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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. [#]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).

 

INPUT OUTPUT
DATA/UNITS KEYS DATA/UNITS

1 Enter program I ” ” II I]

2 Initialize | g || CL*R ” “ l 0.00

3 Perform 3 fori=1, 2,..., n, Xj (___—__]E[:l i

3"

|

Delete erroneous data xy Xk | f ” po- J[ J[ __I

4 Compute x and silw/r;/nl R l f Ir X ]r STO ” 0 J

STEP INSTRUCTIONS

 

 
 

 

 

  
 

 
 

 

x
|

 

 
 

 

B esJ[Rec [ ]
Co [ [[ =| swm

 
 

 

  

 

['sto || 1 || o “____:L-R ] 0.00

5 Perform5fori=1,2,.,n, Vi | I |L:_ i

5 Deleteierrrrvon(r:ous datay, v, [ f ” - J[ ”7

 

 
    

 
 

 
 

6 Input D arnAdrcompute d and 0 D I BST ” R/S ” ” l d
 

 
 

- | R/S ” “ ” | 0
  
       7 For a new case, go to 2 V I ” I[ ” ]kw
 



Step 1:

Step 2:

Step 3:

Step 3':

Step 4:

Step §:

Step 5':

Step 6:

Step 7:

Format of User Instructions 5

The first step in all programs is to enter the program into the

calculator.

The initialization step clears the stack and registers Reo through

Reg.

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;/a/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 =L=m(m—l)...(m—n+1)

(m -n)!

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

Notes:

1. P, can also be denoted by P3' , P(m,n) or (m),,.

2. wPe=1,,P, =m, P, =m!

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

  

DISPLAY KEY DISPLAY KEY REGISTERS

LINE cope ENTRY LINE CODE ENTRY

00. 25. 00 0

o1. 41 t 26. 01 1

02. 33 STO 27. 51 -

03. 00 0 28. 32 g

04. 84 R/S 29. -32 x=y 32

05. 32 g 30. 23 R

06. -35 x=y 35 31. -19 GTO 19

07. 31 f 32. 23 Rl

08. -1 x<y 11 33. 23 Ry

09. 00 0 34. -00 GTO 00

10. 81 + 35. 31 f

11. 01 1 36. 43 n!

12. 32 g 37. -00 GTO 00

13. -32 x=y 32 38. 01 1

14, 44 CcLX 39. -00 GTO 00
15. 32 g 40. 41 1

16. -38 x=y 38 41. 31 f

17. 61 + 42. 43 nl

18. 51 - 43. 22 Xy

19. 01 1 44. 84 R/S

20. 61 + 45, 51 -
21. 71 X 46. 31 f

22, 31 f 47. 43 n!

23. 34 LAST X 48. 81 +

24, 34 RCL 49. -00 GTO 00        
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Examples:

1. 27Ps =9687600.00

2. 73P4 =26122320.00

|Emerprosam L L]
2 Input m, n Frkn [ BST J| R/S ” ” —] m

NLLC 1L I[ || mPn
2' If m < 69, for a faster execution [ GTOJF 4 JI 0 “ ]

osL] .
o n Crs L L ML ] P

3 For a new case, go to 2 I ” J[ JI J      
 

 



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)

(m - n)! n! 1+2-..°n
 

an

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

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

I. Ifn<m-n

_m-n+l m-n+2 m
mCn = . et —

1 2 n
 

2. If n>m - n, program computes ,,C,, _p,.

Notes:

1.  C,, which is also called the binomial coefficient, can be denoted by

Cn' , C(m,n), or (7).

2’ an =rnCm—n

3. mCo=mCpy =1
4. mC1 :mCm-l —m
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DISPLAY DISPLAY

LINE CODE E:‘(%Y LINE CODE E:g\( REGISTERS
00. 25. -29 x<y 29 R, max(n, m-n)

o1. 51 - 26. 34 RCL R, Used

02. 31 f 27. 02 2 R, Used

03. 34 LAST X 28. -00 GTO 00 Rs

04. 31 f 29. 34 RCL Ra

05. -42 x<y 42 30. 00 0 Rs

06. 33 STO 31. 22 Xy Re

07. 00 0 32. 61 + R,

08. 01 1 33. 31 f Rg

09. 33 STO 34. 34 LAST X Ry
10. 01 1 35. 81 + Reo

11. 61 + 36. 34 RCL Re;

12. 33 STO 37. 02 2 Re.

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 41. -17 GTO 17 Re6

17. 23 R 42, 22 Xy Re7

18. 01 1 43. -06 GTO 06 Res

19. 34 RCL 44. 01 1 Reo

20. 01 1 45. 00 GTO 00
21. 61|+ |l ae.
22. 33 sTO a7. o
23. 01 1 48.

24. 31 f 49.

Examples:

1. 73C4 = 1088430.00

2. ,7,C5=80730.00

STEP INSTRUCTIONS DATORITS KEYS DATA/UNITS
1 Enter program [ “ ” J[ ]

2inputmon mo otTl ]
n | BsT || RS | I | mCn

3 For a new case, go t(; 2- I ” 4'r “ I        



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 E; given A is

b (5,/a] = FIE] P IVEL

> P[E]P [A/E)]
i=1

where k canbe 1, 2, ..., or n.

Reference:

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

Sons, 1960.

 

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

     

DISPLAY DISPLAY

LINE CODE E:%:Y LINE CODE E:%Y REGISTERS

00. 25. 51 - o ZP[A/E;] P[E;]

o1. 00 0 26. 33 STO 1N

02. 33 STO 27. 01 1 2

03. 00 0 28. -06 GTO 06 3

04. 33 STO 29. 71 X 4

05. 01 1 30. 34 RCL

06. 84 R/S 31. 00 0
07. 71 X 32. 81 +

08. 33 STO 33. -00 GTO 00
09. 61 + 34.

10. 00 0 35.

11. 34 RCL 36.

12, 01 1 37.

13. 01 1 38.

14. 61 + 39.

15, 33 STO 40.

16. 01 1 41.

17. 06 GTO 06 42.
18. 71 X 43.

19. 33 STO 44,

20. 51 - 45,

21. 00 0 46.

22. 34 RCL 47.

23. 01 1 48.

24. 01 1 49.     



Example:

If P[E;{] =095

P[A/E;] =0.005

P[E,] =0.05

P|A/E,] =0.995

then P[E,/A] =.09

Bayes’ Formula 11

 

STEP INSTRUCTIONS INPUT
DATA/UNITS

OUTPUT

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

DATA/UNITS

[ rorg I | S | R
2 Initialize BST Ris || I[ || 000

3 |Perform3fori=1,2,..,n PIE;] T=1-_|T_jr_-1r_|

plael || R || [| Il | i

3 Delete erroneous data P[Ep ], ] T

PIA/Ep] PlEm) || 1t | | I ]

PIAEnl || gTO || 1 || 8 || ms |

4 Compute P[Ey/A] PlE() |t | | | |

plael ||eto || 2 |l 9| ms | PEWAl
 

 

 

5 For a different k, go to 4
 

l 1 | I |
   6 For a new case, go to 2    I Il Ll |

 

 

 

 

 

   
 



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= 1_,1_ 1__:2_ . oo 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 K DISPLAY

LINE

|

CODE EN%:Y LINE

|

CODE E:$|:Y REGISTERS

00. 25.

|

00 |0 Ro Used

0.

|

33 |STO 26.

|

06

|

GTO06 |[Rim

02.

|

02 |2 27.

|

34 |RCL R, Used
03. 01 1 28. 00 |0 R,

04.

|

33

|

STO 20.

|

00 |GTOO0 |[R4
05. 00 |0 30. R,

06. 34

|

RCL 31. Re

07. 01 |1 32. R,

08. 34

|

RCL 33. Rg

09. 02 2 34.
R .

10. 01 1 35. Reo

11. 51

|

- 36. Re,

12, 33

|

sTO 37. R.,

13. 02 2 38. Res

14. 0 |o 39. R..

15. 32 |g 40. R.s

16.

|

27

|

x=y27 41. Rus

17. 23

|

R{ 42, R.,

18. 22

|

x2y 43. Res

19. 81

|

= a4. Re

20. 01 1 4s. -

21

|

22

|

xdy 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 DATONITS KEYS DATAJUNITS

1 Enter program r lr JI “ ]]

2

|

Inputm m L osto ||v

[

esT|||
3

|

inputn e[es | 1l | P
4 |Fordifferentn,got03 | | | | | ]
5 For a new case, go to 2 V I J[ J[ J‘ J       
 



14 Gamma Function

GAMMA FUNCTION

This program approximates the value of the gamma function I'(x) for

1 < x < 64.

