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PROGRAM DESCRIPTION      

  

ONE SAMPLE TEST STATISTICS FOR THE MEAN

Suppose (X 3X3XgseeusX) is a sample from a normal population with a known

variance o2 and an unknown mean uy. A test of the null hypothesis

Hot =H,

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

If the variance 0? is unknown then the t statistic, which has the t distribution

with n-1 degrees of freedom, is used instead.

Equations:

z = \n (X-up)
0

t = In (X-1)

S

Where: X is the sample mean and S is the population estimate of the

standard deviation.



 

 

   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 1 2 3 4 5

Score 109 115 125 113 103

ISOLUTIONI

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 1? 109 [RTN]

Enter datum 27? 115 [RTN]

Enter datum 3? 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 47? 113 [RTN]

1 Continue Enter datum 57? 103 [RTN]

3 End data input Enter datum 67 E [RTN]

4 Enter general mean Enter uo? 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 UM naught: Uo? Uo [RTN]

5 Enter O: a? 0 [RTN]

6 Read output - [RTN] to see Zz = [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]

tL = 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 = 2X

S2 Sum X-squared 7 (x?) 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 limited to a maximum of 300 data points. To
change this limit, 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 LISTING    

 

bOMNESAM ~ One sample
PF Test statistics for

30 I the mean

PREV 14/04/82
“0
60 DELAY 9%
70 DISF "One Sample Test For the Mean"
80 DIM ACE00) ,K$L4001]
Q0 DEF FNICX) = INTOXX10000+4+.%2/40000 -Define precision of output

i004 1!
140 1 Delay routine

i201

130 DEF FND =Wait for ‘RTN’ or ‘BACK’ key.
Return 4 if ‘BACK’ key

140 Ké=KEY$ & IF K&E<CXOHRSCE)Y AND K$<>CH
R%CL3) THEN 140

190 FND=K$=CHR$(8) & END DEF
i601
170 1 Error correction

180 1
190 DEF FNE ~Delete incorrect input from

the counters

S00 TF NOL THEN DISP "Must have data to
delete" @ BEEP 440 © GOTO 230

240 DIESE "Datum"; N; "deleted =";6(N)
20 HR=GE-4NY 2 @ HE=81-0(N) E N=N-{
S250 FNE=0 & END DEF
240
2%0 VV Initialize

260 1
270 N,81,88=0
280 DISH CHRE(497) 5" to end input, ";CH

RECLZ%) 2" to corvect” B WAIT i
290
S00 1 Input loop
3106
Fa DIS "Enter datum” N44; & THNPUT Ké$
SAG TF UPRCEHE (KE ="E" AND NL THEN 410 ~Gote end-of-data routine upon

entry of JE
B40 TF UPRCH (KE Y="E" THEM BEEP 220 & DI ~Display error if ‘EE’ entered

SHO"Must have more than 1 datum” #® and there is no data

WAIT 4 8 GOTO B20
SBE FE UPRCEKSY="C" THEN U=FNE & GOTO ~Gall error correction routine

Ga if C7 ds entered

F&O ON ERROR EEEP 220 € DISP ‘Enter num ~Error trap
era, DUE", or LYCU"17 8 WALT 4 @ 6
aro X20

G70 ACNE) =UAL OEY 8 Nenad & S4=Hi+a0ND) “Increment counters and
BOSR=S2EA NYE 8 GOTO 320 continue adding data

33000
F400 Enter sigma, mul
400
440 ON ERROR BEEP 220 & DISF "Please en ~End-of-data routine, second

ter numeric data" @ GOTO 420 @rror trap 



 

 

   PROGRAM LISTINGL
 

  
 

4:20

430
440)
4%
46 (1
477
430

45 ()
v5 0 (!
viQ

ni)

ws

4(1

Gs ()
Bd
570
B50

550)
HOO

6H4.0

DISP "Enter ";CHR®(LZ) "ae"; © INPUT
Lo

DIGP "Enter ";CHR$(?); & INPUT &

bP Computation
I

OFF ERROR
M=GL/N & SA=L00REZ-0122/N)/NINS CN
~433)
Z=50K (NX (M~-U0)/G
T=SAR (HI XIM-U0) 7/53
PRINT "z=" FNICZ) & U=sFND & IF U TH
EN 540
PRINT "T=";FNLCT) & U=FND & IF U TH
EN %10
PRINT "Mean =";FNI(M) & U=FND @& IF
U THEN %20

PRINT "Ot.dey. =" FNI{%3) & U=FND @&
IF WU THEN 930

|

I Review routine
|

DIGP CHR$C240) "un, ";CHRE$(2140; "ie
Ww, "SCHR$A?7) "nd, or ";CHRECL9%S;

"ontinue

INPUT Ke & Ke=UPRCHE KEE" MD
ON POSCPRVECY K$D4,410+8 GOTO 80,2
70,%40,6410,440
STOR

 

-Mean and standard

deviationi{n-1)

~Z-yalve and T-value

=Display the results

—Rayiew 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

12 1 (; rf
i=1 \j=1 3(

(K2)(n)(n?-1) n

2 K(n-1)W> Il

degrees of freedom = n-1

where: K is the number of observers

n is the number of individuals

R.. is the rank assigned to the ith individual
by the jth observer

iJ

 



 

 
 

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 ¢ dd ee 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) 8 14 11 11 11 8

 
  

   

 

 

 

 

 

 

 

 

 

 

 

 

  

1SOLUTIONL[

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.1, Exec.l Subject 1 Observer 1? 1 [RTN]

Enter Appl.1l, Exec.? Subject 1 Observer 2? 1 [RTN]

Enter Appl.1l, Exec.3 Subject 1 Observer 3? 6 [RTN]

Enter Appl.2, Exec.l Subject 2 Observer 1? 6 [RTN]

Subject 2 Observer 2? 5 [RTN]

Subject 2 Observer 3? 3 [RTN]

Enter Applicant 3 Subject 3 Observer 1? 3 [RTN]   
 

 

 

 



 

 

  ISOLUTION
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS DISPLAY INPUT

Subject 3 Observer 2? 6 [RTN]

Subject 3 Observer 3? 2 [RTN]

Enter Applicant 4 Subject 4 Observer 17? 2 [RTN]

Subject 4 Observer 2? 4 [RTN]

Subject 4 Observer 37? 5 [RTN]

Enter Applicant 5 Subject 5 Observer 1? 5 [RTN]

Subject 5 Observer 2? 2 [RTN]

Subject 5 Observer 3? 4 [RTN]

Enter Applicant 6 Subject 6 Observer 1? 4 [RTN]

**Eprpor** 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 2? 3 [RTN]

Continue Subject 6 Observer 3? 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]    

 

 



 
 

   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? Ris [RIN]

If an error was made: Subject i Observer j? C [RTN]

Deleted 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 V [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 IXij 52 n(IXij)®

M Mean of data Z Z statistic

E ETA n

NOTES AND REFERENCES

Notes: The value of the Coefficient of Concordance must be in the range of
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).

References: 1. Siegel, Sidney, NONPARAMETRIC STATISTICS FOR THE BEHAVORIAL
SCIENCES, (McGraw-Hill, 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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   PROGRAM LISTINGIL
 

  
 

10
0
30
40

&U
70
80
?0

100
140

1.20
1.30
140

1.60

170
180
190
200

210

2all

230
240
250
260
2710

260
290
300

E410

{x
0

£.

I
T
d

e
t

2.
8

L
i

e
e

340

Gh

360
370
A430

390
400
44.0

KENDALL - Kendall’s

b Coefficient of

I Concordance

I Rev 14/01/82
|

|

}

DELAY 5%

DISPF "Kendall’s

DIM ACLO0) ,K$TL400]
1

I Delay

Coeff. of Concordan

routine

DEF FND

Ké=KEYS & IF K${(XCHR$(E) AND K${>CH

R413) THEN 1%0

FHD=K4%=CHR$ (8) & END DEF

!

P Error correction

!

