again, or ";CHR$CL27); "nd";
INPUT X4 @ ON POSC"RVE" JUPRCHOXE) )+
L GOTO 240,370,690,960

s8TOP

~Review module



PROGRAM DESCRIPTION

KRUSKAL-WALLIS STATISTIC

Suppose we want to test the null hypothesis that k independent random samples
of sizes ny, Ny, . . . N_q, N come from identical continuous populations.

This program will arrange all values from k samples jointly (as if they were
one sample) in an increasing order of magnitude. Values that have equal
ranks will be assigned the average of the ranks that they cover. Let R;j

be the rank of the jth value in the ith sample.

The Kruskal-Wallis statistic H can be used to test the null hypothesis that
each observer has identical ranking preference.

When all sample sizes are large (»5), H is distributed approximately at the
chi-square with k-1 degrees of freedom. For small samples, the test is
based on special tables (not computed). This program will accept a maximum
of 254 TOTAL observations, due to a restriction in the sorting routine.

Equation: df = K-1

Rank of observation (i,5)

-~
1l

number of samples
th

=
I

number of observations in the i sample

31



SAMPLE PROBLEM

Compute the H-statistic for the following data: (data from
Conover, p. 258).

1 2 3 4
Obs.  Rank Obs. Rank Obs. Rank Obs. Rank
83 11 91 23 101 34 78 2
91 23 90 19.5 100 33 82 9
94 28.5 81 6.5 91 23 81 6.5
89 17 83 11 93 27 77 1
89 17 84 13.5 96 31.5 79 3
96 31.5 83 11 95 30 81 6.5
91 23 88 15 94 28.5 80 4
92 26 91 23 81 6.5
90 19.5 89 17
84 13.5
1SOLUTION/
STEP INSTRUCTIONS DISPLAY INPUT
Run "KRUSKA" Kruskal-Wallis Statistic
1 | Enter the N of treatments How many treatments? 4 [RTN]
E to end treat., C to change
2 | Begin treatment 1 Treat. 1 Subject 17 83 [RTN]
Treat. 1 Subject 2? 91 [RTN]
Treat. 1 Subject 37 94 [RTN]
Treat. 1 Subject 4? 89 [RTN]
Treat. 1 Subject 57? 89 [RTN]
Treat. 1 Subject 6? 96 [RTN]
Treat. 1 Subject 77 91 [RTN]
Treat. 1 Subject 8? 92 [RTN]
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|SOLUTION |

STEP INSTRUCTIONS DISPLAY INPUT
Treat. 1 Subject 9? 90 [RTN]
4 | End treatment 1 Treat. 1 Subject 107 E [RTN]
2 | Begin treatment 2 Treat. 2 Subject 17 91 [RTN]
Treat. 2 Subject 2? 90 [RTN]
Treat. 2 Subject 3? 81 [RTN]
Treat. 2 Subject 47 83 [RTN]
Treat. 2 Subject 57 84 [RTN]
Treat. 2 Subject 67 83 [RTN]
Treat. 2 Subject 77 88 [RTN]
Treat. 2 Subject 87 91 [RTN]
Treat. 2 Subject 97 89 [RTN]
Treat. 2 Subject 107 84 [RTN]
4 | End treatment 2 Treat. 2 Subject 117 E [RTN]
2 | Begin treatment 3 Treat. 3 Subject 17 101 [RTN]
Treat. 3 Subject 27 100 [RTN]
Treat. 3 Subject 3? 91 [RTN]
**Eyrpor** Treat. 3 Subject 47 9333 [RTN]
3 | Call correction routine Treat. 3 Subject 57 C [RTN]
This will be displayed: (3,4) DELETED = 9333
2 | Enter correct value Treat. 3 Subject 47 93 [RTN]
Continue Treat. 3 Subject 5? 96 [RTN]
Treat. 3 Subject 67 95 [RTN]
Treat. 3 Subject 7? 94 [RTN]
4 | End treatment 3 Treat. 3 Subject 8? E [RTN]
2 | Begin treatment 4 Treat. 4 Subject 1? 93 [RTN]
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ISOLUTION|

STEP INSTRUCTIONS DISPLAY INPUT
Treat. 4 Subject 2? 82 [RTN]
Treat. 4 Subject 3? 81 [RTN]
Treat. 4 Subject 47 77 [RTN]
Treat. 4 Subject 57 79 [RTN]
Treat. 4 Subject 67 81 [RTN]
Treat. 4 Subject 77 80 [RTN]
Treat. 4 Subject 87 81 [RTN]
4 | End treatment 4 Treat. 4 Subject 97 E [RTN]
5 | Skip the ranks View the ranks (Y/N)? N [RTN]
6 | View printout H = 25.46437 [RTN]
df = [RTN]
Total n = 34 [RTN]
7 | End program Run again, View again, or End? [E [RTN]




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "KRUSKA" Kruskal-Wallis Statistic
1 | Enter the number of treatments| How many treatments? k [RTN]
E to end treat., C to correct
do steps 2-5 k times
2 | Enter data as prompted Treat. i Subject j? Xij [RTN]
3 | If an error was made: Treat. i Subject j? C [RTN]
Deleted datum displayed: (i,j) DELETED = Aij
Goto 2 until treatment done
4 | Depress E to end treatment Treat. i Subject J E [RTN]
Goto 2 until all treatments
have been entered
5 | Depress Y to see ranks View the ranks (Y/N)? Y or N [RTN]
To view the ranks: i,j S = R = [RTN]/[BACK]
6 | Read the printout. Use H = [RTNT/[BACK]
[RTN] key to see next result, | df = [RTN] /[ BACK]
[BACK] key to see last result.| Total n = [RTN]/[BACK]
7 | Review routine Run again, View again, or End?
R = rerun program - step 1 R [RTN]
V = review results - step 5 V [RTN]
E = end program E [RTN]

35



36

VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
A( ) Data storage N Total N
X$ General use string Al( ) Storage of ranks
N(j) N of column j N1 Internal: total N
NO Grand sum K Number of treatments
X Temporary input value H H-value
R2 %(R,j)? R1 Temporary sum of rank
D Degrees of freedom U* Delay flag, = 1 if [BACK]
VARIABLES USED IN THE INDEX SORTING ROUTINE
L Lower parameter of search U* Upper parameter of search
I Middle of binary search K1 Value to "search" for
T$ Upper part of index string BS Lower part of index string
A$ Index string
VARIABLES USED IN THE RANKING AND TIED-VALUE CORRECTION ROUTINE
L1 Last discrete rank value Cl Index (position) of L1
co Number of ranks that = L1 C2 Sum of indexes after C1
Value to replace
T "Current" rank value R "current" tied ranks

* Some variables used for more than one purpose
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NOTES AND REFERENCES

Notes: 1. The program is presently limited to a maximum of 20 treatments. To
change this Timit, change 1ines 70 and 320.

2. The program is limited to a maximum of 254 total data items. To change
this would require a major reprogramming effort, and would sTow down
the ranking routine.

References: 1. Conover, W.J., PRACTICAL NONPARAMETRIC STATISTICS (John Wiley
and sons. 1971), p. 257-259.

2. Knuth, Donald E., THE ART OF COMPUTER PROGRAMMING, Volume 3,
Sorting and Searching, (Addison-Wesley, 1972).

3. HP-41C Users' Library solutions, TEST STATISTICS, Kruskal-Wallis
statistic.
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IPROGRAM LISTING|

10
20
%0
410
L
H0
gl

&0

g0
100
110
20

1340
140
150
160
170
180
170
200

10

el
250
a0
a0
260
=270
20
POl
300
Fi0

A0
3%0

340
350

360
Kyat
KR
50
400

440
4310

I KRUSKAL : Kruslkal -
Pballis statistic
P REV 44704782

I

DELAY .5

DIGH " Kruskal~-Wallis Statistic”
DIM AZSS) A% TEES) , THI25%) ,BEI2%% ],
AL 255 ,X$L200 ,N(20)

DEF FNCOXY = NUMIASLX,X1)

!

I Delay routing
1

DEF FND

Ag=KEYS &8 1+ Ad="" THEN 4130

FND=0 & ITF A%=CHREH$C8) THEN FND=4
END DEF

}

' Correction

|

DEF FNECE)

ITF NOCYCL THEN BEEF @ DISP "Must ha
vee data to delete” & GOTO 230

DIGE O 0", "R 3"y DELETED =";a
(MY @& WATT 4

HACY=NCY=4 & NaN-4 & NO=NO-&C)
FNE=Q0 ®& END DEF

DEF FNLLKY = INTIXEL04%+ S) /4005

|

Vodlnitialize

|

Ni,RE,RE,N,NO=(

1

P Enter data

i

INPUT "How many Treasatwents 7", K @

TF K2 OROK>20 THEN BEERF & GOTO 320

DIBF CHR&CL97);" to end treat., ";C

HRECLDSY " to correct” @ WALT i

PO ded TO K8 N(T)=0

DISE “Treat. 37 8ubject’/ NI+, @
TRHPUT X4

TF UPRCS Oy ="E" THEN 490

TF O UPRCHECAS =20 THERN U=sFNE(Y) & GO
T 3

O BERROF BEEP 220 & DISE ‘Enter num
@rae, EUE"T. oor LRCUTY & WALT 4 @ 6
(e Bk

Ke=UAL (XE)

]

Voloop counters

!

