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Introduction 1

INTRODUCTION

Material in HP-55 Statistics Programs has been selected from the areas
of probability, general statistics, distribution functions, curve fitting, and
test statistics.

Each program includes a general description, formulas used in the
program solution, numerical examples, and user instructions. Program listings
and register allocations are also given. The body of the book is arranged
logically according to subject matter. The back cover contains an index.

We suggest that you first read the material explaining the Format of
User Instructions, then use the programs. An understanding of the HP-55
Owner’s Handbook is also required if, in addition, you wish to track the
changes in the storage registers and stack registers on a step-by-step basis.

We hope you find HP-55 Statistics Programs a useful tool for your
statistical work and welcome your comments, requests, and suggestions—these
are our most important source of future user-oriented programs.
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4 Format of User Instructions

FORMAT OF USER INSTRUCTIONS

The completed User Instructions form is your guide to operating the
programs in this book.

The form is composed of five columns. Reading from left to right, the
STEP column gives the instruction step number. A step number with the
symbol “prime” (") placed to its upper right indicates that step is optional or
alternate to the step with the same number.

The INSTRUCTIONS column gives instructions and comments concern-
ing the operations to be performed. Steps are executed in sequential order
except where the INSTRUCTIONS column directs otherwise.

Normally, the first instruction is “Enter program”, which means to store
the keystrokes of the program into memory (press & in RUN mode, switch
to PRGM mode, key in the program, then switch back to RUN mode).

Repeated processes, used in most cases for a long string of input/output
data, are outlined with a bold border together with a “Perform” instruction.

The INPUT DATA/UNITS column specified the input data to be
supplied, and the units of data if applicable.

The KEYS column specifies the keys to be pressed. [4]is the symbol
used to denote the key. All other key designations are identical to
those appearing on the HP-55. Ignore any blank positions in the KEYS
column.

Some programs are sufficiently complex that users have to press
additional keys (other than program-control keys) in order to get the answers.
Those keys will also be shown in the KEYS column.

The following is an example of User Instructions (for the Behrens-Fisher
Statistic program).

|sTEP| INSTRUCTIONS DATONITS KEYS oS |
‘ ]' | Enter program |
2 | Initialize [ g 0.00 [
?,; e ,» ‘ - - = [ e ».a%
| Perform 3 fori=1,2,...,n, | Xj Z+ i |
' ‘}Delete erroneous data xj Xk | f
4 Compute X and s; /A/n, f X ‘ STO 0 X
g s [ rCL || |
Lo e JEve = ) snm
‘ [ sT0 1| e |[cer ]l 000
[5 Trertormstori-1,2..00 | w = 11 1 __1___1 i "
57 'Be\ete ;erro’neous data Yy Y [ f i | : L:— i i - V T
6 Input D and compute d and 6 D “ BST | R/S 1 I { d

7 For a new case, go to 2



Step 1:

Step 2:

Step 3:

Step 3':
Step 4:

Step S:
Step 5':
Step 6:
Step 7:
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The first step in all programs is to enter the program into the
calculator.

The initialization step clears the stack and registers Re( through
R.g.

This is a loop which accumulates sums for input data x;’s. The first
time through the loop the dummy variable i takes the value 1; the
second time, i takes the value 2;etc.

Only executed when you want to remove data entered in step 3.

User has to press additional keystrokes to compute intermediate
results and reinitialize registers. X and s;//n; are computed and
displayed.

This is a loop which accumulates sums for input data y;’s.
Only executed when you want to remove data entered in step 5.
D is an input. Answers d and 6 are computed.

This step gives instructions for starting a new case. In this example,
return to step 2.



6 Permutation

PERMUTATION

A permutation is an ordered subset of a set of distinct objects. The number of
possible permutations, each containing n objects, that can be formed from a
collection of m distinct objects is given by

mPn =—m!e=m(m—l)...(m—n+1)

(m -n)!
where m, n are integers and 0 < n < m.

Notes:

1. 4P, can also be denoted by P} , P(m,n) or (m),.

2. mPo=1,u,P,=m, ,P, =m!

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | CODE | ENTRY
25. 00 0 Ry m
26. 01 1 R,
27. 51 - R,
28. 32 g R3
29. -32 x=y 32 R,
30. 23 R Rs
31. | -19 | GTO19 ||Rg ]
32. 23 | Ry R, ]
33. 23 R F: o ]
3. | 00 | gtooo |lRe ]
35. 31 | £ ||Reo -
36. 43 n! Re,
37. -00 GTO 00 R..
38. 01 1 Res
39. -00 GTO 00 Rea
40. 41
41. ) 31
42. 43 B - ]
43. 22
44. 84 | )
45. o5 -
46. 31 f
47. 43 n!
48. 81 .
49. -00 GTO 00




Examples:
1.  ,47Ps =9687600.00
2. 73P4=26122320.00

Permutation 7

STEP INSTRUCTIONS KEYS

INPUT
DATA/UNITS

OUuTPUT
DATA/UNITS

1 Enter program

Il I Il

BsT || mis || B

2 Input m, n m

Ris_ || 1l I

Ris_| l |

EI | I |

l
[
, Il
2" | 1fm <69, for a faster execution [ GTO “ 4 ” 0 ”
[
l
[

il l I

3 For a new case, go to 2

| |




8 Combination

COMBINATION

A combination is a selection of one or more of a set of distinct objects
without regard to order. The number of possible combinations, each
containing n objects, that can be formed from a collection of m distinct
objects is given by

m! _mm-1)..(m-n+1)

C. =
T (m-n)! n! 1-2-..°n

where m, n are integers and 0 < n <m.

This program computes ,,C,, using the following algorithm:

1. Ifn<m-n

~m-n+l1 m-n+2 m
mCn = . et —

1 2 n

2. If n>m - n, program computes ;,Cppy _p-

Notes:

1. C,, which is also called the binomial coefficient, can be denoted by
Ca' , C(m,n), or ().

2‘ an =mCm—n
3. mCo=mCm =1

4. mC1 ZmCm-l =m
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DISPLAY DISPLAY
LINE | CODE E:E;V LINE | CODE E:%V REGISTERS
00. 25. -29 x<y 29 Ry max(n, m-n)
o1. 51 - 26. 34 | RCL R, Used
o2 31 |t 27. 02 |2 R, Used
03. 34 | LASTX 28. | -00 | GTOO00 R3
0a4. 31 f 29. 34 | RCL R4 |
05 | 42 | x<y42 30. 00 |o Rs
| 06. | 33 | sTO 3. | 22 | xzy Re
o7 00 | o 32. 61 | + R,
08. 01 1 33. 31 f Rg |
09. | 33 | sTO 34. | 3¢ | LAsTXx | |Rs '
10. 01 1 35. 81 + Reo
RN 61 + 36. 34 RCL Re, |
12 33 | sTO 37. 02 |2 Re2 |
13. 02 2 38. 71 x Res
14. 44 | cLX 39. 33 | S10 Res
15. 32 | g 40. 02 |2 Res
16. | -44 | x=y 44 4. | 17 | GTO17 | |Res
17. 23 R 42, 22 X2y Rez N
18. 01 1 43. | -06 | GTOO06 Res
19. 34 RCL 44. 01 1 Reo
20. 01 1 45. | 00 | GTOO00
21. 61 | + 46.
22. 33 | stO a7.
23. 01 1 48.
24. 31 f 49.
Examples:
1. 73C4=1088430.00
2. ,,7C5=280730.00
STEP INSTRUCTIONS DATAUNITS KEYS DATATURITS
| Enter program i C_JC_JC_JC_1
2 ot T A N |
n ‘[ BST ” Ris || Il | mCn
3 For a new case, go to 2 i l [ J [ ” ]




10 Bayes’ Formula

BAYES’ FORMULA

Suppose E,, E,, ..., E, are n mutually exclusive and exhaustive events, and A
is an event for which the conditional probabilities, P[A/E;] of A given E;, are
known. If P[E;] are given, then the conditional probability P[E,/A] of any
one event Ey given A is

b (5, /a] = P1E] P IAE

Z P [E;]P [A/E;]
i=1

where k can be 1, 2, ..., or n.

Reference:

E. Parzen, Modern Probability Theory and its Applications, John Wiley and
Sons, 1960.

DISPLAY DISPLAY
LINE | CODE Ez%Y LINE | CODE E:%Y REGISTERS
00. 25. 51 - Ro SP(A/E;IP(E;]
o1 00 |0 26. 33 |sTO R, n
02. 33 | sTO 27. 01 1 R,
03. 00 |0 28. | -06 | GTOO06 R,
0a4. 33 | sto || 29 71 x 1R,
05. 01 1 30. 34 | RCL Rs
06. 84 | R/S 31. | o0 |o Re
o7. 71 x 32. 81 | - R, S
o8. | 33 |sto || 33 |-00 |Grooo |[Re B ]
09. | 61 |+ 34. Ry
10. 0 |o 35. T Ree -
11, 34 RCL 36. Re,
12. 01 1 37. Re, .
13. 01 1 38. Res
14. 61 + 39. Ree
15. 33 STO 40. Res
16. 017“ 1 41. FT.S -
17. | _06 | GTOO06 42. Re; ]
18. 71 | x 43. Res -
19. | 33 |sto | 44 ][R
20. 51 | - e
21. w |o || e | - 1
22. 34 | RCL a7. -
23. 01 1 a8. Bl
24. 01 1 49.




Example:

If P[E,] =0.95
P|A/E, | = 0.005
P[E,] =0.05
P[A/E,] = 0.995

then P[E,/A] =.09

Bayes’ Formula 11

STEP INSTRUCTIONS OATRURITS DATA/UNITS
J Enter program ” l i
2 | Initialize ] 0.00
3 |Perform3fori=1,2,.,n PIE]] | !
n I TR N | I
3" | Delete erroneous data P(Ep, ], J[ J
| etakm PIEm] I
T P[A/Em] 8 IrR/S }
4 | Compute k’[Ek/A] P[Ey] ” ]
. PIA/EL] oo |[ 2 |[ o [ ms || PiEwal B

6 For a new case, go to 2

5 For a different k, go to 4

-




12 Probability of No Repetitions in a Sample
PROBABILITY OF NO REPETITIONS IN A SAMPLE

Suppose a sample of size n is drawn with replacement from a population
containing m different objects. Let P be the probability that there are no
repretitions in the sample, then

P= l_l_ l_i . o 1_n'l
m m m

Given integers m, n such that m > n > 1, this program finds the probability P.

Note:

The execution time of the program depends on n; the larger n is, the longer
it takes.

Reference:

E. Parzen, Modern Probability Theory and its Applications, John Wiley and
Sons, 1960.

DISPLAY DISPLAY
LINE | CODE E:g” LINE | CODE E:%V REGISTERS
—oo—— 25. | 00 |o Ro Used -
o1. 33 STO 26. -06 GTO 06 Ry m
02. 02 2 27. 34 RCL R, Used
03. 01 1 28. 00 0 Rs
04, 33 | sTO 29. | .00 | GTOO0O R,
05. 00 |0 30. Rs
06. 34 RCL 31. R
o7. 01 1 32. R,
08. 34 RCL 33. R,
09. 02 |2 34. R,
10. 01 1 35. Reo
. 51 | - 36. R.,
12. 33 STO 37. R,
13. 02 2 38. Res i
14, 00 |0 39. | IRes
|15, 32 | g 40. Res
16. -27 x=y 27 41. Res
17. 23 RY 42. R.,
18. 22 X2y 43. Res ]
19. 81 + aa. Reo
20. 01 1 as. -
21. 22 | x2y 46.
22. 51 - a7.
23. 33 STO 48.
24. 71 x 49,
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Example:

In a room containing n persons, what is the probability that no two or more
persons have the same birthday for n =4, 23, 48?

(Note: m =365)

1. n=4, P=098

2. n=23, P=.49

3. n=48, P=.04

(That is, in a room having 48 persons, the probability that at least two of
them will have the same birthday is as high as 1 — .04 = 0.96.)

|sTep INSTRUCTIONS AT TS KEYS p JuTPuT

1 Enter program l
[2 [inputm m sTO 1 BST

3 | lnputn n R/S ” P

4 For differentn, go to 3

5 For a new case, go to 2



14 Gamma Function

GAMMA FUNCTION

This program approximates the value of the gamma function I'(x) for
1 < x < 64.

oo

F(x)=f 1 et dt
o

( Sy ;)
=2n/x x*e 12x 360x°
Suppose € is the error, then

€

<2x1077
rx) >~

This approximation is good for large x. In order to increase the accuracy
(especially for small values of x), the program computes I'(x + 5), then I'(x) is
calculated using the following formula

I(x +5)

I(x) = (x+4) (x+3) (x+2) (x+ 1) x |

Note:

This program can be used to find the generalized factorial x! for 0 < x < 63.
x'=DN(x+1)

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.
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DISPLAY DISPLAY
LINE | CODE E:‘(ﬁ‘(” LINE | CODE E:E;Y REGISTERS
25. 32 g Ro Used ]
05 - § ) 26. 2% e* ) ,RJ
61 |+ 27. | 22 | x>y ||R2 -
4 28. 41 1 Rs |
| 13 x 29. 61 + R, B
o4 |t 30. 31 f Rs
AR 31. 83 | m B,!‘- |
41 T |32 71 | x R, N
41 || ss 31 f Rg ]
03 3 34, 42 | \/x | |Re |
060 0o || 35 AR Reo
| o8 |+ 36. 33 | STO | |Res |
01 1 || 87. | 00 0 R.; -
. 13 51 — 38. 44 CLX Res N
14 | 71| x 3. | o5 5 Rea
15, 01 |1 40. 51 | — Res 3
16 02 | 2 41. | 33 | sTO | |Res |
kj?- 81 o 42. 81 + Re7 o
. 18. 22 X2y 43. 00 0 Res |
19, | 3 f 44. 01 1 Reo
. 20. 22 In 45. 61 +
21 51 — 46. 31 f
22, 711 | x 47. -41 x<y 41
23 61 + 48. 34 RCL
24. 42 CHS 49, 00 0
Examples:
1. T (5.25)=35.21
2. 7'=T1(8)=5040.00
3. 2.34!'=1(3.34)=2.80
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program L‘___I [_— ‘ —_“I [ ” ]
2 Initialize BST { ] [ J [ J
3 | Inputx x [ ris || [ H__——‘] Tix)
4 For a new case, go to 3 L H———“J”L H ”




16 Incomplete Gamma Function

INCOMPLETE GAMMA FUNCTION

X
v (a, x) =f et 27! dt
0
X

a(at+1)..(atn)

where a >0, x > 0.

This program computes successive partial sums of the above series. The
program stops when two consecutive partial sums are equal and displays the
last partial sum as the answer.

Note:

When x is too large, computing a new term of the series might cause an
overflow. In that case, display shows all 9’s and the program stops.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.
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DISPLAY | DISPLAY
LINE | CODE | E:‘(%V LINE | CODE E:'TE;Y REGISTERS
oo. IR | o5 | 02 |2 Ro x
o1. 33 | STO 26. 61 + R, Used
02. 00 |o 27. 32 |g R, Used
03. 22 X2y 28. | -30 x=y 30 R,
04. 33 | STO 29. | -12 GTO 12 R,
05. 01 1 30. 34 RCL Rs
06. 12 | y* 31. 00 |0 R
o07. 34 RCL 32. 32 |g R,
08. 01 1 33. 22 X R,
09. 81 + 34, 81 3 R,
10. 33 | sTO 35. | -00 | GTOO0O Reo
11. 02 2 36. Re,
12. 34 RCL 37. Re2
13. 00 0 38. Res
14, 34 RCL 39. \Rea
15. 01 1 40. |Res
16. 01 1 a1. [Res
17. 61 + 42. IRo7
18. 33 | STO 43. |Res
19. 01 1 44. |Reo
20. 81 = 45,
21. 34 RCL 46.
22. 02 2 47.
23. 71 x 48.
24. 33 STO 49.
Examples:
1. v(1,2)=.86
2. vy(1,0.1)=.10
STEP INSTRUCTIONS DATATNITS N DATATUNITS
1 Enter program
2 Input a, x a t
x BST R/S v(a, x)

3 For a new case, go to 2



18 Error Function and Complementary Error Function

ERROR FUNCTION AND
COMPLEMENTARY ERROR FUNCTION

‘ 2 o
Error function erf x =—f e t? dt
Vv Yo

Complementary error function
erfcx=1-erfx

where x > 0.

This program computes successive partial sums of the series. The program
stops when two consecutive partial sums are equal and displays the last partial
sum as the answer.

Notes:
1. When x is too large, computing a new term of the series might cause an

overflow. In that case, display shows all 9’s and the program stops.