DEF FANE

IF J<42 THEN BEEP 220 & DISPF "Must hb
ave data to delets” @ GOTO 240

DIGP STRHCI);",";8TR$CI-40;" delete
d =";A0T-1) B WALT 4
d=J-4 & S0=80-A(]T)
FHE=0 & END DEF

FNLCXY = INTOXR10000+ .%2/40000
|

Initialize
|

RO, X,H=0
INPUT "How many observers (K) 2";

BEEF 220 & DIG
iCk<ioner @ GOTO 300

INFUT "How many subjects (n) T";N
IF NC2 THEN BEEP 220 & DISP "Please
enter ni" & GOTO 3240

DIGF "Type ";CHR$IYSD);" to
error’ & WALT 1

ON ERROR BEEP 220 @
eric data or "COC"
400

!
P' Data
|

FOR T=4 TO N & S0=0 & FOR J=41 TO K
DISF "Sub ject”; 1; "Observer"; J;
INPUT Kg & 1F UPRCHKSY="C" THEN U=
FNE @ GOTO 400

IF K42 OR K>100
PO"Plpase enter

THEN

delete

DISH
@ Walt i

‘Enter num

2 GOTO

input

~Wait for

 

‘RACK

key

‘RTM’ or
BACK *

keys,

Return § af

correction routine,

counters

fre or

decrement

~befine precision of output

input dialogue and
initialization

~Error warning if
invalid

trap display
entry

~Gall correction routing if
vaer enters 0°
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  PROGRAM LISTING!

 

  
 

40

4310

440)

4% 0)

4610)

47

480

4910

S00

510

Heal

530

S40

Sh

6

570
S80

590

ACT) =VAL (KE) # S0=50+a(T)
NEXT J 8 S=545042 & NEXT I

!

bP Calculate W,chi2, d+

We2GCARNE (N21) )=3IN+1) / (N-14
)

CE=lKR(N~42%W & D=N-4
!
P Output routine

DISP "W=";FNIC(W) @ U=FND & IF U THE
N 520

IF Wi OR WACO THEN DISR UW; "is illeg
al. Check data." 8 BEEF 440,1.%5 @ V
=FND

DISH "Chi-square =";FNI(C2) & U=FRND
@ IF U THEN S20

DIGF "DFf=";D @ U=FND & IF U THEN 54
i

DISF CHRESC2L0); "un again, ";CHR$(24
42; "dew again, or ";CHRECL97) "nd",

INFUT Ke @& K$=UPRCHE(K$E" ")
OM FPOSORVE" KELL, 11044 GOTO S60,29

aTap

 

Increment subject counter

~kEnd loop and increment total
counter

~GCompute W

~Gompute chi-square

“Printout routine

=Digplay warning if WO or WA

~Meyview routine
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  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=pys Where p, is a given number, the z stat-
istic is used. z has approximately the normal distribution.

Equations:

_r n-=2
fm mr

V1-r?

, Ans AS
 

2

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.

 

  

    

 

 

 

 

 

 

 

 

  

]SOLUTION!

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 Z = .638055 [RTN]

6 End program Run again, View again, or End? |E [RTN]    
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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 po, Enter RHO-naught? oo LRN]

4 Read t value t=1t [RTN]

5 Read Z value Z=1z [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 /-score

U Delay flag

NOTES AND REFERENCES

Notes: 1. This program will check that N>3, p =<31, and po<ls> 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 o is not equal to zero then use z. Choice of the appropriate

statistic is left 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.



18

 

 

 IPROGRAM LISTING]
 

  
 

1G
0
30
40
50

60
70
a
910

1.00
110
1220

130

140
150
1.60

iva
180

190

a0

240

Ao

AA

330

39a

400

Fb CORRTEST ~

I statistics

I Correlation

I REV 14/04/7882

Test

for the

Coeff.

:

DELAY .%

DISSE "Correlation

DIM K4L100]

I

I Delay

|

DEF FND

Coefficient Test”

function

Ke=KEY% & TF K${>CHE4(8) AND K%{>CH
RECL3) THEN 4130
FND=K$=CHR4$ (8) & END DEF
DEF FNI(X) = INT(XXi0"6+
|

Input
I

OM ERKOR BEEP 220
ter numeric data" ©

7 (1
TP UT
3M

IF NCE THEN BELRF 220 @ DIGE "Data e
reor o- nd3" OE WALT 4&8 GOTO 200
INPUT "Correlation coefficient (ir)
TUR

IF ARG(R) >=1 THEN BEEF 220 & DISP ™
Impossible correlation” & GOTO 220
LHFUT "Enter RHO-naught YT" RO
IF ARSROY >=4 THEN DISF "Data error

"SOHRH CEE 3 "oe di llegal M8 GOTO 24

BY/50%6

@ DISSE "Please en

WATT 4 & GOTO 4

"Enter the sample size (nn) "

0

P Computation

T=RYGER (N-2)/80R CL -R 2)
ZamGURIN-3) 72%AGCLR HARROD) / CCE -R
PRCLAROD 2D
i
}

|
Print—-out

DIGE "=" FNI{T) @ U=FND & 1F WU THE
M340
DIGE
Hoda

!
PD Review

ISP CHR$ECZL0 5 "un again, ";CHR$(21

Ari; %iew again, or “SOHREOLYY) "nd"
TFT Kg @ Ka=UPRCES (KH&E" MD

PEM LORNTAZY O&O UsFND & TF UU

routine

THE  

‘RACKS

key

"RTM or
* RACK /

-lWait for

return 4 if

key s-

-Pefine output precision

trap display warning if
grey

~Error
MON-nuMeric

~friter MN

=Verify that NZ

~Fnter correlation (9)

“Verify that the absolute value

of (rr) is less than one

~Enter rho-naught
~Marify that the

of rho is less

absolute value

than one

t=-yalue

reyalue

~GCompute the

~Gompute the

“Print the results

Review module



 

 

 

 

PROGRAM LISTING]
 

 

440 ON POSCRVE" KEL4,110+4 GOTO 390,19
0,340,420

420 END

 

 



20

 

  

 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 p;. 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 = 7X.
1 1

nj

Standard deviation op JE) (x ) 2
n 1

SS total = r (2x9)

 
 

2(7: _ 2
SS treatment = oi (ZT) T is the column sum

SS error = z (2x5) - z(r3/m )
J 3°

Df total = n-1 K = the number of sets

Df treatment = K-1 n = the total n

Df error = n-k J = the number of subjects



21

 

  

 PROGRAM DESCRIPTION      

INTRACLASS CORRELATION COEFFICIENT (continued)

MS treatment = SS treatment/df treatment

MS error = SS error/df error

MS treat/MS error

SS treat/SS total

(SS treat - (MS error) (k-1))[5 total + MS error)

Intraclass r = SS treat - SS error SS treat + SS error

K-1 K(J-1) K-1 K

RZ

02
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 SAMPLE PROBLEM     

 

Find 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

_ISOLUTIONL

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 1? 71 [RTN]

Set 1 Subject 2? 71 [RTN]

Enter set 2 Set 2 Subject 1? 69 [RTN]

Set 2 Subject 2? 72 [RTN]

Enter set 3 Set 3 Subject 17? 59 [RTN]

Set 3 Subject 2? 65 [RTN]

Set 4: ERROR Set 4 Subject 17? 666 [RTN]   
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 1SOLUTION/|
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS DISPLAY INPUT

Call correction routine Set 4 Subject 2? C [RTN]

Deleted value is displayed (4,1) DELETED = 666

Enter correct value Set 4 Subject 17? 65 [RTN]

Set 4 Subject 2? 64 [RTN]

Enter set 5 Set 5 Subject 1? 66 [RTN]

Set 5 Subject 2? 60 [RTN]

Enter set 6 Set 6 Subject 1? 73 [RTN]

Set 6 Subject 2? 72 [RTN]

Enter set 7 Set 7 Subject 1? 68 [RTN]

Set 7 Subject 2? 67 [RTN]

Enter set 8 Set 8 Subject 1? 70 [RTN]

Set 2 Subject 2? 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]    
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ISOLUTIONL
 

 

 

 

 

 

 

     

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]

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

 

 



 

 

   USER INSTRUCTIONS
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

STEP INSTRUCTIONS DISPLAY INPUT

1 Run "INTRA" Intraclass Correlation Coefficien

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: (1,3) DELETED = Xij

Goto 4 until done

5 View means Set i Me = Std = [RTN]

6 View results. [RIN] 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]  
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   VARIABLE NAMES
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

NAME DESCRIPTION NAME DESCRIPTION

T() IX, X2(i) IX]

M(7) Mean of treatment i I0( ) t2/n

S9(i) 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 rx% of treatment

10 2(T%/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. A maximum of 100 subjects per set may be used. To change this,
change the dimension statements in line 70.

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

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

References: 1. Winer, B.J., STATISTICAL PRINCIPLES IN EXPERIMENTAL DESIGN,
(McGraw-Hill, 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
0

6H

70

8
90

100
140
120

130
1410
1%0
160

170
160
1.60
200
240
220
230
a0
2% 0
is)
yey
lo 7

2a

290

S00

340

Aa
S40
RE

350
F&0
orp vo, gt

Pl 4 {1

RE 0
KT
400
440
4:0

450

PP INTRAC-Intraclass

Pb Correlation Coeff.