=Gonversion functian for
ranking routine

=Wait For ‘RTN' or ‘BACK’ keye-
return LAf TRBACKY key

~GCorrection routine

=Define precision of output

~Enter and verify the number of
tTraatments

=Gote the end of the trestment
TR dw entered

~Lall @rror correction roeuvtine
it is entererd

=Ereoer trap




IPROGRAM LISTING!

430
440

4% 0
4461
470
4810
4510

SO0
BaA0
53
B4 0
G50
L0

570
560
5450
&00
&
&R0
630
640
650

&&1
LW

&E
L7
PO
7

it

IV
S A

S

Vol

GO

NCT =N Y+ B NsNet & AN =X B NO=N ~Increment ol
0+
TF N=2%4 THEN BEEF €@ DISP "Can’t E ~Check number
nter any more" & WALT 4 8 GOTO 490
GOTO 3%0

1

PokEnd of treatment

]

TF NG (2 THEN BEEF & DISP "Must ha
ve More than one subject" @ GOTO 3%
0

MEXT 3

OFF ERROR

]

P Rank data by

P "Binary" sort

i

Li,Aaded) a0 )=-TNF @ Co=1 & Ci,CP= =Hinary index
0

FAde=CHRS (L)

FOR ®K=2 T0O N

lo=d @ U4

Taa THT L4 728

Kias=g CNUMCASEL, T1))

TF @GO =KE THEMN 6510

IF A0 KL THEN Us=l-1 ELSE L=1+1

IF Wr=L THEN &00

TF L34 THEN Be=Aa404,T-41 ELSE RBe=mn
I L1 THEN TH=adlI+4, LENCASI T EL =Insert prese
Sf Tgmer

TF A0 THEN A%
LENCASEY D ELSE A%
MEXT X
AE=nEAECHRSEC0)

R ECHES (R &NETT,

LA TAAEUHRS GOy &T %

&

|
P Compute & store
P oranks

!

“OR M=l TO N =Htore ranks
A CENC ) BOTF T AND COsd THE
(R I B GO A R N T O I T S (1 A T et i
o and

TFOor=hi THEN CO=C0+4 6 Ce=0o+y “Meplace tied
FoXarp anl =4 THEN 800

OO & FOR =L TO CLeni-4 B ofaid
F Py omRE MEXT G

Gl 60 La= & ALIFRCO Y y= @ QL. 0ee

F
1

P Compute rat/n

g T K

mters

ot data

sort

=~HWinary search

Todndexn

oAl

ranks

Ltems

into

B
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PROGRAM LISTING|

a0
€70
Gel

©8e 0
200
Y40
G20
BaE0
W
P
G&0
G
¢80

Y50
1000

0410

1020

1030

1040
10%0

1060
1070
1080
Lasa

100
1340

iizo
11350

1440

Ni=Ni+i € Ri=Ri+a4 (NL) 6 NEXT Y
Ra=RZ+R{A2/NIX) B MNEXT ¥
Dl -4

a2/ CNRCONH L) DRR2-FRONG 1)

!

P Print-out

!

DISF "View the ranks? (";CHRG(217);,
PG CHREC206) "

INFUT A% & A$=UPRCH (A" ™)

IF POSGOCNY ", A%T4,41)=0 THEN 930
IF A%="N " THEN 1050

KL, X=0 @ Y=i

PRINT "Sample";Y

X=X+t @ Xi=Xi+l @ IF XON THEN 4050
IF XAMNCY) THEN YaY44 @ Xi=0 @ X=X-
1@ GOTO 980

PRINT STRECY) ", "3 STRGCKA) ;" G=", a¢

YO, RET L ALOX) @ UmEND

TF U AND X434 THEN XsX-4i @ Xi=Xi-f

B GOTO 4040

IF U AND Y31 THEN YaY-4 8 Xi=N{Y) @
X=X-4 @ GOTO 4040

GOTO 990

PRIMT "M =" FNICH) @ U=END @ IF U T
MEN X4=N(K) B X=N @ Y=K @ GOTO 1040
FRINT “"df=";D ® Us=END & IF U THEN 1
050

PRINT "Total n=";N @ U=FND & IF U T

HEN 1060

|
P Review routine
1

DIEP CHR$(240);"un again, ";CHRS2E
43 Miew again, or ";CHRECLYYY i "nd "

}

INFUT A% 8 AS=UPRCE (A%A" ")

0N POSCRVE"  A$04,410+4 GOTO 4440,
G0, 930, 1140

sTOP

“ompute H

freedom

~Foutine to allow
the ranks

~frintout

~Heview module

and degrees

vser

of

tao

view




PROGRAM DESCRIPTION

MANN-WHITNEY U-TEST

This program calculates the Mann-Whitney test statistic on two independent
samples of equal or unequal sizes. The Mann-Whitney test will test the null
hypothesis that there is no difference between the two samples. The program
will rank all values from both samples as if they were one sample, assigning
tied ranks the mean of the positions that they occupy. This program will
also accept, as input, data that has already been ranked in the preceding
manner. The smaller of the two U-statistics will be displayed, as according
to statistical convention. The Z-value that is displayed is approximately

a random variable having the standard normal distribution.

For small samples (less than or equal to 8) the specially constructed tables
should be used. For example: HANDBOOK OF STATISTICAL TABLES, D. B. Owen,
Addison-Wesley, 1962.

Formula:
ny
U= non, ¥ nl(n1+1) ?=l Rl
2
nn,
zZ = U - 2
{nln2(n1+n2+1)/12

Where: n, = Size of sample 1
n, = Size of sample 2
R. = Rank assigned to item i of the sample with the smallest U.

Note: Both of the two possible U's are computed.
The smallest U is displayed, as is conventional.

4
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SAMPLE PROBLEM

The two-sample case is one in which the investigator has
obtained two samples from possibly different populations.
The null hypothesis tests the rejection of the assumption
that the samples come from two different populations.

Consider two independent samples of students trained in a
series of athletic events under two different conditions.
The null hypothesis is that there are no differences be-

tween the training methods. Use the program MANN to cal-

culate the ranks, U-statistic and z-statistic of these
students.

Score
Method A 18 15 13 21 11
Method B 13 6 2 5

ISOLUTIONI/
STEP INSTRUCTIONS DISPLAY INPUT
Run "MANN" Mann-Whitney U-Test Statistic
Sample 1 C=change E=end
1 | Enter sample 1 Sample 1 Item 17 18 [RTN]
Sample 1 Item 2? 15 [RTN]
Sample 1 Item 3? 13 [RTN]
Sample 1 Item 47 21 [RTN]
Sample 1 Item 57 11 [RTN]
4 | End sample 1 Sample 1 Item 67 E [RTN]
Sample 2 C=change E=end
2 | Enter sample 2 Sample 2 Item 17 13 [RTN]
Sample 2 Item 2? 6 [RTN]
**ERROR** Sample 2 Item 37 299 [RTN]
3 | Call error correction Sample 2 Item 47 C [RTN]
This will be displayed Item 3 deleted = 299
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1SOLUTION|

STEP INSTRUCTIONS DISPLAY INPUT
2 | Enter the correct value Sample 2 Item 37 2 [RTN]
Continue Sample 2 Item 47 5 [RTN]
4 | End sample 2 Sample 2 Item 5? E [RTN]
5 | View the rank scores? View the ranks? (Y/N)? Y [RTN]
6 | View the ranks. Use [RTN] Sample 1
to see the next rank. 1,1 S=18 R=28 [RTN]
1,2S =15 R=7 [RTN]
1,3S =13 R =5.5 [RTN]
1,4S =21 R=9 [RTN]
1,55$=11 R=4 [RTN]
Sample 2
2,1 S=13 R = 5.5 [RTN]
2,25=6_ R=3 [RTN]
2,3S=2 R=1 [RTN]
2,4S=5 R =2 [RTN]
7 | View results, using [RTN] as U=1.5 [RTN]
above Z = -2.08207 [RTN]
8 | End program Run again, View again, or End? | E [RTN]
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT

Run "MANN" Mann-Whitney U-Test Statistic
Sample 1 C = change, E = end
1 | Enter items of sample 1 Sample 1 Item i? A(1,1) [RTN]

If an error was made: Sample 1 Item i? C [RTN]
This will be displayed: Item i deleted = A(1,1)
Goto 1 until done
End sample 1 Sample 1 Item i? E [RTN]

Sample 2 C = change, E = end

2 | Enter items of sample 2 Sample 2 Item i? A(2,i) [RTN]
If an error was made: Sample 2 Item i? C [RTN]
Will not correct sample 1 Item i deleted = A(2,1)

Goto 2 until done
End sample 2 Sample 2 Item i? E [RTN]

3 | Do you wish to view the View the ranks? (Y/N)? Y [RTN] or
ranks? If not, goto 5 N [RTN]

4 | View the ranks. Use the Sample 1
[RTN] key to see the next 1,1 S = sample R = rank [RTN]
rank, [BACK] to see previous 1,7 S = sample R = rank [RTN]/[BACK]
rank Sample 2 . .

5 | View U and Z. Use [RTN] and U= u value [RTN]/[BACK]
[BACK] as above Z = z value [RTN]/[BACK]

6 | Review routine Run again, View again, or End?