2. The execution time of the program depends on x; the larger x is, the
longer it takes.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.
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DISPLAY DISPLAY
LINE | CODE Ex;:;" LINE | CODE EE%Y REGISTERS
25. 71 X R, Used
26. 33 |sTO R, 2x*
02. 00 0 27. 00 0 R, Used
03. 41 1 28. 61 + R,
04. 71 x 29. 32 g R,
05. 02 2 30. | -32 x=y 32 Rs
06. 71 X 31. | -14 GTO 14 Re N
07. 33 STO 32. 02 2 R,
08. 01 1 33. 71 X Rg
09. 01 1 34. 31 | f Ry
10. 33 STO 35. 83 n Reo
11. 02 2 36. 31 f Re,
12. 34 RCL 37. 42 | \/x R.,
13. 00 0 38. 34 RCL Res
14, 34 RCL 39. 01 1 Res
15. 01 1 40. 02 2 Res
16. 34 RCL 41. 81 + Ree
17. 02 2 42. 32 g Re7
18. 02 43. 22 e* Res
19. 61 + 44. | 71 | x Reg
20. 33 STO 45. 81 =
21. 02 2 46. 84 R/S
22. 81 + 47. 01 1
23. 34 RCL 48. 22 X2y
24. 00 0 49. 51 _
Example:
erf 1.34 = .94
erfc 1.34 = .06
1 Enter program [ ” I [ ][ ]

Compute erf x and erfc x

For a new case, go to 2

[est |[ ms |

[— T

|

I[

—




20 Random Number Generator

RANDOM NUMBER GENERATOR

This program calculates uniformly distributed pseudo random numbers u; in
the range

o<y <1
using the following formula:
u; = Fractional part of [(m +uj_;)°].

The user has to specify the starting value u, such that

0<uy <1.
DISPLAY KEY DISPLAY KEY REGISTERS

LINE | CODE | ENTRY LINE | copE | ENTRY

00. s 25. 23 RY Ro u;
o1. 33 STO 26. 33 STO R,
02. 00 0 27. 00 0 R,
03. 84 R/S 28. | -03 GTO 03 Rs
04. 31 f 29. 51 - R,
05. 83 T 30. | -26 GTO 26 Rs
06. 34 RCL 31. Re
07. 00 0 32. R,
08. 61 + 33. Rg
09. 05 5 34. K,
10. 12 Vs 35. Reo
11. 41 1 36. Re,
12, 41 t 37. Re>
13. 43 EEX 38. Res
14. 09 9 39. Res
15. 61 + 40. Res
16. 43 EEX 41. Res
17. 09 9 42, Re7
18. 51 _ 43. Reg
19. 01 1 44, Reo
20. 51 - 45.

21. 51 - 46.

22. 01 1 47.

23. 31 f 48.

24. | 29 | x<y29 49.
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Example:

The following uniformly distributed pseudo random numbers are generated
for uy =0: .02, .73, .70, .31, .58, .85, .86, .43, .33, .60, .67, .93, .22, .32,
45,.50, ......

STEP INSTRUCTIONS oAThUNITS KEYS DATA/UNITS
1 Enter program
2 Input ug Ug BST R/S Uy
3 Perform 3 fori=1,2,3,.. R/S uj

4 For a new case, go to 2



22 Mean, Standard Deviation, Standard Error for Grouped Data
MEAN, STANDARD DEVIATION,

STANDARD ERROR FOR GROUPED DATA
Given a set of data points
X145 X2,5.005 Xp
with respective frequencies
fi,f5, .., fn

the program computes the following statistics:

Efixi
meanXx =
zf;
_ fix;?- (Zfp)x?
standard deviation s = _
xfi-1

standard error sy =

NP



Mean, Standard Deviation, Standard Error for Grouped Data 23
DISPLAY DISPLAY
LINE | CODE E:‘(E;V LINE | CODE Ezﬁ‘(” REGISTERS
01. 33 | STO 26. 00 |o R,
02. 61 + 27. 33 STO R,
03. 00 0 28. 83 R,
04. 22 X2y 29. 00 0 R,
05. 71 X 30. 34 RCL Rs
06. 31 f 31. 83 Re
07. 34 LAST X 32. 03 3 R,
08. 22 | x2y 33. 33 | sTO Rg -
09. 71 | x 34. 83 R,
10. 31 f 35. 02 |2 Reo n, 3f;
11. 34 LAST X 36. 31 f Rey Zfix;
12. " >+ 37. 33 X Re2 Z(fixj)?, 2fix’
13. | -00 | GTOO00 38. 8 | R/S Res 2fix?
14. 42 CHS 39. 32 g Res Z(fix?)?
15. 34 RCL 40. 33 s Res Zfix;’
16. 83 41. 84 R/S Res 0
17. 00 0 42, 34 RCL Re; 0
18. 02 2 43. 00 0 Res 0
19. 51 - 44, 31 f Res 0
20. 33 | STO 4s. 42 | \x
21. 83 46. 81 +
22. 00 0 a7. -00 GTO 00
23. 23 R 48.
24. | 01 GTO 01 49.
Example: %=792
i |2 34 7 11 23 341 =75
s 3 4 2 3 1 =177
STEP INSTRUCTIONS DATRITS KEYS DT s
1 Enter program [ “ ] I ” ]
2 | Initialize ) s J[cer |[s0 |[ o | ]
i et || 1 I 000 |
3 Perform 3 fori=1,2,...,n Xj t { “ J[
B f; R/S l i
3 Delete erroneous data x, fi Xk + ]
fi [ero |[ 7 | & [ ms |
|4 |Compute %, s and sz [ero |[ 2 [ 5 [ ms || =
N as ]| i I[ | .
B NN | N | S
5 For a new case, go to 2 | ” ” I




24 Geometric Mean

GEOMETRIC MEAN

For a set of n positive numbers {a, ,a, ..., an},the geometric mean is defined
by

1
G=(a; a5 ... ap)".

DISPLAY KEY DISPLAY KEY HEGISTERS

LINE | coDE | ENTRY LINE | CODE | ENTRY

00. 25. 12 v Ron
o1. 01 1 26. | -00 | GTOO00 R, Il 3
02. 33 | STO 27. 33 | STO R,

03. 01 1 28. 81 + R,

0a4. 0 |0 29. 01 1 R,

05. 33 | sTO 30. 34 RCL Rs

06. 00 |0 31. 00 |o R

o7. 84 R/S 32. 01 1 R,

08. 34 | RCL 33. 51 | - Re
09. 01 1 34. 33 | sTO R,

10. 71 x 35, 00 |0 Reo
11. 33 | STO 3. | -07 | GTOO7 Re,

12. 01 1 37. R.;

13. 34 RCL 38. Res

14. 00 |0 39. Res

15. 01 1 40. Res

16. 61 + 41, Res
17. 33 | sTO 42. Rer
18. 00 0 43. Res

19. | -07 | GTOO7 44, Reo

20. 34 RCL 45,

21. 01 1 46.

22. 34 | RCL a7.

23. 00 0 48.

24. 13 U 49,




Example:
The set of numbers {2, 34,341,7,11, 23} has the geometric mean G = 5.87.

STEP

& W w N

INPUT
INSTRUCTIONS DATA/UNITS

Enter program

Initialize
Perform 3 fori=1,2,..., n 3
Delete erroneous data ay EM

Compute the mean G

For a new case, go to 2

BST
R/S
GTO
GTO

R/S

KEYS

Geometric Mean 25

7 R/S

0 R/S

OUTPUT
DATA/UNITS

0.00



26 Harmonic Mean

HARMONIC MEAN

For a set of n positive numbers {al , A2, ) an} , the harmonic mean is defined
by

H= n
L,
a; a, ap
DISPLAY KEY DISPLAY KEY REGISTERS
LINE | cODE | ENTRY
25. | -00 | GTO 00 [Ron
26. 13 1/x R, Z1/a;
27. 33 | STO R,
28. 51 - R,
29. 01 1 Ra
30. 34 RCL Rs
31. 00 0 Re
32. | o1 |1 R,
33 | 51 |- Rg o
34. 33 STO R,
35. 00 0 Reo
36. | -06 GTO 06 Re,
37. Re2
38. Res
39. Res
40. R.S
41. Res
42. R07
43. Res
44, Reg
as. | | ]
46. i ]
a7.
48.
49,
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Example:

The harmonic mean for the set of numbers {2, 34,341, 7, 11, 23} is
H = 4.40.

INPUT
DATA/UNITS

1 Enter program I I [ “ ]

2 [nitialize BST R/S l 0.00

KEYS OUTPUT

STEP INSTRUCTIONS DATA/UNITS

3 |Perform3fori=1,2,..,n a Cwes ) 1 1] i

3| Delete erroneous data ay a Gto || 2 || & || ms |

"4 | Compute the mean H [Gro |[ 2 [ o || ws | o
5 [Foranew case, go to2 1l I Il |




28 Generalized Mean

For a set of n positive numbers {al, ay, ...

defined by

GENERALIZED MEAN

M(t) =

where t is any desired number.

Notes:

-] -

, an} , the generalized mean is

1. If t =1, the generalized mean M (1) is the same as the arithmetic mean.

2. Ift= -1, the generalized mean M (-1) is the same as the harmonic mean.

DISPLAY DISPLAY
LINE | CODE ESTE;Y LINE | CODE E:%V REGISTERS
ﬁ— 25. | 34 | RCL Ron
o1. 00 | 0 26. | 01 1 R, zat
02. 33 STO 27. 34 RCL R, t
03. 0 o || 28 00 |0 R, o |
04. | 33 | sto || 20 | &1 |+ R, )
05. 01 1 30. 34 RCL Rs o
06. 84 R/S 31. 02 |2 1Ry - |
07. 33 sTO 32. 13 !/x 1R, |
08. 02 | 2 || sa 12|y~ R, |
09. 84 R/S 34. -00 GTO 00 Ro
10. 34 | RCL 35. | 34 | RCL  ||Reo R ]
1. 02 2 36. 02 2 Re,
12. 12 | v 37. 12 | yx R., - ]
13. 34 | RCL 38. 33 | sTO Ras -
1a. o |1 || 3 51 | - Res ]
15. 61 + 40. 01 1 Res
16. 33 | sTO 41. | 34 | RcL Res a
17. 01 1 a2, 00 | o R.;
18. 34 | RCL 43. 01 |1 Res
19. 00 0 44, 51 - Reg
20. 01 | 1 [ as. | 33 | sT0
T | e |+ 46. | 00 | o0
22, 33 | sTo 47. | 209 | GTO09 |
23. 00 0 48.
24. | 09 | GTOO09 49.
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The set of numbers {2, 34, 341, 7, 11, 23} has the generalized mean

Example:
M (2) = 11.00.
STEP INSTRUCTIONS
1 Enter program
2 Initialize
3 Input t
4 Perfrom4 fori=1,2,...,n
4' | Delete erroneous data a

o

Compute mean M(t)

6 For a new case, go to 2

DATATUNITS KEYS
BST R/S
t R/S
a R/S
ax GTO 3 5
GTO 2 5

R/S
R/S

OUTPUT
DATA/UNITS

0.00

M(t)



30 Moving Average

MOVING AVERAGE

Given a set of numbers {x,, Xa, X3, } , this program finds the moving
averages of order n (n can be 2, 3, ..., or 9) given by the following sequence of
arithmetic means:

Xp X, v+ Xy, XotXzt.o.otXpi; X3 tXg oot Xpin

n n n
The numerators are the moving totals of order n.

Note:

The program computes the total and the average of the first n numbers. Then
Xp+1 is added to and x; is removed from the total. A new average is
computed. Similar procedure goes on until all answers are found. This
program is written in such a way that the value that needed to be removed is
stored in register R, (where n is the order). In the following example, the
order is 6, hence register R¢ contains the value.

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | cODE | ENTRY
25. 03 3 Ro Used
26. 33 STO R, Used
27. 04 4 R, Used
28. 34 RCL R; Used
29. 02 2 R, Used
30. 33 STO Rs Used
31. 03 3 Rg Used
32, 34 RCL R; Used
33. 01 1 Rg Used
34. 33 STO Rg Used
35. 02 2 Reo Used
36. 34 RCL Rei Used
37. 00 0 Re2 Used
38. 33 STO Res Used
39. 01 1 Res Used
40. 34 RCL Res Used
41. 83 . Res Used
42. 06 6 Rez 0
43. 33 STO Res 0
44. | o0 0 Res 0
4s. 11 >+
46. -00 GTO 00
47.
48.
49,




Example:

For the following set of data {105, 121, 124,97, 86, 134, 105, 81, 127, 132,
114, 121}, the moving averages of order 6 are 111.17, 111.17, 104.50,
105.00, 110.83, 115.50, 113.33.

Moving Average

31

The moving totals of order 6 are 667.00, 667.00, 627.00, 630.00, 665.00,

*

2,3,..,9.

n can be one of the values

693.00, 680.00.
STEP INSTRUCTIONS AT TS KEYS DATA/UNITS
1| Enter program [ I[ | |
2 | nitialize I cL-r || BsT [k 000 |
3 |Perform3fori=1,2,..n xi [ ms | 1] i
4 | Compute the moving average
of order n — 1= T 1| aversge |
5 | (optional) Compute the moving [ I I I ] T
total of oraer n Tree [ = [ || oa |
6 Input next \;alue Xk I_H/S__! [—j[—j[ﬁ V n+1 1
A A -S| Il ||
8 |Gotod | | | . |
9 | Foranewcase, go to2 [ I I | I}

l | I( L]

— C 1

I | I | NN | B




32 Covariance and Correlation Coefficient

COVARIANCE AND CORRELATION COEFFICIENT

For a set of given data points {(xi, yi),i=1,2,.., n}, the covariance and the
correlation coefficent are defined as:

. 1
covariance Sy y =———— (Exiyi - 1 ExiEyi>
n-1 n

1 1
or syy' =H <inyi - EXiEyi>

Sxy

correlation coefficient r =
SxSy

where sy and sy are standard deviations

2x;? - (2xj)*/n
Sx =
n-1
_/ 2y;? - (2yi)?/n
Sy = —_—
n-1

Note:
-1<r<1
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DISPLAY DISPLAY
T E:ﬁ;’v s Tcone Ny REGISTERS
| 00. | 25. 51 | - Ro ]
o1 32 |g 26. 81 |+ R |
02. 44 | cL-R 27. g1 |+  |[Ry
03 | 8 |RS || 28 |-00 |GToo0 |[Rs
L oa | 31 |f 20. R.
05. 21 | LR 30. Rs ]
06. 51 1 %31 B 15 |
or. | 32 g 82 R, |
| os. 33 | s - 33 Re .
o09. | 81 | = | 3a. R i
ST T R —
1. 84 | R/S 36. | Rt Zxi ]
12, a1 |t a7, | [Re2 Zx¢” ]
.13 a1 |1 38 Res Zyi |
14. 32 | g 39. Res Zyi* S
15. 753 s Tl 740. B | R{Si;f(lyl o |
e, | 71 x| e ] Res 0
17 | 7| «x 42, Rer 0 ]
18 84 é?g B 43. 5059 ]
| 19. | 34 | RCL | aa. Res 0
B 20. B 83 B 45,
o2t 00 |0 ~ 4e.
22. TR 1| a7
o | e [t || e
24. | 01 |1 49. -
Example: r=-.96
Vi | 92 85 78 81 54 51 40 Sxy = -354.14
Xi | 26 30 44 50 62 68 74 Sxy =-303.55
STEP INSTRUCTIONS oATAONITS KEYS DATA/UNITS
1 Enter program { ” I I ” ]
2% |Initialize BST R/S 0.00
3 |Perform 3 fori =1, 2,.,n yi 1
3" |Delete erroneous data xi, yi Yk 1
w L [ ] [ |
4 Compute correlation coefficient [ ” Jl H ]
a R
5  Compute covariance syy [ R/S ” H Jl J Sxy
(optional) Compute sy, R/S l “ ” I Sxy
6 For a new case, go to 2 ! ” J[ ” ]
7 C I C 7
*Note: If sums are already
accumulated in proper registers, ‘ ” H H l
skip steps 2, 3 and 3'.
C I JC 11 1




34 Moments, Skewness and Kurtosis

MOMENTS, SKEWNESS AND KURTOSIS

This program computes the following statistics for a set of given data {x, , X2,
wes xn}:

n

ISt i Xi
n

i=1

moment X =

1 _
2" moment m, = — Ix;? - x2
n

3 _ _
3 moment my=— Zx? - = X Ix;? +2%°
n n

1
4™ moment my = .~ x4 — 4 X Zx + 3;2 =x;? - 3x*
n n

moment coefficient of skewness

mgy
Y1 =
m, 3/2
moment coefficient of kurtosis
my
Y2 =
m,?