I Rev 14/04/82

|

DELAY .%

DISH "Intraclass

DIM TC20),X2¢20),10¢200,V020),M020)

,00 C20), R100)

DIM X$[201)
I

Correlation Coeff.

I Define variance
}

DEF FNS(S5L,52,N) = 52/N-(5L/N)*2

.

P Delay
I

DEF FND

routine

@ TF Afg="" THEN 170

As=CHRE CR) THEN
HE=KEY$

FMD=0 & IF

EMD DEF

|

I Precision
!

DEF FMNICK)Y = TINT(XKL0 A+  S0/1073

DEF FNJOX) = THT(XXI02&H+ 50/4026

|

Pb Correction

!

DEF FNECC)

Fed

routine

"Must have

w GOTO 330

1:D

@ DISK
Wall it

Hn { 11] ; 0 5 H > hn 3 I wee

WALT 1
T=l-4

THEN BEEF

data to delete" ®

Ed=KR(I-4) & DIGF

ELETED =";R{I-1) @

TCCI=TLCH-ESL & T=T~-E1 @

- 4

Kebmpad-Ei ca @ XE(0)=X2(Cr-Eira

FNE=0 & END DEF
i

IF L=i

N=N

PP Indtialize

FOR Y=41 TO 20 @ TIiYVir=0 # X2(Y)r=0 @
TOCYY=0 @ V(Yr=0 & pIYr=0 #& NEXT Y
NLT, Xe, Ta=0
!
' Enter

|
THPFUT "How many sets 7"; K & IF KZ
OR K220 THEN BEEF & GOTO 420

IMPUT "How many subjects? "; NO & I
i NOCEL THEN BEEP #8 GOTO 43D

data  

~Routine to calculate the
var Lance

CEACK

key

RTM or

‘RACK

~Wait for key |

Rotuen 4 if

=Define precision of ocutput

correction routine

counters

fer or

decrement

Het counters to Zero
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   PROGRAM LISTINGL
 

 
 

440

4% 0

460
471)

480
451

H00

54.0
Hall
530
“v4 0)
550

560)
L770

“a0

LHe
H00

610

é» a'(}

&H30

E44

EHO

HEA

&HF

H& 0

HG

700
740
7a

730
740
YH
VE
770
va

790
SRR

Gi 0

Gal
Gal
£840
GB (1

ON ERROR BEEP & DISP "Please enter

numeric data" 8 WAIT 4 @ GOTO 4°70

DISH CHR$(49%);" to correct error."

® REEP 440 @ WALT i.

FOR J=5 TO K & FOR I=41 70 NO

DISF ‘Get’ ;J; Subject’ IT; @
+
1 i X + oe ion

IF PO

0 470

K=UaEL (X$)

INPUT X

THEN 4710
SC"Ca", X44) THEN U=FNECT) & GOT

Loop counters

N=N+L B ROL)

(I) =T(IrY+X @

ro @ RisRoRN

mT) © Xa (T)=X2 (TI) +X

ERROR
}

CALCULATION

Po Me, 5TD, Internal
I

FOR J=1 TO K

LOC =TL{Yr*2/00 & 10:*10+10¢J)

VET =FNGCT (TI) X20) NOY 8 590 )=50K

(VT)

MAT )=T(T)/HU

DIESE "Het"; J; "Me="

FNL CE?CTYY @ UsEND

NEXT J & VaeFRSOT, XE, MN) §& M=

= EIR (UW)

DISE "Tota
(59) 8 Usy
|

bodnt,
I

Ta=T*2/N

Gi=T0-14 @ S2=32-T0 & SE=X2-11

Di=K-4 §& D2=N-K 8 DAEsp-A

ML=G4/01 @ Me=La/Do
I

Fb FLR

!

Fapid AME BO R22

2/7uth)

fem {SL(K-15 (K

LEEK)

|

boPrdint

i

DISH "Treat DE=

@ Us=FND

SENLCMCT)) ; "Erd="

T/N € §9

Mem? FMI OMY , "Srd=" Fd1
ND

65%,y ME 7 DF

Ana

GLASER BOP (She (K-10 %M

FONG-120) 7 C87 (K-

Cut

" Ty 4. WLC en
3 i) A y wd 4“ eer TLEFNT OED)  

Error trap
Lllegal data

return warning if

16 entered

Input
-Call

loop

error correction

~Pecrement counters

calculation

S0<4n)

-Intermnedlate

-Yariance and

Mean

Calculate

Calculate

Calculate

SUM~GQUAT O48
degrees of freedom
MEean-sGguUanres
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   PROGRAM LISTING
 

    

8&6

870

880

870

Y00

740

Ye

950

P60

DISK "Treat MSE=";FNI(Mi) @ U=FND @
IF U THEN 850

DISP "Error DF=";Da;"8%=";FNI(S)
@ U=FND & IF U THEN 860
DISK "Error MS=";FNI(M2) € U=FND ®
IF U THEN 870

DIGF "Total DF=";D3;"85="FNIL(S3)
@ U=FND @ IF U THEN 820

DIGF "F=",FNJ(F) @& U=FpND & IF U THE
N 890
DISF "R squared=";FNJ(RZ) & U=FND &
IF U THEN 200

DISF "Omega squared=";FNJ(OZ) & Us=F
ND @& IF U THEN 9410
DIGP "Intraclass vr =", FNJ{(IL) @ U=F
ND @ TIF U THEN 920

DIGP CHR#%(210);"un again, ";CHR%(21
4); "lew again, or ";CHR$ECL27) "nd";
INPUT X$ @ ON POSO"RVE" JUPRCHIOXE)) +
1 GOTO 240,370,690,960

STOP

 

~Review module
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   PROGRAM DESCRIPTION  

 

 

KRUSKAL-WALLIS STATISTIC

Suppose we want to test the null hypothesis that k independent random samples
of sizes ny, ny, . . . NL_7, nN 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 Rj;
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

H 12 z > "3= 5 j=1
(Hey) i=, ny — 3(N+1)

K
Where: N =13% nj

1=1

Ry 5 = Rank of observation (i,j)

K = number of samples

n. = number of observations in the jth sample
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 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

SOLUTION |

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 1? 83 [RTN]

Treat. 1 Subject 2? 91 [RTN]

Treat. 1 Subject 3? 94 [RTN]

Treat. 1 Subject 4? 89 [RTN]

Treat. 1 Subject 57? 89 [RTN]

Treat. 1 Subject 6? 96 [RTN]

Treat. 1 Subject 7? 91 [RTN]
   Treat. 1 Subject 8? 92 [RTN]  
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SOLUTION |
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

STEP INSTRUCTIONS DISPLAY INPUT

Treat. 1 Subject 97? 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 27? 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 8? 91 [RTN]

Treat. 2 Subject 9? 89 [RTN]

Treat. 2 Subject 10? 84 [RTN]

4 End treatment 2 Treat. 2 Subject 117? E [RTN]

2 Begin treatment 3 Treat. 3 Subject 1? 101 [RTN]

Treat. 3 Subject 27? 100 [RTN]

Treat. 3 Subject 3? 91 [RTN]

**E ppror** Treat. 3 Subject 4? 9333 [RTN]

3 Call correction routine Treat. 3 Subject 5? C [RTN]

This will be displayed: (3,4) DELETED = 9333

2 Enter correct value Treat. 3 Subject 47? 93 [RTN]

Continue Treat. 3 Subject 57 96 [RTN]

Treat. 3 Subject 6? 95 [RTN]

Treat. 3 Subject 77? 94 [RTN]

4 End treatment 3 Treat. 3 Subject 8? E [RTN]

2 Begin treatment 4 Treat. 4 Subject 17? 93 [RTN]  
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SOLUTION L[
 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

STEP INSTRUCTIONS DISPLAY INPUT

Treat. 4 Subject 2? 82 [RTN]

Treat. 4 Subject 3? 81 [RTN]

Treat. 4 Subject 4? 77 [RTN]

Treat. 4 Subject 57? 79 [RTN]

Treat. 4 Subject 6? 81 [RTN]

Treat. 4 Subject 7? 80 [RTN]

Treat. 4 Subject 8? 81 [RTN]

4 End treatment 4 Treat. 4 Subject 9? E [RTN]

5 Skip the ranks View the ranks (Y/N)? N [RTN]

6 View printout H = 25.46437 [RTN]

df = 3 [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 Jj 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 = [RTN]/[ BACK]

[RTN] key to see next result, df = [RTN]/[ BACK]

[BACK] key to see last result. Total n = [RTN]/[ BACK]

/ 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]  
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   VARIABLE NAMES
 

   
 

 

 

 

 

 

 

 

 

   
  
 

 

 

 

NAME DESCRIPTION NAME DESCRIPTION

Al) 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 7(R,j)2 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

TS 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 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. The program is presently limited to a maximum of 20 treatments. To
change this 1imit, change lines 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 slow 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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  PROGRAM LISTINGL

 

  
 

10

20

40

40

50

&H0

70

70
100
110
1.20

530
140
150
160

170
1.80
at
200

230

ee)

250

240

A250

260

270

280

S91

A000

ALO

Je

330

AI
350

B70

a0

250
400
4410
4210

 KRUSKAL: Kruskal -

Wallis statistic

PREV 44/04/82
I

DELAY 5

DISH » Kruskal-Wallis Statistic?