R = rerun the program - step 1 R [RTN] or
V = review results - step 3 V [RTN] or
E = end the program E [RTN]




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
A() Data storage Al( ) Storage of ranks
N(3) N of column j N Total N
X9 Temporary input data value Z Z-statistic
Large and small
ul,u2 U statistic K$ General use string
R1,R2 Sum of ranks in var. 1,2 U Delay flag, = 1 if [BACK] |
D Degrees of freedom used
VARIABLES USED IN THE INDEX SORTING ROUTINE
L Lower parameter of search u* Upper parameter of search
I Middle of binary search K1 Value to "search" for
T$ Upper part of index string B% Lower part of index
A$ Index string
VARIABLES USED IN THE RANKING AND TIED-VALUE CORRECTION ROUTINE
L1 Last discrete rank value C1 Index (position) of L1
co Number of ranks that = L1 C2 Sum of indexes after Cl
Value to replace
T "Current" rank value R "current" tied ranks

* Some variables used for more than one purpose
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NOTES AND REFERENCES

Notes: 1. A maximum of 254 items (TOTAL) may be entered. This is due to the
design of the ranking program, and can't be changed easily. See
the Notes and References to Kruskal-Wallis statistic.

2. In accordance with statistical convention, the smaller of the two
possible U-statistics is displayed. Variables Ul and U2 contain,
respectively, the U-statistic computed using item 1 and the
U-statistic computed using item 2.

References: 1. J.E. Freund, MATHEMATICAL STATISTICS, (Prentice-Hall, 1962).
2. S. Siegel, NON-PARAMETRIC STATISTICS, (McGraw-Hi1l, New York, 1956).

3. TEST STATISTICS, HP-41C Users' Library solutions, (MANN-WHITNEY
STATISTIC).
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PROGRAM LISTING|

10
a0
30

40

S0
&0
710
an
50

100
110
i20
130
140

250

300
310
G
3u0
H40

A0

&0
Syat

P Mann-Whitney test statistic

I REV 14704782

!

DIM ACES5),ASLES5],THI2%%51, BE12%%),
AL CE55) N2
DELAY %

!

I Rank
]

DEF FMC(X

conversion
= MUMOAE X, X))

!
VoErron
!

DEF FNIG) =
DEF FNE

correction

INT OG04 %) /7404%

DISP
+M00)
Map-4 @
END DEF
]

I Delay
!

LEF FND

"Trem" ;NE) 3 "deleted =" ;a(N(E)

NEB)=NlE)Y -1 @ FNE=(

fouvtine

Ke=KEYS & IF K$C20HRGCL3)
ARG CE Y THEW 230
FuD=Kd=CHRES (8D
|

P Indtialize

|

DISEF "Mann-Whitney U-teet statistic

AMD KE<HE

B END DEF

On ERREOR BEEP 440 & DISF ‘Frnter num
eric, L["E"D, or [7C"1° 8 GOTO 3950
LA, A GO =-TNF @ Co=1 & N,NO N1, NP
PLR,LCL,CE=0

|
P oInput loop
!

FOR %=1 TO 2

DIESHF "Sample ";&%;" PLOHREB LSSy (e
Change, ";CHRECLY7) s "=and" @ WALT {4
Bh="" @ DIGP "Sample";8;"Item" ;N(E)
+1 @ OENPUT Be
LF UPRCE (RS ="
TFOUPRCS (Rpymnn
FNE & GOTO 3%0
IF UFRCE B ="0" THEN
ve data 1o delete" @
0 350

IF N>asn
GCan’t

THEM 440
AND NLCED YO THER =
hlsp
REEP

"Must ha
220 & GOT

THEN EEEP & DISF “WARNING-
atcept nrA%A" & WALT 1.%

=Delete vser’s input error

~Conversion function for

ranking routine

~Define precision of output
and
decrement counters

RTINS o
RECIK

CBEE
kewy

~Wait For
Reeturn 1 idf

Kerye

“Enter sample value

entery 1F E dls entered
routing if

=fEnd datea

~Gall correction
s entered

~Return error if attempting to
delete non-existent data

o

~R@turn than

@grror Lf more
tdata items &h

A Y
Gntereedd
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IPROGRAM LISTING!

400

440

40
430
440
4510
4610
470
4810
490
500
540
520
530
540
H5 0

L6

VAL

e
S|
&HOO
H10
H20
HEH0
GHAl

&
Hé
&7

&EU

690
700
740
70

Faa
740

vt
740
77
P
7450
800
G40

XO=Ual (BE) @ N=N+i @
ACNCSY+HNO Y =X? @ GOTO
IF NOSY (2 THEM RBREEP
t have more than ons
S0

NO=N & NEXT &

OFF ERROR

]

' Rinary sort

1

AFE=CHR$ (L) & ACN+L) =~ TNF
FOR X=2 T0 N

L=1 & U=X-{

T=INT LAY 720
Ki=a{MUMIASTIT,T1))

IF A=K THEN %90

IF ACOKE THEN Us1-1 ELSE
IFoUy=L THEN S00

TF T4 THEN Be=A$LL, 141 ELESE Re=""
IF LK1 THEM Te=A3LTI+4, LENCA%SY T EL
HE TH=nr

IF AL THEN Af=R3L0HRE OO LML,
LENCASY T ELSE A%=a% L1, LIACHRE GO ETE
HEXT X

AE=AEECHES C0)

I

b Paired
I

FOR X=1 T0 N

Ta=a FHCOAY ) @ TF
Mol
070 &%0
IF Y=lg THEN CO=Co+4 @
IF XN AMD Teld THERN
Re=Ces00 & FOR @=CL
FHCO) )=R 8 NEXT Q
CO=4 @ Li=T & ALFNCOO)Y=X 6 CL,0d=
hd

NEXT X

I

b Compute
I

R, RE=H 6@ FOR Mas=i
LX) @ NEXY #
FOR X=NOfi+d TO
LX) @ WEXT X
UE=NC RN CE Y+ B RN+ /R 2
Uds=NCLYRNCE2Y+MNO LI INCL Y +4) /2R
Usalhd 6 TF U2dud THEN U=U2

L UL NCAYNAE)Y S2) /SR ONCL Y SN (2 3 ONS
LYNCEYI Y /42

|

NESI=N{E)+4 @&
a50
220 @

item" @

DIGP "Mus
GOTO 3

Lo g g

ranks

TEPLL Al CO=4 THE
Bomd PN OO Y= B 4,02 @ [
G (D4

O7l

T CL+CO-8 & Al(

U and 2
TO NLAY B Ri=Ri+h

NOLYENCE) B R2=RE+H

I View ranks
i

~Increment
value,

counters,
and continue

sltore

=~Rimary index sort

~Binary searoch

~Irasert indes into A%

preaet

=Store ranks din AL 0

=Replace tied ranks

=Compute sum of ranks din
variable 1 and 2

=Gompute W ousing vardable 2
=Compute U using varidable i
~Choose smalleast U

“LOoMpuUte X-score




IPROGRAM LISTING

&80
Gao
tER Al
GO0
E At
el
A0
Q40
G50
P41
E Al
e
2910
L0600

1040
1020

1030

DISK "View the ranks? (";CHRE(217),
/UL CHRE CR06); MY

INPUT K & Ke=UPRCE A" ")

IF POSCYNY™ K404 ,410=0 THEN 820

TF Ke="N " THEN 270

XA, K=0 @ Y=

DISBP "Sample™;Y

X=X+ d @ Ma=Xi+4 & IF ON THEN 270
TFOXArNOYY THEN YsYel @ Xi=0 @ XuX-
1@ GOTo 8%

DEGF STREOY Y 3", "3 ETRSEOXE) ;" =" 5 A
XD "R=" 04004 @ VsFND

IF U AaND X424 THEN X=X-1i 8 Xi=Xi-i
@ GOTOD F00

IF U AND Y4 THEM Ys=i @ Xi,X=Ni4i) @
GOTO 200

GOTO 880

!
P Wiew U,V
]

DISPE "U = "SFRICUY @ YsFND

IF WO OTHEN X=N & X4i=NC(2) @ Y=2 @ GOT
0 g0

DIGE "=V FNL(Z) & V=FND & TF U THE
M o970

DISF CHE$240) 5 "un again, ";CHR$(24
4 3 "hew again, or "S;OHRECLTY) s "nd";
INPUT Bd & BE=UPRCS (RB&" ")

M FOSCRVE" , B%L4,410+4 GOTO 4000,2
80,820,4030

STOP

=Routine to view the ranks

=Frintout/diaplay

~Reyiew module

routine
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PROGRAM DESCRIPTION

FISHER'S EXACT PROBABILITY

Fisher's exact probability test is used for analyzing a 2 x 2 contingency
table when the two independent samples are small in size.

a (I-)
c (II-)

(I+)
(11+)

b
d

Given frequencies a, b, ¢, d, with a as the smallest frequency, this
program calculates:

1) the exact probability of observing the given frequencies in a 2 x 2
table, when the marginal totals are regarded as fixed, and

2) the exact probability P; (i=1, 2, ..., a) of each more extreme table
having the same marginal totals.

Formula:

Exact probability P, = (atb)!(ctd)!(a+c)!(btd)!
Nlalb!c!d!

Where: N = a+b+ct+d

Each more extreme table (with the same margins)

at+b)!(c+d)! (a+c)! (b+d)!
a-1) T (b+i) ! (c+i) ! (d-i)!