 1
oo

N(x) = f X1 et dt

O

1 1
~ X —(X T 12x * 360X3)=\/2n/x x*e

Suppose € is the error, then

€
<2 x1077

x) "

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)

(x+4d) x+3)(x+2)(x+1)x
 I'(x)

Note:

This program can be used to find the generalized factorial x! for 0 < x < 63.

x!'=T(x+1)

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National

Bureau of Standards, 1968.
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DISPLAY KEY DISPLAY KEY REGISTERS
LINE cope ENTRY LINE CODE ENTRY
00. 25. 32 |g Used
o1. 05 5 26. 22 x
02. 61 + 27. 22 x2y
03. a1 1 28. a1 1
04. 13 'K 29, 61 +

05. 41 1 30. 31 f
06. 71 x 31. 83 |
07. 41 1 32. 71 X
08. a 1 33. 31 f

09. 03 3 34. 42 /x
10. 00 0 35. 71 X

11. 81 + 36. 33 STO
12. 01 1 37. 00 |0
13. 51 - 38. 44 CLX
14. 71 X 39. 05 5

15. 01 1 40. 51 -
16. 02 2 41. 33 STO
17. 81 = 42. 81 +

18. 22 x2y 43. 060 |0
19. 31 f 44. 01 1

20. 22 In 45. 61 +
21. 51 — 46. 31 f
22. 71 x 47. -41 x<y 41

23. 61 + 48. 34 RCL
24, 42 CHS 49. 00 0

Examples:

1. T(5.25)=3521

2. 7!=T(8)=5040.00

3. 2.34!1=T(3.34)=2.80
 

 
 

  

   
 

   
 

          

STEP INSTRUCTIONS DATAONITS KEYS DaATERITS

1 Enter program [ ” I I J[ J

2 Initialize r BST Jf J[ JI J

3 Input x x [ rs | B 1 | I(x)

4 For a new case, go to 3 [ J[ ” 4“7 I
 

 



16 Incomplete Gamma Function

INCOMPLETE GAMMA FUNCTION

X

v (a, x):f et t21 dt
0

X

a(a+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 KEY DISPLAY KEY

LINE cODE ENTRY LINE cCODE ENTRY
00. 25. 02 2

o1. 33 sTO 26. 61 +
02. 00 |0 27. 32 |g
03. 22 X< 28. -30 x=y 30

04. 33 29. -12 GTO 12
05. 01 30. 34 RCL
06. 12 31. 00 |0
07. 34 32. 32 |g
08. 01 33. 22 eX
09. 81 : 34. 81 =
10. 33 35. -00 GTO 00
11. 02 36.
12. 37.
13. 38.
14. 39.

15. 40.

16. 41.

17. 42.
18. 43.
19. 44.

20. : as.
21. 46.

22. a7.
23. 48.
24. a9.

 REGISTERS

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

       
Examples:

1. v(1,2)=.86

2. v(1,0.1)=.10

 

 
 

  
 
 

  
 
 

STEP INSTRUCTIONS DATAIUNITS KEYS DATA/UNITS

1 Enter program I ]fi J [ JI J

2 Input a, x a [ TJ[ JI J|74]

I ot|wsI | e
3 For a new case, go to 2 r Jr J[ Jli J

   
        



18 Error Function and Complementary Error Function

ERROR FUNCTION AND
COMPLEMENTARY ERROR FUNCTION

X

. 2 _
Error function erf x =——~f e t? dt

V1 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 ESTE;Y LINE |CODE E:fi‘{" REGISTERS
00. 25. 71 X

o1. 33 26. 33 STO

02. 00 27. 00 0

03. 41 28. 61 +

04. 71 29. 32 g

05. 02 30. -32 x=y 32

06. 71 31. -14 GTO 14

07. 33 32. 02 2

08. 01 33. 71 X

09. 01 34. 31 f

10. 33 35. 83 g

11. 02 36. 31 f

12. 34 37. |42 |x
13. 00 38. 34 RCL

14. 34 39. 01 1

15. 01 40. 02 2

16. 34 41. 81 -
17. 02 2 42. 32 g

18. 02 2 43. 22 e®

19. 61 44. 71 X

20. 33 45. 81 -

21. 02 46. 84 R/S

22. 1 : 47. 01 1

23. a8. 22 X2y

24. 49. 51 -

Example:

erf 1.34 = 94

erfc 1.34 = .06

STEP INSTRUCTIONS DA'T’:\%L,TS KEYS DAquiT/zlr{:'TS

1 Enter program l ” ” Ir ]

2 Compute erf x and erfc x X [ BSLH R/S4” Jl J erf x

(s0 0 L eres
3 For a new case, go to 2 ' I ” ” J[ J        



20 Random Number Generator

RANDOM NUMBER GENERATOR

This program calculates uniformly distributed pseudo random numbers u; in

the range

0< Uy <1

using the following formula:

u; = Fractional part of [(m +u;_;)°].

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

 

 

 

 

 

 

 

 

0< Up <.

DISPLAY DISPLAY

LINE

|

CODE E:’f!:Y LINE

|

CODE E:$;Y REGISTERS

00. 25.

|

23

|

Rl

O1. 33 STO 26. 33 STO

02. 00 27. 0 |o

03. 84 28. |-03 |GTOO03

04. 31 29. 51 _

05.

|

83 30.

|

26

|

GTO26 
06. 34 31.

07. 00 32.

08. 61 33.

09. 05 34.

10. 12 35.

11. 41 36.

12. 41 37.

13. 43 38.

14. 39.

15. 40.

16. 41.

17. 42,

18. 43.

19. 44.

20. 45.

21. 46.

22. 47.

23. 48.

24. 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, ...

INPUT OUTPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program

Input ug

Perform 3 fori=1, 2, 3,...

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

X1,y X2 5eeey Xp

with respective frequencies

fi,f5, .., f;

the program computes the following statistics:

 
_ Efixi

mean¥X =
zf;

L. EfiXiz— (Efl)iz

standard deviation s = _—
2fi -1

Sx

VIR
 standard error sy =
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DISPLAY DISPLAY

LINE CODE E:%Y LINE CODE E:'E;Y REGISTERS
25. 34 RCL
26. 00 |0
27. 33 sTO
28. 83
29. 00 |0
30. 34 RCL
31. 83
32. 03 |3
33. 33 sTO
34. 83
35. 02 |2 n, of;
36. 31 f Tfixi
37. 33 X T(fixi)?, Zfix;

38. 84 R/S fix?
39. 32 g S(fix?)?

40. 33 s > x;

a1, 84 |R/S 0
42. 34 |RCL 0
43. 00 |0 0
aa. 31 f 0

20. 33 STO 45, 42 \x

21. 83 - 46. g1 =

22. 00 |0 47. 00 GTO 00
23. 23 R 48.

24, -01 GTO 01 49.

Example: $=792

xi [2 34 7 11 23 341 (=759

15 3 4 2 3 1 =177

STEP INSTRUCTIONS DATAZUNITS KEYS DATATUNITS

1 Enter program r ” J I ” ]

2 Initialize | ¢ | ctr |sTO || 0o |
   

3 |Perform3fori=1,2,.,n xi |l I T

f | rs || Il || | i

3' Delete erroneous data x, fy - [ [

  

  
 

   
  

 

   
 

   
 

   
 

   
       

fi [Gro || 1 || 4 || ms |

4 Compute %, s and sz [ gro || 2 || s || ms| X

Las | I | s
| rs || Il I =

5 For a new case, go to 2 [ ” JI ” I
 



24 Geometric Mean

GEOMETRIC MEAN

For a set of n positive numbers {al , A%, ey an},the geometric mean is defined

by

1

G=(a; a, ...ap)".

 

  

 

 

 

 

 

 

 

 

 

DISPLAY KEY DISPLAY KEY HEGISTERS

LINE copE ENTRY
25. 12 v

26. -00 GTOO00
27. 33 sTO
28. 81 =
29. 01 1
30. 34 RCL
31. 00 |0
32. 01 1
33. 51 - 
34. 33 STO

35. 00 0

36. -07 GTO 07

37.

38.

 

 

 

 

 
39.

40.

41.

42.

43.

44,

 

 

 

 

   
45. 
46. 
47. 
48.
  49.          



Example:

Geometric Mean 25

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

 

 
 

 

 
 

 

 

 

 

 

STEP INSTRUCTIONS DATAONITS KEYS oIS

se |
2 Initialize [ esT |[ ms | | | 0.00

s Trrem eo i
3" Delete erroneousdata ay ax Gto || 2 || 7| RS|  
 

4 Compute the mean G

 
 

| G0 || 2
   5 For a new case, go to 2  [0 [] o 
  I L  I Il ]
 

 



26 Harmonic Mean

HARMONIC MEAN

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

For a set of n positive numbers {al , g,y e, an} , the harmonic mean is defined

by

H= I
1 1 1
—L+
a, a, ap

DISPLAY KEY DISPLAY KEY HEGISTERS

LINE CODE ENTRY LINE CODE ENTRY

o1. 00 |o 26. 13 1/x
02. 33 sTO 27. 33 |sTO
03. 00 |o 28. 51 |-
0a4. 33 sTO 29. 01 1
05. 01 1 30. 34 RCL
06. 84 R/S 31. 00 |0
07. 13 Ux 32. 01 1
08. 34 RCL 33. 51 -

09. 01 1 34. 33 SsTO
10. 61 + 35. 00 0

1. 33 STO 36. -06 GTO 06
12. 01 1 37.

13. 34 RCL 38.

14. 00 0 39.

15. 01 1 40.
16. 61 + 41.
17. 33 STO 42.

18. 0 o a3.

19. -06 GTOO06 44.
20. 34 RCL 4s.
21. 00 |0 46.
22. 34 RCL 47.

23. 01 1 48.

24, 81 < 49.         



Harmonic Mean 27

Example:

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

H = 4.40.

 
INPUT KEYS OUTPUTSTEP INSTRUCTIONS DATA/UNITS DATA/UNITS  

 

1 Enter program [ “ ] [ j[ I  
 

  

  

   
 

   
 

2 Initialize BST R/S | | 0.00

3 Perform3fori=1,2,..n a R/S ] i

3’ Delete erroneousdata ay £ GTO 2 6 R/S

4 Compute the mean H [ GTO ]I 2 JI 0 ” R/S J H

5 For a new case, go to 2 [ 4]li “ ” J       



28 Generalized Mean

GENERALIZED MEAN

For a set of n positive numbers {a,, ay, ..., an} , the generalized mean is

defined by

= -
]
-

M(t) =

B
l
»
—
-

= I

o -

where t is any desired number.