Reference:

M. R. Spiegel, Theory and Problems of Statistics
McGraw-Hill, 1961.

Schaum’s Outline,

’
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DISPLAY KEY DISPLAY KEY REGISTERS
LINE | coDE | ENTRY
25. 04 | |Ro X -
26. 71 Ry n ]
27. 51 | - R, m, -
28. 34 RCL | Rs m,
29. | 83 Ry my -
30. | 04 |4 | RS
31. | 34 | RCL R )
32. | 00 [0 | |R7 ]
33 |3 g  Re
34 | a2 @ | Re -
3. | 71 |x  ||Reon
36. 06 |6 | |Rey Ex? -
37. 71 X Rez Zx;
38 | 61 |+ Res Zx; ]
39. 34 RCL Resa Xx;
40. 01 |1 Res Xxi S
41. 81 s Res O -
42 34 RCL | |Rez O
43. | 00 |0 ||Rea 0
44. 04 |4  |Re 0
45 2oy
46. | 03 |3
47. 71 X
48. 51 -
49. | 00 | GTOO00




36 Moments, Skewness and Kurtosis

Example:
it 2 3 4 5 6 7 8 9
X | 21 35 42 65 4.1 36 53 37 49
X=4.21,m, =139, m3 =.39, my =5.49
Y1~ 24, Y2 = 2.84
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
|1 |Enterprogram ] I I | |
2 Initialize ] CL‘R BST l 0.00
3 Perform3fori=1,2,..,n X t 1 x i
3" | Delete erroneous data xy Xk [ t J I + ” x f
e L= ] Il I[ |
i WCompute the mean X [ f ” X ” x2y ” STO |”7 -
| ) [ o | I =
.5 fo!npute 2'7“’ moment m, l RCL ” “ 1 ” RCL I -
I |
B 0 I
. [ - Jlso |[ 2 || om
6 Compute 3" moment m3 I RCL “ . “ 5 ” RCL ]
B I | I
- L Rrs J[sTo [ 3 |
7 Compute 4" moment m, I R/S ” STO ” 4 “ ] mg
8 (optional) Compute v,, v, '—[ RCL “ 3 “ RCL 'L 2 J’ R N
| | I | i
- 1= [ I [
[ ree |[ a4 ][ TReL ][ 2 |
e
9 For a new case, go to 2 I “ ” |




Standard Errors For Linear Regression 37

STANDARD ERRORS FOR LINEAR REGRESSION

Suppose y =ap + a;x is the least squares fit to a set of data points {(xi, Yi)s
i=1,2,.., n} and ? is the estimated value on the line for a given x value.

The program computes:

1. Standard error of estimate (of y on x)

B 2(yi - 99)*
yrx n-2

_ Zyi - a0 Zyi - a; ZXpyi
n-2

2. Standard error of the regression coefficient a,

S =

>x;)?
Sx? - (Zx7)

n

Note:

n is a positive integer and n # 1 or 2.

Reference:

Draper and Smith, Applied Regression Analysis, John Wiley and Sons, 1966.



38 Standard Errors For Linear Regression

DISPLAY

DISPLAY

KEY T oo E:$;Y REGISTERS
25. 32 g Ry ag
26. 42 | X Ry a4
27. 34 RCL R,
28. | 83 R
29. 00 |o R, B
30. 81 |+ Rs
3. | ;1 |- | R,
32. | 31 |f R, ]
33 | 42 |Vx R, ]
09. | 51 |- 34 &1 |+ |[Re
10. 34 | RCL 35, 34 | RCL Reo n
1. 83 36. 83 Re; Zx;
122 | 00 |o 7. | 02 |2 Re; Sxi? o |
13, | 02 |2 38. | 34 | RCL Res Yy;
1w, | 51 | - 3. | 83 Res Ly? o
15. 81 |+ 40. 00 |0 Res Txiyi
16. 31 | f 41. 81 |+ ~ ||Res O
17. | 42 | Vx 42. | 31 |f ~ |Re 0 o
18. | 84 | R/S 43. | 42 |Vx  |[Res 0
19. 34 | RoL || 44 22 | x2y Res 0
20. 83 ] 45. B 71 lx
21. 02 |2 || 4. 84 | R/S
22, 34 | RCL 47. 3 f
23. 83 48. 34 LAST X
24. 01 1 49. | _00 GTO 00
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Example:
Vi | 92 85 78 81 54 51 40
X; | 26 30 44 S50 62 68 74
a, = 121.04
a; =-1.03
Regression line isy = 121.04 - 1.03x
Sy.x = 6.34
so = 7.47
sy =.14
STEP INSTRUCTIONS oAt UNTS KEYS
1 Enter program
2" | Initialize g CL*R
3 | Perform3fori=1,2,..,n vi *
Xj Z+
3" | Delete erroneous data Xy, yi Yk t
- f z-
4 Compute ag, a; f L. R. STO
x2y STO 1
5 Compute standard errors RCL 4
0 RCL
BST R/S
R/S
R/S
6 | Foranew case, go to 2

*Note: If sums are already in

proper registers, skip steps 2, 3

and 3.

OUTPUT
DATA/UNITS

0.00



40 Partial Correlation Coefficients

PARTIAL CORRELATION COEFFICIENTS

The partial correlation coefficient measures the relationship between any two
of the variables when all others are kept constant.

For the case of 3 variables, the partial correlation coefficient between X; and

X, keeping X3 constant is

Ijp —I13123

V(I - r13%) (1 -r23%)

I12.3%

where r;; denotes the correlation coefficient of X; and X;.
Similarly, for the case of 4 variables, the partial correlation coefficient

between X, and X, keeping X3 and X4 constant is

[12:4 = 113.4 1234 _ r12:3-T14-3724-3

V(i - r3.42) (1 =133.4%) \@ -114.3%) (1 - 124.3%) .

I12.34 <

Any partial correlation coefficient can be computed by means of these
formulas (using this program) if correlation coefficients ry,, 1,3, I3, ... are
given.

Note:

This program finds r,3.,, r23.; by similar formulas.

Reference:
S. Wilks, Mathematical Statistics, John Wiley and Sons, 1962.
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I
DISPLAY KEY . :;spL:;DE E:%,Y REGISTERS

25. 51 - Ro r2,M3,rn3
26. 22 X2y Ry ris, r3, ri2

02. 02 2 27. 81 + R, a3, M2, s

03. 32 | g 28. 84 R/S R,

04. 42 x2 29. 34 RCL R,

05. 01 1 30. 01 1 Rs

06. 51 - 31. 34 RCL Re

07. 22 | xRy 32. 02 |2 R,

08. 33 | sTO 33. 34 | RCL R, .

09. 01 1 34. 00 |0 R,

10. 32 | g 35. | -01 | GTOO1 Reo -

11. 42 x? 36. Re,

12, 01 1 37. R..

13. 51 - 38. Res

14. 71 x 39. Res

15. 31 f 40. R.s

16. 42 | /x 41. Res

17. 22 x2y 42. Re;

18. 33 | sTO 43. Res

19. 00 |0 44, Reo

20. 34 RCL 45.

21. o1 | 1 46. )

22. 34 RCL 47.

23. 02 2 48.

24. 71 x 49.

Example:

Suppose 115 =-0.96, r;3=-0.1, 1,3 =0.12, then the partial correlation

coefficients are

r12.3= -96
I13.2 = .05
I23.1 = .09.
STEP INSTRUCTIONS pANPUT 1S KEYS DTS
1 Enter program r ” J [ ”
3 Input &ata ana compute [ ” I I “
T (;ogreTtit;l cti)efficien(sﬂ a M2 l t ] [ I I ”
TR AN | BN | M|

3 For a new case, go to 2

[Cest s |

f2°3

Les I I[

1 Il I I

|
|
|
|
|
]
(I | I | N | I ¥
|




42 Standardized Scores
STANDARDIZED SCORES

Given a set of data {xl, Xg, ey xn}, this program finds {yl, Vo, oo yn}such
that

Xi—i
YiT ——
S

fori=1,2,..,n

where X and s are sample mean and standard deviation of {xl,xz, vy xn}_
{ VisY2s eeos yn} has mean zero and its standard deviation is 1.
This program can also transform y;’s to z;’s such that{zl, Z,, ...,zn}has mean

u and standard deviation o (u and o are given).

Zi= oyt
fori=1,2,..,n
DISPLAY KEY DISPLAY
LINE | CODE | ENTRY LINE | CODE E:ITE;V REGISTERS
00. 25, R,
o1 34 | RCL 26. R, 0
02. | 02 |2 27. R, X
03. 51 | - 28. Ry s
04. 34 | RCL 29. R.
05. | 03 |3 30. Rs
0o6. | 81 | - 31 Re
07. 84 R/S 32, R,
08. | 34 | RCL 33. R,
09. o1 |1 34. R
10. 71 X 35. Reo N
11, 34 RCL 36. Rey Zxj
12 00 0 37. Rez Zxi2
13. 61 + 38. Re3 Used
14. -00 GTO 00 39. Res Used
15. 31 f 40. Res Used
16. 33 | x a1. Res O
17. 33 STO 42. Rez O
18. 02 | 2 43. Res O
19. 32 g 44. Reg O
20. 33 s 45.
21. 33 STO 46.
22. 03 3 47.
23. | 00 | GTOOO 48.

24. 49.



Example:

u=75 0=10, s=10.54

Standardized Scores 43

i 1 2 3 4 5 6 7 8 9 10 11
Xj 57 62 73 48 78 54 59 75 67 81 66
yi| —-80 =33 72 -1.66  1.19 -1.09 -61 91 15 148 .05
z{166.98 71.72 82.16 58.44 86.90 64.13 68.88 84.06 76.47 89.75 75.52
s womucons | o ML
1 Enter program

2 Initialize g CL°R 0.00

3 Input u, 0 if zj's are desired o STO 0

[4 STO 1

4 Perform4 fori=1,2,..,n Xj Z+ i

4’ Delete erroneous data xy Xk f -

5 Compute and store X, s GTO 1 5 R/S s

6 Perform 6 fori=1,2,...,n Xj BST R/S Yi

(optional) Compute z; R/S z;

7 For a new case, go to 2



44 Normal Distribution
NORMAL DISTRIBUTION
The density function for a standard normal variable is

1 _x2

R € 2
V2m

f(x) =

The upper tail area is

X

. e
Q(x)=1—f e dt.
NI

f(x)

0 X

For x 2 0, polynomial approximation is used to compute Q(x):
Q(x)=f(x) (b, t+by t2+by t3 +by t* +bs t5) +€(x)
where je(x)]<7.5x 1078

t=1’, r=0.2316419
1+rx

b; =.31938153, b, =-.356563782
by =1.781477937, b, =-1.821255978
bs =1.330274429

Note:

The program only works for x = 0. Equations f(-x) = f(x), Q(-x) = 1-Q(x),
where x 2 0, can be used to find f and Q for negative numbers.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.



Normal Distribution 45

DISPLAY DISPLAY
LINE | CODE E:‘(%Y LINE | CODE E:%V REGISTERS
00. 25. | 41 |1 Ror
01. 7M1 X 26. 41 ) R, by
02. 02 2 27. 41 t R, b,
03. | 81 | = 28. | 34 | RCL R, by
04. 42 CHS 29. 05 5 R, bs
05. 32 g 30. 71 X R bs
06. | 22 | & 31. | 3 | RCL Re x
07. 31 f 32. 04 4 R, f(x)
08. | 83 |« 33 | 61 |+ R,
09. 02 2 34. Al X Ry
10. 71 | x 35, 34 | RCL Reo
11. 31 f 36. 03 Re,
12. 42 | /x 37. 61 R.;
13. 81 + 38. 71 X Res
14. 33 STO 39. 34 RCL Rea
15. 07 7 40. 02 Res
16. 84 R/S 41. 61 Res
17. 34 RCL a2, 71 X Re7
18. 00 0 43. 34 RCL Res
19. 34 RCL 44. 01 1 Reg
20. 06 6 45. 61 +
21, 71 X 46. 71 X
22. 01 1 47. 34 RCL
23. 61 + 48. 07 7
24. 13 x 49. 71 X
Examples:
1. x=1.18 2. x=2.28
f(x)=.20 f(x) = .03
Qx)=.12 Q(x)=.01
STEP INSTRUCTIONS OATRUNITS KEYS TS
1 Enter program I l I ] [ ”___.._1
2 Store constants B rW 7 ﬂ[ STO Jl 0 I [ ” I
- SR 0 | B s A
e b sto |[ 2 ] 1l ]
| bs [ sTo |[ 3 | Il ] |
| b [ sTo |[ 4 ] Il |
bs [ sto |[ 5 ][ BsT |
_57 ‘Inputxand compute f(x) X [ t “ STO “ 6 ” R/S J f(;; T
4 | Compute Q(x) s | [ i ] Qalx)
5 | Foranew case, go to 3 [ J[ ” Jr J* ]




46 Inverse Normal Integral

INVERSE NORMAL INTEGRAL

This program determines the value of x such that

where Q is given and 0 < Q < 0.5.

The following rational approximation is used:

Cotey tte, t?
X=t- +e(Q)
1+d; t+d, t2 +d, t3

where [e(Q)| <4.5x 107%

1

Q2

co =2.515517 d; =1.432788
¢; =0.802853 d, =0.189269
¢, =0.010328 d; =0.001308

t= In

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.
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DISPLAY KEY DISPLAY KEY
LINE | coDE | ENTRY LINE | cODE | ENTRY REGISTERS
00. 25. 61 + R, ¢
o1. 41 1 26. 33 STO R, c
02. 71 x 27. 07 7 R, c,
03. 13 '/x 28. 44 CLX R d,
04. 31 f 29. 34 RCL R, d,
05. 22 In 30. 02 2 Rs ds
06. 31 f 31. 71 X Re t
07. 42 | \x 32. 34 RCL R, 14d; t+d, t?+ds
08. 33 STO 33. 01 1 Rg
09. 06 6 34. 61 + Ro
10. 41 1 35. 71 X Reo
11. 41 t 36. 34 RCL Rey
12, 41 4 37. 00 0 R
13. 34 RCL 38. 61 + Res
14. 05 5 39. 34 RCL Res
15. 71 x 40. 07 7 Res
16. 34 RCL 41. 81 = Res
17. 04 4 42, 51 - Res
18. 61 + 43. | -00 GTO 00 Res
19. 71 X 44, Reg
20. 34 RCL 45,
21. 03 3 46.
22. 61 + 47.
23. 71 X 48.
24. 01 1 49.
Examples:
1. Q=0.12
x=1.18
2. Q=0.05
x=1.65
STEP INSTRUCTIONS DA%&:E}LITS KEYS DA%‘T;EIPJJTS
1 Enter program
2 Store constants Co STO 0
c STO 1
[ STO 2
d; STO 3
dy STO 4
dj STO 5 BST
3 Input Q Q R/S X

4 For a new case, go to 3



48 Chi-Square Density Function
CHI-SQUARE DENSITY FUNCTION

This program evaluates the chi-square density function

—-1
2

f(x) = x
gy

where  x =0 and v is the degrees
of freedom.

f(x)

Notes:

1. The program requires that v < 141. If »> 141 and v is even, then the
display shows all 9’s for I'(v/2); if » > 141 and v is odd, no warnings are
given, but the answers are incorrect.

2. If both x and v are large, f(x) may overflow the machine.

3. Ifwviseven,

If v is odd,

5. f(x) may be used as an input for Chi-Square Distribution program to
find the cumulative distribution. In that case, record f(x) to as many
digits as possible for reentry.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.



Chi-Square Density Function 49
DISPLAY DISPLAY
LINE | CODE E"‘“TE;Y LINE | CODE Ezﬁ‘(v REGISTERS
00. 25. 31 f R, (¥/2) -1
o. | 41 1 26 | a2 | Ux R, Used ]
02. | 02 |2 EY 2 I TR R, x
03. 81 + N 28. R,
oa. o1 |1 120 | 33 |sto R,
05. 51 - 30. Rs a
06. 33 | sto || 31 L |Rg -
o07. 00 |0 32. o |k,
08. 84 | R/S RIBEF 1R, . ]
09. | 83 |- 34 1R,
10. 05 |5 35. | Reo ]
1. 32 |g 36. Re, N
12 | 20 | x=y 20 37. R.; - -]
13. 23 R 38. Res
14. 33 | sTO R ) | |Res ]
15. 71 x 40. Res
16. 01 1 41. Res -
17. 01 1 - 42, Res - ]
18. 51 - a3 | |Res ]
19. | -09 | GTOO09 a4. R
20. | 34 | RCL " a5, -
ST R I T BT~ BT R ]
22. 71| x Wars 2 g
23. 31 f | a8 2 e
24. 83 | a9 81 |+
Examples:
1. v»=20, 2. v=3
F(1>= 362880.00 1“(1) = .89
2 2
f(9.591) = .02 f(7.82) = .02
(Press [f] SCL [9] to see (Press [] SCI [9] to see
1.527751934-02) 2.235743714-02)
sl mstmucrons | o, MU
1 progan L JC_JC_]
2| Initialize 1 FSTO |[ 1 J[ BST ]l | 1.00
3 | Inputw v [ ms | [ I || w2
4 If viseven, go to6 [ H‘ j[ ” ]
5 | Compute ['(v/2) for odd » | [ R/S } [ H H | I(v/2)
Goto? g [ 1L | I |
6 Compute I'(v/2) for even v ‘ [ f H nl ” GTO H 2 I
Co 0 L I | ren
7 | Input x and compute f(x) X [ rs | || ] f(x)
8 For a new case, go to 2 [ j! “ ” !