SAMPLE PROBLEM

Calculate Py, P,, P5, and P, for the following table:

Frequency: 7 10
8 5

NOTE: The table must be arranged as:

Frequency 5 8
10 7
_ISOLUTION/
STEP INSTRUCTIONS DISPLAY INPUT
1 | Run "FISHER" Fisher Exact Probability Test
2 | Enter frequency A Enter Group I- (A)? 5 [RTN]
3 | Enter frequency B Enter Group I+ (B)? 8 [RTN]
4 | Enter frequency C Enter Group II- (C)? 10 [RTN]
5 | Enter frequency D Enter Group II+ (D)? 7 [RTN]
6 | Read probabilities, Use Exact probability = .01467 [RTN]
[RTN] to see the next Prob.( 1 ) = .05705 [RTN]
probability Prob.( 2 ) = .13691 [RTN]
Prob.( 3 ) = .1867 [RTN]
Prob.( 4 ) = .12446 [RTN]
Prob.( 5 ) = .02872 [RTN]
7 | End program Run again, View again, or End? |E [RTN]
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Arrange table so that a is
the smallest frequency
1 | Run "FISHER" Fisher Exact Probability
2 | Enter frequency A Enter group I- (A)? a [RTN]
3 | Enter frequency B Enter group I+ (B)? b [RTN]
4 | Enter frequency C Enter group II- (C)? ¢ [RTN]
5 | Enter frequency D Enter group II+ (D)? d [RTN]
6 | View probabilities. Use [RTN]| Exact probability = [RTN]
to see next display, [BACK] Prob. (1) = [RTN]
to see previous one Prob. (2) = [RTN]/[BACK]
Prob. (3) = [RTN]/[BACK]
Prob. (4) = [RTN]/[BACK]
Prob. (5) = [RTN]/[BACK]
7 | Review routine Run again, View again, or End?
R = rerun the program - step 2 R [RTN]
V = review results - step 6 V [RTN]

m
n

end program

E [RTN]




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
P( ) Probability storagg K$ General input string
F Factorial function A Group I- (A)
B Group I+ (B) C Group I1I- (C)
D Group 11+ (D) N A+B+C+D
I,X Index values U Delay flag, = 1 if [BACK]

NOTES AND REFERENCES

Notes: 1. a must be the smallest among the frequencies. Rearrange the table
if necessary.

2. This program requires that a <= 50. To change this Timit, change
the dimension statement in Tine 70.

3. This program contains a routine for calculating the factorial
of a number in lines 170-230. You can use it in your own program
as follows:

1000 DEF FNF(N)

1010 F=1

1020 FOR X=2 to N
1030 F=F*X

1040 NEXT X

1050 FNF=F @ END DEF

2300 A=FNF(B)/C (Sample formula)

References: 1. Sidney Siegel, NONPARAMETRIC STATISTICS, (McGraw-Hill, 1956).

2. Sir R.A. Fisher, STATISTICAL METHODS FOR RESEARCH WORKERS,
(0Oliver and Boyd, 1950).

3. Hewlett-Packard, HP-41C Users' Library Solutions TEST STATISTICS,
formula from program FISHER'S EXACT TEST FOR A 2 x 2 CONTINGENCY
TABLE, p. 39.
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IPROGRAM LISTING!

10
At
A0
40
50
6H0

70
80
“0
100
110

a0

130
140
150
160
170
180
190
200
240

el

2410
2510
=260
270

280
29
00
G0

el
B30

340
Fa
A6
NYat
380

90
400

440
4320
AH0
440
40

P FISHER - Fisher’s exact

D otest for oa 2XE contingency
I table

VREV 1i/08/82

DI&p "
,", l L
DIM P (500 ,K$1201
I

I Derlay
|

DEF FND

Fisher Exact Probability Te

routine

Ke=KEYS @ IF K&{OOHR$CAE) AND K$C
HRE(B) THEMN 4§20
FND=K$=(CHRS$ ()
!

I Calculate
I

DEF FiMF (M)
fr=1

FOR K= TO W
I.‘:' - iZZ' * :x

MEXT ¥

II'.’ N l'.'.' n F

END DEF

!

P limit output precision

i

DEF FRICEY = INTORL00000+ %) 700000
f
TMFUT
TP

& END DEF

fFactorial

M e

"Erter

Group T
Group It
THPUIT "Enter Group TI-
TMPUT "Enter group 11+
IF B+ (adCr+ (AN I=3

(BY 7750
() TG H
(Cy 1m0
(DY 7,0
THEN 340

BEERP G850 & DISF "& must be
legt freg." & WALT 4 @
N @+ (D

!

the amal

GOTO 140

P Lalculate prob.
!
FOR T=0 T0 &

FroOLo s R (i e B R M OO0 S NF (i 000 F N
CH+DD
FPOoty=FCly/ CF N CRDRFNF CA- T RFNF (BT
FFNF COHT D RFNF C-100

NEXT T

!

P Frintout

|

DIBE "Exact probability =" FRICPO0)
DB UsFND B TF U OTHEN 4%0

=Wait for ‘BTN’ or
Return 4 4Ff "BACKS

CHATK S
ey

kerya .

=Fungtion to gcompute factorial

=Function to define
precilsion

~Enter the frequencies

output

~Yarify that A is the smallest

Fraguanacy

~GCalculate
Store

the probabilities.
exact prob. odn ACD)

=Display the proebabilities



I PROGRAM LISTINGL!

4460
470
480

45
LO00
540
el
SE0
540

550
H60

570

X={)

Ka=Xt4 @ TF YO/ THEN S40

DISF "Prob (";X;") ="5FNI(PCXY) @ U
=N

IF U THEN X=X-(X3>4) @ GOTO 480

GOTO 4740

!

! Review routine

i

DIGF CHRE(E2L0) ;"un again, ";CHR$(24
4); "hew again, or ";CHRECIZ7) i "nd ¢

>

INPUT K& @ Ke=UPRCH (KSA™ ™)

ON POSCURVE" K$T4,400+4 GOTO S40,28
0,450,570

STOP

~Reyview module
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PROGRAM DESCRIPTION

2-FACTOR ANALYSIS OF VARIANCE

A two way analysis of variance allows the user to test the null hypothesis
against columns, (condition a), rows (condition b), and the interaction

of rows and columns, (axb). This program can be generalized to any sized
pxq 2-factor experiment, depending upon memory size. Unequal cell sizes are
handled by considering each cell as though it contained the same number of
subjects as all the other cells, with an adjustment based upon the harmonic
mean. If the cell sizes are equal, the harmonic mean will have no effect.

RESTRICTIONS: If the cell sizes are relevant to the experimental manipulation,
then other methods should be used. Severe variations in cell
size (greater than 2:1) should be avoided. A negative Sum Square
for the interaction term is cause for the immediate use of other

methods.
p = number of rows
q = number of columns
Cell means Total
Xll XlZ e qu )
X21 X22 L qu az
X31 X32 LI qu a3
X X, ... X
p1 "p2 “pq | %
Total B1 82 Bq G

Intermediate formulas:
6%/pq
(za$)/q

2
(ZBj)/p

— _— —
w (] —

e " pa—
1 I 1l

. - Pq
Harmonic mean I Zx(l/njj)




PROGRAM DESCRIPTION

2-FACTOR ANALYSIS OF VARIANCE (continued)

MSW = SSdefw

1
P
]
= -
R |0
(SR
[
\-—-—"/
S~
o
=+
=
1
1
-1
=1
—
[ ]
1
ae]
0

_ 2
stithin B EZ(%XCij

ss, = A [(2)-(1)]  df, = p-1 Ms_ = SS_/df_ FLo= MS /M,
ss, = m[(3)-(1)]  df, = g-1 M, = S5, /df, Fy = MS, /S,
SS,p = NpL(4)-(2)-(3)+(1)] df ., = (a-1)(p-1)

MSab = SSan’/9fap Fab = MSap/MS,,
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SAMPLE PROBLEM

An experimenter wishes to study the effects of standard vs.

reverse polish calculation under 3 conditions of instruction
by scoring the number of errors per 100 calculations.