Notes:

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

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

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

DISPLAY KEY DISPLAY

LINE coDE ENTRY LINE CODE E:%Y REGISTERS
00. 25. 34 RCL

ot. 00 0 26. 01 1

02. 33 STO 27. 34 RCL

03. 00 0 28. 00 0

04. 33 STO 29. 81 +

05. 01 1 30. 34 RCL

06. 84 R/S 31. 02 2

07. 33 STO 32. 13 !/x

08. 02 2 33. 12 y*

09. 84 R/S 34. -00 GTO 00

10. 34 RCL 35. 34 RCL

11. 02 2 36. 02 2

12. 12 v 37. 12 Vi

13. 34 RCL 38. 33 STO

14. 01 1 39. 51 -

15. 61 + 40. 01 1

16. 33 STO 41. 34 RCL

17. 01 1 42. 00 0

18. 34 RCL 43. 01 1

19. 00 0 44. 51 _

20. 01 1 45. 33 STO

21. 61 + 46. 00 0

22, 33 STO 47. -09 GTO 09
23. 00 0 48.

24, -09 GTO 09 49.          



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Generalized Mean 29

Example:

The set of numbers {2, 34, 341, 7, 11, 23} has the generalized mean

M (2)=11.00.

sres|  mecrons oMU
1 Enter program [ “ “ Ir ]

2 Initialize | BsT || ms || I || 000

3 Input t t | R/S || I I I t

4 Perfrom4 fori=1,2,..,n 3 R/ -DE i

4’ Delete erroneous data aj a GTO 3 5 R/S

5 Compute mean M(t) [ gto || 2 || 5 || RS | M(t)

6 For a new case, go to 2 [ Jr Jr Jr J       
 



30 Moving Average

MOVING AVERAGE

Given a set of numbers {xl, X,, 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:

XXt tXx, XpotXgt.o.o+Xppp Xz3tXgt.ootXpio
 

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

Xn+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 R4 contains the value.

 

DISPLAY KEY DISPLAY KEY

LINE copE ENTRY LINE CODE ENTRY
 REGISTERS

 

00. 25. 03 3 Ry Used
 

o1. 33 STO 26. 33 STO R, Used
 

02. 83 . 27. 04 4 R, Used
 

03. 06 28. 34 RCL R3 Used
 

04. 34 29. 02 2 R, Used
 

05. 08 30. 33 STO Rs Used 
06. 33 31. 03 3 Rg¢ Used 
07. 09 32. 34 RCL R, Used 
08. 34 33. 01 1 Rg Used
 

09. 07 34. 33 STO Ry  Used
 

10. 33 35. 02 2 Reo Used
 

11. 08 36. 34 RCL Re; Used
 

12. 34 37. 00 0 Rez Used
 

13. 06 38. 33 STO Res Used
 

14. 33 39. 01 1 Res Used
 

15. 07 40. 34 RCL Res Used
 

16. 34 41. 83 . Res Used
 

17. 05 42, 06 6 Rez 0
 

18. 33 43. 33 STO Res 0
  19. 06 44. 00 0 Res 0   

20. 34 45. 11 2+

21. 46. -00 GTO 00

22. 47.

23. 48.

24. 49.
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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.

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

693.00, 680.00.

 

 
 
 

   
 

  

 
 

    
 

 

 

 

  
 

 

 
 

  
 

  
 

  
 

 

 

 

  
 

 

 
 

 

      
 

 

 

 

 

 

 

 

 

  

sTer INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program L L1l Il J
2 Initialize I g I l CL‘R I | BST ” I 0.00

3 |Perform3fori=1,2,..,n x; R/S i

4 Compute the moving average

of order n o o ] Il average

5 (optional) Compute the moving [ I

total of order n | reL || =+ || I | total

6 Input next value woolms Ll I [ ne
7 Remove one old value [TCL ” JI lh I

e=0 ] n
8 |Gotod (I |O | || |

9 |Foranew case, go to 2 [ I 0l ]
L Il I | |

* 1 can be one of the values [ I 1| | |

2,3,..,9. [ [ | |
 

 



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:

covariance sy =1— <Exiyi - -1 EXiEYi>
n-1 n

 

1 1’

Or Sxy =— 2X;Vi —— ZXi2ZVi
n n

. . . Sxy
correlation coefficient r =

Sx Sy

where sy and s, are standard deviations

/X - (2x)*n

T n-1

/[ Zyi? - (Zyi)*/n
s, = [/~

n-1

Note:

-1<r<1



Covariance and Correlation Coefficient
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DISPLAY DISPLAY—— NEY T cone Ny REGISTERS

00. 25. 51 -

o1. 32 g 26. 81 -

02. 44 CL-R 27. 81 +

03. 84 R/S 28. -00 GTO 00

0a. 31 |f 29.
0S. 21 L.R 30.

06. 41 t 31.

07. 32 |g 32.
08. 33 s 33.

09. 81 |+ 34.

10. 81 |+ 35.
1. 84 |R/S 36.

12, 41 |t 37.

13. 41 |t 38.

14. 32 |g 39.
15. 33 s 40.

16. 71 X 41.

17. 71 |x 42.
18. 84 R/S 43.

19. 34 RCL 44.

20. 83 45.

21. 00 0 46.

22. 41 1 47.

23. 41 |1 48.

24. 01 |1 49.

Example: r=-.96

yi | 92 85 78 81 54 51 40 Sxy = =354.14

x; | 26 30 44 50 62 68 74 Sxy' = -303.55

STEP INSTRUCTIONS oATAORITS KEYS DATA/UNITS

1 Enter program I JI ” ][ l

2" |lInitialize . | BST R/S l || I 0.00

3 |Perform 3 fori =1, 2., n Yi | 1 l ” ” |

o b= g0II
3 Delete erroneous data Xy, Yk Yk t I ” |

w ote ] I |
4 Compute correlation coefficient I ” Ir ” J

, L as | 1l Il o
5 Compute covariance sy, I R/S “ “ Jlfi J Sxy

(optional) Compute sy, [ R/S Jr ” ” I Sxy

6 For a new case, go to 2 I ” Jl JI J

I Il Il |
*Note: If sums are already [ “ “ ” J

accumulated in proper registers, [ ” ”7 Jl ]

skip steps 2, 3 and 3'. I J[ ” JI l

| I | | |       



34 Moments, Skewness and Kurtosis

MOMENTS, SKEWNESS AND KURTOSIS

This program computes the following statistics for a set of given data {xl , X2,

ves xn}:

n
_ 1

1 moment X =— x;
n

1=1

nd — 1 2 52
27" moment m, =— Xx;° -X

n

1 3 _ _
3" moment my = — 2x;° - — X 2x;2 +2x°

n n

th _ 1 4 6 _ _
4™ moment my = o X4 - ox;® + —x 2 Zx;? - 3x4

n n

moment coefficient of skewness

 

 

mj
Y1 =

m, 3/2

moment coefficient of kurtosis

My
Y2 =

m;

Reference:

M. R. Spiegel, Theory and Problems of Statistics, Schaum’s Outline,
McGraw-Hill, 1961.
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DISPLAY KEY DISPLAY KEY HEGISTERS

LINE CODE ENTRY LINE coDE ENTRY
00. 25. 04 |4
o1. 71 X 26. 71 X
02. 03 27. 51 -
03. 71 28. 34 RCL
04. 51 29. 83
05. 34 30. 04 |4
06. 01 31. 34 RCL
07. 81 : 32. 00 |0
08. 34 33. 32 g
09. 00 34. 42 x?

10. 03 35. 71 X
11. 12 36. 06 |6
12. 02 37. 71 X
13. 71 38. 61 +
14. 61 39. 34 RCL
15. 84 40. 01 1

16. 34 41, 81 |+
17. . 42. 34 RCL

18. a3. 00 |0
19. 44. 04 4

20. 45, 12 yX

21. 46. 03 |3
22. . a7. 71 X 
23. 48. 51

24. 49. -00 GTO 00

       



36 Moments, Skewness and Kurtosis

 

 

 

 

  
 

 

 

 

 
 

 

 

 

 

 
 

   
 

  
 

 

 

 

  

 

 

 

   

 

 

 

 
 
 

 

 

  
  
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
  
 
 

 

 

 

 

 

 
 

   

Example:

it 2 3 4 5 6 7 8 9

xi |21 35 42 65 41 36 53 37 49

X=4.21,m, =1.39,m3 =.39, my =549

Y1 < 24, Y2 = 2.84

STEP INSTRUCTIONS DATAONITS KEYS DATA/UNITS

1 Enter program [ ” “ ” ]

2 Initialize l g I l CL°R I I BST ” I 0.00

3 Perform3 fori=1,2,...,n X t X i

3" Delete erroneous data xj Xk t t J I X f

Loz || Il Il 1
4 Compute the mean x l f JI X ” X2y “ STO4I

Lo || I I | %
5 Compute 2" moment m, | mee || - || 1 || mer |

l || o |f[ so |[ 1 |
Lo ee | 2]
| - lso || 2 | | m

6 Compute 3@ moment m, L RCL ” ” 5 ” RCL —I

| o || me || 1|
| rRis |['sT0 || 3 | | m;

7 Compute 4™ moment mg I R/S “iTO ” 4 ” ] my

8 (optional) Compute 7, , 7, [ rRe |[ 3 |[ RoL || 2 |

Lol Ios L v |
L= I[ |l | |
| Rew |4 ][ Rel || 2 ]

Lo L2 =0 I =
9 For a new case, go to 2 l ” ” ”—]       



Standard Errors For Linear Regression 37

STANDARD ERRORS FOR LINEAR REGRESSION

Suppose y =ao + a;Xx 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)

Z(y; - §i)?

n-2

_ Tyi? - a0 Ty - a; ZXiYj

n-2

2. Standard error of the regression coefficient a,

 

 

 