50 Chi-Square Distribution
CHI-SQUARE DISTRIBUTION

Given x, v and f(x), this program uses a series approximation to evaluate the
chi-square cumulative distribution

P(x) = f ) f(t) dt
0

e k

_2x X
= f(x) 1+k§ (v+2)(v+4)...(v+2K)

where x=0
v is the degrees of freedom, and density function

f(x) = _Vx—

—.
22r(~”—>e2
2

f(x)

The program computes successive partial sums of the series. When two
consecutive partial sums are equal, the value is used as the sum of the series.

Note:

f(x) may be computed using Chi-square Density Function program.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.



Chi-Square Distribution 51

DISPLAY KEY DISPLAY KE
ENTRY ENTRY REGISTERS
LINE | CODE LINE | CODE
00. 25. 03 3 Ry v
01. 33 STO 26. 71 X R, 2xf(x)/v
02. 02 |2 27. 33 | sTO R, x
03. 84 | R/S 28. | 03 |3 R Used
04. 33 | sTO 29. 61 | + R,
05. 00 | o 30. 32 |g Rs
06. 81 | - 31. | -33 | x=y33 Re
07. 02 | 2 32. [ -15 | GTO15 R,
08. 71 | x 33. 34 | RCL Re
09. 71 | x 34. 01 |1 Ry
10. 33 | sTO 35. UE Reo
11. 01 |1 36. | -00 | GTOO00 Re,
12. 01 1 37. R.2
13. 33 | STO 38. Res
1a. 03 | 3 39. Res
15. 34 | RCL 40. Res
16. 02 | 2 a1, Res
17. 34 | RCL 42. Re
18. 00 43. Res
19. 02 4. | Reo
20. 61 | + 4s. |
21. 33 | sTO 46.
22. 00 | o a7.
23. 81 = 48.
24. 34 | RCL 49.
Examples:
1. f(x)=1.527751934 x 1072
x =9.591
v=20
P(x)=.03
Note: For f(x), see Chi-square Density Function program.
2. f(x)=2.235743714 x 1072
x=7.82
r=3
P(x)=.95
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program r “—-_j [ JI J
2| Input f(x), x and » f(x) 111

For a new case, go to 2

[est |[ ms ] ] |
[rs [ ][ I[ ]
|| ||




52 F Distribution

F DISTRIBUTION

This program evaluates the integral of the F distribution

vy

2

vl +V2 %L—l 2
Qx) = f )y <V2V>+V

GG

for given values of x (> 0), degrees of freedoms vy, v, , provided either v, or
v, is even.

The integral is evaluated by means of the following series:

1. v, even

)

Qx)=t2 1+%(I—t)+...

v, -2

(1-v 2

. Va(vy +2) ... (vy tv, —4)
2:4 ... (vy =2)




2. v, even

where

Note:

Q) =1-(1-0 2 |1+ Les .

t=

vi(wy +2)...(vy tv, —-4)

v

<

vy

24 ... (vy -2)

V2+V1X.

F Distribution

53

If both v,, v, are even, the two formulas would generate identical answers.
Using the smaller of v;, v, could save computation time. For example, if
v, =10, v, =20, then classify the problem as v, is even to obtain the answer.

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.

DISPLAY
LINE | CODE | ENTRY

00.
O1.
02.
03.
04.
05.
06.
07.
08.
09.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

61
81
33
00
34
02
02
81
12
33
03
01
34
00
51
33
00
01
34
02
34
04
61
71

KEY

+

STO

RCL

DISPLAY

LINE CODE
25. 34
26. 00
27. 71
28. 34
29. 04
30. 02
31. 61
32. 33
33. 04
34. 34
35. 01
36. 32
37. -44
38. 23
39. 81
40. 33
41. 61
42. 05
43. -19
a4. 34
45. 05
46. 34
a7. 03
48. 71
49. -00

KEY

ENTRY

RCL
0
X
RCL

STO

RCL

x=y 44

R

STO

GTO 19

RCL

RCL

GTO 00

Rot, 1-t
Ry,
R, v,
Rj 1“3/2
R40,2,..
Rs Used

REGISTERS



54 F Distribution

Examples:
1. v,=7,v,=6
Q#4.21)=.05

2. v =4,v,=20
Q.25 =.10

(] For a new case, go to 2

[

STEP INSTRUCTIONS oATAURITS KEYS DATA/UNITS
| 1 [Enter program L I I[ Il
(2 |mitialize 0 ,[ sto |[ & || I | o
I 1 [ sto |[ s |[ BsT | ] 100
|3 |ifesiseven.goto5 I I | |
|4 [tnputwy, vy and x v, [sto |[ 1 || [ |
n [so [ 2 ]| Il I
x [ rRee [ v [ x ][ R ]7 ]
. 2 [ rs | L] aw
5 |peven . no [ sto |[ 1] [ L, ]
- wo |Lsto [ 2 Il | |
. x J x| ree [ [ «x ]7 ]
o . A[ ree |2 [ es | ]ﬂ 1-ak)
Lo e 1 =] 1w




t Distribution

t DISTRIBUTION

This program evaluates the integral for t distribution

where x>0,
v is the degrees of freedom.

Formulas used are:

1. wveven

I(x,v) =sin 0 1+%cos26+%cos“0+...

55



56 t Distribution

2 vodd

I(x,v)=

where 6 = tan™

Reference:

20
— ifv=1
36‘+2c036 sin 0 1+£cos2
m T 3
L2743
1-3..v-2)
1
v

0+...

ifv>1

Abramowitz and Stegun, Handbook of Mathematical Functions, National
Bureau of Standards, 1968.

DISPLAY DISPLAY

LINE | CODE E:‘('EgY LINE | CODE E:%(Y REGISTERS

00. 25. | 61 + Ro 1+ (cos? 0)/2+...

o1. 31 f 26. 33 | STO R,»p

02. | 42 |+x || 21. | 03 |3 R cos?6

03. 81 + .28 34 RCL R30,2,4,.0r1,3,5...

0a. | 32 |g 29. | 01 |1 Rayg ]
05. 14 | tan”! 30. 32 |g Rs

o6. | 33 [sto || 31 | -a1 |xya Re -
07. 04 |4 32. | 23 | Rl LY 1
o8. | 31 |t 33 | 81 |+ Ry ]
09. 13 | cos 34. 34 RCL Rg

10. | 32 |4 3. | 02 |2 Reo ]
11. 42 x? 36. 71 x Rey

12. 33 STO 37. 33 STO R B ]
13. 02 2 || 38 61 + Res

14. 01 1 39. 00 0 Res

15. 33 | sTO 40. | -17 | GTO 17 R,s

16. 00 |o0 a1. 34 RCL Res

17. | 34 | RcL 42. | 00 o Rey
18. 03 |3 43. 34 Reg

19. 01 1 1| 44 | 04 |4 Reg

20. 61 | + 45. | 3 £ N

21. 71 x _||_46. 12 sin

22. 34 RCL a7. 71 x

23. 03 3 48. | -00 GTO 00

24. 02 2 49.




t Distribution 57

Examples:
1. 1(2.201,11)=.95
2. 1(2.75,30)= .99
—71 '4'E7nterrprpgram l ” ” |
»g Put machine in RAD mode [ f H RAD J [ BST ” ]
'3 |Ifvisodd,gotod’ [ 1l I[ [ | |
4 v is even 0 [ STO “ 3 _H ” ]»
S I I | -
v [sto [| 1 || ms | I
Jr'ﬂwlfv=1,goto4" 1 [ STO “ 3 JI “ I |
S N N |
v lso Lo D Tw |
Loe e et [ so ]
e Jlero [ o [ 8 |
i (Y300 | | |
L_H_H___ll_l
I [pee 11 & L« |
e I e L 1
, N S N T
4" v=1 Lo et L2 |« ] B
L e e e
5 For a new case, go to 3 [ ” ” J[ J




58 Bivariate Normal Distribution

BIVARIATE NORMAL DISTRIBUTION

This program evaluates the joint probability density function

fx, y) =——— e P

27701 0, Vl_pz

where
2 2
X-M X—M -M -
P(e.y)= | (x-m) —2p( D -#2) 6 -w2)
2(1 - p?) 0,? 0102 0,?
Notes:

. 0,#0,0, 20
2. The program requires that p? < 1.

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | cODE | ENTRY
25. 51 - Ro Uy
26. 34 RCL R, 0,
27. 05 5 R, u,
28. 02 2 R; 0,
29. 71 X R4 p
30. 81 + Rs 1-p2
31. | 42 |cHs Re (x—; /0y
32. 32 g R; (y—u,)/0,
33. 22 e* Rg
34. 34 RCL R,
35. 05 5 Reo
36. 31 f Re, N
37. 42 Vx Re.
38. 34 RCL Res
39. 01 1 Res

15. 34 RCL 40. 71 x R.s

16. 06 6 41. 34 RCL Res

17. 34 RCL 42, 03 3 Rer

18. 07 7 43. 71 X Res

19. 71 x 44, 02 2 Reo

20. 34 RCL 45, 71 x

21. 04 4 46. 31 f

22. 71 x 47. 83 ™

23. 02 2 48. 71 X

24, 71 X 49. 81 =




Bivariate Normal Distribution 59

Example:
i =-1,0,=15
My = 1, (o) =0.5
p=0.7
f(1,2)=.04
f(-1,1)= 30
STEP INSTRUCTIONS oATURITS KEYS oIS
»71 Enter program 4[ “ ] [ “ ] | ]
2 In?u,t‘,‘,l,',oil,,l-l?f(’z'p My «| STO ( 0 ” J[ ]
B o |Lsto J[ 1 ] | Il B
B PO 0| R —
i 2 [so J[ s [+ [+ i
i o [sro [[ & [ o [ 2 ]

= lso [ s e |
L47I7n|arutx§ndy x 7_I t Jl ” ” ],ﬁ ]
B P I P
i [3 )[ = [ so |[ 7 ]R ]

|Les ] 1l Il It
i, For different x, y, go to 3 I ” “ ” ]»
5 For a new case, go to 2 I lr ]{ Jr —I




60 Logarithmic Normal Distribution

LOGARITHMIC NORMAL DISTRIBUTION

If X is a random variable whose logarithm is normally distributed with mean
m and variance o2, then X has a logarithmic normal distribution with density
function

1
- (In x-m)?

f(x) = N — e 20

X V2mg?

where x>0.
This program computes f(x) and the following statistics for given m, 0*:

median = e™

2
mode = e™ ™
mean = e™*(?*/2)
. 2 2
variance = e’ 2™ (e - 1).

Note:
The program requires that ¢ # 0.

Reference:

K. A. Brownlee, Statistical Theory and Methodology in Science and Engi-
neering, John Wiley and Sons, 196S5.



Logarithmic Normal Distribution 61

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | CODE | ENTRY LINE | COoDE | ENTRY
00. 25. 51 - R, o?
01. 34 RCL 26. 32 g R m
02. 01 1 27. 42 x* R, x
03. 34 RCL 28. 34 RCL Rj
04. 00 0 29. 00 0 R,
0S. 02 2 30. 81 + Rs
06. 81 + 31. 02 2 Rg
07. 61 + 32. 81 + R,
08. 32 g 33. 42 | CHS Rg
09. 22 eX 34. 32 g R
10. 84 R/S 35. 22 e* Reo
11. 32 g 36. 31 f Re,
12. 42 x* 37. 83 ™ R
13. 34 RCL 38. 02 2 Res
14. 00 0 39. 71 X Res
15. 32 g 40. 34 RCL Res
16. 22 e 41. 00 0 Res
17. 01 1 42. 71 X Re7
18. 51 - 43. 31 f Res
19. 71 x 44. 42 | \/x Reo
20. 84 R/S 45. 81 -
21. 31 f 46. 34 RCL
22. 22 In 47. 02 2
23. 34 RCL 48. 81 -
24. 01 1 49. -20 GTO 20
Example: o*=1,m=1 f(.1)=.02
median = 2.72 f(.6)=.21
mode = 1.00 f(l)=.24
mean = 4.48
variance = 34.51
stee|  msTRucTONs | o, MUY
1 Enter program
2 Store m, ¢* o? STO 0
m STO 1 BST
3 Compute median and mode g eX median
RCL 1 RCL 0
- g eX mode
4 Compute mean and variance R/S mean
R/S variance
5 Input x X STO 2 R/S f(x)

6 Foranew x,goto5



62 Weibull Distribution Parameter Calculation

WEIBULL DISTRIBUTION
PARAMETER CALCULATION

The Weibull probability density function is given by
b
X
-1 (=
f(x) = LS (0)
gb

where 6>0, b>0, x>0.

The cumulative distribution function is

b

F(x)=1- e—(—;—)

For a set of data {xl, ey xn}, the Weibull parametersb and 6 are to be
calculated for these functions.

A common application is to use Weibull analysis for failure data where all
samples are tested to failure. To use the program, list the items in order of
increasing time to failure.

The median rank (M. R.) is calculated by

R;-03
n+04

where R; is the rank of failure data x;. Using this median rank as an
approximation of F(x;), a least squares fit is performed to the linearized form
of the cummulative distribution function

lnln<—1_1—F(X)>=blnx—bln6.

The solution is similar to the linear regression problem, and estimates of
b and 6 are obtained.



Weibull Distribution Parameter Calculation 63
u:t:_SPL::)DE E:‘(gg\' LI:;SPL:;DE E:ﬁ‘(” REGISTERS
00. 25. 61 + Ro Used
o1. 01 1 26. 00 |o R, n
02. 33 STO 27. 22 X2y R,
03. 00 0 28. 51 - Rs
04. 32 g 29. 13 1/x R,
05. 44 CLR 30. 31 f Rs
06. 84 R/S 31. 22 In Re
07. 33 STO 32. 31 f R,
08. 01 1 33. 22 In R,
09. 84 R/S 34. 22 x2y R,
10. 31 f 35. 1 X+ Reo n
1. 22 In 36. | -09 GTO 09 Re1 Used
12. 34 RCL 37. 31 f Re> Used
13. 00 0 38. 21 L.R. Res Used
14. 83 39. 22 X2y Res Used
15. 03 3 40. 84 R/S Res Used
16. 51 - 41. 81 + Res 0
17. 34 RCL 42, 42 CHS Rer 0
18. 01 1 43. 32 g Res 0
19. 83 44, 22 e* Res 0
20. 04 45. | -00 GTO 00
21. 61 46.
22. 81 + 47.
23. 01 1 48.
24. 33 STO 49.
Example:
xi: 34,60,75,95, 119, 158 (hours to failure)
(x;’s must be entered in increasing order.)
n=6
b=1.95
0=104.09
STEP INSTRUCTIONS oAt TS KEYS pouTRUT
1 Enter program [ “ ” J[ ]
2 | Initialize [esT |[ ms | [ | ]
3 | inputn n [rs
4 Perform4 fori=1,2,....n Xj R/S B
5 Compute b and 6 GTO 3 [_—7_—] R/S
| | I
6 For a new case, go to 2 [ I I Jr “ ]




64 Binomial Distribution

BINOMIAL DISTRIBUTION

This program evaluates the binomial density function for given p and n:

f(x) = <j>p* (1-p)™

where nis a positive integer
0<p<1land
x=0,1,2,..,n.

The recursive relation

. p(n-x)
f(x + 1)—m f(x)
x=0,1,2,..,n-1)

is used to find the cumulative distribution
P(x) = Z f(k).
k=0

Notes:
1. f(0)="P(0)

2. When x is large, due to round-off error, the computed value for P(x)
might be slightly greater than one. In that case, let P(x) = 1.

3. The execution time of the program depends on x; the larger x is, the
longer it takes.

4.  The mean m and the variance o2 are given by

m = np

o =np (1 -p).