DIM A2%%) AFL 2551, THI2%%),BEI2595%],
ALC2%5) ,XEL200 N20)

DEF FNC(X) = NUMASIX, XD)

I Delay routine
|

THEN 130
THEM

Ae=KEYS 8 I+ ag=n?

FND=0G & TF A%=CHR4${(&)

END DEF
1

b Correction
i

Fides 4

TF NCYCL THEN BEEF & DISP "Must ha

ve data to delete" & GOTO 230

DIGE "OC" 0", "NIC +") DELETED =a
(NY @ WATT 4

HICY=N(CY-4 8 NuaN-i @

FNE=0 & END DEF

DEF FNICX) = IHT{XHi04%+

I

Vo odndtialize
!

NL, MI ,RE2,N,NO=0
!

MO=NOa0)

BYRON

Enter data
I

INPUT "How many Trestments 7"; K
TFOKLE OR K220 THEN BZER & GOTO 320
DIGF CHRE(L70;" to end treat., ";C
MRECLSSY 3" to correct” # WAIT 4

FOR I=L TO K & HNiJi=0
DISSE Treat.’ J; Subject’ NIL, ©
LTHPUT X4

ITF UPRECHOXEI="E" THEN 490

TF UPFRCHE (XE Y=" U=FNECT) @ GO
TO EH

On ERROR BEEP
eric, L"E"1, or

010 3h
K=UAL COX)
j

P loop
!

THEM

DISSE "Enter num

WATT 4 & &

dell ©
Leer’

counters  

~Gonversion function for

ranking routine

‘RTNY or

‘RACK?

‘HACK’
key

~Wait For

return 4 af

Keya—

-Correction routine

-Define precision of output

~Frnter and the number of

Treatments

wey dy

Goto the end of the treatment

if ES is entered

~Call error correction
1 CY ds entererow?

=Lrror trap

routine
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 PROGRAM LISTING!
 

 

&O0

HA

LH

6HA0

6H4 0

&H
EHO

Hr

HE

570

POA

7a

al

PE

74
eg
7 po i

aa
7
VE

74

aan

gin

Bai

QAR0

a4 0

hh

N{JI=N(I) +1 ©
0+
IF N>=254 THE
nter anv more”

GOTO 3%0

|

End of trea

!

IF NC) <(2 THE

ve more than

{1

MEXT J

OFF ERROR

Rank data b

"Binary" so

]

]

|

|

Li, ACN), AL0
U

AS=CHRE (1)
FOR X=2 TOM
L=4 @ UsX-~4i
Ta THT CCL+) Z80)
Ki=aNUMCASLT,
TF @ 0) =K41 TH

IF a(x) <Ki TH

IF Wo=L THEN

TF 134 THEM HR
TF 1X4 THEN

55 Tgmvn

TF ACK TH

LENCASE YT ELBE

NEXT x

AG=nB&CHRS C0
i

P Compute &

boranks

|

FOR ¥=1 TO WN

Taf (FHCIXYY B®

MoLi=T @ Aad oF

To 84a

IF =i THEN

Li xr ANG

R=Cos00 & FOR

FROG) y=R & ©

Clg & La=T1 @

NEXT XK

!

FP Compute rts

+—

FOR ¥=i TO K
Bi=0 8 FOR Ye

pup d B ACN)Y=X @& NO=N ~Increment counters

N BEEF & DISF "Can't E ~Check number of data Litems
WALT 4 8 GOTO 490

tment

HM OBEEF & DISP "Must ha
one subject” & GOTH 3%

y
rt

yu-THE @ Co=1 & Ci ,C2= =~Winary index sort

=Hinary search

Ti)
EM bh
Ed Us=T-4 ELSE L=1+1
E00
Samedi dl, I-41 ELSE Be=n"
TaETTHE LEMCAST EL ~Insert present index into A%

En Af=Re.CHE COARSE,
Adal LL TIACHRS GO ATH

tore

“Store ranks in a0)

IF T4004 AND vo4 THE
on, po

MOOI Y= B04 aE i {x

Co=C0+3 6 CE=00+X ~Meplace tied ranks

=14 THEN 80°

Ged TO CLeCh-1 @ fig

EXT OG

ALIFNCOX y= & C1, Cos

I

i TO WOO  
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   PROGRAM LISTINGL
 

  
 

60
£170

Gol

890

200

74 0

Ga

P30

54

Gua

GaN

GQ

830

$40
1000

1010

1020

1030

i040
10%0

1060

.0%0

1080

5.0%0
1400

1.140

1420
1430

1440

Ni=Ni+i € Ri=Ri+A1(NL) @ MEXT Y
R2=R2+REAE/NIK) EB NEXT X
Dil4

H=lZ2/ (NEIN+TL) IRR Z-FRKINS 4)

I

Pb Frint-out
|

DISF "View the ranks? (";CHR$(247);

"AUS CHRE C206) 5"),

INPUT A% #0 A$=UPRCH (A%L" ™)

IF POSC"NY" ,A4L4,41)=0 THEN 930

IF At="N " THEN 10%0

Xi, X=0 @ Y=1

PRINT "Sample";Y

XeX4d @ i=Xi+i & IF X>N THEN 10%0
IF XAONOY) THEN Y=Y+4 & Xi=0 & X=X-
1 @ GOTO 280

PRINT GTR&OY) 3", "STROKE" Ge" a0
Ry UR=YALOX) & U=END

TF UV AND X14 THEN Xs=X-1 & Xi=Xi-i
@ GOTO 10450

IF AND Y2>4 THEN Y=Y-4 8 Xi=N{Y) #
Xx=xX-4 @ GOTO 1040

GOTO 990
PRINT "H ="; FNI(H) & U=FND @ IF UT
HEN X4=N(K) & X=pN @ Y=K @ GOTO 1040
PRINT "df=";D & U=FND & IF U THEN 1
050

PRINT "Total n=";N @ U=FND €& IF UT
HEN 1060

I Keview routine

DYGP CHR%(240); "un again, ";CHR$E24
4); "dew again, or ";C0HRECL97) "nd

INPUT Af & AE=UPRCE (AEE ")
Od POSOYRVE" A401, 8 10+4 GOTO 44840,2
G0,930, 1140
STOP

 

~Lompute H and degrees of

freedom

=FRoutine to allow user to view
the ranks

~Printout

Review module



 

  

  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, +n (n,+1) L R,

2

nn,
z= U- 2

M12 (ny+n,+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.
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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

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

]SOLUTION [_

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 4? 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 1? 13 [RTN]

Sample 2 Item 2? 6 [RTN]

**ERROR** Sample 2 Item 3? 299 [RTN]

3

|

Call error correction Sample 2 Item 4? C [RTN]

This will be displayed Item 3 deleted = 299   
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 ISOLUTION|
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DISPLAY INPUT

2 Enter the correct value Sample 2 Item 3? 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=29 [RTN]

1,55 =11 R=14 [RTN]

Sample 2

2,1 S=13 R =5.5 [RTN]

2,2S =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]      



44

 

 

   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,i) [RTN]

If an error was made: Sample 1 Item i? C [RTN]

This will be displayed: Item i deleted = A(1,i)

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) [RIN]

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,i 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

Al) Data storage Al( ) Storage of ranks

N(j) N of column J N Total N

X9 Temporary input data value Z Z-statistic
Large and small

u1,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 BS 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-Hill, New York, 1956).