3. Standard error of the regression coefficient a,

Sy + x

$y.2 (Zx;)°2 _

S$1 =

 
n

Note:

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

Reference:

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

LINE cCODE ENTRY LINE coDE ENTRY

25. 32 g

26. 42 x*

27. 34 RCL

28. 83

29. 00 |0

30. 81 +

31. 51 -

32. 31 f

33. 42 \x

34. 81 +

35. 34 RCL

36. 83

37. 02 2

38. 34 RCL

14. 51 - 39. 83

15. 81 + 40. 00 0

16. 31 f 41. 81 +

17. 42 Vx 42, 31 f

18. 84 R/S 43. 42 Vx

19. 34 RCL 44. 22 X<y
20. 83 45, 71 x

21. 02 2 46. 84 R/S

22. 34 RCL 47. 31 f

23. 83 48. 34 LAST X

24. 01 1 49. -00 GTO 00         

REGISTERS
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Example:

yi | 92 8 78 81 54 51 40

X; | 26 30 44 S50 62 68 74
 

 

   

  

ap = 121.04

a, =-1.03

Regression line isy = 121.04 - 1.03x

Sy.x = 6.34

So = 7.47

N .14

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program l ” JI ” I
   
 

  

2* Initialize | g [ cur || | || 000

3 Perform3fori=1,2 t [

L@LL
3| Delete erroneous data xx, vi Lt L

w ot L= ] I |

  
 

  

  
 

  
 

   
 

  
 

4 Compute ag, a; I f ” L. R. lr STO “ 0 J ag

| X2y ” STO ” 1 ” I a;

5 Compute standard errors I RCL I[ . ” 4 IHCL I
   
 

Lo JpRee-s]
pesTLRSI s
LRs || ]l Il | s
Les JL g | s

6 Foranew case, go to 2 11011

I | I | |
*Note: If sumsare already in [ 1| Il 1

properregisters, skip steps 2, 3 l JI ” Jr ]

and 3'. ‘ l ” ]r ” I

  
 

  
 

   
 

  

  
 

  
 

  
 

   
        



40 Partial Correlation Coefficients

PARTIAL CORRELATION COEFFICIENTS

The partial correlation coefficient measures the relationship between any two

of the variables whenall others are kept constant.

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

X, keeping X3 constant is

Iy —TI131I23
I12.37

V(1 =1132) (1 - 1237%)

 

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

124 = T13.4 I23.4 2.3 —-T14.3T24-3

V(1 -113.43) (1 - r23.4°) vVa —112.3%) (1 = 134.3%) .

 

I12.34 =  

Any partial correlation coefficient can be computed by means of these

formulas (using this program) if correlation coefficients ry,, ry 3, I33, ... are

given.

Note:

This program finds r;3.,, 1,3.; by similar formulas.

Reference:

S. Wilks, Mathematical Statistics, John Wiley and Sons, 1962.
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DISPLAY
 

 

DISPLAY
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

KEY KEY
LINE copE ENTRY LINE cCODE ENTRY

00. 25. 51 -

o1. 33 STO 26. 22 X2y

02. 02 2 27. 81 +

03. 32 g 28. 84 R/S

04. 42 x2 29. 34 RCL

05. 01 1 30. 01 1

06. 51 - 31. 34 RCL

07. 22 x2y 32. 02 2

08. 33 STO 33. 34 RCL

09. 01 1 34. 00 |0

10. 32 g 35. -01 GTO 01

1. 42 x? 36.

12. 01 1 37.

13. 51 - 38.

14. 71 x 39.

15. 31 f 40.

16. 42 |Vx 41,

17. 22 x2y 42,

18. 33 STO 43.

19. 00 |0 a4

20. 34 RCL 4s.

21. 01 1 46.

22. 34 RCL a7.

23. 02 2 48.

24, 71 X 49.

Example:

REGISTERS

Ro M2, ms. s

Ry ris,3, re

R, ra3, 12,13

 
Suppose 1y, =-0.96, ry3=-0.1, 1,3 =0.12, then the partial correlation

coefficients are

 

 
 
  

 
 

 
 

 
 

  
 
 

r12.3< -.96

I13.2 = .05

I23.1 < .09.

STEP INSTRUCTIONS DATUNITS KEYS DATA/UNITS

1 Enter program “ J[ “ J

2 Input data and compute ” J[ JI J

correlation coefficients fa T ] r J [ J[ J

fa v I]
 

 

 
 

  
BST || RIS || | J| nan 

  
s [0e

 

 
    

Ris|| II I s
 

  3 For a new case, go to 2   
  

l
I
|
I

ns |l
L
L
[ I   LI 
 



42 Standardized Scores

STANDARDIZED SCORES

Given a set of data {xl, X2, eees xn} , this program finds {yl s V2, ey yn} such

that

Xj - X

YiT ————
S

fori=1,2,...,n

where X and s are sample mean and standard deviation of {xl, X2y eee xn}.

{ Vis Y2, eens yn} has mean zero and its standard deviation is 1.

This program can also transform y;’s to z;’s such that{zl, Zy, ...,zn}has mean

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

 

DISPLAY
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

KEY
LINE CODE ENTRY

00.

o1. 34 RCL

02. 02 2

03. 51 -

04. 34 RCL

05. 03 3

06. 81 +

07. 84 R/S

08. 34 RCL
09. 01 1

10. 71 X

1. 34 RCL

12. 00 0

13. 61 +

14. 00 GTO 00
15. 31 f

16. 33 X

17. 33 STO
18. 02 2

19. 32 g

20. 33 s

21. 33 STO

22. 03 3

23. 00 GTOOO
24,   

Zi=oyjtu

fori=1,2,...,n

DISPLAY KEY

LINE coDE ENTRY

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
a1.
a2.
43,
aa.
45,
46.
a7.
a8.
49.

REGISTERS
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Example:

u=75 0=10, s=10.54

i 1 2 3 4 5 6 7 8 9 10 11
 

Xj 57 62 73 48 78 54 59 75 67 81 66

yvi| —80 =33 12 -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

OUTPUTINPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program |:]

Inivialize TGN
Input u, o if z;'s are desired IE:]::I

1

Perform 4 fori=1,2,..., n

Delete erroneous data xy

Compute and store X, s

Perform 6 fori=1,2

(optional) Compute z;

For a new case, go to 2

 



44 Normal Distribution

NORMAL DISTRIBUTION

The density function for a standard normal variable is

1 -
e

\ 2w

w
l
*
w

 f(x)=

The uppertail areais

.
Q(x)=1—f e dt.

V21 X

f(x)

 

 

 

0 X

For x 2 0, polynomial approximation is used to compute Q(x):

Q(x)=f(x) (by t+b, t2+b3 t3 +b, t* +bs t5) +€(x)

where je(x)| < 7.5 x 1078

t=1—, r=0.2316419
1+rx

b; =.31938153, b, = -.356563782

by =1.781477937, by =-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.
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DISPLAY KEY DISPLAY KEY

LINE cODE ENTRY LINE cODE ENTRY REGISTERS
00. 25. 41 T

o1. 71 X 26. 41 t

02. 02 2 27. 41 t

03. 81 + 28. 34 RCL

04. 42 CHS 29. 05 5

05. 32 g 30. 71 X

06. 22 e® 31. 34 RCL

07. 31 f 32. 04 4

08. 83 m 33. 61

09. 02 2 34. M X

10. 71 X 35. 34 RCL

11. 31 f 36. 03

12. 42 Jx 37. 61 +

13. 81 + 38. 7" X

14. 33 STO 39. 34 RCL

15. 07 7 40. 02

16. 84 R/S 41. 61

17. 34 RCL 42. 71 X

18. 00 0 43. 34 RCL

19. 34 RCL 44. 01 1

20. 06 6 45. 61 +

21. 71 46. 71 X

22. 01 1 47. 34 RCL

23. 61 + 48. 07 7

24. 13 x 49. 71 X

Examples:

I. x=1.18 2. x=2.28

f(x)=.20 f(x)=.03

Q(x)=.12 Q(x) = .01

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program r “ ] I “ l

2 Store constants r I STO ” 0 Jl ” ]

b Lsto || 1 ] 1l |
m [so [ 2 [ [ |
o [ sto J| 3 I |
bo [ sto || 4 | I |
o [so |[ s [ st ||

3 Input x and compute f(x) X I t lfiSTO;” 6 J[ R/SJ f(x)

4 Compute Q(x) | mrs || |[ ] | Qalx)

5 For a new case, go to 3 r J[ Jl J[ J       



46 Inverse Normal Integral

INVERSE NORMAL INTEGRAL

This program determines the value of x such that

 

t2

© 77
Q=f Tt

x  \2m

where Q is given and 0 < Q <0.5.

—

 

The following rational approximation is used:

Cotcy ttce, t?
X=t- +€e(Q)

1+d; t+d, t2+d;y 3
 

where [e(Q)| <4.5x 107

T
Q2

Co = 2.515517 d, =1.432788

c; =0.802853 d, =0.189269

¢, =0.010328  dj = 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
00. 25. 61 + R
o1. 41 26. 33 |sTO R, ¢
02. 71 27. 07 |7 R, c
03. 13 28. 44 CLX R d
04. 31 29. 34 RCL R,
05. 22 30. 02 |2 Rsd
06. 31 31. 71| x R t
07. 4?2 32. 34 RCL R, 1+d, t+d, t2+d;

08. 33 33. 01 1 R
09. 06 6 34. 61 |+
10. 41 |1 35. 71| x
11. 41 36. 34 RCL
12. 41 a7. 00 |0
13. 38. 61 +
14. 05 39. 34 RCL
15. 71 40. 07 |7
16. 34 an. 81 |+
17. 04 4 a2. 51 -
18. 61 + 43. 00 GTOO00
19. 71 a4.
20. 34 as.
21. 03 46.
22. 61 a7.
23. 71 48.