Reference:

E. Parzen, Modern Probability Theory and its Applications, John Wiley and
Sons, 1960.



Binomial Distribution 65
DISPLAY DISPLAY
LINE | CODE E:‘“TE;Y LINE | CODE Ezﬁ‘!” REGISTERS
00. 25. 34 RCL R counter
o1. 33 STO 26. 04 4 Ryn
02. 06 6 27. 71 X R, p, p/(1-p)
03. 00 0 28. 33 STO R3 £(0)
04. 33 STO 29. 04 4 R4 Used
05. 00 0 30. 33 STO | |RsUsed
06. 34 RCL 31. 61 + R x
07. 03 3 32. 05 5 R,
o8. | 33 |sto || 33 | 3 |mcL R, ’
09. | 04 |4 34 | 00 |0 R,
10. | 33 |st0 3. | 01 |1 .
11. 05 5 36. 61 + Re,
12, 34 RCL 37. 33 STO Re2 -
13. o1 |1 38. | 00 |0 Res
14, 34 RCL 39. 34 RCL Res
15. 00 |0 40. 06 6 Res
16. 51 - 41. 32 g Ree
17. 34 RCL 42. -44 x=y 44 Re7
18. 00 0 43. -12 GTO 12 Res
19. 01 1 | 44 34 | RCL Reo
20 61 + 45. 04 4 |
21. | 81 |+ 46. | 84 | RS
22. 34 RCL 47. 34 RCL
23. 02 2 48. 05 5
24. 71 x 49. | 00 GTO 00
Example:
n=6,p=049
f(0)=.02
f(4)= .22
P(4)=.90
STEP INSTRUCTIONS oaTUTTs KEYS DATA/UNITS
1 Enter program r l [ J[ ]
77 mr_lvnput nand p n STO 1
b [sto |[ 2 [[sto [[ 4 |
1 [ - [ ems RCL
[ v STO 3 ()
[mree |[ 2 | 1 [ ReL
Cest [ [ ]
3 Forx =1 X R/S f(x)
>4 For anew x,go to 3 E::]S
5 7FiorWa Vnew case, go to 2 I:} [: [:]




66 Poisson Distribution

POISSON DISTRIBUTION

Density function

}\X e—}\
f(x) = '
x!
where A>0
and x=0,1,2, ...
Cumulative distribution is
P(x)= ) f(k).
k=0

This program evaluates f(x) and P(x) for a given A using the recursive relation
. ‘ AL
fx +1)=—— f(x).
(1) = 109

Notes:

1. f(0)=P(0)

2. When x is large, due to round-off error, the computed value for P(x)
might be slightly greater than one. In that case, let P(x) = 1.

3. The execution time of the program depends on x; the larger X is, the
longer it takes.

4. Mean = variance = \



Poisson Distribution

67

DISPLAY DISPLAY
LINE | CODE E:'E;Y LINE | CODE E:%Y REGISTERS
I_ 25. 34 RCL R, counter
o1. 42 | CHS 26. 03 |3 R, A
02. 32 |g 27. 71 x R, f(0)
03. 22 eX 28. 33 STO R; Used
04. 33 | sTO 29. 03 |3 R, Used
05. 02 |2 30. 33 | STO R x
06. 84 R/S 31. 61 + Re ]
o07. 33 | STO 32. 04 |4 R,
08. 05 |5 33. 34 | RCL R ]
09. 00 |0 3a4. 00 |0 R,
10. 33 | sTO 35. 01 1 1 Ree
1. 00 |o 36. 61 + R,
12 | 3 | RCL 37. | 33 |sTo Re, o
13. 02 2 38. 00 0 Res
14, 33 | STO 39. 34 RCL Res
15. 03 |3 40. 05 |5 R,s
16. 33 STO 41. 32 g Re6
17. 04 4 42. -44 x=y 44 Re7
18. 34 RCL 43. |-18 |GTO18 Reg
19. 01 1 44. 34 RCL Reo
20. 34 RCL 45, 03 |3
21. 00 |0 46. 84 R/S
22. 01 1 a7. 34 RCL
23. 61 + 48. 04 4
24. 81 = 49. | 06 | GTOO06
Example:
A=3.2
f(0) = .04
f(7) = .03
P(7)=.98
STEP INSTRUCTIONS DATANITS KEYS DATA/UNITS
1 Enter program [—j[ “ ][ J
2 iputa _[ sto |[ 1 [ esT |[ ms | £(0)
3 |Forx>1 as Il 1l 1w
i R0 | ™
77 Foranew x,goto3 [—H——][_-j[-_—l
i’: ﬂ?;r a newrcase,igo to 2 [ ] [—j[ “ J




68 Negative Binomial Distribution

NEGATIVE BINOMIAL DISTRIBUTION

This program evaluates the negative binomial density function for given

pandr:
; x+tr-1
f(X)=( o )p’(l—p)"

where 1 is a positive integer
0<p<1and
x=0,1,2, ...

The recursive relation
f(x + l)zm f(x)
x+ 1

is used to find the cumulative distribution

P(x)= D f(k).
k=0
Notes:

1. f(0)=P(0)

2. When x is large, due to round-off error, the computed value for P(x)
might be slightly greater than one. In that case, let P(x) = 1.

3. The execution time of the program depends on x; the larger x is, the
longer it takes.

4. The mean m and the variance o2 are given by

m=1=-p)
p

o? = (1 -p)

2

p

5. If we interpret p as the probability of success of a given event, then f(x)
is the probability that exactly x +r trials will be required to get r
successes.

Reference:

E. Parzen, Modern Probability Theory and its Applications, John Wiley and
Sons, 1960.



Negative Binomial Distribution 69
DISPLAY DISPLAY
LINE | CODE E:‘('?;Y LINE | CODE E:%Y REGISTERS
00. 25. 61 + R counter
o1. 33 | STO 26. | 33 | STO R,p
02. 06 |6 27. 00 |0 R,r
03. 00 | o 28. 81 |+ R, f(0)
o0a. 33 | sTO 29. 34 | RCL R, Used
05. 00 |o 30. | 04 |4 Rs Used
06. 34 | RCL 3. | 71 [ x |[Rex ]
07. | 03 |3 32. | 33 | sTO R, ]
o8. | 33 |sto || 33 | 04 |4 R, ]
09. | 04 |4 34 | 33 |sto | |Rs
10. 33 | STO 35. 61 |+ Reo
11. 05 |5 36. 05 |5 Rey ]
12. 01 1 37. 34 RCL R..
13. 34 | RCL 38 | 00 |o Res -
14. 01 1 39 34 | RCL Res
15. 51 - 40. | 06 |6 Res
16. 34 | RCL 41. 322 |g Res
17. 00 0 42. -44 x=y 44 Re7
18. 34 | RCL 43. | -12 | GT012 Res
19. 02 |2 44 34 | RCL Reg
2. | 61 |+ || 45 | 04 |4
21. 71 x 46. 84 | R/S
22. 34 | RCL a7. 34 | RCL
23. 00 0 48. 05 5
24 01 1 49. | 00 | GTOOO
Examples:
p=9,r=4
f(0) = .66
f(1) = .26
P(1)=.92
f(2) = .07
P(2)=.98
STEP INSTRUCTIONS oATAONITS KEYS pSuTPUT
1| Enter program [ I[ It I[ |
2 |iputpandr o [so [ 0 I |
r ['sto |[ 2 |[ vy~ | s0 |
B [ 3 [l st [ i | 1o
3 [Forx>1 x Cwrs | [ Bl |
CoRs ] I[ I [ P
4 For anew x, go to 3 [ H H ” J
5 For a new case, go to 2 [ l[ ” J[ ]




70 Hypergeometric Distribution

HYPERGEOMETRIC DISTRIBUTION

This program evaluates the hypergeometric density function for given a,
b and n:

()62
(‘)

f(x) =

where  a, b, n are positive intergers

Xx<an-x<band

x=0,1,2,...,n.

The recursive relation

(x-a)(x-n)
x+1)(b-n+x+1)

fx+1)= f(x)

(x=0,1,2,..,n-1)

is used to find the cumulative distribution

P(x)= ) f(k).

k=0

Notes:

1.
2.
3.

The program requires that n < 69.
f(0) = P(0)

The execution time of the program depends on x; the larger x is, the
longer it takes.

When x is large, due to round-off error, the computed value for P(x)
might be slightly greater than one. In that case, let P(x) = 1.

The mean m and the variance o? are given by

m=
atb

o = abn(a+b-n)
(a+b)’ (a+b-1)




Reference:

Hypergeometric Distribution

J. E. Freund, Mathematical Statistics, Prentice-Hall, 1971.

7

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | coDE | ENTRY LINE | copE | ENTRY
00. 25. 81 + R counter
o1. 33 | sTO 26. | 34 | RCL Ria
02. 00 0 27. 05 5 R, b
03. | 34 | RCL 28. | 71 | x ~lran
04. 01 1 29. 33 | STO R, f(0)
05. 51 - 30. 05 |5 Rs Used
06. 34 RCL 31. 33 | STO R Used
07. 00 0 32. 61 + R; x
08. 34 RCL 33. 6 Rg
09. 03 3 34. RCL R,
10. 51 - 35. 7 Reo
11. 71 X 36. 1 Rey
12, 34 RCL 37. RCL Re2
13. 00 0 38. 0 Res B
14, 01 1 39. + Res
15. 61 + 40. STO Res
16. 81 B 41. 0 Res
17. 31 f 42, g Re7
18. 34 LAST X 43. x=y 45 Res
19. 34 RCL 44. GTO 03 Reo
20. 02 2 45. RCL
21. 34 RCL 46. 5
22. 03 3 47. R/S
23. 51 - 48. RCL
24, 61 + 49. 6
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Example:
Givena=8,b=12,n= 6, then
f(0) = .02
f(3)=.32
P(3) =.86
f(5)=.02
P(5)=1.00
STEP INSTRUCTIONS DATASNITS KEYS DATATOWITS
1 Eﬁntei;inriografn ) [ “ ” ” J»
ERLEDE S | T N —
b [sto |[ 2 | I[ | B
o n q[ sto |[ 3 |[ meL |[ 2 IF,
i [ [ a ][ ¢ [casTx | -
Lree |3 ] ||
B e
Caec [ 2 )« I+ ]
i e e et [ Re | B
Ls | e I
N [ = [ = [ so |[ & | flo)
3 [Forx>1 x [sto |[ 7 | reL || |
4[ sto |[[ 5 | sto |[ 6 1777
o e Jlms L] w
- les | Il Il | e
4 Foraﬁn‘ewx,gotoa [ ” ” “ |
5 For a new case, go to 2 l IL H ” I
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MULTINOMIAL DISTRIBUTION

This program evaluates the joint probability function of k (k can be 2, 3, ...,
or 8) random variables having the multinomial distribution

!
f(xl,xz,...,xk)=—_—n'— 0,%1 0,%2... 0, %k
X! X! oxy!
k k
where 26i=1,2xi=n, 6; >0 and

The parameters of this distribution are n, 8, 05, ... and 0.

Note:
The program requires that n < 69.
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DISPLAY

DISPLAY

KEY UNE 1 cobE E:ﬁa(v REGISTERS
25. 34 RCL Ro Used
26. 04 4 R, Used
27. 33 STO R, Used
28. 03 3 R3; Used
29. 34 RCL R, Used
30. 05 5 Rs Used
31. 33 STO Rg Used
32. 04 4 R, Used -
33. 34 RCL Rg Used
34. 06 6 Ry Used -
35. 33 STO Reo n!
36. 05 5 R.,
37. 34 RCL R,
38. 07 7 Res
39. 33 STO Res
40. 06 6 Res
41 34 RCL Re6
42, 08 |8 Re7
43 33 STO Res
44. 07 7 Reg
45. | 34 RCL
46. 09 9
a7. 33 STO
48. 08 8
49. | —00 GTO 00
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Example:
Givgn 0,=0.2,0,=0.1,03=0.2,04=0.15,05=0.17,04 =0.18 and n = 20,

then (1,2, 3,4, 5, 5) = 1.274857927-04
f(2,4,0, 4,2, 8)=1.688980098-06

INPUT OUTPUT
STEP. INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program
2 | Perform2fori=1,2,., k 0; | STO
' L]

3 Ifk=8,goto6
4 | Setall other ;=1 1
5 Perform5 fori=k+1,..., 8 I STO

| 1.00
6 | Inputn n f n! STO 0
e sTO : BST
7 | Perform 7 fori=1,2,.. k xi [_—R/S_“_—jr—W[—— 6;
| 8 |lfk=8.gotol1 7 [ [ i |
9

Set all other x; = 1 1 [ |
10 | Perform 10 8 - k times RIS ] |
1| Compute flxy, xi) L_ReL Lo Il ] flxq 1o %)
12 |Fornewxs re I [ o [l st0 |

- Lo [ 1l ]
Goto7 , ji! | I |

13 | For a new case, go to 2 I Jr ] L_I




76 Exponential Curve Fit
EXPONENTIAL CURVE FIT

This program computes the least squares fit of n pairs of data points {(xi, vi),
i=1,2,.., n}, where y; > 0, for an exponential function of the form

y=aeb* (a>0).
The equation is linearized into
Iny=1Ina+ bx.

The following statistics are computed:

1. Coefficients a, b

1 .
Zx; Iny; = — (Zxi)(Z In yj)
b= n

ox;? - 1 (Zx;)?
n

I:E In Yi EXiJ
a=exp -b
n n

2. Coefficient of determination

2

[in Iny; - i Zx; Z In yZl
2 n

o=
I:Exiz (%) ] [E iy &0 yi)}
n n

3. Estimated value y for a given x

A
§=aebX

Note:

n is a positive integer and n # 1.

Reference:

K. A. Brownlee, Statistical Theory and Methodology in Science and
Engineering, John Wiley and Sons, 1965.
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DISPLAY KEY . :;spL:;DE E:ﬁz(v HEGISTERS
25. | 84 | R/S Ro a
26. 32 |g R, b -
27. 42 x? R,
28. | 41 |t R,
20, | 41 |t RGP
30. 32 g Rs .
31. 33 s Ry . ]
32. 22 X2y R,
33. | 81 |+ ||R, ]
3a. | 32 |g R,
35, | 42 | % Reo 1
36. 717 X Re; Tx;
37. | 84 | R/S Rez Ix?
38. 34 | RCL Res Siny;
39. 01 1 Res Z(Inyi)?
40. 71 x Res Sxinyi |
41. 32 g Res 0o
42. | 22 | ||Ry o0
43. | 34 | RCL Res 0
19. 33 [ sTO || 44 0 |0 ||Res 0
20. | 00 |0 Woas |0 [
21 | 84 | R 46. | 37 | GTO37
22. 22 X2y a7. ]
23. 33 STO 48.
24. | 01 | 1 49.



78 Exponential Curve Fit

Example:
xi | 72 131 195 258 314
yi | 216 161 116 85 05

1. a=345, b=-.58
y =3.45¢70-58x
2. rr=.98
Forx=1.5, §=144
STEP INSTRUCTIONS B . KEYS puTRUT
1 Enter program |
k; 7 Initialize I 0.00 )
3 Perform 3 fori=1,2,..,n Xj
: vi RIS i
3" |Delete erroneous data xy, Yk Xk t
W [e o | | ws |
4 Compute a, b and r2 ' [ GTO || 1 ” 5 “ R/S ] a
[rs | b
B Cws 01«
5 Compute estimated value{/\ X I R/S I l ” “ j f/\
"6 For anew x,go to 5 [ -
7 Foranewcase got02 AL “ “ ” 1 7 N




Logarithmic Curve Fit

LOGARITHMIC CURVE FIT

This program fits a logarithmic curve

y=a+tblnx

to a set of data points

{(xi,yi), i=1,2, .., n}

where x; > 0.

Program computes:

1.

2.

3.

Regression coefficients

Eyilnxi~i21nxi2yi
b= &

> (Inx;)?* - % (Z In x;)?

a=l(2yi—b21nxi)
n

Coefficient of determination

2

[Eyilnxi—iZlnxiEyi]
n

2=

[z(ln 7 - L xi)2] [zyf e yi)”]
n n

Estimated value ¥ for given x

$=a+blnx

Note:

n is a positive integer and n # 1.

79
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DISPLAY KEY DISPLAY KEY REGISTERS
LINE | cope | ENTRY
25. 42 x2 Ry a
26. 41 t R, b
27. 41 t R,
28. 32 g R;
29. 33 S R4
30. 22 X2y Rs
31. 81 = R,
32, 32 g R,
33. 42 x? Ry
34. 71 X Ry
35. 84 R/S Reo n
36. 31 f Rei ZIn x;
37. 22 In Re2 I(In x;)?
38. 34 RCL Res Zy;
39. 01 1 Res Syi?
40. 71 X Res Zy; In x;
41, 34 RCL Res O
42, 00 |0 Re7 O
43, 61 + Res 0
44, | -35 | GTO35 Res 0
45,
46.
47.
48.
49,
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Example:
Xi | 3 4 6 12
vi | 1.5 93 234 60.1
1. a=-47.02, b=41.39
y=-47.02+41.391nx
2. r2=.98
3. Forx=8, §=39.06
Forx =14.5, §=63.67
STEP INSTRUCTIONS OATAONITS KEYS oﬂ%ﬂ‘rjq}:rs
1 Enter prograrr{ l ” ” ” ] .
2 | Initialize BST || mrs | ;] _} 0.00
3 |Perform3fori=1,2,.,n X o Il | j
! v rs [ [
3 Delete erroneous data xy, Yk Xk t ! ] ]
Vic [gro |[ o |[ o | ms |
4 Comﬁute a, b,and r? L GTO “ 1 ” 5 ” R/S ] a
(ICTEN | I |
» [rs | | || ¢
5 Compute estimated value? x l R/S ] __” ” ] ’V\
76 ”Foranewx,gotoﬁ [ “ ” ” J |
7 For a new case, go to 2 l ” ” ] ]
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POWER CURVE FIT

This program fits a power curve

to a set of data points

{(,y0),1=1,2,...,n}
where x; > 0,y; > 0.
By writing this equation as
Iny=blnx+Ina
the problem can be solved as a linear regression problem.