Conditions (B)

1 2 3
Calculators (A) RPN 3,3,2 | 2,2,1 3,1,2
STANDARD 9,6,7 8,6,6 9,5
{artificial data)
ISOLUTIONI(
STEP INSTRUCTIONS DISPLAY INPUT
Run "AOV2F" 2-Factor Analysis of Variance
1 Enter the row dimensions How many rows (p)? 2 [RTN]
2 Enter the column dimensions How many columns (q)? 3 [RTN]
3 Display the means Print the means (Y/N)? Y [RTN]
C to correct, E to end cell
6 Enter column (1,1) Row 1 Clm. 1 Item 17 3 [RTN]
Row 1 Cim. 1 Item 27 3 [RTN]
Row 1 Clm. 1 Item 3? 2 [RTN]
6b End column (1,1) Row 1 Clm. 1 Item 47 E [RTN]
7 Read mean and SD (n-1) [1,1] Mean = 2.66667 N = 3 [RTN]
7 Use [BACK] to review mean [1,1] Std. = .4714 [RTN]
6 Enter column (1,2) Row 1 Clm. 2 Item 17 2 [RTN]
Row 1 Clm. 2 Item 2? 2 [RTN]
Row 1 Clm. 2 Item 37 1 [RTN]
6b End column (1,2) Row 1 Clm. 2 Item 47 E [RTN]
7/ [1,2] Mean = 1.66667 N = 3 [RTN]
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ISOLUTION

STEP INSTRUCTIONS DISPLAY INPUT

[1,2] Std. = .4714 [RTN]

6 | Enter column (1,3) Row 1 Clm. 3 Item 17 3 [RTN]
Row 1l Clm. 3 Item 27 1 [RTN]
Row 1 Clm. 3 Item 37 2 [RTN]

6b | End column (1,3) Row 1 Cim. 3 Item 4? E [RTN]

/ [1,3] Mean = 2 N =3 [RTN]
[1,3] Std. = .8165 [RTN]

6 | Enter colum (2,1) Row 2 Clm. 1 Item 17 9 [RTN]
Row 2 Clm. 1 TItem 27 6 [RTN]
Row 2 Clm. 1 Item 3? 7 [RTN]

6b| End column (2,1) Row 2 Clm. 1 Item 47? E [RTN]

7 [2,1] Mean = 7.3333 N [RTN]
[2,1] Std. = 1.24722 [RTN]

6 | Enter column (2,2) Row 2 Cim. 2 Item 1? 8 [RTN]
Row 2 Clm. 2 [Item 2? 6 [RTN]
Row 2 Clm. 2 Item 3? 6 [RTN]

6b| End column (2,2) Row 2 Clm. 2 Item 47 E [RTN]

7 [2,2] Mean = 6.66667 N = 3 [RTN]
[2,2] Std. = .94281 [RTN]

6 | Enter column (2,3) Row 2 CIlm. 3 Item 1? 9 [RTN]

**E ppror** Row 2 Clm. 3 Item 27 95 [RTN]
6a| Call error correction Row 2 Cim. 3 Item 3? C [RTIN]
This will be displayed: 2,3,2 deleted = 95
6 | Enter correct value Row 2 Clm. 3 Item 2? 5 [RTN]
6b| End column (2,3) Row 2 Clm. 3 Item 37 E [RTN]
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JSOLUTIONL

STEP INSTRUCTIONS DISPLAY INPUT

7 [2,3] Mean =7 N =2 [RTN]
[2,3] Std. =2 [RTN]
9 | Read output using [RTN] key A SS = 99.28205 df =1 [RTN]
to see next result. A MS = 99.28205 F = 58.50549 |[RTN]
B SS =1.94872 df =2 [RTN]
B MS = .97436 F = .57418 [RTN]
AB SS = .10256 df =2 [RTN]
AB MS = .05128 F = .03022 [RTN]
Within SS = 18.66667 df = 11 [RTN]
Within MS = 1.69697 [RTN]

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




USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
Run "AOV2F" 2-Factor Analysis of Variance
1 | Enter row dimensions How many rows (p)? p [RTN]
2 | Enter column dimensions How many columns (q)? g [RTN]
3 | Display cell means? Print the means (Y/N)? Y or N [RTN]
C to correct, E to end cell
4 | Enter cell value Row i Clm. j Item c? Xijc [RTN]
5a | If error, call correction Row i Clm. j Item c? C [RTN]
This will be displayed: i,j,c deleted = Xijc
If not done, goto 4 else
5b| If cell is finished Row i Clm. j [Item c? E [RTN]
6 | If you answered Y to #3: [1,j] Mean = N= [RTN]
[i,j] Std. = [RTN]/[BACK]
7 | Goto 6 until all rows and
columns are done.
8 | Read output. Use [RTN] key A SS = df = [RTN]
to see next result, [BACK] A MS = F [RTN]/[BACK]
key to see previous result. B SS = df = [RTN]/[ BACK]
B MS = F [RTN]/[BACK]
AB SS = df = [RTN]/[BACK]
AB MS = F [RTN]/[BACK]
Within SS = df = [RTN]/[BACK]
Within MS = [RTN]/[BACK]
9 | Review routine Run again, View again, or End?
R = rerun the program - step 2 R [RTN]
V = review results - step 8 vV [RTN]
E = End the program E [RTN

61



62

VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION

P Number of rows (p) Q Number of columns (q)
A( ) Sum of cell means (row) X( ) Temporary cell storage
B( ) Sum of cell means (cIm) NO Temporary n per cell
X$,A$ General input strings N1 Grand total n

X1 Temporary Ix per cell X2 Temporary nx2 per cell

G1 Grand sum of cell means SO Temporary SD(x) of cell
A2 Sum of A-squared B2 Sum of B-squared

H1 Harmonic mean M Temporary mean of cell

El Computation formula #1 E3 Computation formula #3

E4 Computation formula #4 E5 Computation formula #5

S1 Sum-Squared of A (SSa) M1 Mean-Squared of A (MSa)
S2 Sum-Squared of B (SSb) M2 Mean-Squared of B (MSb)
S3 Sum-Squared of AB (SSab) M3 Mean-Squared of AB (MSab)
S4 Sum-Squared within cell M4 Mean-Squared within cell
D1 Df. of A (p-1) D2 Df. of B (g-1)

D3 Df. of AB (g-1) D4 Df. within (G-P*Q)

F1 F-ratio of A F3 F-ratio within

F2 F-ratio of B P1 Flag 1=display cell means

NOTES AND REFERENCES

Notes: This program is limited to 20 rows, 20 columns, and 50 items per
cell. To change this, change the dimensions in line 80.

References:

Winer, B.J., STATISTICAL PRINCIPLES IN EXPERIMENTAL DESIGN, 2nd ED.,

(McGraw-Hi11, New York, 1971), p. 446-447.




IPROGRAM LISTING|

10
20
30
410

50
&0
70

e
70
100
i10
120

130
140
450
160

(el
el
190

200
2140
R
230

240
a5

AL
20
2e
290
200
KRR

a0

GEN
40
50
B
A70
e
390
400

430

ANOVAZF - 2-Tactor

Analysis of v
{edqual or une

hod
REV 44701782

bISP "ReFactor
o' BWATT 4

artance

qual cell

!
!
!
P Unweighted (NON least-squares) me
"
I
I

Analysis

sl ae)

of Varianc

DIM AC200 ,BC200 ,X515001,X50) ,A%41201

!

P Precision
!

DEF FMICK) = INTIXX104%+ . %)/40"%

!

b Correction
i

DEF NI

TFOMOCL THEN BE

Have data to de

EF 880 @

lete" @

D
GO

ISP "Must
TO 200G

DIGP T, "0, "N "Deleted =" X (N

G2 & WAIT 4
A=A N0 @ X
=4 B Ni=Ni-4
FNE={ & LMD DEF
|

P Delay

!

DEF FND

erm e OO Y M2 @ NN

Kb=KEYS & IF X$<3OHRHOLE

MRS CEY  THER 2%0
FiD=xXd=CHRE (8
I

P Indtialize

]

INFUT "How many rows (p) 9
columne

IMPUT "How many
INFUT "Print th

G END DEF

& MEans

»

{
oy

BP0 UPRCS () Y

FOR X=4 T P @
FOR Y=4 TO G #&

DTG CHREE19%)
L7050 1o end
!
P Errar trappin
1

XY =0 @

AND XB 40

it ; {_;.
oy UG
MY TN M

MEXT X
RBOY D=0 @& NEXT Y

"o correct, ";CHR®
cell. " 8 WAalT 4

-y
G

O ERROR BEEP 880 & DISPF "Pleage en

ter LET,LCT,on
GOTO 440
!

numer Lo’

¥

&

WaltT & @

~=Function toe define ouvtput
precision

=~Error correction routine to
delete data Ffrom counters

=Wait For TRHTM or “BACKY keys.

Returns 4 0f ‘BACK7 kaey

=Gtarting prompts

~tnitialize counters

=Eiror message for data entry
routines
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PROGRAM LISTINGI

420
430
4410
4%0
460
47 1Q
440

490

500

5410
521
530
540
550

540
570

5E0

550
&HO00

6L 0

620
650
Han

650

&0
H7
&G0
HE 0
YO0
740

Polnput routine
I

FOR T=14
NO=0 @

DISH

Kp=n ¥

TO P & FOR J=4 TO ©
Xi=0 8 X2=0
"Rowh 5T Clm,
@ TNPUT X9
IF FOSUPRES (X$)
GOTO 460
TF FOSCUPRCECKS), "E") THEN 550

s Js T tem™ NG+

;UMY O THEN Us=FNE @

X=Ual X4
O=NO+4 @
GOTO 460
]

VEnd cell

I

TF O NOL2 THEN BERP

have 24 datum per
GOTO 440

M=XL/M0 @ S4=8

HA=HL+4 /N0 @
3+
ES=ESeMed & Gi=G1+M
AEIMO) /0D

IF Pa=0 THEN BEEP 440 & GOTO &20

DIGE "E™5 07,531 Mean =" FRI(M)Y
im0 UsEND @ TF U THEN 400
DISE YIS 1", "0 G =Y FNTOER

G U=FND & TF U THEN 600

MEXT T & MEXT I

Hi =P Re/ M

FOR L=i TO P
I

FOR Jeg

@ XA=Le0 @ H2=Xarwed @ M
ZINO Y =X & Ni=Ni+i

aanr @
cell .