24, 01 49.

 REGISTERS

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

       
 

 
 
  

Examples:

I. Q=0.12

x=1.18

2. Q=0.05

x=1.65

STEP INSTRUCTIONS DATONITS KEYS DATA/UNITS

1 Enter program ” J r J[ l
  
 
 

r

[ slo ||o|| || |
posto |1] ]
lsto |[2 || I |
psto || 3 | ] ]

d; LI |B |R | —
ds [ sto || s || BST || |

L
I

2 Store constants Co  
 
 

 
 
 

C2  
 
 

d;  
 
 

  
 

 
  

3 |inputQ Q RIS || 1l L ] x

i 0 |
 

 
 

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

_ X

)== X ))2 €

where  x =0 and v is the degrees

of freedom.

 
Notes:

1. The program requires that » < 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. Ifviseven,

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.
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DISPLAY DISPLAY

LINE CODE E:TE;Y LINE CODE E:%Y REGISTERS

o1. 41 t 26. 42 Vx

02. 02 2 27. 71 X

03. 81 - 28. 84 R/S

04. 01 1 29. 33 STO

05. 51 - 30. 02 2

06. 33 STO 31. 34 RCL

07. 00 0 32. 00 0

08. 84 R/S 33. 12 y*

09. 83 . 34. 22 X2y

10. 05 5 35. 81 +

11. 32 g 36. 02 2

12. -20 x=y 20 37. 34 RCL

13. 23 R{ 38. 00 0

14. 33 STO 39. 01 1

15. 71 X 40. 61 +

16. 01 1 41. 12 y*

17. 01 1 42. 81 +

18. 51 - 43. 34 RCL

19. -09 GTO 09 44. 02 2

20. 34 RCL 45. 02

21. 01 1 46. 81 +

22. 71 X a7. 32 |g
23. 31 f 48. 22 e*

24. 83 m 49. 81 =

Examples:

1. v=20, 2. v=3

() ”r(2 )= 362880.00 [‘<_) _ 89
2 2

f(9.591) = .02 f(7.82) =.02

(Press [f] SCL [9] to see (Press [f] SCI [9] to see
1.527751934-02) 2.235743714-02)

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

eprogam C_ L JC I ]
2 Initialize 1 | STO || 1 || BST || | 1.00

3 |Inputy v [wes1wam

4 If vis even, go to 6 [ J[ ” ” J

5 Compute I'v/2) for odd v | R || || | ] I'(v/2)

Goto? I I| I |
6 Compute ['(v/2) for even v r f “ nl ” GTO “ ZJ

| eJE | ren
7 Input x and compute f(x) X |7R/8 ” ]r Ir I f(x)

8 For a new case, go to 2 I ” ” ” I       



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

0 k_2x
:-2 f(x)1+kZ::l (H2)(r+4).

(

v

+
2
K
)

where x>0

v is the degrees of freedom, and density function

——1
2

f(x)=—.
X

2? I‘(L>e 2
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.
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DISPLAY KEY DISPLAY

LINE coDE ENTRY LINE CODE E:%\‘(Y REGISTERS

00. 25. 03 |3 R, v
o1. 33 STO 26. 71 X R, 2xf(x)/v
02. 02 2 27. 33 STO R, x
03. 84 R/S 28. 03 |3 R3 Used
04. 33 STO 29. 61 +
05. 00 0 30. 32 g
06. 81 - 31. -33 x=y 33

07. 02 2 32. -15 GTO 15
08. 71 x 33. 34 RCL
09. 71 X 34. 01 1
10. 33 sTO 35. 71 x
1. 01 1 3. -00 GTOO00
12. 01 1 37.
13. 33 sTO 38.
14. 03 |3 39.
15. 34 |RCL 40.
16. 02 |2 a1.
17. 34 RCL a2.
18. 00 0 43.
19. 02 2 aa.
20. 61 + as.
21. 33 sTO 46.
22. 00 0 a7.
23. 81 - a8.
24. 34 RCL a9.

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

v=3

P(x)=.95

STEP INSTRUCTIONS oaToTTs KEYS oQuTPuT

e C L JC_C 1
  
  

2 |Input f(x), x and v f(x) ITIEEJI:_—]

0) s
v s) e

3 For a new case, go to 2 I ” |r Jr J

  
 

   

          



52 F Distribution

F DISTRIBUTION

This program evaluates the integral of the F distribution

 

vl +u2 52‘—-1 "

Q0x) =f ) Y (Vz)

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

  
The integral is evaluated by means of the following series:

1. v, even

Q(x)=t2— 1+;(1—t)+...

v, -2

(1-9 2
s Va(vy +2) .. (vy tvy —4)

2¢4 ... (vy =2)
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2. v, even

Vl

Qx)=1-(1-1) 2 1+l;—lt+...

 
 

-2
s vi(vy +2) .. (vy v —4) t sz

24 ... (V2 - 2)

v
where t= —~—2——.

vy v X

Note:

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 KEY DISPLAY KEY REGISTERS

LINE CODE ENTRY LINE copE ENTRY

00. 25. 34 RCL Rot 1-t

o1. 61 + 26. 00 0 R, »

02. 81 + 27. 71 x R, v

03. 33 STO 28. 34 RCL Ry "2 /2
04. 00 0 29. 04 4 R.0,2,..

05. 34 RCL 30. 02 2 Rs Used

06. 02 2 31. 61 + R

07. 02 2 32. 33 STO R
08. 81 + 33. 04 4 R

09. 12 y* 34. 34 RCL Rg

10. 33 STO 35. 01 1

11. 03 3 36. 32 g

12. 01 1 37. -44 x=y 44

13. 34 RCL 38. 23 R

14. 00 0 39. 81 +

15. 51 - 40. 33 STO

16. 33 STO 41. 61 +

17. 00 0 42, 05 5

18. 01 1 43. -19 GTO 19

19. 34 RCL a4. 34 RCL

20. 02 2 45, 05 5

21. 34 RCL 46. 34 RCL

22. 04 4 a7. 03 3

23. 61 + 48. 71 x

24. 71 X 49. -00 GTO 00         
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Examples:

1. v,=7,v,=6

Q(4.21)= .05

2. vi=4,v,=20

Q(2.25)=.10

STEP INSTRUCTIONS DA'T'X%L,TS KEYS oA%l;j\%lrJJTs

1 Enter program [ JI ] I ]fi ]

2 |Initialize 0 [ sto || 4 || Il |

o | sto || 5 || BST || || 100
3 1f v, iseven,goto 5 I ” Jr “ I

4 Input v, v, and x Vy [ STO JI 1 “ ” ]

n [so || 2 | I
x [Ree || v | x| Ret |

L2 || rs || I || o
5 v, even vy I STO “ 1 Jr “ J

v L sto || 2 | | |
x | 1/x || RCL || 1 |[ x |

[ rRec |[ 2 || rs | || 1-ax

o = ] - | am
6 For a new case, go to 2 [ ” " ”____l       
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t DISTRIBUTION

This program evaluates the integral for t distribution

 

 

 

where x>0,

v is the degrees of freedom.

 

Formulas used are:

1. veven

3
cos* O+ ... 1 1

I =sin§ {1+ — cos*> 6 +(x, v) =sin 5 cos 5
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2 v odd

260
— ifr=1

=19X, V)=

—2@+2’—cosé) sin 0 1+200320+...
T om 3

+Mcos”'3 9 ifr>1
1-3...(v=-2)

1  where 8 = tan~

Reference:

Abramowitz and Stegun, Handbook of Mathematical Functions, National

Bureau of Standards, 1968.

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

  

DISPLAY DISPLAY

LINE CODE E:‘(%Y LINE CODE ESE;Y REGISTERS

00. 25. 61 + 1+ 20)/2+ ..

O1. 31 f 26. 33 STO

02. 42 \x 27. 03 3

03. 81 + 28. 34 RCL

04. 32 g 29. 01 1

05. 14 tan™! 30. 32 g

06. 33 STO 31. -41 x=y 41
07. 04 4 32. 23 R

08. 31 f 33. 81 -

09. 13 cos 34, 34 RCL

10. 32 g 35. 02 2

11. 42 x? 36. 71 X

12. 33 STO 37. 33 STO

13. 02 2 38. 61 +

14, 01 1 39. 00 0

15. 33 STO 40. -17 GTO 17

16. 00 0 41. 34 RCL

17. 34 RCL 42, 00 0

18. 03 3 43. 34 RCL
19. 01 1 44, 04 4

20. 61 + 45. 31 f

21. 71 X 46. 12 sin

22. 34 RCL 47. 71 X

23. 03 3 48. _00 GTO 00
24, 02 2 49.       
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Examples:

1. 1(2201,11)=.95

2. 1(2.75,30)=.99

STEP INSTRUCTIONS DATAONITS KEYS oIS

1 Enter program [ » “ ” —” J

2 Put machine in RAD mode | ¢+ | RrRAD || BST || |

3 Ifvisodd, go to 4’ { ][ ” i |

4 |viseven 0 | sto || 3 | I |

N R I I |
v l'sto || 1 || ms | e

4 |1frv=1,gt0d" 1 ISTO ” 3 “ ” J

x Lo I I |

v Lo[0w
o+g ||t|| sTO |

4 Jleo || o | 8 |
D s | 1 Il ]

T L A |
| x | re || 4 ||+ ]

o2 see ]

L+ | Ll | eew
4" |v=1 x g et |2 |« ]

ee s | e
5 For a new case, go to 3 | I ” 4]I__.I      



58 Bivariate Normal Distribution

BIVARIATE NORMAL DISTRIBUTION

This program evaluates the joint probability density function

f(x, y) =——————P
2m 0, 0, V1 -p?