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

  
 

10
at
30
40)

50
&0
70
a0
50

100
110
1.20
130
140

150

160
1.70

180

190

200
e240

290

00

Z40

Fa0

En

KA

A

Be
570

Mann-Whitney test statistic
I REV 14/04/82

|

DIM AC2ZH5),6%50255) ,T4I2%%1,B412%%1],
AL (255%), N22)

DELAY 4%

|

I Rank

!

DEF FHMCCX) = NUMIASIX, XD)

conversion

' Error
!
DEF ENIX) =
DEF FNE

correction

INT OX04%: 5) /7407%

DIGP
+M0)
Mezpd-4 8 NOS) =NiE) 1
END DEF
I

I Delay
1

DEF FND

"Trem" ; NOS); "deleted ="; ANCE)

@ FNE={

routine

Kb=KEY$ & IF K$<>CHRG(L3) AND K$<>0
ARG CE) THEN 2280
FND=K$=CHR$ (8) &

|

PD Indtialize
!

DISH "Mann-Whitney U-test statistic

END DEF

ON ERROR BEEP

eric, ["E"1, or

Li, AC)=-TNF @

YLRLOL.CE2=0
|

440 @ DISSE ‘Enter num

LC" @ GOTO 350

CO=5 & N,NO, NCL), NC

I Input loop
I

FOR &H=4 TO 2
DISSE "Sample "8; "LOHR OLYSY
change, ";CHR%CLS7) ;"=and" & WHLT 4
B=" DIGP "Sample";5; "Item"; NS)
+4; BO INPUT BY
LE UPRCE (EG )="E"
IF UPRCS (REC
FNE @ GOTO 3%0
IF UFRCHE( HS) ="C"
ve data to

3 3%0

ITF NS250 THEN BEEP @ DISSE "WARNING-
Can't accept nr2%4" @ WATT 1.%

THEM 4410
AND NCE 20 THER Us

THEN DISP "Must ha
delete" @ REEF 220 @ GOT  

~Conversion function for

ranking routine

Define precision of output
~Palete user's input error
decrement counters

and

TRACKS
key

TRIN or
TRACK

~Wait for keye.

Return 1 if

seer -. i" hd 0

-
< ’ trap

“Enter sample value

entry if BE diz entered

routing if C

~lnd data

~Gall corvection

19 entered

~Return error if attempting to

delete non-existent data

ahhor Lf more than“Return en y
an tered

hi

gata 1L1ems
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  IPROGRAM LISTING
 

   
 

FE
7&0
77
FE

750
200
G40

Xe=UaL (B4%) & N=N+i @

AINCSY+NO)Y=XY @ GOTO

IF N(S)I<C2 THEN BEEP

tT have more than ona

5

NO=N @ NEXT &

OFF ERROR
I

I Binary
I

Ab=CHR4 (41) @

FOR X=2 TO N

L=1 & U=X-§

T=INTCCL+U) 72)

Ki=A(NUM(ASIT,T1))

IF AXy=Ki THEN 55

IF ACXYCKE THEN U=I1-1 ELSE Ls=

IF Ur=L THEN S00

ITF 134 THEN BE=A%04,1-41 ELSE Re=""

IF 1X4 THEN T4$=A$LI+4, LENCA%SYT EL

SE T="

IF Flexi THEN A4=R4&CHREIXIEASTT,

FLGE A$=a% 11, IT1ACHRE OO ETE

N(SI=N(E) +4 ®

A510

220 @©

item" #

DISP "Mus

GOTO 3

sort

ACN+L) =~ TNF

I+4

HEX x

AE=ASLCHES C0)

!

Pb Paired

!

FOR X=1 TO N

Tad (FNCOX)) © IF

NOLA=T @ Ad FNCOX)y=X & (If

070 &Y0

IF =L4 THEN CO0=C0+1 & C=

IF X{OoM aml T=L1 THEM 6720

Re=Ce/C0 & FOR @G=C4L T0 Ci+CO0-1 ®©

FNC» =R 8 NEXT

Co=41 & Li=1T & A1L(FNC

po

NEXT X

!

Pb Compute U

ranks

TCA AND Cosi THE
,CasX 6 6G

TES

Af

COXod=x 8 Ci,02

and &

RY, Re={
LOX) @

E@ FOR X=
NEXT X

FOR X=NOio+d TO
10X00 @ NEXT X
UENCE) RN CEI HNC RINC2Y +4) S22 -RE
Ui=NCOYRRN2Y +NOLIN (HCL) +4) /2-R 1
Usd © TF UEdus THEN U=U2
Ze CUNO HREY S20 SAR GN CLI RN CZ INS
Ly+N(EY +0782)
I

PP View ranks
i

TO NCL) EB RiI=Ri+A

NOE DI+NCE2) B RI=RZ+A  

-Increment

value, and
counters,
continue

stone

~Rinary index sort

Binary search

~Insert preset index into A%

-Store ranks in 6310)

~Replace tied ranks

ranks in

and &
-Compute sum of
variable 1

°Y

Compute U using variable d

=Compute WU using variable 1

Choose smallest U

“Compute 2-8Core



 
 

 PROGRAM LISTING!
 

  
 

GE 0
G90

G0

Yi

Qe

$30

Qa
G0
P60

S70
or a31

290

1000

1040
1020

1030

DIGE "View the ranks? ("
n/n CHRS (R06); "ay

INPUT K4 & K$=UPRCH(KEs&" ")
IF POSOCUNY" ,K$04,410=0 THEN 8Z0
IF K#="N " THEN %70
Xi, X=0 & Y=1i
DISSE "Sample"; Y
Xe4 Xi=X4i4+1 @ IF XN THEN 270
TF OXAONOYY THEN YsYed & Xi=0 @ X=X-
1 @ GOTO 870
DIGF STR$ YI", "8TH:
XI; "R=" 00K) B VsFND
IF VO AND Xi3i THEN X=X-1 #8 Xi=Xi-i
@ GOTO 00

IF VU AND Y2i THEM Y=i
GOTO 200
GOTO 880
|

P View U,V

DIGPE "UU = "SFNI OD
TF UW THEN X=N @& Xi=
0200
DIG "=n
M270
DISH CHES 2107; "unagain, '

A) Miew again, or ";CHR$CLGY
INPUT E4 @ BS =UPRCS (REA ")
dd FOSCYRVE" RELL, 410+4 GOTO
G0,820,1030
STOP

SCHR$ C247)

o
h
=
+PUKE GEA

EOXa,X=lL)

Er VeND
NC Y= 8 GOT

sFNICEY @ V=FND & IF UV THE

CHES (24

Ys "nd"

L000,2

 

~Routine To view

=Printout/display

~Reaview module

the ranks

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-) b (I+)

c (11I-) d (11+)
 

    
Given frequencies a, b, c, 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=l, 2, ..., a) of each more extreme table

having the same marginal totals.

Formula:

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

Where: N = a+b+c+d

Each more extreme table (with the same margins)

 p, = (atb)!(c+d)! (atc)! (btd)!
NT (a1)! (b+1)! (c+i)!(d-1)!

Where: P. e{1,2,...a-1,a}

XI = (1)(2)...(X-1)(X)

 



 

 
 

SAMPLE PROBLEM       
 

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

 

Frequency: / 10

8 5
 

    
NOTE: The table must be arranged as:
 

 

    

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

  

Frequency 5 8

10 7

_IJSOLUTION/

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)? 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]

/ Review routine Run again, View again, or End?

R = rerun the program - step 2 R [RTN]

V = review results - step 6 V [RTN]

E = end program E [RTN]  

 

 



 

 

   VARIABLE NAMES
 

   
 

 

 

 

 

 

     

NAME DESCRIPTION NAME DESCRIPTION

P( ) Probability storage K$ General input string

F Factorial function A Group I- (A)

B Group I+ (B) C Group II- (C)

D Group II+ (D) N A+B+C+D

I,X Index values U Delay flag, = 1 if [BACK]  
 

 
 

   NOTES AND REFERENCES
 

   
 

Notes: 1.

if necessary.

This program requires that a <= 50.
the dimension statement in line 70.

of a number in lines 170-230.
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

a must be the smallest among the frequencies. Rearrange the table

To change this limit, change

This program contains a routine for calculating the factorial
You can use it in your own program

(Sample formula)

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

2. Sir R.A. Fisher, STATISTICAL METHODS FOR RESEARCH WORKERS,
(Oliver 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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   PROGRAM LISTING!
 