DIGF "Must
ROWALT 1 &

AL RE-HXL B2/
ACTY =60 +M B BOT =BT

@ S0=5ERC0XE-X4

@ ER=nEealT) e B NEY

TO B & BE=R2EROTYSE B MEAT

J
|
P Sub-~equationg

I

E4=G4 2/ (PXE)
A= A0 B BEdmpa/P
|

P Compute 585 ,M5,df,F
DisP—1 & Sl=Hix(Ed-Fi) @
D4 # SE=Hik(E4-FE4)
DA -4y (P-4 @ SZ=piid
YO MA=RI/DG

DA=NL P RE & M4=H4/Da
Fa=pMi/M4 ¢ Fe=M2/mM4 & Fi=M3/ Mg

Mi=Gi /00
B M2=H2/02
e A S R S i

E

P Display the results

]

DIBPE a8t EMOENTOEL ) "dF e 01 @ Us

FRb @ TF U IH NI YAV

-Data entry

~Call error correction if 7
is entered
~Goto end of
entered
~Increment
total N

cell if EY diw

cell counters and

=Call mean
~Harmonic
Total
=l

mean countear, gran tl

standard deviation (n?

~Display mean iFf PL dls set

~Gompute sum of
of Besguared

A-sguared, sum

~Lumputation

~Display results




IPROGRAM LISTINGL

820

B4

8510

860

g7a

SR

850

Y00

510
Gal

FEQ

DIGF "a  ME="FNI(MLY;"F=";FNI{FL)

@ U=FND & ITF U THEN 820

DISPF "R SE=";FNELS2Y;" df=";D2 @

U=FND & TF U THEN 830

DIGE "B ME=";FNI(ME) ;" Fa"FNIGFZ
) @ U=FND @ IF U THEN 840

DIGP "AR S8="  FNICSE) ;" df=",D3 ®

U=FND & IF U THEN 850

DISP "AR ME=",FNMI(MBY ;" F=" FNICFSE
)@ U=FND @ IF U THEN 860

DIGE "Within S8=";FNI(S4) ;" "dr=";D4

B U=FND & IF U THEN 870

DISPE "Within MS=";FNI(HM4) @ UsFND @
I U THEN 880

DISP CHRECZL0Y ; "un again, ";CHRE(2L ~Review module
4);"iew again, o ";CHRECLP7); "nd";
TNFUT A% @ AF=UPRCYH (A%E" ™)

ON FOSCRVE ,ASRLL, L 00+4 GOTO 200,30
0,820,930

5TOP
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PROGRAM DESCRIPTION

BARTLETT'S CHI-SQUARE STATISTIC

Bartlett's Chi-square has a distribution (approximately) with k-1 degrees of
freedom which can be used to test the null hypothesis that the variances
are all estimates of the same population variance.

F max tests the hypothesis that the Targest and the smallest variance come
from the same population of variances.

Formula: (Note: vy = CHI)
K
X = fIn (s?) -1 £, 1n(s;?)
i=1
1 1 1
1+(3(|<-1)) [(Zfi) - f]
Where: s;2 = Sample variance of the i sample

F, = Degrees of freedom (n;-1) of the jth sample
K
2 _ i=1
> 7 f
K
f=2 f

F max = max (52)/m1n(52)



SAMPLE PROBLEM

Determine whether the variances of the groups shown below differ sig-

The obtained chi-square of 1.04 shows
that the differences are not significant.

nificantly across the groups.

Group N (not used) Variance (o) Degrees of freedom (df)
1 21 12.20 20
2 13 13.50 12
3 15 7.86 14
4 10 10.89 9

Df is based upon N-1

Data comes from Edwards, EXPERIMENTAL DESIGN IN PSYCHOLOGICAL RESEARCH.

|ISOLUTIONI
STEP INSTRUCTIONS DISPLAY INPUT
Run "BARTLETT" Bartlett's Chi-square Statistic
E,E to end, C,C to correct
12.2, 20
1 | Enter sample 1 Sample 1 enter var., df? [RTN]
13.5, 12
Enter sample 2 Sample 2 enter var., df? [RTN]
**Eppor** Sample 3 enter var., df? 12,3 [RTN]
2 | Call error correction Sample 4 enter var., df? C C [RTN]
This will be displayed: Sample 3 deleted = 12,3
7.86, 14
1 | Enter correct values Sample 3 enter var., df? [RTN]
10.89, 9
Enter sample 4 Sample 4 enter var., df? [RTN]
3 | End data input Sample 5 enter var., df? E,E [RTN]
4 | Real results. Use [RTN] to Chi-square = 1.04955 [RTN]
see next item. Fmax = 1.71756 [RTN]
df = 3 [RTN]
5 | End program Run again, View again, or End? |E [RTN]
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
1 |Run "BARTLETT" Bartlett's Chi-square Statistic
E,E to end, C,C to correct
2 | Enter value of sample Sample i enter var, df? o,df. [RTN]
3 | If an error was made: Sample i enter var, df? C,C [RTN]
this will be displayed Sample i deleted = Si,DFi
Goto 2 until all samples have
been entered
4 | To end data input: Sample i enter var, df? E,E [RTN]
5 | Read display. Use [RTN] to Chi-square = [RTN]
see next item, [BACK] to F max = [RTN]/[BACK]
see previous item df = [RTN]/[BACK]
6 | Review routine Run again, View again, or End?
R = rerun the program - step 2 R [RTN]
V = review results - step 5 V [RTN]
E = end the program E [RTN]




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
s2( ) Variance storage F() Storage of df.
Variance input, .
A$ general use B$ Df. input
Delay flag, =1 if
K Total number of sample U [BACK] used
S4 Sum of inverse df M1 Minimum variance
Al Maximum variance MO F max
Total df. (degrees
CO Chi-square value D of freedom)

NOTES AND REFERENCES

Notes: 1.

This program is presently Timited to a maximum of 50 samples.

To change this limit, change the dimension statement in Tine 70.

Because a different method was used, the solution to the

sample problem is slightly different from the solution in
Edwards EXPERIMENTAL DESIGN IN PSYCHOLOGICAL RESEARCH, p. 198.

References: 1. Hald, A., STATISTICAL THEORY WITH ENGINEERING APPLICATIONS,
(John Wiley and Sons, 1960).

2. Edwards, A., EXPERIMENTAL DESIGN IN PSYCHOLOGICAL RESEARCH,
(Rinehart & Co., 1950), p. 198.

3. Hewlett-Packard, HP-41C Users' Library solutions TEST
STATISTICS, Procedure from Bartlett's Chi-square Statistic,

p. 46.

69



70

. PROGRAM LISTINGLC

10
”U

e
(W]

41)
()
&0

7
oo
50
100
140
et

130
140
150
160
70
iao
190
200

2
)‘:[}

A
240

EASRY
260
27l
20
a9
300
40
20
30
Ha

3510

ey

P BARTLETT - Bartlett’s Chi-
' square statistic (test fopr
P homogeneity of variance)

I

IREY 14/01/8%

DIBE "Hartlett’'s Chi-square Statist

e # WATLT 1

DIM Sai%0) CFAB00 ,a%0400 ,B41407

!

P Correction routine

!

DEF FNE

IF KL THEN BEEP 440 8 DISF "Muet b

ave data to delete" & COTO 150

DI‘P "Sample";K; "deleted = BEIKY
s F O

aQ SBR-BRKIVKF () @ FaF-F (K) 8 S3=gy

“FOODFLOGLU(E2 GO ) B 542844 /F (K) @

]

FME=0 & FEND DEF

I

P Delav routine

I

DEF FND

Ke=KEY% & IF KSCOUHRS(E) AND K$<OCH
RECEEY THEN 200

FRHD=Ks=CHRE(8) & END DEF

DEF FNLOO = TNTOORL0% 59 /40%%

SELEE,BALF =0 & als-TNF @ MisTNF

DISF "ELE to end, C,0 te corpect" @
WaTT 4

ON ERRUR BEEF 220 @ DISF "Enter L[E]
ERTHI,TCIIRTND or S2.F" B WAIT 4 @

GOTO 260

DISE "Sample ;K+4; "enter var
THPUT &%, By

IF POSCUPRCSCASIA, 410, "E") THEN 360

PR R

T POSCUFRCHCAS 1L, 400, "G THEN UsF
N B GOTO 240
SRCKHLY=UaL (A% @ I (Ke1 ) =Val (B

EHAVAL RS M0G0 IVAL (ALY ) & Ba=G
A1 SU0L (RS
Fal Ul (BE Y @ S5P=520 0610 (A% ) $VAL (R
B oK=k+4 8 GOTO 2%
i
D End of data

ST B CO=RFRLOGL0 (SR -8R %e . 502
G/ CLR0/ CARE 1) D (B4~ 1/F))

FOR T=3 TO K @& IF S80I ratl THEN ai=
RICRA D

“Lorrect uvser’s output

=Delete inc

orrect value from

The counters

=Wait fopr
Return 1 i

=“Function t
precieion
=Inditialize

Error teap

~Goto end-o
entoered

=Call ervor
e oentered

~Incremant

RTINS or “RACKY kayes
1 TRACKT key

o define the outpurt

caounters

fdata i ‘F° s
correction i 07

counters and enter

next sample

~End of data- compute

chi-sgquarea
~hetermine
VAR LATIC G

valum
MEaXLIMUE i Lnum




JPROGRAM LISTING|

Al
F90
400
410
A
430
440
450
4 &1

470

ITF G200y THEN Mi=8201)
NEXT T
MO=a4/M1 @& D=4

PRINT "Chi-sguare =";FNI(0C0) @ U=FN
D& LF U THEMN 410

PRINT "Faax =" ;FNIM0) & U=FND @ IF
U THEM 440

FRINT "df=";D & U=FND & TF U THEMN 4
20

DIGF CHRSCZE0);"un again, “;CHRS (24
A5 "dew again, or ";CHRECLY?) "nd M

?