 

where

X — )2 X - U - - U,)?Px.y)= ! (x u1) _2p( Dy -#2) (- #)

2(1-p%) 0,? 0102 0y?

Notes:

1. o0,#0,0,#0

2.  The program requires that p* < 1.

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

DISPLAY DISPLAY

LINE CODE E:‘(%Y LINE CODE Ezfi;\( REGISTERS
00. 25. 51 - o M

o1. 32 g 26. 34 RCL R, 0,

02. 42 x? 27. 05 5 2 My

03. 22 X2y 28. 02 2 R; 0,

04. 34 RCL 29. 7M1 X 4P

05. 00 0 30. 81 + 5 1-p?

06. 51 - 31. 42 CHS 6 (x-1y)/0,

07. 34 RCL 32. 32 g 7 (y=i3)/

08. 01 1 33. 22 eX

09. 81 + 34. 34 RCL

10. 33 STO 35. 05 5

11. 06 6 36. 31 f

12. 32 g 37. 42 \x

13. 42 x? 38. 34 RCL

14, 61 + 39. 01 1

15. 34 RCL 40. 71 x

16. 06 6 41. 34 RCL
17. 34 RCL 42, 03 3

18. 07 7 43. 71 X

19. 71 x 44, 02 2

20. 34 RCL 45, 71 x

21. 04 4 46. 31 f

22. 71 X 47. 83 i

23. 02 2 48. 71 X

24, 71 x 49. 81 =          
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Example:

My =-1,0, =15

M, =1, 0, =0.5

 

 
  

  

   
 

   
 

    
 

   
 

   
 

p=0.7

f(1,2)=.04

f(-1,1)=.30

STEP INSTRUCTIONS DA'T’X‘;BI"TS KEYS nfl%m{rs

1 Ent‘eAri)E)_gram R A__[ ” “ Ir ]

2 |Inputiy, 0,1, 02,0 m [so || o | 1l |
I R T | |

wo|[sto |[ 2 Il J
o lso J| 3 L 0 J[ t ]
o [so [+ J[ s J[ < |
   
 

L - Jlso || s | est |  
 

3 Input x and y X I t lfi “ “ ]  
y [_Ra__”_z_—” -~ [ Ree |
  
 

Ls L« Jlso [ 7 |  
 

[rs | 1l 1 ey  
 

4 For different x, y, go to 3 r ][ ” ” J  
      5 For a new case, go to 2 [ “ ”.___lI__.l   



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 —1—2(1nx—m)2

fx)=———e %
x V2no?

where x> 0.

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

median = e™

mode = ™"

mean = eM*(0*/2)

variance = ¢ +2m (e"2 -1).

Note:

The program requires that 0% # 0.

Reference:

K. A. Brownlee, Statistical Theory and Methodology in Science and Engi-

neering, John Wiley and Sons, 1965.



Logarithmic Normal Distribution 61

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

          

DISPLAY KEY DISPLAY KEY REGISTERS
LINE |copE |ENTRY ||

|\Ne |cope |ENTRY
00. 25. |61 |-
0. |34 |RCL 26. |32 |g
02. |01 |1 27. |42 |X
03.

|

34

|

RCL 28.

|

34 |RCL
04. 00 0 29. 00 0

05. 02 2 30. 81 -

06.

|

81

|

= 8.

|

02 |2
07.

|

61 |+ s2.

|

81 |~
08.

|

32 |g 33.

|

42 |CHS09. 22 X 34. 32 g

10. 84 R/S 35. 22 eX

11. 32 |g 36. |31 |f
2.

|

a e 37.

|

83 |«
13. 34 RCL 38. 02 2
14. 00 0 39. 71 X

15.

|

32

|

g 40.

|

34

|

RCL6. 0y

|

oX 41.

|

00 |o
17. 01 1 42. 71 X
18, e1

1

- 43.

|

31

|

f
19. 1 T« a4. 42

|

Vx
20. 84 R/S 45. 81 -

21.

|

31

|

f 46.

|

34

|

RCL
22. 22

|

In 47.

|

02 |2
23. 34 RCL 48. 81 -
2a

|

o1 13 49.

|

—20

|

GTO20

Example: o>=1,m=1 f(.1)=.02
median =2.72 f(.6)=.21
mode = 1.00 f(1)=.24
mean = 4.48
variance = 34.51

 

  

 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

   
 

   
      

STEP INSTRUCTIONS DATA/UNITS KEYS DATATUNITS

| Enter progrom C_JC_JC_C_]
2 |Storem, ¢’ o | sTO ” 0 l[ J[ |

mo st [ (et | ]
3 Compute median and mode | g “ e* “ Jl ] median

[ReL ][ R o]
- JC7 | e

4 Compute mean and variance [ R/S ” “ ” J mean

Ces ]e
5 Inputx x | STO ” 2 ” R/S ” | f(x)

6 |Foranewx, gotob [ ” Jl ” |
 



62 Weibull Distribution Parameter Calculation

WEIBULL DISTRIBUTION

PARAMETER CALCULATION

The Weibull probability density function is given by

b
-1 (X

f(x) =bx (0)
eb

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

The cumulative distribution function is

b

F(x)=1- e—(%)

For a set of data {xl, - 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;-023

n+04

where R; is the rank of failure data x;. Using this median rank as an

approximation of F(X;), a least squaresfit is performed to the linearized form

of the cummulative distribution function

1
Inln [=————]=blnx-blno.nn(l—F(x)) nx n

The solution is similar to the linear regression problem, and estimates of

b and 0 are obtained.
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DISPLAY DISPLAY

LINE CODE E:‘(ITE;Y LINE CODE E:'TE;Y REGISTERS
00. 25. 61 + Ro Used

o1. 01 1 26. 00 0 R, n

02. 33 STO 27. 22 x2y R,

03. 00 0 28. 51 - R,

04. 32 g 29. 13 1/x R,

05. 44 CL'R 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 Rg

09. 84 R/S 34, 22 X2y R,

10. 31 f 35. 1 2+ Reo n

11. 22 In 36. -09 GTO 09 Rei Used

12. 34 RCL 37. 31 f Rez 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 Rez 0

18. 01 1 43. 32 g Res O

19. 83 44 22 e Res 0
20. 04 45. -00 GTO 00

21. 61 46.

22. 81 + a47.

23. 01 1 48.

24. 33 STO 49,

Example:

x;: 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 DATUNITS KEYS DATATUNITS

1 Enter program r “ Jr ”——]

2 Initialize | BST ” R/S ” ][ | 0.00

3 Input n n | R/S ” “ ____”..__I

4 Perform4 fori=1,2,...,n Xj R/S i

5 Compute b and 6 GTO 3 7 R/S b

L rs || I I | 6
6 For a new case, go to 2 [ “ “ ” ]       

 

 



64 Binomial Distribution

BINOMIAL DISTRIBUTION

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

f(x) = <§>px (1-p)"™

where nis a positive integer

0<p<Iland

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

The recursive relation

__ p(n-x)f(x + 1)——h(xD<) f(x)

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

is used to find the cumulative distribution

Px)= 3 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

longerit takes.

4. The mean m and the variance 02 are given by

m = np

o> =np (1 -p).

Reference:

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

Sons, 1960.
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DISPLAY DISPLAY

LINE CODE E:‘(?;Y LINE CODE E:%Y REGISTERS

00. 25. 34 RCL R counter

o1. 33 STO 26. 04 4 Ryn

02. 06 6 27. 71 X R, 1-

03. 00 0 28. 33 STO R f(0

04. 33 STO 29. 04 4 R4 Used

05. 00 0 30. 33 STO Rs Used

06. 34 RCL 31. 61 +

07. 03 3 32. 05 5

08. 33 STO 33. 34 RCL

09. 04 4 34. 00 0

10. 33 STO 35. 01 1

11. 05 5 36. 61 +

12, 34 RCL 37. 33 STO

13. 01 1 38. 00 0

14, 34 RCL 39. 34 RCL

15. 00 0 40. 06 6

16. 51 - 41, 32 g

17. 34 RCL 42. _44 x=y 44

18. 00 0 43. -12 GTO 12

19. 01 1 44, 34 RCL

20. 61 + 45, 04 4

21. 81 + 46. 84 R/S

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 DATORITS KEYS DATA/UNITS

1 Enter program [ Jl 4]r ” J

2 Input n and p n [ STO ]rl J[ ” J
  

  

 
 

[sto [[ 2 [[sro|[ & | 
 

Lo - ews J[ Re| 
 
 

T [[so ][ 3] o  
 

 
 

 

 

Corel [ 2 | 1 ]| Rel |

I   
L2 [esT ] |  

3 Forx =1

 
Ces I ML T e 

  
CosI L] e 

 

4 For a new x,go to 3

 
1I| 

   5 For a new case, go to 2     I ItI |
 

 



66 Poisson Distribution

POISSON DISTRIBUTION

Density function

AX e~A

x!
f(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

flx+1)=izéq—flx)

Notes:

1. f(0)=P0)

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

longerit takes.