   

i0

20

30

40

“0

éH 0

70
80
“0
100
140

120

130

140

£150

160

170

180

190

200

240

ae

230

2410

2%

260

270

280
29
S00
Fal

R40

3%

6H

Ka

360

Ee

400

44.0
420
AH
A440

4% 0

IP FISHER ~ Fisher’s exact
test for a 2X2 contingency

I table
I REV 14/04/82
|

DIGP
at"

DIM PAS50) ,K$L20]
|
I Delay routine

|
DEF FND

Fisher Exact Probability le

Ké=KEY4$ & IF KH${>CHR$COLEY AND K${(0
ARE (EH) THEN 120
FND=K$=CHR% (8) &
!

I Calculate
|

DEF FNF (MN)
f=1

FOR Xe
Fre

NEXT X
F Md F wn F

END DEF

PoLidmit
|
DEF FMI)
0
LNFWUI
INPUT

END DEF

factorial

TO WN

output precision

TRIO 000004.%0/40000

(iy PUA

(fy Th

(Cy +50

(Hy 9,0

THEN 34(

Group L-

Group I+

TRPUT "Enter Group T1-
INPUT "Enter group TI+
IF (ACB + (ALE + (ALD) =3

"Enter

"Erte

"Oomuet be the emal

GOTO 140
BEEP 8850 &
lest freg." 8

Na+C+D

Calculate prob.

FOR T=0 70 A

DIG
WALT 4 ®@

POLY sFMF CaeB RF NF COHDYRKFNF CaCO NFNE
CEI)
POLy=P CL) CF NF CRD EF NF (A-TYRFNF (B10
AFNF CCH) HFNF (D-10
NEXT 1
!
P Printout
1

DISF "Exact probability =";FNI(F(0)
yO U=FND & IF LU THEN 4%0  

TRACK
key

‘RTNY or

‘RACK’

Wait For

Return 1 if

keye

~Fungtion to compute factorial

Function to define

precilsion

“Enter the frequencies

output

=Qarify that A is the smallest

frequency

~GCalculate

Store exact

the probabilities.
prob. dn ACO)

~Diaplay the probabilities



 
  

 PROGRAM LISTING!   
 

4460
470
480

49 (1

LH00
54.0
He
S30
S40

550
S60

570

X=)
X=X+4 @& TF XA THEN %40
DIGE "Peroh ("XX") =" FNI(POX)) & U
=FND
IF U0 THEN X=X~-(X>41) @ GOTO 480
GOTO 470
!
I' Review routine

}
DISSE CHRE(Z10) "un again, ";CHR$(24 Review module
4); "iew again, or ";CHR$CLZ7) "nd

>

INPUT K$& @ K$=UPRCH(KSE" ")
ON FOSC"RVE" ,K$11,410+4 GOTO S40,28
0,450,570
STOP
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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

X11 X10 cee X14 ay

Xo1 Xoo cee X2q a

X31 X30 cee X3q aq

X. Xoo... Xpl "p2 pa %p

Total B, B, By G   
 

Intermediate formulas:

(1) = 6%/pg
(2) = (za5)/a
(3) = (389)/p

v \2(4) = (0%)

Harmonic mean fh = “TET
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   PROGRAM DESCRIPTION 

 

 

2-FACTOR ANALYSIS OF VARIANCE (continued)

SO fet= ) df, = Zin, - Pg MS = SS/df

ss, = A [(2)-(1)] df, = p-1 Ms. = SS_/df_ F = MS/MS,

ss, = 1, [(3)-(1)] df, = g-I MS, = SS,/dfy Fp = MS/MS,

SS= pl (4)-(2)-(3)+(1)] df= (9-1) (p-1)

MS, = SS,/df Fp = MS/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)

IJSOLUTIONL

STEP INSTRUCTIONS DISPLAY INPUT

Run "AQV2F" 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 CIim. 1 Item 1? 3 [RTN]

Row 1 Clm. Item 2? 3 [RTN]

Row 1 Clm. Item 3? 2 [RTN]

6b End column (1,1) Row 1 Clm. Item 4? 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 Clim. Item 1? 2 [RTN]

Row 1 Clim. Item 2? 2 [RTN]

Row 1 Clim. Item 3? 1 [RTN]

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

/ [1,2] Mean

=

1.66667 N = 3 [RTN]
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 ]SOLUTION
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

STEP INSTRUCTIONS DISPLAY INPUT

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

6 Enter column (1,3) Row 1 Clim. 3 Item 1? 3 [RTN]

Row 1 Clim. 3 Item 2? 1 [RTN]

Row 1 Clim. 3 Item 3? 2 [RTN]

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

7 [1,3] Mean = 2 N = 3 [RTN]

[1,3] Std. = .8165 [RTN]

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

Row 2 Clim. 1 Item 2? 6 [RTN]

Row 2 Clim. 1 Item 3? 7 [RTN]

6b End column (2,1) Row 2 Clim. 1 Item 4? E [RTN]

/ [2,1] Mean = 7.3333 N = 3 [RTN]

[2,1] Std. = 1.24722 [RTN]

6 Enter column (2,2) Row 2 Clim. 2 Item 1? 8 [RTN]

Row 2 Clm. 2 Item 2? 6 [RTN]

Row 2 Clim. 2 Item 3? 6 [RTN]

6b| End column (2,2) Row 2 Clim. 2 Item 4? E [RTN]

7 [2,2] Mean = 6.66667 N = 3 [RTN]

[2,2] Std. = .94281 [RTN]

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

**Error** Row 2 Clim. 3 Item 2? 95 [RTN]

6a| Call error correction Row 2 CIlm. 3 Item 3? C [RIN]

This will be displayed: 2,3,2 deleted = 95

6 Enter correct value Row 2 Clim. 3 Item 2? 5 [RTN]

6b| End column (2,3) Row 2 Clim. 3 Item 3? E [RTN]   
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SOLUTION
 

 

 

 

 

 

 

 

 

 

 

 

     

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)? q [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 Clim. j Item c? Xijc [RTN]

5a If error, call correction Row i Clim. 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 Clim. j Item c? E [RTN]

6 If you answered Y to #3: [i,j] Mean = N= [RTN]

[i,j] Std. = [RTN]/[BACK]

/ 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 V [RTN]

E = End the program E [RTN  
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   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 (clm) NO Temporary n per cell

X$,AS$ General input strings N1 Grand total n

X1 Temporary Ix per cell X2 Temporary 5x 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 ES 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 (q-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
40

“0
6H
70

ei

“0

100

$40

120

130
140
1%0
160

150

200
24.0
S220

230
240

boANOVAZF - 2-Factor

I Analysis of variance
!' (equal or unequal cell size)

PD Unweighted (NON least-squares) me
thod

PREV 14/04/82
i
DISKE "2-~Factor Varianc

a" B® WATT 14
DIM AC200 820200 ,XH0%01,X50) ,A%020]
|

PF Precision
I

DEF FIX) = INTOOKL0AS+ 9) /00%

Analysis of

PP Correction
i

TF NOLL THEN BEEP 880 & DIGF "Must
Have data to delete" & GOTO 200

DIGE Tm," 05", "NO; "Deleted ="; X(N
0) © WalT 1

Alm -X(N0) @&
~4 8 Ni=pi-i
FME=0 @& LHD DEF

|

Pb Delay

DEF FIND

RemE-XANOY 22 @ NO=NGO

Xb=KEYS & IF XS 2C0HR%04EY AND X50
HRS CE) THERM 2%0
FrabD=X4=CHK$ (G8) @
I

Initialize
I

INPUT "How many vows (pr "0

TNT "How many columns (og) P9506
TRPUT "Print the means (Y/N) 10; XE
BOP a=POSUPRCECNE) "YD

FOR X=1 TO P 8 &ACC=0 6 NEXT X
FOR Y=i TOG & ROYI=0 @ NEXT Y
ME, GL, EA ES, AZ, BE, ME NE HE =0
DISH CHEE 49%)" to correct, ";CHRE

(L970, to end cell." & WAIT i
l

PD Error

I
OM ERROR BEEP S80 & DIGP
ter [EI,ICT,or numeric” @

GOTO 440

END DEF

trap dng

"Please en

WaTT 3 &  

Function to define
precision

output

routine to

counters

correction

from

“Error
delete data

ETN or TRACKS
‘BACKS key

bait for

Returns
4
(A

=Gtarting prompts

~tnitialize counters

~frror message for data
routines

Erte y

Keys.
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  IPROGRAM LISTINGL
 

 