Output statistics are:

1. Regression coefficients

(ZInx;) (Zlny;)
n

(2 In x;)?

Z (In x;) (In y;) -

> (In x;)?

2. Coefficient of determination

(S 1nx) (S yi):|

n

[2 (Inx;) (In'y;) -
2 -

‘< =

)2 RY
[z (In x,)? - (Elf")} [z (Iny,)? - @g-y i ]

3. Estimated value § for given x

=ax

<>



Note:

nis a positive integer and n # 1.

Reference:

Power Curve Fit

83

K. A. Brownlee, Statistical Theory and Methodology in Science and
Engineering, John Wiley and Sons, 1965.

DISPLAY

DISPLAY

KEY T oo NNy REGISTERS
25. | 84 | R/S R, a
26. | 22 |xey IR, b
27. 33 STO R,
28. | 01 |1 Rj
20. | 84 | R/ R,
30. 32 g Rs
31 2 | x  ||Re o
2. | 41 |1 R, ]
33 | 41 |t Re
34. 32 g R,
35 | 33 |s | |Reo n ’
36. 22 X2y Rey SInxi ]
37. 81 . Re, Z(nx)?
38. 32 g R.a 2iny;
30. | 42 |2 Res Z(Inyi)?
40. 71 X Res ZIn x; Ir}/yi
a1. 8 | R/S Res 0
a2, 34 | RCL Rer O
a3. o1 |1 Res 0
44. 12 v Res 0
as. | 34 | RCL
46. 0 | o
a7. 71| x
48. | _a1 | cTO41
49.
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Power Curve Fit

Example:

x| 10 12 15

17 20

22 25 27 30 32

35

yi|0.95 105 1.25 141 1.73 2.00 2.53 298 3.85 4.59 6.02

1. a=.03, b=146
y= .03X1 .46
2 =.94
Forx =18, 9= 1.
x=23,y=2.
STEP. INSTRUCTIONS oA TS KEYS s
»-1 Enter program I ” Ir ” J
2 | Initialize BsT |[ ms |[ ][ ] 0.00
3 Perform3fori=1,2,..,n Xi T
i C | I | N
3 Delete erroneous data x, Yk Xk l :] [::]
i Vi [feto |[ 1+ J[ 1 | ms |
4 Compute a, b, and r? [ GTO H 1 ” 9 ]L_FI/S_] a
L Rs ] I i |
| Cas [ ] ||
5 Compute estimated value ? X R/S {:] [:] [::] 9
6 Foranew x,goto5 ][ ‘HV “ J
7 For a new case, go to 2 I Jr ” ” ]
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ANALYSIS OF VARIANCE

The one-way analysis of variance tests the differences between the population
means of k treatment groups. Group i(i=1, 2, ..., k) has n; observations
(treatment group may have equal or unequal number of observations).

Sum; = sum of observations in treatment group i

nj
= E Xij
=1

kK mi 2
N Z Z Xij
i= =1
Total SS = Z DX - .
i=1 _] 1 Z
rll
im1
2 2
nj kK nj
1
L2 2 2
=1 i=1 j=1
Treat SS = Z -
4 nj k
i=1
n;
i=1

Error SS = Total SS - Treat SS

df; =Treatdf =k -1

k
df, = Error df = Z n; -
i=1

Treat SS

Treat MS = ———
rea Treat df
Error SS

E MS= ———
fror Error df

k

= MS_ with k = 1 and Z n; — k degrees of freedom
Error MS o1
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Reference:

J. E. Freund, Mathematical Statistics, Prentice-Hall, 1962.

DISPLAY DISPLAY
LINE | CODE E:TE;Y LINE | CODE E:ﬁ‘(v REGISTERS
00. 25. 01 1 R, Used
o1. 33 |SsTO 26. 81 + R Used
02. 61 + 27. 33 STO R, Used
03. 00 0 28. 61 + R 3 Used
04. 32 g 29. 02 2 R4 Zn;
05. 42 | X 30. 34 | RCL Rs ZZx;i
06. 33 STO 31. 00 0 R¢ T2x;;
7. | &1 |+ 32. | 33 |sTO R, sumi
08. 05 5 33. 07 7 RsQ

09. 01 1 34. 33 STO R0

10. 34 RCL 35. 61 + Reo

11. o1 1 36. 06 6 Re,

12, 61 + 37. 34 RCL R,

13. 33 STO 38. 01 1 Re3

14. 01 1 39. 33 STO Res

15. | -00 GTO 00 40. 61 + Res

16. 01 1 41. 04 4 Re6

17. 33 STO 42, 00 0 Re7

18. 61 + 43. 33 STO Res

19. 03 3 44. 00 |0 Reg

20. 34 RCL 45, 33 STO

21. 00 0 46. 01 1

22. 32 g 47. 34 RCL

23. 42 x2 48. 07 7

24. 34 RCL 49. | 00 GTO 00




Analysis of Variance

87

Example:
i
i 1 2 3 4 5 6
1 10 5 12 14 11
Treatment 2 6 9 8 13
3 14 13 10 17 16
Sum; = 60.00
Sum, = 36.00
Sumj; = 70.00
Total SS=172.93
Treat SS = 66.93
Error SS = 106.00
F=3.79
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
»71 Enter program I ] l ” J
2 | Initialize f CLR BT || 0.00

3 Perform 3—-5fori=1,2,..., k

I L

Perform4 forj=1,2,.., n;

6 Compute the F statistic

bt

7 For a new case, go to 2

I 1l I [ |

| Ris | Il | i
GTO 1 6 RIS Sum
ree || s [ mel |6 |

Cog e e [ 4 ]

B

Lree |2 [ mer [ 6 |

Lo e J[re I 4 | ]
- - ]r:] Treat SS

L - 1l 1l | Erorss

T wsre]l e |l s ]

| RCL l a | RCL ” 3 |
- [ = 1 +




88 Paired t Statistic
PAIRED t STATISTIC

Given a set of paired observations from two normal populations with means
M1, M2 (unknown)

Xj I X1 X2 Xn
Vi | vio v2 o ¥a
let
Dl:Xi Yi
n
D=i Di
n

Sp=

The test statistic

,
I
& ‘cl

which has n - 1 degrees of freedom (df), can be used to test the null
hypothesis

Ho: py = u,.

Reference:

B. Ostle, Statistics in Research, lowa State University Press, 1963.



Paired t Statistic 89
DISPLAY KEY DISPLAY KEY
LINE | cODE | ENTRY LINE | cODE | ENTRY REGISTERS
00. 25. 81 + Ro sp
o. | 32 |g 26. | 84 |R/S R, B
02. 44 | CL'R 27. 34 | RCL R,
03. 84 | R/S 28. 83 R,
oa4. 51 - 29, 00 |0 R,
05. 1 =+ 30. 01 1 Rs
06. | -03 | GTOO03 31 | 51 |- Re ]
07. 51 - 32. | -00 GTO 00 R,
08. 31 | f 33. R
09. 11 s- 34. ~|Re
10. | -03 | GTOO03 35. Reo N
1. 32 |g 36. Rey ZDi
12. 33 s 37. R, =D
13. | 34 | RcL 3s. (Res Used
14. 83 39. Res Used
15. 00 |0 40. Res Used
16. 31 f AN Res O
17. 42 | Jx 42, Re; O
18. 81 | =+ 43. | |Res O .
19. 33 | sTO || 44 B Res 0
20. 00 |0 || as |
21. 31 | f 46.
22. 33 | x 47.
23. 34 | RCL 48.
24. 00 |0 49,
Example:
X; | 14 175 17 17.5 154
Vi | 17 207 216 209 172
t=-7.16
df =4.00
STEP INSTRUCTIONS oATUNITS KEYS o s
1 Enter program r J[ J [ J[ I |
2 | initialize BST s || 11 ooo
3 Perform3fori=1,2,..,.n X t
Yi R/S i
3' | Delete erroneous data xi, vk Xk [ t [ J
i I Yk -GTO 0 7 R/S
4 |Compute tand df [ero |[ 1+ [ 1 [ ms | t
T [ e | d
5 For a new case, go to 2 r J r J l J




90 t Statistic for Two Means

t STATISTIC FOR TWO MEANS

Suppose {xl, X2, eeey an} and {yl, Yoy e ynz} are independent random
samples from two normal populations having means u;, u, (unknown) and
the same unknown variance o?.

We want to test the null hypothesis
Ho:py -2 =D
where D is a given number.

Define

t=

/1 1 /zxf -0, X2+ 3y -n, y?
4+
nl n2 n1+n2-2

We can use this t statistic, which has the t distribution with n; +n, — 2
degrees of freedom, to test the null hypothesis Hy.

Reference:

K. A. Brownlee, Statistical Theory and Methodology in Science and
Engineering, John Wiley and Sons, 1965.
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DISPLAY KEY DISPLAY KEY HEGISTERS
LINE | CODE | ENTRY
25. 83 Ro n,
26. 02 2 R, =Zx;
27. 61 |+ R, Zxi
28. 34 | RCL Ry X
29. 04 |4 R, v
30. 32 g Rs -
31. | 42 | X Re h
32. | 34 | RCL R,
33. 83 R
34. 00 |0 R,
35. 71 X Reo n,
36. 51 - Re, Zyi
a7. | 3 |RcL Rez 3y
38. 00 0 Res Used
39. | 34 |RcL Res Used
40. 83 Res Used
41. | 00 |o Res O
42, 61 + Rez 0O o
43. | 02 |2 Res 0
a4, 51 - Res 0
45. | 81 |+ B
4. | 31 |1
a7. 42 | Jx
48. 81 =

24. 34 RCL 49. -00 GTO 00



92 t Statistic for Two Means

Example:

x: 79, 84, 108, 120, 103, 122, 120

y: 91, 103, 90, 108, 87, 100, 80, 99, 54

n, = 8

n; = 10

IfD=0 (i.e.,, Ho: gy =u3)

then x = 106.25

y=925

t=1.73

STEP INSTRUCTIONS DATAIUNITS KEYS DATA/URITS

1 [Enerromn ) | | | ]

2 Initialize | g CL*R 0.00

3 Perform 3 fori=1,2,.,n; Xi l: ::]E i

3 Delete erroneous data xj Xk I f z- }

4 stioresumsandcomputei [ RCL ” . ” 0 “ STO ]"" ]

B o e I I+ ]

] I | A |

e s e L

I e s L) 5

5 Initialize for y's q CL*R 0.00

6 Perform 6 forj=1,2,..., n, vj l Z+ | j

il,, Vl?e|ete erroneous data y, ,y", I f “ zZ- ” I

7 |Computey 7 - [ ][ & ][ sto |[ a j I

8 !nputDandcomputet” D [ RCL ” 4 ” + ]LRCL J'_ ]
b s s e e

9 For a different D goto8 L J[ ” IL J R ]

10 For a new case, go to 2 [ “ ” ” ]
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ONE SAMPLE TEST STATISTICS FOR THE MEAN

For a normal population (x;, X, ..., X,) with a known variance 02, a test of
the null hypothesis

Hy: mean u = uq

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

;= \/H (X = 1o)

g

If the variance ¢? is unknown, then

\/; (X = o)

N

is used instead. This t statistic has the t distribution with n - 1 degrees of
freedom. X and s are the sample mean and standard deviation.
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DISPLAY

DISPLAY

K

LINE | CODE E:‘(%{Y LINE | CODE EN%V REGISTERS
00. 25. 01 1 Ro Mo

o1. 33 | sTO 26. 22 | x2y R, /n (X - o)
02. 00 | o 27. 81 = R,

03. 84 | R/S 28. -00 | GTOO00 ||Rs

04. 31 f 29, R,

05. 33 | % 30. Rs

06. 34 | RcL 31. R,

o7. 00 | 0 32. R,

08. 51 - 33. R

09. 34 | RCL 34. R,

10. 83 35. Reo "
11. 00 | 0 36. Rey ZX;

12. 31 f 37. R,; Ix;’

13. 42 | x 38. Res Used

14. 71 X 39. Res Used

15. 33 | sTO 40. Res Used

16. 01 1 41. Res O

17. 32| ¢ 42, R.; O

18. 33 | s 43, Reg O

19. 34 RCL 44. Res 0

20. 01 1 as.

21. 2 | x2y 46.

22. 81 + 47.

23. 84 R/S 48.

24, 34 RCL 49.




One Sample Test Statistics for the Mean 95

Example:

Suppose uo = 2, for the following set of data

{2.73,045,2.52,1.19,3.51,2.75,1.79,1.83,1 ,0.87, 1.9 , 1.62, 1.74, 1.92,
1.24,2.68,}

test statistic t = —.69
andz=-57ifo=1.

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Eme; program
2 Initialize g CL*R 0.00

[3 Tperform3fori=1,2,..n xi T+ ' T
4 [Inputy, Ho BST RIS o
5 Compute t R/S t
6 Input o (if known) o R/S z

7 For a new case, go to 2
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TEST STATISTICS FOR CORRELATION
COEFFICIENT

Under the assumptions of normal correlation analysis, the following t statistic
can be used to test the null hypothesis p = 0,

rv/n-2
V1-r?

t=

where r is an estimate (based on a sample of size n) of the true correlation
coefficient p. This t statistic has the t distribution with n -2 degrees of
freedom.

To test the null hypothesis p = pq, the z statistic is used.

n-3 , (*0(-po)
2 (1-1)(1+p0)

where z has approximately the standard normal distribution.

References:

1. Hogg and Craig, Introduction to Mathematical Statistics, Macmillan Co.,
1970.

2. J. Freund, Mathematical Statistics, Prentice-Hall, 1971.
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DISPLAY KEY DISPLAY KEY HEGISTERS
LINE | CODE | ENTRY LINE | CODE | ENTRY
00. 25. 34 RCL Ro '
o1 34 RCL 26. 00 0 R, n
02. 01 1 27. 51 - R, po
03. 02 2 28. 81 + R,
04. 51 - 29. 01 1 R,
05. 31 f 30. 34 RCL Rs
06. 42 N3 31. 02 2 Re
07. 34 RCL 32. 51 - R,
08. 00 0 33. 71 X Rg
09. 71 X 34. 01 1 R,
10. 01 1 35. 34 RCL Reo
11. 34 RCL 36. 02 2 Re,
12, 00 0 37. 61 + R..
13. 41 0 38. 81 + Res
14. 71 X 39. 31 f Res
15. 51 - 40. 22 In Res
16. 31 f 41. 34 RCL Res
17. 42 VX 42, 01 1 Res
18. 81 + 43. 03 3 Res
19. 84 R/S 44, 51 _ Reg
20. 34 RCL 45, 31 f
21. 00 0 46. 42 \/{
22. 01 1 47. 7 x
23. 61 + 48. 02 2
24, 01 1 49. 81 =
Example:
Suppose r =0.12 and n = 31, then
t=.65 and
z= .64 (for py =0).
STEP INSTRUCTIONS DATA/UNITS KEYS Dg'lf/m}s
1 Enter program
2 Input r and n r STO 0
n STO 1
3 (If z is desired) input pg Po STO 2
4 Go to 6 if only z is needed
5 Compute t BST R/S t
6 Compute z GTO 2 0 R/S z

7 For a new case, go to 2
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CHI-SQUARE EVALUATION
(EXPECTED VALUES EQUAL)

This program calculates the value of the x? statistic for the goodness of fit
test when the expected frequencies are equal.

n 2 2

(Oi - El) n EO,
2 = - = - Eo
=2 E; 0, i

i=1

where  O; = observed frequency

Z0;
E = expected frequency = —— .
n

DISPLAY DISPLAY
LINE | CODE E:;:;Y LINE | CODE Eﬁ;” REGISTERS
00. 25. R,

o1. 34 RCL 26. R,
02. 83 . 27. R,
03. 02 2 28. R,
04. 34 RCL 29. R,
05. 83 . 30. Rs
06. 00 0 31. Re
07. 71 x 32. R,
08. 34 RCL 33. Rg
09. 83 . 34. R,
10. 01 1 35. Reo n
11. 81 + 36. Rey Z0;
12. 31 f 37. Re2 30,2
13. 34 LAST X 38. Res Used
14, 51 - 39. Res Used
15. -00 GTO 00 40. Res Used
16. 41. Res 0
17. 42, Res 0
18. 43. Res 0
19. 44. Res o
20. 45,

21. 46.
22. 47.
23. 48.