4. Mean = variance = A



 

Poisson Distribution
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DISPLAY DISPLAY

LINE CODE E:%Y LINE CODE E:%Y REGISTERS
00. 25. 34 RCL o counter

o1. 26. 03 3 1 A

02. 27. 71 X 2 1(0)

03. 28. 33 STO 3 Used

04. 29. 03 3 4 Used

05. 30. 33 STO 5 X

06. 31. 61 + 6

07. 32. 04 |4 ;
08. 33. 34 RCL

09. 34. 00 0

10. 35. 01 1

11. 36. 61 +

12. 37. 33 STO

13. 38. 00 0

14. 39. 34 RCL

15. 40. 05 5

16. 41. 32 g

17. 42, _44 x=y 44

18. 43. -18 GTO 18

19. 44. 34 RCL

20. 45, 03 3

21. 46. 84 R/S

22. 47. 34 RCL

23. 48. 04 4

24. 49. 06 GTO 06

Example:

A=3.2

f(0) = .04
f(7) = .03
P(7) = .98

STEP INSTRUCTIONS DATA/UNITS KEYS DATAJUNITS

1 Enter program [ ” ” “ ]

3 |Forx>1 x [s || ] R | f(x)

Ces L L JC__| ew
4 For anew x,go to 3 [7 J[ Jl Ir J

5 For a new case, go to 2 [ Jl || ” I     
 

 



68 Negative Binomial Distribution

NEGATIVE BINOMIAL DISTRIBUTION

This program evaluates the negative binomial density function for given

p and r:

x+tr-1
f(X)=< o )p‘(l—p)"

where 1 is a positive integer

0<p<Iland

x=0,1,2, ...

The recursive relation

i+ 1= LmREFD g
x+1

is used to find the cumulative distribution

P(x)= Y f(k).
k=0

Notes:

1. f(0)=P0)

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

longerit takes.

4. The mean m and the variance o? are given by

m=-p)
P

o2 = r(1 -p)

p2

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.
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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 0 28. 81 + R f(0)

04. 33 STO 29. 34 RCL R4 Used

05. 00 0 30. 04 4 Rs Used

06. 34 RCL 31. 71 X Rg x

07. 03 3 32. 33 STO

08. 33 STO 33. 04 4

09. 04 4 34. 33 STO

10. 33 STO 35. 61 +

11. 05 5 36. 05 5

12. 01 1 37. 34 RCL

13. 34 RCL 38. 00 0

14, 01 1 39. 34 RCL

15. 51 - 40. 06 6

16. 34 RCL 41. 32 g

17. 00 0 42, -44 x=y 44

18. 34 RCL 43. -12 GTO 12

19. 02 2 44. 34 RCL

20. 61 + 45. 04 4

21. 71 X 46. 84 R/S

22. 34 RCL 47. 34 RCL

23. 00 0 48. 05 5

24, 01 1 49. -00 GTO 00

Examples:

p=9,r=4

f(0) = .66

f(1) = .26

P(1)=.92

f(2)=.07

P(2) = .98

STEP INSTRUCTIONS DATUNITS KEYS oAATORITS

1 Enter program [ ]r ” J[

2 Input pand r P [ STO “ 1 ” J[ - N   
 

|
1

r [ sto || 2 || vy || st0 |

- |3 ][ esT || | I 1o
3 |Forx>1 x | rs || [ |[ ] f(x)

-Ies | I[ I |
4 For a new x, gorto 3 r ]fi “ ” J

|

  
 

   
 

  
 

P(x)
   

  
5 For a new case, gcfto2 —l “ ” JI

 
        



70 Hypergeometric Distribution

HYPERGEOMETRIC DISTRIBUTION

This program evaluates the hypergeometric density function for given a,

- )
of(x) =

where  a, b, n are positive intergers

Xx<a,n-x<band

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

The recursive relation

_ (x-a)(x-n)
ot D=D bonvx+1) (™
 

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

is used to find the cumulative distribution

P(x)= ) f(k).
k=0

Notes:

1. The program requires that n < 69.

2. (0)=P(0)

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

longerit takes.

4. 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.

5.  The mean m and the variance o? are given by

m= 
atb

o = abn (a+b-n)

(atb)>(a+tb-1)



Reference:

Hypergeometric Distribution 71

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

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

DISPLAY KEY DISPLAY KEY

LINE coDE ENTRY
25. 81 -

26. 34 RCL

27. 05 5

03. 34 RCL 28. 71 X

04. 01 1 29. 33 STO

05. 51 - 30. 05 5

06. 34 RCL 31. 33 STO

07. 00 0 32. 61 +

08. 34 RCL 33. 06 6

09. 03 3 34. 34 RCL

10. 51 - 35. 07 7

11. 71 X 36. 01 1

12, 34 RCL 37. 34 RCL

13. 00 0 38. 00 0

14, 01 1 39. 61 +

15. 61 + 40. 33 STO

16. 81 + 41. 00 0

17. 31 f 42. 32 g

18. 34 LAST X 43. _45 x=y 45

19. 34 RCL 44. _03 GTO 03

20. 02 2 45, 34 RCL

21. 34 RCL 46. 05 5

22, 03 3 47. 84 R/S

23. 51 - 48. 34 RCL

24, 61 + 49. 06 6   

REGISTERS

R, counter

R, a

R, b

Rin

R, (0

R s Used

Re¢ Used

R; x

R

Ry
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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 DATONITS KEYS DATA/UNITS

1 Enter program [ “ I l ” I

2 |Inputa,b,n a [ sto || 1 || Il |

b [sto || 2 | I |
n [ sto || 3 || Rt |[ 2 |

[ f | o ]t || LASTx |

LRee L3- [ r ]
oot L= ffRee [0 ]
Lree o2 [« [ ¢ ]
[ o |l ¢ |[eastx || ReL |

L- e e |
Lx = dlso [ a4 || o0

3 |Forx>1 x | sto || 7 || ree || a4 |

L so [ls [lso || & |
| o |[ BT | Rrs | | f(x)

Lrs [ L e
4 |Foranewx,goto3 [ I Il 1| |
5§ |For anew case, go to 2 [ 1| | [ |       



Multinomial Distribution 73

MULTINOMIAL DISTRIBUTION

This program evaluates the joint probability function of k (k can be 2, 3, ...,

or 8) random variables having the multinomial distribution

— n! X X X
f(Xl,X2,...,Xk)"—fi 61 1 02 2...6[( k

X1+ X9: .o Xk

k k

where 26i=1,2xi=n, 0; > 0 and

The parameters ofthis distribution are n, 0, 65, ... and 0.

Note:

The program requires that n < 69.
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DISPLAY KEY DISPLAY KEY REGISTERS

LINE coDE ENTRY LINE copE ENTRY
00. 25. 34 RCL Ry Used

o1. 31 f 26. 04 4 R, Used
02. 43 nl 27. 33 STO R, Used

03. 34 RCL 28. 03 3 R; Used

04. 01 1 29. 34 RCL R4 Used

05. 31 f 30. 05 5 Rs Used

06. 34 LAST X 31. 33 STO Re Used
07. 12 y* 32. 04 4 R; Used

08. 22 X2y 33. 34 RCL Rg Used

09. 81 + 34, 06 6 Ry Used

10. 33 STO 35. 33 STO Reo n!

11. 71 X 36. 05 5 R,

12, 00 0 37. 34 RCL R..

13. 34 RCL 38. 07 7 Res

14, 01 1 39. 33 STO Res

15. 33 STO 40. 06 6 Res

16. 09 9 41. 34 RCL Res

17. 34 RCL 42, 08 8 Re7

18. 02 2 43. 33 STO Res

19. 33 STO 44. 07 7 Reo

20. 01 1 45, 34 RCL

21. 34 RCL 46. 09 9

22. 03 3 47. 33 STO

23. 33 STO 48. 08 8

24. 02 2 49. _00 GTO 00          



Multinomial Distribution 75

Example:

Given 0,=0.2,0,=0.1,03=0.2,04=0.15,05=0.17,05 =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 OUTPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program

Perform 2 fori=1,2,..., k

Ifk=8,goto6

Set all other 8; = 1

Perform 5 fori=k +1,..., 8

Input n

Perform 7 fori=1, 2,..., k

Ifk=8,goto11

Set all other x; = 1

Perform 10 8 - k times

Compute f(x,,..., X)) 0

For new x’s RCL EE

Lo | i |
Goto7 [ J[ Ir Jr ]

For a new case, go to 2

 

  



76 Exponential Curve Fit

EXPONENTIAL CURVE FIT

This program computes the least squares fit of n pairs of data points {(xi, Yi)s

i=1,2, .., n}, where y; > 0, for an exponential function of the form

y=ae’* (a>0).

The equation is linearized into

Iny=1na+ bx.

The following statistics are computed:

1. Coefficients a, b

1
2XjIny; - — (Zx))(Z In y;)

b= n 

Z:Xi2 - % (EX1)2

[E Iny; ExiJ
a=exp -b

n n

2. Coefficient of determination

  

2

[Exi Iny; - i ZX; Z In y;l
2 n

I:Exize J [2iy &I yo}
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 DISPLAY KEY REGISTERS

LINE CODE ENTRY LINE cODE ENTRY
00. 25. 84 R/S

o1. 32 g 26. 32 g

02. 44 CL-R 27. 42 x?

03. 84 R/S 28. 41 t

04. 31 f 29. 41 1

05. 22 In 30. 32 g

06. 22 X<y 31. 33 s

07. 1 Z+ 32. 22 Xy

0o8. -03 GTO 03 33. 81 +

09. 31 f 34. 32 g

10. 22 In 35. 42 x?

11. 22 X2y 36. 71 x

12. 31 f 37. 84 R/S

13. 11 z- 38. 34 RCL

14. -03 GTO 03 39. 01 1

15. 31 f 40. 71 X

16. 21 L. R. 41. 32 g

17. 32 g 42, 22 e*

18. 22 e* 43. 34 RCL

19. 33 STO 44, 00 0

20. 00 0 45. 71 X

21. 84 R/S 46. -37 GTO 37

22. 22 X2y a7.

23. 33 STO 48.

24, 01 1 49.       