4:20
4350
440
4510
460
470
480

490

550
&HO0

6H 0

620

650

6H4 0

PF lnput routine
|

FOR I=4 TO F & FOR J=4 TO W
NO=0 & Xi=0 @ X2=0
DISSE "Row"; 1;"Clm.";J; "Item" ;NO+1;
A=" @ INPUT X%
IF POSCUPRCS (XS), "0"
GOTO 460

IF POSCUPRCE CXS), "E™)

THEN WU=FNE ®

THEN 550

X=UAL XE) 8 Xi=Xi+X @ XZ=X2+X2 8 N
0=NO+4 8 X(NOI=X & Ni=Nit+i
GOTO 460
|

I End
I

TF NO<C2 THEN KEEP 880 © DILGF "Must
have >4 datum per cell." @ WAIT 1 @

GOTO 4560
M=X1/H0 € S4=844X2-X1 2/0
Hi=Hitdi/NO @ AD) =60T0+M &
y+
ES=iEheMrl & Gi=G1+M ©
~R/M0Y M0)
IF P4=0 THEN BEEP 440 & GOTO 620
DISSE "0500," 05 "mT Mean =" ERIM);
"ist NO OB UsFND & IF UU THEN 600
DIGE "I",0") Std =" FNIOGE)
@ U=FND ® TF U THEN 600

MEXT J 6 NEXT X
Hi =P XG /H1
FOR L=4 TO PF @ AZ=AZ+A01)%2 & NEXT
I
OR J=1 TO Q ©

cell

ROT) =ROT

GO=50R COKE-XE

Ba=mnzeROIY 2B NEXT

Sub-equationg

E4=GL"2/ (PXE)

EA=gal/0 & Eas=mRo/P
|

FP Compute 385 M5,df,F
I

Di=pF—4 6 Si=HiXx(ES-E1) ¢& Mi=51/D10

PormB SF=MHLR E421) © M2=52/D2

DE=(Q-1IRP4) & S3=MHIN(ES-E3-E4+E1

YOE MA=DASDE

DA=NL ~F RE & M4=H4/D4

Fa=Mi/ M4 & Fi=M2/M4
!

bP Display the results

i

DISP "a BE=T ENTE "dE=" 01 F&F Us
FRO & TF U THIN 820  

~Data entry

~Call error correction if C7

is entered

Goto end of

entered

Increment

total N

cell df Edw

cell counters and

~Call maaan

Harmonic

total

=e ll

mean counter, grand

etandard deviation (nn?

~Display mean Ff PL dis cet

~Compute sue of “GUM
of Hesguared

A-squared,

~Lomputation

=Display results
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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 largest and the smallest variance come
from the same population of variances.

Formula: (Note: x = CHI)

K
x2 =f In (S%) - 3 f; In(s;2)

i=1
 

 

th
Where: s.2 Sample variance of the i sample

F, = Degrees of freedom (n;-1) of the iP sample

K

2 _ i=1
> 7 f

K
f=3 f

 



 

  

SAMPLE PROBLEM      
 

Determine whether the variances of the groups shown below differ sig-
nificantly across the groups. The obtained chi-square of 1.04 shows
that the differences are not significant.

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.

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

SOLUTION L

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]

**Erpror** 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 limited to a maximum of 50 samples.
To change this Timit, change the dimension statement in line 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.
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 IPROGRAM LISTINGL
 

  
 

10
i)

40

“0

HA

70
£0
50

5.00
140
120

130

140

1%0

160

170

180

190

200

210
cel

250
240

E50

Ee

ZA0

540
350

Gal

BL

bP RARTLETT - Bartlett's Chi-
I square statistic (test for

P homogeneity of variance)
!

I REV 44/01/82
DISK "Bartlett

ic" #@ WATT 4

DIM S250) ,F(50),6%04010

I

PP Correction

|

DEF FNE

IF K<3 THEN BEEP 440 & DISF "Must h
ave data to delete” 8 GOTO 4%0

pIGP "Sample"; K; "deleted =", 852(K);"
3 FOKD)

GpO22 (KIXF(K) @

~FRIRLOGLO(SZ2CK)Yy @

m= 4,

FNE=0 @

|

I Delav
!

DEF

‘& Chi-square Statist

SE4110]

routine

Fuf-F (K) 8 §3=53
54m=G4-5/F (KY) @

END DEF

routine

FIND

Ke=KEY4 & TF K$CGOHR$E)Y AMD K$E<CIOH
R$ CLE) THEN 200
FND=K$=CHR4% (8) @
DEF FNILIOX) = INTC

END DEF
AXNL04%- 90/70 0%%

Bi, 53,54), Fols=0 8 Als© Mis=INF
DISH "ELE to end, C,0 to correct” ©
WATT {

ON ERROR ®
LRTNT, LCI
GOTO 2&0
DISP "ample
INPUT &%, B44
IF FOS CUP RECS ¢

DIGP
Frog

"Enter [EI]EF220 ©
TNT or 52. WATT 4 @

fe
doo

1

Kd; "enter var. , df";

TET) THEN BHOAGL, 10,

IF FOSIUPROSH CAS CNY OTHER
NE 8 GOTO 2&0
SAH) =VaL(A%) €

S41, Uf

Foe d d=(RED

SEGALUAL RSI NOEL TOVAL CAL) Y &

A444 S000 CRED

FabAOL (REY BOGE

B K=K+i @& GOTO nen

!

I End of

—
ham

FAL (REED

data

Sa=GA/F @ CO=(FRLOGLO(SE YS) Ne

(+0 C3RE-1) ye (G4-LAF)

=4 TO K€ IF S201) 3aL THEN

Caz

2 izoes  

(or

Del

The

=W 3 i,

Ret

rect us

ete Inc

Counted

t fay 7

urn 3d

=~Fuanction

Jae

= Tri

=o

ent

{al
im

~ lnc
next

=F

ch
=ley

yar

Lad on

tialize

Pron trap

0 endo

Ged

1 error

entered

Ement

sami l

of dat

square
Ermine
Lance

sere output

grrect value from
a

CRACK

key

BTN opr

f° TRACK

keya

0 define the output

counters

f-data iF ‘E7 is

correction Ff C7

counters and enter

el

a= compute

valu

MaximumMinium
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 JPROGRAM LISTINGL
 

  
 

BE 0
390
400

41.0

40

430

440

450
460

470

IF S200) Hd THEN Mi=82(1)
NEXT I
MO=a1/M1 & D=K-4

PRINT "Chi-square ="; FNI(CO) 8 U=FN
Doe IF U TH440

PEINT "Faax ="; FNIOMO) & U=FND @ IF
U THEM 4410

FRINT "df=";D & U=FND & IF U THEM 4
20
DIGP CHR$CZL0; "un again, ";CHRH(24
4) "dew again, or ";CHRECA97) "nd

?

INFUT "7"; A% @ AS=UPRCH(ASEY
OH POSCPRVEY,A%TL,110+4 GOTO 440,23
0,440,470
STOP

 

=Compute F max, total degrees
of freadom

=Diaplay the results

~Raeview 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:

"12
\2 - > (Cy ;-ni6)

= n.6(1-5)

Where:

K = number of samples

 



 

 
 

SAMPLE PROBLEM  
   

 

Suppose that a simple test of mechanical ability is given to 4 groups
of school children under the conditions found below. 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 C,

Condition Failure Success

Extensive training before lunch 8 42

Extensive training after lunch 12 18

Minimal training before lunch 50 170

Minimal training after lunch 9 90

 

 

 

 

 

|ISOLUTION/
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

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 [RIN]

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,C2? 19,19 [RTN]

Call correction routine Sample 5 enter C1,C27? C,C [RTN]

This will be displayed: Sample 4 deleted = 19,19

Sample 4 enter C1,C2? 9,90 [RTN]

3 End data input Sample 5 enter C1,C2? 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,C2? C1i,C2i[RTN]

If you made an error: Sample i enter C1,C2? C,C [RTN]

This will be displayed: Sample i deleted = Cli,C2i

Goto 2 until all data has

been entered.

3 End data input Sample i enter C1,C2? E,E [RIN]

4 Read output. User [RTN] to Chi-square = X2 [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

AS 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 limit,
change the dimension statement in line 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.

75



76

 
 

  
 

PROGRAM LISTING
 

  
 

10
20
30
40
“0
60

vA
80
50

100
40

120

140

150
160
170
1a
1.50

200

290

300

S10

S50

I DIFF—~ Differences
among proportions

bREV 44/01/82
I

DELAY 5
DIGEF "Differences among proportions
1

DIM CLC300),C2(300) ,A%L5001,BH1%50]

!