24. 49.
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Example:

The following table shows the observed frequencies in tossing a die 120 times.
Assume that the expected frequencies are equal (E = 20), x* can be used to

test if the die is fair.

number I 1 2 3 4

frequency0i|25 17 15 23

2 =5.00
STEP INSTRUCTIONS oAThONITS
1 Enter program
2 Initialize
3 Perform 3 fori=1,2,...,n O;
3' | Delete erroneous data Oy Ok
4 | Compute x*
5 For a new case, go to 2

OUTPUT
DATA/UNITS

0.00
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CHI-SQUARE EVALUATION
(EXPECTED VALUES UNEQUAL)

This program calculates the value of the x? statistic for the goodness of fit
test by the equation

", (0;-E)?
E;

where  O; = observed frequency
E; = expected frequency.

The x? statistic measures the closeness of the agreement between the
observed frequencies and expected frequencies.

Note:

In order to apply the goodness of fit test to a set of given data, combining
some classes may be necessary to make sure that each expected frequency is
not too small (say, not less than 5).

Reference:

J. E. Freund, Mathematical Statistics, Prentice-Hall, 1962.
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OUTPUT
DATA/UNITS

0.00

DISPLAY KEY DISPLAY KEY HEGISTERS
LINE | cOoDE | ENTRY LINE | copE ENTRY
00. 25. 51 - R, n
o1. 00 0 26. 31 f R, Z(0;- E)?/E;
02. 33 STO 27. 34 LASTX | |R,
03. 00 0 28. 22 X2y R,
04. 33 STO 29. 32 g R,
05. 01 1 30. 42 x? Rs
06. 84 R/S 31. 22 | x2y R,
07. 51 - 32. 81 + R,
08. 31 f 33. 33 | STO R,
09. 34 LAST X 34. 51 - R,
10. 22 | x2y 35. 01 1 Reo
1. 32 g 36. 34 RCL Re,
12, 42 x2 37. 00 0 Re.
13. 22 X2y 38. 01 1 Res
14. 81 + 39. 51 _ Res
15. 33 STO 40. 33 STO Res
16. 61 + 41. 00 0 Res
17. 01 1 42. -06 GTO 06 | |Rer
18. 34 RCL 43. Res
19. 00 0 44. Reg
20. 01 1 45.
21. 61 + 46.
22, 33 STO 47.
23. 0 o 48.
24. -06 | _GTO 06 49.
Example:
Lo | 8 50 47 56 5 14
E; | 96 4675 5185 544 825  9.15
x> =4.84
STEP INSTRUCTIONS oATAONITS KEYS
1 Enter program
2 Initialize BST R/S
3 Perform 3 fori=1,2,..,n O; t
E; R/S
3' | Delete erroneous data Oy, Ey Ok t
Ex GTO 2 5 R/S
4 Recall x* from register R, RCL 1

For a new case, go to 2
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2 x k CONTINGENCY TABLE

Contingency tables can be used to test the null hypothesis that two variables
are independent.

1 2 3 k Totals
A a; a, az ay Na
B b, b, b, by Ng
Totals N, N, N3 Ny N

Test statistic x has k — 1 degrees of freedom.

=N Z PN g
Na &N Ng &N

i=1

Pearson’s coefficient of contingency C measures the degree of association

between the two variables.
2
c= /X
N + %2

B. Ostle, Statistics in Research, lowa State University Press, 1963

Reference:
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DISPLAY KEY . :;SPL:(Y)DE ] S'E;v REGISTERS
25. -00 GTO 00 Ro Np
o1. 26. 34 RCL R, Ng
02. 03 3 27. 83 . R, a
03. 33 STO 28. 02 2 Rs b
04. 61 + 29. 34 RCL R,
05. 01 1 30. 00 0 Rs
06. 22 | x2y 31. 81 | + R -
07. 33 STO 32. 34 RCL R,
08. 02 | 2 33, 83 | - Rg -
09. 33 STO 34. 04 | 4 R,
10. 61 + 35. 34 RCL Reo k
11. 00| o 36. 01 1 Rey ZaiA/N;
12, 61 + 37. 81 - Re2 Za?/N;
13. 31 | f 38. 61 | + Res ZbiA/Ni
14, 42 | x 39. 01 1 Res Zbi?/N;
15. 34 RCL 40. 51 - Res Zajbi/N;
16. 03 3 41. 34 RCL Res O
17. 22 | x2y 42, 00 | 0 Re7 O
18. 81 + 43. 34 RCL Res O
19. 34 | RCL 44. o1 | 1 Res 0
20. 02 2 45. 61 +
21. 31 f 46. 71 X
22. 34 LAST X a7. -00 GTO 00
23. 81 - 48.
24. 11 pors 49.
Example:
1 2
A 2 5 4
B 3 8

x¥2=.02 C=.03
STEP INSTRUCTIONS oATRUNITS KEYS TS
1 Enter program |
2 | Initialize [ e J[cr|[ sTO || 0 |

777777 o [Tsto |[ 1 [ BsT | ] 0.00
3 | Perform3fori=1,2,.k a I | i ]

B b; R/S i
4 Compute x* GTO 2 6 R/S X
5 | Compute C [+ [ 2 [ e J[ o |

P6 For a new case, go to 2 [ ” “ ” ]
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2 x 2 CONTINGENCY TABLE
WITH YATES CORRECTION

This program calculates x? for a 2 x 2 contingency table containing observed
frequencies. Yates correction for continuity is used.

(ox

Group A a
Group B c d

@ = (atb+tc+d)[lad-bcl-%(a+tb+c+d)?

(atb)(atc)(c+d)(b+d)
DISPLAY DISPLAY

LINE | CODE EL(?;V LINE | CODE E:%Y REGISTERS
00. 25. 51 - R, a
o1 61 + 26. 32 g R, b
02. 33 STO 27. 42 x? R, ¢
03. 05 5 28. 34 RCL R; d
04. 61 + 29. 00 0 R, a+b+c+d
05. 61 + 30. 34 RCL Rs c+d
06. 33 STO 31. 01 1 Rg

07. 04 4 32. 61 + R,

08. 22 X2y 33. 81 + Ry

09. 34 RCL 34. 34 RCL Ro

10. 03 3 35. 00 0 Reo

11. 71 x 36. 34 RCL Re,

12, 34 RCL 37. 02 2 Re2

13. 01 1 38. 61 + Res

14. 34 RCL 39. 81 + Res

15. 02 2 40. 34 RCL Res

16. 71 X 41. 05 5 Res

17. 51 - 42, 81 + Re7

18. 32 g 43. 34 RCL Res

19. 42 x? 44. 01 1 Reo

20. 31 f 45. 34 RCL

21. 42 X 46. 03 3

22. 22 X2y a7. 61 +

23. 02 2 48. 81 -

24. 81 - 49. 71 x



Example:
1 2
Al 9 21
B |17 13
x? =3.33
STEP INSTRUCTIONS

Enter program

Store data

Compute x*

For a new case, go to 2

2 x 2 Contingency Table with Yates Correction 105

INPUT
DATA/UNITS

STO
STO
STO
STO
BST

R/S

KEYS

OUTPUT
DATA/UNITS
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BARTLETT’S CHI -SQUARE STATISTIC

k
flns? - Z fiIn s;2
i=1

1 1 1
1+ — — -
3kk-1) iz::lfi f

where s;2 = sample variance of the i™ sample
f; = degrees of freedom associated with s;>
i=1,2,..,k
k = number of samples

K
2 fis®
i=1

f

S2._

f =

i

k
fi .

=1

This x? has a chi-square distribution (approximately) with k - 1 degrees of

freedom, which can be used to test the null hypothesis that s;2, 5,2, ..., 5.2

are all estimates of the same population variance 02(Hy: Each of 5,2, 5,2,

sk ? is an estimate of 0?).

eeey

Reference:

A. Hald, Statistical Theory with Engineering Applications, John Wiley and
Sons, 1960.
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DISPLAY KEY DISPLAY KEY
LINE | cODE | ENTRY LINE | CODE | ENTRY REGISTERS
00. 25. 22 In Ro Si°
o1. 33 | sTO 26. 3 | RcL  |[R,
02. 61 + 27. 03 3 R, = /f;
03. 03 | 3 28. 7 x R, 2fj
04. 13 | ' 20 34 | RCL R,
05. 33 | sTO 30. 83 Rs
06. 61 | + 31 o1 | 1 ||Rg -
o7. 02 | 2 32, 51 | - R, -
08. 81 + 33. 34 RCL R,
09. 34 | RCL 34, 02 | 2 R, i
10. 00 | o 3s. 34 | RCL Reo k o
11. 31 f 36. 03 3 Re, Zf; Ins;?
12, 22 In 37. 13 Yx Res Z(f; In5;%)2
13. 34 RCL 38. 51 - Res Zfisi?
14. 01 1 39. 34 RCL Res Z(fisi?)?
15. 71 x 40. 83 R,s Zfi%si® Ins;?
16. 1 T+ 41. 00 | 0 Res O
17. -00 | GTOO00 42. 01 1 Re; O
18. 34 RCL 43. 51 - Res 0
19. 83 44. | 03 | 3 Res 0
20. 03 | 3 45 7| x
21. 34 RCL 46. 81 +
22. 03 3 47. 01
23. 81 s 48. 61 +
24. 31 £ 49. 81 £
Example:
i 1 2 3 4 5 6
5;2 5.5 5.1 5.2 4.7 4.8 4.3
fi 10 20 17 18 8 15
2 =.25
STEP INSTRUCTIONS AT TS KEYS T s
1 Enter program (
2 | Initialize [ g [ cur STO 2
STO 3 l BST 0.00
3 Perform 3 fori=1,2,..., k siz STO 0 I
f; sTO | 1 | R/S ] i
4 | Compute x* GTO | 1 | 8 | R/S | e
| 4 | Compu . X
5 For a new case, go to 2 r Jr J[ ” J
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BEHRENS-FISHER STATISTIC

Suppose {xl, X2, e an} and {yl, Yo, e ynz} are independent random
samples from two normal populations with means u;, u, (unknown). If the
variances 0,2 , 0,2 can not be assumed equal, then the Behrens-Fisher
statistic

Xx-y-D
d= y
S12 522
[ S
n, n,

is used instead of the t statistic to test the null hypothesis
Ho:py -2 =D

Critical values of this test are tabulated in the Fisher-Yates Tables for various
values of n;, n,, o and 8, where « is the level of significance and

S n
=tan! [ 2
Sy n;
Notation:
XX , 2% - [(Ex)? ny]
X = $;° =
n; n, -1
2y , _ Zyi® - [(Zyi)?/na]
y= $7 =
n, n, - 1
Reference:

Fisher and Yates, Statistical Tables for Biological, Agricultural and Medical
Research, Hafner Publishing Co., 1970.



DISPLAY KEY

LINE | CODE | ENTRY
00.

o1. 41 0

02. a1 0

03. 31 f

04. 33 | %

05. 22 X2y
06. 23 | RI
o7. 61 +

08. 34 | RCL
09. 00 0

10. 22 X2y
1. 51 -

12. 41 1

13. 41 t

14. 32 g

15. 33 s

16. 34 | RCL
17. 83

18. 00 |0

19. 31 f

20. 42 | x
21. 81 +

22. 33 STO
23. 02 2

24. 22 X2y

Example: x: 79, 84,

STEP

y: 91, 103,

INSTRUCTIONS

Enter program

Initialize

Perform 3 fori=1,2,...,n,
Delete erroneous data xy

Compute X and s, /\/Fl

Perform 5 fori=1,2,.,n,
Delete erroneous data yp,

Input D and compute d, 0

For a new case, go to 2

DISPLAY

LINE @ CODE
25. 23
26. 32
27. 42
28. 34
29. 01
30. 32
31. 42
32. 61
33. 31
34. 42
35. 81
36. 84
37. 34
38. 01
39. 34
40. 02
41. 81
42. 32
43. 14
44. -00
45.
46.
47.
48.
49.

108, 114,
90, 113,

INPU

T

DATA/UNITS

Xj

Xk

Yi

Yh

Behrens-Fisher Statistic 109

KEY

ENTRY

Rl

GTO 00

REGISTERS

Ro X
Ry s; A/
R, s;/A/n,

Reo Used
Rey Used
Re2 Used
Re3 Used
Res Used
Res Used
Re6 0
Rez O
Res 0
Reo 0

120, 103, 122, 120
108, 87, 100, 80, 99, 54
Hy: 4y =up, (D=0),n, =8,n, =10, x=106.25

s;/AV/n; =5.88,d=1.73,0 =47.88° (= .84 radians = 53.20 grads)

KEYS DATATUNITS
g CL-R 0.00
T+ i
f -
f % sTO 0 X
<] s RCL
0 f Vx + s, /Ny
sTO 1 g CL-R 0.00
Z+ i
f -
BST R/S d
R/S 0
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BISERIAL CORRELATION COEFFICIENT

The biserial correlation coefficient r, is used where one variable Y is
quantitatively measured while the other continuous variable X is artificially
dichotomized (that is, artificially defined by two groups). It measures the
degree of linear association between X and Y.

n(Z'y;) - n Zy;
na Vn Zy;? - (Zy;)?

Iy =

Suppose X takes the value O or 1.

Define  n; = number of x’s such that x =1
n = total number of data points
='y; = sum of the y’s for which x = 1
Zy;=sumofall y’s

a = ordinate of the standard normal curve at point z cutting off a

ny
tail of that distribution with area equal top=— .
n

Note:
Among the necessary assumptions for a meaningful interpretation of r are:

1. Y isnormally distributed

2. The true distribution of X should be of normal form.



Reference:

Biserial Correlation Coefficient

B. Ostle, Statistics in Research, lowa State University Press, 1963.

DISPLAY
LINE | CODE
oo HTEE
o1. 34
02. 83
03. 03
04. 34
05. 83
06. 01
07. 61
08. 33
09. 02
10. 31
1. 34
12. 34
13. 83
14, 00
15. 71
16. 22
17. 34
18. 01
19. 71
20. 51
21. 34
22. 83
23. 00
24. 34

KEY

ENTRY

SN i AT

RCL

RCL

DISPLAY KEY
UNE | copE ENTRY REGISTERS
25. 83 . Ry a
26. 02 2 R, n,
27. 34 RCL R, Zy;
28. 83 . R
29. 04 4 R4
30. 61 + Rs
31. 71 X Re
32. 34 | RCL R,
33. 02 | 2 Rg
34. 32 g Ry
35. 42 x2 Reo n
36. 51 - Rey T'y;
37. 31 f R, z'yi?
38. 2 | Jx Res Zyi- Z'y;
39. 34 RCL Res Z:Viz -2y’
40. 0 | o Res O
41. 34 | RCL Res 0
42. 83 . R.; O
43. 00 0 Reg 0
44. 71 X Reg O
45. 71 X
46. 81 +
a7. -00 GTO 00
48.
49.

111
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Example:
x|[o 1 1 0 1 0 0 0 1
vi |31 28 56 03 25 24 48 29 77

n, = 4
n=9
a=040
Iy = .59
STEP INSTRUCTIONS DATEUNITS KEYS
1 Enter program
2 Initialize g CL-R BST
3 Perform 3 for x; = 1 0 t
Vi Z+
3 Delete erroneous data y 0 t
(xg =1) Yk f z-
4 | Perform 4 for x; =0 Yi t
0 I+
4' Delete erroneous data yp, Yh )
(xp =0) 0 f -
5 Input a and n, a STO 0
ny STO 1
6 Compute r, R/S

7 For a new case, go to 2

OUTPUT
DATA/UNITS

0.00
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SPEARMAN’S RANK CORRELATION COEFFICIENT

Spearman’s rank correlation coefficient is defined by

n
63 D
i=1
n(n? - 1)

rszl —

where  n = number of paired observations (x;, y;)
D; = rank (x;) - rank (y;) = R; - S;.

If the X and Y random variables from which these n pairs of observations are
derived are independent, then rg has zero mean and a variance

1
n-1"~

A test for the null hypothesis
Ho: X, Y are independent
is using

z=r1/n -1

which is approximately a standardized normal variable (for large n, say
n = 10).

If the null hypothesis of independence is not rejected, we can infer that the
population correlation coefficient p(x, y) =0, but dependence between the
variables does not necessarily imply that p(x, y) # 0.

Note:
-1<<1

where rg =1 indicates complete agreement in order of the ranks and rg = - 1
indicates complete agreement in the opposite order of the ranks.

Reference:

J. D. Gibbons, Nonparametric Statistical Inference, McGraw Hill, 1971.
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DISPLAY DISPLAY

LINE | CODE E:‘(%Y LINE | CODE E:%V REGISTERS
00. 25. o1 | 1 Ro n

o1. 51 - 26. 34 RCL R, ZD;{?