INPUT "7 A% & AS=UPRCS (A& ")

O POSC"RVE"  A¢T4,110+4 GOTO 440,83
0,440,470

s8TOop

=Compute F max, total degrees
of Freadom
=Disaplay the results

“Review module
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PROGRAM DESCRIPTION

DIFFERENCES AMONG PROPORTIONS

This program tests proportions in independent sets of data to determine if
each could have been randomly drawn from the same population of proportions.
A chi-square statistic with k-1 degrees of freedom is computed. Theta is

a measure of association between the independent (groups) and dependent
(proportions) variables.

Equations:

Where:

K = number of samples




SAMPLE PROBLEM

Suppose that a simple test of mechanical ability is gi
of school children under the conditions found below.

ven to 4 groups
Determine whether

there is a difference among the effectiveness of the 4 experimental con-
ditions by testing the null hypothesis, which is that the proportion of
successes in the 4 groups should not be significantly different.

Cy Ca
Condition Failure Success
Extensive training before lunch 8 42
Extensive training after lunch 12 18
Minimal training before Tunch 50 170
Minimal training after lunch 9 90
ISOLUTIONL
STEP INSTRUCTIONS DISPLAY INPUT
1 | Run "DIFF" Differences Among Proportions
E,E to end input, C,C to correct
2 | Enter case 1 fail, success Sample 1 enter C1,C2? 8,42 [RTN]
Enter case 2 Sample 2 enter C1,C27 12,18 [RTN]
Enter case 3 Sample 3 enter C1,C27 50,170 [RTN]
**Eppor** Sample 4 enter C1,C27 19,19 [RTN]
Call correction routine Sample 5 enter C1,C2? C,C [RTN]
This will be displayed: Sample 4 deleted = 19,19
Sample 4 enter C1,C27? 9,90 [RTN]
3 | End data input Sample 5 enter C1,C27 E,E [RTN]
4 | Real display, use [RTN] to Chi-square = 16,50082 [RTN]
see next output. df = 3 [RTN]
Theta = .19799 [RTN]
5 | End program Run again, View again, or End? |E [RTN]
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USER INSTRUCTIONS

STEP INSTRUCTIONS DISPLAY INPUT
1 | Run "DIFF" Differences Among Proportions
E,E to end input, C,C to correct
2 | Enter indicated case: Sample i enter C1,C27? C11,C2i[RTN]
If you made an error: Sample i enter C1,C27? C,C [RTN]
This will be displayed: Sample i deleted = C1i,C2i
Goto 2 until all data has
been entered.
3 | End data input Sample i enter C1,C2? E,E [RTN]
4 | Read output. User [RTN] to Chi-square = %2 [RTN]
see next output, [BACK] to df = df [RTN]/[BACK]
see previous output. Theta = 8 [RTN] /[ BACK]
5 | Review routine Run again, View again, or End?
R = rerun the program step 2 R [RTN]
V = review results - step 4 V_[RTN]
E = end program E [RTN]




VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
C1( ) Storage of condition 1 c2( ) Storage of condition 2
A$ General use, input C1( ) B$ Input C2( ) (Condition 2)
X1 Sum of condition 1 N1 Sum of N(i)
N Total N T Theta
D Degrees of freedom C2 Chi-square value
NO Temporary N(i)

NOTES AND REFERENCES

Notes: 1. A maximum of 300 samples may be entered. To change this Timit,
change the dimension statement in Tine 70.

References: 1. J. Freund, MATHEMATICAL STATISTICS, (Prentice-Hall, 1971).

2. Allen L. Edwards, EXPERIMENTAL DESIGN IN PSYCHOLOGICAL RESEARCH
(Rinehart & Co., 1950), p. 74.

This program was derived from the HP-41 Users' Library Solutions Book, "Test
Statistics", program DIFFERENCES AMONG PROPORTIONS, p. 9.
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IPROGRAM LISTINGI

i0
)
30
410
Lo
610
At
&80
50
100
140

Lan

130
140
is0
L &0
L7
iao
L0
200

@A
vl
2310
240
eyl
260

a7

we

250

Ao

10

EE

SA0

Sl

350

' DEFF- Differences
P among proportions
PREV 41/01/82

i

DELAY .95

DEGE "Differences
DIM CLC300),C2C300)0 ,A%0500,R$L%01
!

P Correction

]

DEF FNE

armong proportions

IF NGL THEN BEEP 200 @

ave data to delete" @
ino

DIGE "Sample”;N;"deleted =";0C1(N) ;"
SUGCEMNY @ WAIT 4

AL=X 40N @ Ni=NI-CL{N)~CriNY & N

EINE

FNE={] @&
!

P Delay
!

DEF FND

DISF
Wit T

"Must b
8 Gorn

EMD DEF

outine

AB=KEYS @ IF A$CCHRS(8)
RECLZE)Y THER 200

FND=aA$=CHRE(8) @ END DEF
DEF FNI X IRTGORL 0 S+

AMD A OH

IR I N V=

i
P Input
|

X1, N, N=g)

DIGF CHR4CA97) ;" 1o end input,

RECLFSI" Yo correct" @ WATT 4

ON EREOR BEEP 220 & DISF ‘Enter
"ILETC" e LCA,C207 @ WaLT 1%
070 290

DIGF "Sample";MN+q;"

@ OTNPUT &%, B
IF UPRCH (asI="E"

routine

" OH

["E
@G

enter CL,02 ",
THER 340

TFOUPRCH (agy=mn
et
CLOMed =00 (A% ) B
Mt §
PA=XLADLONY B Mim
(HARS
IV N2
Gt e
& GOTO
!

THER U=FNE & GOTO

CE N L) =0aL (ES) @

NI+CLONI+CRIND & G
290

THE M
MO e
)

JERR
Gample" @

"Please

BEER 20 @
i WAL T 4

Than

“Rouvtine to
decrement

correct error and

counters

~Waidt Foe
Feturn 4

TRTHY or CRAGK
For TRAGKY key

ey .

=Function to defing

nrecision

outpuy

~Erroer trap- returns warning 48
illiegal data is entered

=End data RS ds
enterod

~Gall coerrection
1g enteread

“incresent counters, store
condition values, and cont.

@retiy

routine i+ G

“End rovtine- verify that N>
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IPROGRAM LISTING

360
370
360
90
400

440
40
430
4410
450
4460
470
460

450
SO0
540
Gai
50

40

S0

50

570

D Computation
!

T=X4 /N4

DN,

.....

FOR T=4 TO N

NO=CLOL»+C2 )
CR=CRarCL eI =NORT )~ 2/ (NOXTRCL-T2)
NEXT I

!

' Print out

|

FRINT "Chi-square =";FNLICZ) & U=FN
D @ IF U THEMN 480

PRINT "df=";D & Us=FND & TIF U THEN 4
80

PRINT "Theta=";FNLIT) @& U=sFND & TF
UOTHEN 4%0

1

I Review routine

i

BLGE CHRSCEL0) 3 "un again, ";CHR$ (2L
433 "dew again, or "G CHRECLY?) "nd "

y
INFUT &% @ A%=UPRCELAEE" M)
ON POSCURVE" AL, 4 10+4 GOBUR %40,

STOP

~GCompute Theta

=L.oop to compute chi-square
value

~RKoutine to display data

“Rayview module
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PROGRAM DESCRIPTION

DATA TRANSFORMATIONS

This program will either transform or standardize data sets. The square-root
transformation is appropriate in analysis of variance when cell variances
tend to be functions of the cell means. The Tog transformation is useful
when normalizing distributions with positive skew.

The standard score (z score) manipulation converts distributions into
standard score form, with a mean of zero and unit standard deviation.
The T transformation changes data into a distribution with a mean and
standard deviation defined by the user.

Formula:
mean = X = Zﬁ
2 2
Standard deviation o =J (uzﬁﬂ) _ ( Eﬁ )

Log transformation = Togex

Square root transformation =\]X

X-X

Ox

Standard score s =

) - X

T transform t = s(o
C (o]

Where: o, is the constant standard deviation.

X. 1s the constant mean.



SAMPLE PROBLEM

The following data represents the time (in minutes) that it
took 8 new HP-75 owners to build a short, working BASIC pro-
gram on their new computers. Convert these scores to:

1) standard scores, and
2) t-scores with a mean of 75 and a standard deviation of 12.