I Correction
i

DEF FRE

TF NGL THEN BEEP 220 8 DISP "Must h
ave data to delete” @ WALT § 8 GOTO
150

DISSE "Sample" ;M; "deleted =";CL{N);"

US C2ONY EB OWAIT 4
AL=X4 CLM) @ NI=NL-CL(N)~-C2(NY & N
mif

FNE=0 & END DEF
!
bP Delay routine

!
DEF FND

At=KEYS ® IF A$CICHR$(8)Y AND A$ CH
RECL3) THEN 200
FND=A$=CHE$ (8) & END DEF
DEF FNIGK) = INTONL0 S++. 50/7007

i

PD Input routine
|

X1,Ni,N={0
DIGPF CHR%C497):" to end input, ";0CH
RECESS" to correct" & WATT |
ON ERNOR BEEP 220 @ DISF ‘Enter ["E
"1,0"C" or LCL,C2170 @ WATT 1.% & 6G
O10 290
DIG "Sample" ;Mel;" enter CL,C8
E INPUT a4, BY
TF UPRCH AS I="E" THEN 340

TFOUPRCHE CAS ="C" THERM U=FNE & GOTO
250
CLiN+L =U(AT) & CRON+L)Y=Ual (le) @
Madd,

XE=KAe0L ONY 8 MNI=NI+CL OND CEN) & 6G
ara 290

IF N42 THEM BEEF 220 € DISP "Please
enter more than 1 sample” 8 WALT 1
& GOTO 2%0

|  

“Rou

wld
[et

tine to correct error and

decrement co

tT for RT
urn 4 for

=Function to

PREC LS on

~krr
Lk

Fried

ent

-Call correction routine if

1%

=n

con

“Ered

unters

Moar TRACKS key.

TRACK

def ane

Kew

output

or traps returns warning iF
Le enteredegal data

data ent
eri

entered

rement Co

dition va

routine

ry 1

uriters,

~ gr

in 14

gx

STore

Lues, and cont.

verify that NX>
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   PROGRAM LISTING]
 

  
 

$60
370
30
E90
400

44.0

4:0

430

44)

450

480

470

460

44 (1

S00

510
Hall
Ha

L440

Shy
260

570

Computation
!

T=X4 /NL
DeN-
sa)

FOR I=1 TO N
NO=CL CL» +Ca CT)
CAECEE CCL CI) =NOXTY 22 / (NORTH C410)
NEXT I
I

PF Print
}

FRINT "Chi-square =";FNIL(CZ) ®@
De IF U THEN 480

PRINT "df=",D & U=FND & TIF U
a0

PRINT
LI THEN

out

UsFi

THEN 4

"Theta=";FNI{(T) @ U=FND @ IF
4G Q

I Review routine
I

DIS CHRECZ100 "um again, ";CHREG(24
A); "lew again, or ";CHRECLY?) ("nd

?

INFUT AF & AS=UPRCE AEE" ™)
ON POSCRVE" ,A4$T4,41+4 GOSBUR %40,2
GU,A80,%70
TOP

 

=Cormpute Theta

=l.oop to

value
compute chi-square

“Routine to display data

“Reayiew 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 log 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:

_v _ ZX
mean = X = n

2 2
Standard deviation oy | (22) _ ( LX

Log transformation = log_X

Square root transformation =\{ X

>
<

1

X-

Oo
 Standard score s =

x

T transform t = s(o ) - X
Cc Cc

Where: a, is the constant standard deviation.

Xo is 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 7 8
Time (minutes) 27 15 26 17 12 8 27

(Artificial data)

SOLUTION L

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 [RIN]

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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 1SOLUTION |
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

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 IN STRUCTIONS
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 T7?

L = Log (base e) transformatio 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,o0? u,0 [RTN]

5b Transformation type is displayed transformation [RTN]

6 Read transformations Item i Raw = Ry; Trn = T; [RTN]/[ BACK]

/ 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]      

81



82

 

 

   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 IX; S2 data-squared Z(X{)

K$ Delay 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 line 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!
 

  
 

10

20)

30

40
0

&H0

70

a0
“0

100

140

120

1320

140

1%0

160

1% 0

16810
150
00

a (1

rae' (1

o2(1

wa

EAA
S00
Sa
Ba
SE

SalAS

ee

aad

“rip

Ad

vr

at

TRANS — Data transformation

blog base e, square root,

boastandard score, & t score
|

REV 44/04/82

i

DISK

ATT 4

DIM ACS00),680601)

INTEGER T

DEF FNI(X) =

Transformations” © UW

IMTOXRL0%+ SH) /407%

DEF FNE

IF N<4

ave data to

150

DISH "Trem" ;N; "deleted =";00N)

Si=5L-a0d) @ S2=02-00N)"2 @ MNeN-i

FNE=0 & EMD DEF

!

PF Delay

LISP

WALT

"Must h

i 8 GOTO

THEN REEF 220 @

delete" ©

Function

|

FMD
KKEY 5 TF K%L
HEE CED THEN 200
FMD=EK$=0CHR$ (8) @
MN, GE, Bas
DIGHF CHR$4L9Y) 5" to end

RECLYSY,Y to correct” @
ON ERROR BEEP 220 8 DISH
FRTNTSECHIRTHI or data ©
GOTO 2%
DIG "Trem"
&:

ITF FOS

bs ~
~

~
~
~
~POHRE CLE) AND KH

END DEF

input, "; 0H
Walt id
"Enter
Walt 1 ©

IMPUT &sN+LY Soore”; E

UPRECS (AS), "EY THEN 3350

TF FOSCUPECE CAS), "C") THEN U=FNE &

GOTO 2%0

Gl=G4l+eVal as) & S2=52:0aL 00%) 2 & N
mpd4

Fp) =

!

PoEndd

|

IF ONCE THEN RERP 2820 @

ave mare than 1 dten" &

TO 2%0

fabamM # SeSAROSE,

Valo oad) & GOTO 250

data dnput

DISH "Must hb
WaT 4 oe GO

Ap (LN MED

PRIN
J

U=END ETF U
DIE Enter
it

"Mears "FNL"ED os YS FNT(S

THEM
Tope of

AR

transformation:  

Function to define
precision
Function to

output

handle error

counters

~Delay Function. Waitt for RTH
or TRACKS keys.

~Beginning of vser dialogue

=Eee oar trap

mee Lf wishes to

Entry

sae qf
data

counters

~Check to Us Ey

end data

Check to

correct
vser wishes to

Check validity of sample size

Compute mean and standard
geviation

selon

type

user To

Tan

“Hr anpt

Transforms
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   PROGRAM LISTING!
 

 

fo
n]

{ E
S
~
~

390
400
44.0
4210

430
440

4% 0

460

470

480
4910
S00

wu

Ga

Le

HOO

HAO

LR

6HB

HA

DIGPF CHR$ C204) "0g, ";CHNS(Z211) CHR

$0242); "andard, "3 OHR$24 40) CHEE (20

Yr, or My

DISSE CHRe(242); @

Ab=UPRCHS (ASE

IF FOSO"L LOBASTT

T=P0&E0"L LOBEETT
iN ToT1

TF 124 THEN T=T/2

IF T=4 THEN DISP "Enter ";CHRE$(42);

"LUG OHRECP) BO INPUT MO, 50

Adb="l. og le) Sguare-rootStd. score

T-sCcore

PRINT ASLTHLL-20,THL41;"

tion"

U=F ND

OFF ERROR
Xz)

Km=¥+d & TF

TMPUT A
EB oad=ABTL, 0)
"oad =0 THEN
"OAs @ IF Td

A710

tH

transforma

AXN THEN 610

IF 1=1
IF jeg

THEM
THEM

D=LOGOACXY)
DeGEF CAR IX))

Te=4 THENIF 1=3 OR DEA) MY /5

THEN D=DXS0+M0

PRINT
NICD)
UsFND & TF U
0 540
GOTO
}

"Tren XK; "Raw" A000; "Terns"; F

THER X=xX-4¥ X24) & GOT

“00

P Review routine
|

DISH CHR4C240) "un again, ";CHR$(2S
Ay "iew again, opr "SOHRECLEY I; "nd;

INPUT ad 8 As=UPRCHEA$LE" ")
OM POSCRVE" A404, 410d GOTO &10,2¢

aTap

THE

 

Enter mean and 5D for

t—=transformation

Display name of transformation
Type

~Increment and check

for end of data

=Compute log transformation

Compute square-root

transformation

~Gompute Ut and

transformation

“Trantor mean and

ttiranstormation

=Display transformed

counter

standard score

50 for

lata

=Pirogiram options

 





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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