02. 32 | g 27. 01 1 R,

03. 42 x? 28. 06 6 Rs

04. 33 STO 29. 71 x R,

05. 61 + 30. 34 RCL Rs

06. o1 | 1 31 0 | o 1R, N

07. 34 RCL 32, 32 g R,

08. 00 0 33. 42 x? Ry

09. 01 1 34. 01 1 R,

10. 61 | + 35, 51 | - Reo -
11. 33 | STO 36. 34 RCL Re,

12, 00 0 37. 00 0 R..

13. -00 GTO 00 38. 71 X Res

14. 51 - 39. 81 + Res -
15. 32 | g 40. 51 - Res

16. 42 x2 41. 84 R/S Res

17. 33 STO 42, 34 RCL Res

18. 51 _ 43. 00 0 Res

19. 01 1 44. 01 1 Reo

20. 34 RCL _45. 51 -

21. 00 0 46. 31 f

22. 01 1 47. 42 Vx

23. 51 — 48. 71 X

24. -1 GTO 11 49. -00 | GTOO00
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Example:

(Note: Only the ranks R;’s and S;’s are used as the input data.)

Xj Yi R; Si

1
Student  Math Grade Stat Grade Rank of x;  Rank of y;
1 82 81 6 7
2 67 75 14 11
3 91 85 3 4
4 98 90 1 2
5 74 80 11 8
6 52 60 15 15
7 86 94 4 1
8 95 78 2 9
9 79 83 9 6
10 78 76 10 10
11 84 84 5 5
12 80 69 8 13
13 69 72 13 12
14 81 88 7 3
15 73 61 12 14
I, =.76
2=12.85
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1| Enter program
2 Initialize 0 STO 0 STO 1
BST 0.00
3 Perform 3 fori=1,2,.., n R; t
s; R/S i
3" | Delete erroneous data Ry, Sy Ry t
Sk GTO 1 4 R/S
4 | Compute ryand z GTO 2 5 R/S s

R/S z
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DIFFERENCES AMONG PROPORTIONS

Suppose X;, X,, ..., Xk are observed values of a set of independent random
variables having binomial distributions with parameters n; and 6; (i=1, 2, ...,
k).

A chi-square statistic given by

Kk
= b 0):2
i=1 n; 0 (1-0)
can be used to test the null hypothesis §, =6, = ... = 0, where

This x? has the chi-square distribution with k - 1 degrees of freedom.

Reference:
J. Freund, Mathematical Statistics, Prentice-Hall, 1971.
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DISPLAY DISPLAY
LINE | CODE E:‘(;:;Y LINE | CODE E:%V REGISTERS
00. 25. 81 |+ Ry 2X
o1. 51 | - 26. 1 | z+ R, Thi-x)
02. 33 | sTO 27. | -00 | GTO 00 R, Xi
03. 03 | 3 28. 34 | RCL R, Ni- X
04. 33 | sTO 29. 83 R,
05. 61 | + - 30. 02 |2  |]Rs
06. | 01 |1 31. | 34 | RCL Re -
o7. | 31 |[f | 32 | 00 |0 R, -
08. 34 LAST X . 33 81 + Rg
09. 33 | sTO 34. 34 | RCL R,
10. 02 | 2 35. 83 Reok
1. 33 | sTO 36. 04 | 4 R, Used
12. 61 + 37. 34 RCL R, Used
13. 00 | 0 38. 01 1 ResUsed
14, 61 | + 39. 81 | = Res Used ’
15. 31 | f 40. 61 + R,s Used )
16. 42 | Vx|l 4 | 0o |1 Res0
17. 34 | RCL 42. 51 - R,; 0
18. 03 | 3 43. 34 | RCL Reg 0
19. 22 | x2y 44. | 00 | O Reg 0
20. 81 | + || es. 3¢ | RCL |
21. 34 | RCL 46. 01 1
22. 02 | 2 a7. 61 | +
23. 31 f 48. 71 X
24. 34 | LAST X 49. | 00 | GTOO00
Example:
ny Xi
Sample 1 400 232
Sample 2 500 260
Sample 3 400 197
X2 =647
=3
[srep INSTRUCTIONS oA UNTS KEYS oS
1 Enter program [ H }r J[ ]
2| initialize [ Jlcer ][ st0 |[ o |
| sTO 1 BST 0.00
3 Perform 3 fori=1,2,..., k n; ’_?_1 [_——] [———j ————]
| X R/S i i
4 Compute x* GTO [_—2—_] I——U I—_?/S_} 'e
5 | (optional) Compute & [Rec Il o [ ¢t [ ¢
(L L= L1 ¢ |
6 For a new case, go to 2 [—.j r—__]
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KENDALL'’S COEFFICIENT OF CONCORDANCE

Suppose n individuals are ranked from 1 to n according to some specified
characteristic by k observers; the coefficient of concordance W measures the
agreement between observers (or concordance between rankings).

2

n k
12 3 Rj;
1

i=1 \ j= _3(n+t1

k? n(n? - 1) n-1

W=

where R;; is the rank assigned to the it" individual by the j*" observer.

W varies from O (no community of preference) to 1 (perfect agreement). The
null hypothesis that the observers have no community of preference may be
tested using special tables or, if n > 7, by computing

¥=k(n-1)W

which has approximately the chi-square distribution with n -1 degrees of
freedom.

Reference:

J. D. Gibbons, Nonparametric Statistical Inference, McGraw-Hill, 1971.

Table for small samples:
M. G. Kendall, Rank Correlation Methods, Hafner Publishing Co., 1962.
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DISPLAY DISPLAY

LINE | CODE E:‘(ﬁ*”f LINE | CODE E:lTE;V REGISTERS
00. 25. 61 + R, k
ot 33 | STO 26 33 | sTO R,i ]
02. 61 | + 27. 04 | 4 R, =Ry o
03. 02 | 2 28. 00 |0 Ry Z(Z R;j)?
04. 34 | RcL || 29 33 | sto0  |Ren
05. 01 1 30. 01 1 R i ]
06. 01 o ,3‘:,,,*,,,,33,;?5.&,7 EW B 7:
o7. 61 | + 32. 02 | 2 R, ]
08. 33 | sto || 33 | 34 |mcL | Rs
09. 01 | 1 134 | 04 | a 1Re -
10. | -00 | GTo00 || 35 | -00 | GTO00 ||Re
11. 34 RCL 36. 01 1 Re, - ]
12. o |1 || a7 61 | + R., B
13. 33 STO 38. 81 | Res ]
14, 00 0 39. -3 f Res
15. 34 RCL 40. 34 | LASTX Res
16. 02 2 41. 51 - Ree ]
17. 32 | g || 42 34 | RCL Re7
18. 42 x? 43. | 04 | a4 Res ]
19. 33 | sTO 44. 01 1 Reo
20. 6!7177_ + 1L 45. 517 - ]
21. 03 3 46. 81
22. 34 | RCL 47, | 03 |3 |
23. 04 | 4 48. 71 x
24. 01 1 49. -00 GTO 00
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Example:
Table for Rjj (n = 10,k = 3)
i J 1 2 3
1 6 7 3
2 1 4 2
3 9 3 5
4 2 6 1
5 10 8 9
6 3 2 6
7 5 9 8
8 4 1 4
9 8 10 10
10 7 5 7
W=.69
x* = 18.64
lsrer INSTRUCTIONS oAUt TS KEYS DATATUNITS
_1 N Er\ter ?rogram .,,.,_,,._I ” ” ” ] - N
2 Initialize 0 STO ” 1 l STO ” 2
B sto |[ 3 |[sto |[ 4 |
B [esT | I . oo
Perform 3-6 fori=1,2,...,n E [:
Perform 4 for j= 1, 2...., k Ri; s ||| i |

-

\II

Compute W

Compute x*

For a new case, go to 2

ReL || 3 || 4 |
[ree [ o [ & J[ 2 |
[« Jlmee [l & [+ |
[rRee || 4 J[em0o |[ 3 |
[ 6 |l wrs | 1l J
R T | T | I
I e .
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KRUSKAL-WALLIS STATISTIC

Suppose we want to test the null hypothesis that k independent random
samples of sizes n;, n,, .., and np come from identical continuous
populations.

Arrange all values from k samples jointly (as if they were one sample) in an
increasing order of magnitude. Let Rj; (i=1, 2, ..., k,j=1, 2, ..., n;) be the
rank of the j™ value in the i sample.

The Kruskal-Wallis statistic H can be used to test the null hypothesis.

-3(N+1)

where N = Z n; .

i=1

When all sample sizes are large (> S), H is distributed approximately as
chi-square with k - 1 degrees of freedom. For small samples, the test is based
on special tables.

Table for small samples (k = 3):

Alexander and Quade, On the Kruskal-Wallis Three sample H-statistic, Univer-
sity of North Carolina, Department of Biostatistics, Inst. Statistics Mimeo
Ser. 602, 1968.
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DISPLAY E:?, DISPLAY KEY REGISTERS
LINE | CODE RY LINE | cODE | ENTRY
00. 25. 34 RCL Ro N
o1. 33 | STO 26. 04 | 4 R, n;
02. 61 + 27. 01 1 R, 2 Rj
03. 02 | 2 28. 61 + Rs Z[(Z Rij)?/ni]
04. 34 RCL 29. 33 STO R4 k
05. 01 1 30. 04 4 Rs o -
06. 01 1 31. 00 0 Rs 0
o7. 61 | + 32. | 33 | sTO Rz 0
08. 33 STO 33. 01 1 Rs 0
09. 01 1 34. 33 | sTO Rs 0
10. -00 GTO 00 35. 02 2 Reo
1. 34 RCL 36. 34 RCL Re,
12. 01 1 37. 04 4 Re2
13. 33 | STO 38. | 00 | GTO00 ||Res
14. 61 + 39. 81 s Res
15. 00 | 0 40. 34 | RCL Res
16. 34 RCL 41. 00 | 0 Ree
17. 02 2 42. 01 1 Re7
18. 32 g 43. 61 + Res
19. 42 x? 44. 81 = Reo
20. 22 | x2y 4s. 31 f
21. 81 - 46. 34 LAST X
22. 33 | STO 47. 51 -
23. 61 + 48. 03 3
24. 03 3 49. 71 X
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Example:
(Note: Only the ranks R;j’s are used as the input data.)

Sample 1 273 045 252 119 351 275
Ranks R, 29 N 26 10 33 30

Sample 2 1.79 183 1 087 19 162 1.74 192
Ranks R, 11 12 9 7 20 18 19 21

Sample 3 1.24 268 0.88 2.5 1.61 1.55 3.03 0.38 0.22

Ranks R 14 28 8 25 17 15 32 4 2

Sample 4 0.57 254 036 1.56 239 123 -0.1 298 215 22§

Ranks R 6 27 3 16 24 13 1 31 22 23

N =33.00
H=2.29
1 Enter program
2 Initialize f CLR BST 0.00
3 Perform 3-5 fori=1,2,..., k
4 Perform 4 forj=1,2,..,n; Rjj R/S j
5 GTO 1 1 R/S i
6 Compute H RCL 3 4 X
RCL 0 N
GTO 3 9 R/S H

7 For a new case, go to 2
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MANN-WHITNEY STATISTIC

This program computes the Mann-Whitney test statistic on two independent
samples of equal or unequal sizes. This test is designed for testing the null
hypothesis of no difference between two populations.

Mann-Whitney test statistic is defined as

n, (nl +1) i

U=n1n2+ Z

where n; and n, are the sizes of the two samples. Arrange all values from
both samples jointly (as if they were one sample) in an increasing order of
magnitude; let R; (i=1, 2, ..., n;) be the ranks assigned to the values of the
first sample (it is immaterial which sample is referred to as the “first”).

When n; and n, are small, the Mann-Whitney test bases on the exact
distribution of U and specially constructed tables. When n; and n, are both
large (say, greater than 8) then

n; np
2

Vi n; (ng +ny +1)/12

7=

is approximately a random variable having the standard normal distribution.

Reference:

J. E. Freund, Mathematical Statistics, Prentice-Hall, 1962.

Table for small samples:
D. B. Owen, Handbook of Statistical Tables, Addison-Wesley, 1962.
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DISPLAY DISPLAY

LINE | CODE E:TE;V LINE | CODE E:%Y REGISTERS
00. Eoa 25. 22 x2y Ro Z R
o1. 33 | STO 26. 34 RCL R, N
02. 61 + 27. 02 2 R, n;
03. 00 | 0 28. 7 x Rs
04. 34 RCL 29. 02 | 2 R,
05. 01 1 30. 81 + Rs
06. 01 1 31. 51 - R,
07. 61 + 32. 22 | xy R,
08. 33 | STO 33. 34 RCL Rg
09. 01 1 34. 02 | 2 Ro
10. -00 | GTOO00 35. 61 + Reo
11. 34 RCL 36. 01 1 Re,
12, 02 2 37. 61 + R,
13. 34 RCL 38. 34 RCL Res
14, 01 1 39. 01 1 Res
15. 01 1 40. 71 X Res
16. 61 + 41. 34 RCL Ree
17. 02 2 42, 02 2 Re7
18. 81 + 43, 71 x Res
19. 61 + 44, 01 1 Reo
20. 7 x 45. 02 | 2

21. 34 RCL 46. 81 +

22. 00 0 47. 31 f

23. 51 _ 48. 42 Vx

24. 84 R/S 49. 81 +

Example:

(Note: Only the ranks Ry’s for the first sample are used as the input data.)

Sample 1 | 149 113 132 16.6 17 141 154 13 169
Rank R; 7 1 4 12 14 5 10 3 13

Sample 2 | 152 19.8 14.7 183 16.2 21.2 189 12.2 153 194
Rank 8 18 6 15 11 19 16 2 9 17

n; =9,n, =10,U=66.00,z=1.71

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 Initialize 0 STO 0 STO 1
BST 0.00
3 Store ny ny STO 2
4 Perform4 fori=1,2,..,n; R; R/S i
5 Compute U and z GTO 1 1 R/S V]
R/S z

6 For a new case, go to 2
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MEAN-SQUARE SUCCESSIVE DIFFERENCE

When test and estimation techniques are used, the method of drawing the
sample from the population is specified to be random in most cases. If
observations are chosen in a sequence X;, X, ..., X,, the mean-square
successive difference

n-1 n
n= Yy (Xi=Xir1)’ /Z(Xi-i)2
i=1 i=1

can be used to test for randomness.

If n is large (say, greater than 20), and the population is normal, then

_ 1-n/2
n-2
n? -1

has approximately the standard normal distribution. Long trends are
associated with large positive values of z and short ocillations with large
negative values.

Reference:

Dixon and Massey, Introduction to Statistical Analysis, McGraw-Hill, 1969.



DISPLAY KEY

LINE | CODE | ENTRY
00.

o1. 34 | RCL
02. 83

03. 06 | 6

04. 22 x2y
05. 51 -

06. 31 f

o07. 34 | LASTX
08. 33 | sTO
09. 83

10. 06 | 6

11. 1 =+

12. -00 | GTOO00
13. 32 g

14. 33 s

15. 32 g

16. 42 x2

17. 34 | RCL
18. 83

19. 00 | o

20. 01 1

21. 51 | -

22. 71 X

23. 34 RCL
24. 83

Example:

For the following set of data

{053, 052, 039,
0.06, 0.14, 0.16,
0.63, 020, 0.67,
024, 0.7, 035}

n=30

n=2.81

z=-229.

STEP INSTRUCTIONS

1 Enter program
2 Initialize

3 Input x,

4 Perform 4 fori=2,3,...,n

5 Compute 1 and z

6 For a new case, go to 2
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DISPLAY
e | cobe E:.E;Y REGISTERS
25. 04 | 4 Ro
26. 22 | x2y R,
27. 81 + R,
28. 84 R/S R,
29. 02 | 2 R,
30. 81 + Rs
31. 01 1 R
32. 22 X<y R,
33. 51 - R
34. 34 RCL R,
35. 83 Reo N
36. 00 Rey x;
37. 02 2 R, Zx;
38. 51 - Res Z(x; - xij+1)
39. 34 RCL Res Z(xi - xj+1)°
40. 83 Res Used
41, 00 0 Res x;
42. 32 q Rez O
43. 42 x2 Res 0
44, 01 1 Res 0
4s. 51 -
46. 81 +
47. 31 f
48. 42 Vx
49. 81 +
049, 097, 0.29, 0.65, 0.30, 040,
0.68 0.22, 0.68, 0.08, 0.52, 0.50,
044, 064, 040, 097, 0.03, 0.73,
DATAIUNITS KEYS DATA/UNITS
g CL-R BST 0.00
X1 STO 6 pors 1.00
Xj R/S i
GTO 1 3 R/S n
R/S z
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Poisson Distribution 66
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