Owner
1 2 3 4 5 6 1 8
Time (minutes) 27 15 ég i; ig E ‘g é;
(Artificial data)
|ISOLUTION! |
STEP INSTRUCTIONS DISPLAY INPUT
Run "TRANS" Transformations
E to end input, C to correct
1 | Enter datum 1 Item 1  Score? 27 [RTN]
Enter datum 2 Item 2 Score? 15 [RTN]
Enter datum 3 Item 3  Score? 26 [RTN]
**ERROR** Item 4  Score? 177 [RTN]
2 | Call error correction Item 5 Score? C [RTN]
This will be displayed Item 4 deleted = 177
1 | Enter correct value Item 4 Score? 17 [RTN]
Enter datum 5 Item 5 Score? 12 [RTN]
Enter datum 6 Item 6 Score? 9 [RTN]
Enter datum 7 Item 7 Score? 8 [RTN]
Enter datum 8 Item 8 Score? 27 [RTN]
3 | End data input Item 9  Score? E [RTN]
4 | Read value of mean and SD. Mean = 17.625 Std. = 7.51561 [RTN]
5 Enter type of transformation:
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ISOLUTION/|

STEP INSTRUCTIONS DISPLAY INPUT

Enter transformation type Log, STandard, SQr, or T? ST [RTN]
5b Std. score transformation [RTN]

6 | Read transofrmations. Use Item 1 Raw = 27 Trn = 1.2474 [RTN]
[RTN] key to read the next Item 2 Raw = 15 Trn = -.34927 [RTN]
transformation. Item 3 Raw = 26 Trn = 1.11435 [RTN]

Item 4 Raw = 17 Trn = -.08316 [RTN]
Item 5 Raw = 12 Trn = -.74844 [RTN]
Item 6 Raw = 9 Trn = -1.14761 |[RTN]
Item 7 Raw = 8 Trn = -1.28067 |[RTN]
Item 8 Raw = 27 Trn = 1.2474 [RTN]

7 | Options: Select 'view' Run again, View again, or End? |V [RTN]

4 | Read the mean again Mean = 17.625 Std. = 7.51561 [RTN]

5 Enter type of transformation:

Enter transformation t Log, STandard, SQr, or T? T [RTN]
5a| Enter constant u,o Enter u,o? 75,12 [RTN]
5b T score transformation [RTN]

6 | Read the transformations Item 1 Raw = 27 Trn = 89.96885 | [RTN]

Item 2 Raw = 15 Trn = 70.80872 | [RTN]
Item 3 Raw = 26 Trn = 88.37217 | [RTN]
Item 4 Raw = 17 Trn = 74.00208 | [RTN]
Item 5 Raw = 12 Trn = 66.01869 | [RTN]
Item 6 Raw = 9 Trn = 61.22866 | [RTN]
Item 7 Raw = 8 Trn = 59.63198 | [RTN]
Item 8 Raw = 27 Trn = 89.96885 | [RTN]
7 | End program Run again, View again, or End? | E [RTN]




USER INSTRUCTIONSI

STEP INSTRUCTIONS DISPLAY INPUT
Run "TRANS" Transformations
E to end, C to correct
1 Enter value of item #i Item i Score? Ai [RTN]
2 If you made an error: Item i Score? C [RTN]
This will be displayed Item i Deleted = A,
Goto 1 until all data is in
3 End data input Item i Score? E [RTN]
4 | Read mean and std. deviation | Mean = Std. = [RTN]
5 Enter transformation type: Enter type of transformation:
Log, STandard, SQr, or T?
L = Log (base e) transformation L [RTN] or
ST = Standard score transformation ST [RTN] or
SQ = Square root transformation SQ [RTN] or
T = t-transformation T [RTN]
ba | If t was chosen: Enter u,0? 1,0 [RTN]
5b | Transformation type is displayed transformation [RTN]
6 Read transformations Item i Raw = Ry Trn = T; [RTN]/[BACK]
l Review routine Run again, View again, or End?
R = rerun the program - step 1 R [RTN]
V = review the answers and V [RTN]
select new transformation
type - step 4
E = exit the program E [RTN]
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VARIABLE NAMES

NAME DESCRIPTION NAME DESCRIPTION
A( ) Data storage AS General use input string
T Type of transformation N Total N of data
Sum of all 2
s1 Sum of all data zX; S2 data-squared 2(Xi)
K$ DeTay function string M Mean of data
S Standard deviation (N) D Value of displayed trans.
MO Constant pu for T SO Constant o
U Delay, = 1 if [BACK] used X Increment for output

NOTES AND REFERENCES

Note: 1. The program is limited to a maximum of 500 items. To change
this alter the dimension statement in 1ine 80.

References: 1. B.J. Winer, STATISTICAL PRINCIPLES in Experimental Design
(2nd ED), (McGraw-Hill, New York, 1971).

2. G.A. Ferguson, STATISTICAL ANALYSIS in Psychology and
Education (2nd ED), (McGraw-Hill, New York, 1966), p. 109.




IPROGRAM LISTING|

B

KL

I TRANS ~ Data transformation
I Leg base e, square root,

bogtandard score, & t score
|
1

REV 44/704/782
i
DisE " Transformations” € W
alT 4
DIM ALS00) ,4%160)
INTEGER T
DEF FNI{X) = INTOMRL0S+ . 5)/40%%

DEF FNE

TFONCL THEN BEEP 220 @ DISP "Must h

ave tata to delete" @ WALT 4 8B GOTO
150

DISF "Ttem";N;"deleted =" ;A (N)

Gi=Si-a0H) @ S2eiR-a0N) 0 B MNeN-g

FiE=0 @& END DEF

t

P Delay function

|

DEF FND

Kad=KEYs & IF K$<POHRE0LE) ARD KOO
HRECEY  THEN 200

FMD=d=CHES(H) & END DEF

M, 88, B

DIGEF CHE4CAYY) " to end input, ";CH
RECALYSY " to corpact" @ Wall i

O} ERROE BEEP 220 & DISF "Enter TEI]
FRTNILTCTIRTHIT ,or data” @ WalT 1 €
GOTD 2%0

DISE "Trtem";N+4," Score"; @ IMPUT A
i

IF FOSOUPRCSECAS) , "E" ) THEN 3350

TF FOSCURRCECAS Y, "0y THEN UsFNE @

GOTo 20

GA=SeUaL A% & S2=82+VAL (AT E & N
m

GO =REL AT Y & GOTO 250

]

PolEnmd data dnput

1

TFoN<E THEN BERP 220 € DIGF "Must h
ave more than 4 dtem" & WALT L & GG
T 2%

=i A BsRQAROGEN-CBL /MY

PRIMNT "Mear= " FNLO 3 "8D om Y NI

FND T U THEN B3R
LIS "Enter type of traneformation:

=Function to defing ocutput
precision
=Fynction to handle error

=DecremeEnt counters

=Delay Function. Wait foe RTINS
opr CRACK T keys.

~Reginning of uvser dialogue

=Eeear tran

~Oheck To see iF veser wishes to
end data entey

~Check to see L vser wishes 1o
correct data

~Ineremant counters

~Check validity of sample size

=Gompute mean and standard
deviation

=Prampt o user o selaect
transtformation Type
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PROGRAM LISTING|

e

910
400
440
LAy

430
440

4% 0
460

47
480
4510
500

il

e

58
55 ()
600

&HL0

&l
&HED

640

DISF CHR$CZ04) ;"oq, SOHRECEL L) S CHE

BO2L2) ; "andard , "SCHREC2S D) 5 CHRE (20

YY", oo My

DISP CHRECGZL2) ; & INFUT A%

At=UPRCESCARE" "y @ Al , 2]

TF POSC"L LOSBESTT ", a%)=0 THEN 370

T=POSCL LOSESETT ", a4 @ IF T34 THE

N T4

TF o124 THEM T=T/2

IF =4 THEN DISP "Enter PSOHRE L)

CLUGEHREC) B INPUT MO, S0

Ad="logle) Sauare-rootStd . score
T=score "

PRINT ASTTHLL-40,TH4415" transforma

Ttion"

=R RD

OFF EREOR

oam )

Ko B TF SON THEN &40

LF =t THEM D=L0GAK)Y)
LF =2 THEM D=GOR (A0 )

T =3 0R T=4 THEN D=(a () ~M) /5
IF =4 THEN D=DXS0+M0

PRINT "Item" ;X "Raw=" ;80 ,
MLCD)

U=FND 8 TF U THEN X=X-1%(X24) & 607
%40

GOT0 %S00

]

P Review voutine

1

DISE CHRECZE0) 5 "on again, ";CHR$(R4
A0 Miew again, op SOHRSCLYY ) s " nd ",
LRPUT At @ As=UPRCHCAELE" ")

O POSCURVE" ) &4401,410+4 GOTO L0, 2
0,3%0,640

STap

Tt F

~Ernter mean and 5D F

T=Transformation

=Dieplay name of tra
Type

=Increment counter g
For end of data
=Compute log transto
=Lompute square-root
transformation
~Compute t and stand
transformation
“Teanetorm mean and
T—tiransformation
=Display transformed

=Frogram optione

0

neformation

nd check

rMation

ard score

50 for

tlata







TEST STATISTICS

ONE SAMPLE TEST STATISTICS FOR THE MEAN
KENDALL'S COEFFICIENT OF CONCORDANCE
CORRELATION COEFFICIENT TEST
INTRACLASS CORRELATION COEFFICIENT
KRUSKAL-WALLIS STATISTIC
MANN-WHITNEY U-TEST

FISHER'S EXACT PROBABILITY

2-FACTOR ANALYSIS OF VARIANCE
BARTLETT'S CHI-SQUARE STATISTIC
DIFFERENCES AMONG PROPORTIONS

DATA TRANSFORMATIONS

ALL HP-75 SOLUTIONS BOOKS ARE AVAILABLE RECORDED ON MINI-DATA CASSETTES
FROM EITHER A HEWLETT-PACKARD DEALER OR THE HP USERS’ LIBRARY.
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