78 Exponential Curve Fit

Example:

xi | 72 131 195 258 3.14
 

yi | 216 161 116 85 05

1. a=2345, b=-.58
y =3.45¢70-58x

2 = 98

Forx=15, y=144

 

   

 

  
 

 

 

 

  
 

 

 

  

 

 

  
 

  
 

  
 

  
 

   
  
 

  
 

 

 

 

 

 

 

IsTeP INSTRUCTIONS DATAORITS KEYS DATA/UNITS

T [Eroro I C
2 |Initialize | BT | | Ris | I | 000

3 |Perform3fori=1,2,..n xi (10100

vi BLE 1 I | i

3" |Delete erroneous data xy, y XK t |

w [ [ o [ o | ms |
4 |Computea, band r? [cero || 1 || 5 || Rs | a

| |
R | I

5 Computeestimated value { x [ ris I[ I | ¢

6 |Foranewx,goto5 [ 1 I I ]

_    7 For a new case, go to 2 [ “ II_”   
 

 



Logarithmic Curve Fit 79

LOGARITHMIC CURVE FIT

This program fits a logarithmic curve

y=atblnx

to a set of data points

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

where x; > 0.

Program computes:

1. Regression coefficients

1
Zyilnx;-— ZIlnx; Zy;

n b =

> (Inx;)?* - 1 (2 In x;)?
n

a=i(2yi—b21nxi)
n

2.  Coefficient of determination

2

[Zyilnxi—iEInxiEyi:'
n

r? = 

|}3 (In x;)* - % (Z In Xi)z:l |:2}’i2 - % (Z Yi)z:l

3.  Estimated value 9 for given x

Y=a+blnx

Note:

n is a positive integer and n # 1.
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DISPLAY
 

DISPLAY
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

KEY KEY
LINE cope ENTRY LINE cODE ENTRY
00. 25. 42 x?

o1. 32 |g 26. 41 |1
02. 44 CL-R 27. 41 |1
03. 84 R/S 28. 32 g
04. 22 X2y 29. 33 s

05. 31 f 30. 22 x2y
06. 22 In 31. 81 |+
07. 1M1 =+ 32. 32 g
08. -03 GTO 03 33. 42 x?

09. 22 x2y 34. 71 x
10. 31 f 35, 84 R/S
11. 22 In 36. 31 f
12. 31 f 37. 22 In
13. 11 - 38. 34 RCL
14. -03 GTOO03 39. 01 1
15. 31 f 40. 71 x
16. 21 L. R. an. 34 RCL
17. 33 sTO 42. 00 |0
18. 00 0 43. 61 +

19. 84 R/S 4a. -35 GTO35
20. 22 x2y as.
21. 33 sTO 46.
22. 01 1 a7.
23. 84 |R/S 48.
24. 32 |g 49.   

REGISTERS

 



Logarithmic Curve Fit 81

X; | 3 4 6 10 12

yi | 1.5 93 234 458 60.1
 

1. a=-47.02, b=41.39

y=-47.02+41.39In x

2. r2=098

Forx =8, §=39.06
Forx = 14.5, ¥ = 63.67

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
   

 

1 Enter program l “ ” ” I   
 

2 Initialize BST R/S | ” o 0.00
  

3 Perform 3 fori=1,2,...,n X; I t ” ” ” |
  
 

Vi rRis || I || | i
 

 

 | 3" Delete erroneousdata xy, yi Xk ] t |
  
 

   
 

   
 

   
 

    
    
          

Vi | 6to || o || 9o || mrs |

4

|

Compute a, b, and r? oo || 1 || 5 || ms | a

| Rs ] 1 I | b
[ ors ] 1l I oo

5

|

Compute estimated value § x l R/S ” JI ” ] 9
6

|

Foranewx,goto5 [ ][ Il B |
7 For a new case, go to 2 [ jl IL__“ l
 



82 Power Curve Fit

POWER CURVE FIT

This program fits a power curve

to a set of data points

{(xi, yi),i=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

(E In Xi) (E In yl)

n
Z (In xj) (Iny;) -
 

(2 In Xi)z

n

[2 Iny; Y In xi:l
a=exp -b

n n

2. Coefficient of determination

> (In x;)?

  

2

[2 (Inx;) (In y;) - Erlxl)n(z—lnyl):'

 

b 2 2

[z (In xp)? =2J [z (Inyp? - ZMYD”}
n n

3. Estimated value 3\/ for given x

= ax<
>



Power Curve Fit 83

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.

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

       

DISPLAY DISPLAY

LINE CODE E:%Y LINE CODE E:%Y REGISTERS
00. 25. 84 R/S R, a

o1. 32 g 26. 22 Xy R,

02. 44 CL‘R 27. 33 STO R,

03. 84 R/S 28. 01 1 R,

04. 31 f 29. 84 R/S R,

05. 22 In 30. 32 g Rs

06. 22 X2y 31. 42 x? R

07. 31 f 32. 41 1 R,

08.- 22 In 33. 41 * Rg

09. 11 T+ 34. 32 g R,

10. -03 GTO 03 35. 33 s Reo N
11. 31 f 36. 22 X2y Rey 2Inx;

12, 22 In 37. 81 + Re2 Z(In xj)?

13. 22 Xy 38. 32 g Res Ziny;

14. 31 f 39. 42 x2 Res X(Iny;)?

15. 22 In 40. 71 X Res ZIn xi Iny;

16. 31 t 41, 84 R/S Res O

17. 11 z- 42, 34 RCL R,; 0

18. -03 GTO 03 43. 01 1 Res 0

19. 31 f 44. 12 y* Reg 0

20. 21 L. R. 45. 34 RCL

21. 32 g 46. 00 0

22. 22 e* 47. 71 X

23. 33 STO 48. -41 GTO 41

24. 00 0 49.     



84 Power Curve Fit

Example:

x| 10 12 15 17 20 22 25 27 30 32 35
 

yi|0.95 1.05 1.25 141 1.73 2.00 2.53 298 3.85 4.59 6.02

 

  

  

  
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. a=.03, b=1.46
y = 03x!-46

2. r’=094

Forx=18, y=1.7
x=23,9=25

STEP INSTRUCTIONS DATONITS KEYS DATA/UNITS

1 Enter program [ “ ” ” l

2 |Initialize BST rs |[ ]0.00

3 |Perform3fori=1,2,..,n Xi [t || “ | |

vi Rs LLl
3" Delete erroneousdata xy, yi Xk I 1 || ” || |

Yk [ero || 1 || 1 | ms |

4 Computea,b,and r? [ gto || 1 || 9 || RS | a

| R/S || ]| || | b

CesL L L] e
5

|

Compute estimated value § x r R/S I[ “ ” J v

6

|

Foranewx,goto5 Ci |
7 For a new case, go to 2 I I[ ” _I r —I       



Analysis of Variance 85

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

i=1

 

kK nj 2

Kk nj Z Z Xij
i=1 j=1

Total SS = Z xij2T
k

i=1 j=1

2.0
i=1

2 2
nj k njX

K Z Xij L Xij
i=1 i=1 j=1

Treat SS = Z -

i=1

Error SS = Total SS - Treat SS

df; = Treatdf =k -1

k

df, = Error df = E n; -k

i=1

Treat SS
TreatMS= ————
rea Treat df

Error SS
E MS= ———
rrot Error df

k

F= Treat with k = 1 and Z n; — k degrees of freedom
Error MS 1



86 Analysis of Variance

Reference:

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

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

DISPLAY KEY DISPLAY KEY REGISTERS
LINE |cope |ENTRY ||N |cope |ENTRY
0. 25.

|

o1 |1
o. |33 |sTO 26. |81 |+
02. |61 |+ 27. |33 |STO
03. |00 |0 28. |61 |+
0a.

|

32 |g 20.

|

02 |2
05. 42 x? 30. 34 RCL

06.

|

33 |STO 31.

|

00 |O
o7. |61 |+ 32. |33 |sTO
08. 05 |5 33. 07 /
09. 01 1 34. 33 STO

10. |34 |RCL 35. |61 |+
1. |o1 |1 36. |06 |6
12.

|

&1 |+ 37.

|

34 |RCL
13.

|

33

|

sTO 38.

|

01 |1
14, 01 1 39. 33 STO

15. -00 GTO 00 40. 61

16. 01 1 41. 04

17.

|

33

|

sTO 42.

1

00 |0
18. 61 + 43. 33 STO
19, 03 |3 44.

|

00 |0
20. 34 RCL 45. 33 STO
21, 00 0 46. 01 1

22.

|

32 |4 47.

|

34

|

RCL
23. 42 x2 48. 07 7
2a.

|

31

|

moL 49.

|

00

|

GTOO0O        
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Example:

j
i 1 2 3 4 5 6

1 10 8 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 DATONITS KEYS DATA/UNITS

Enter program [ “ ” I[ l

Initialize | f ”fl_”i”_l 0.00
 

Perform 3—-56fori=1,2,..., k

 
 

 

 

1

2

3

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

 

5

6 Compute the F statistic

Coms] I |
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 
 

 

 
 

 

 

7 For a new case, go to 2    Ll I 
 

 

 

 

 

 

 

 

 

 

  

GTO 1 6 R/S Sum;

[met || 5 |[ meL |[ 6 |

ooe [ e] 4 |
L= L - 1l A ] Toulss
lre || 2 || Rer || s |

(TS-
o -Trearss
L -l L] || Erorss
|t |[wastx || RoL|| 3 |

Lo -l e ey |
[ ReL |[ 4 || RoL || 3 |

L - =10 =1l | F
l |  
 



88 Paired t Statistic

PAIRED t STATISTIC

Given a set of paired observations from two normal populations with means

M1, M2 (unknown)

 

 

Xj X1 Xq Xn

Yi Y1 Y2 ¥n

let

Dl =Xi-Yi

— 1 n

D=— Di
n

 

 

The test statistic

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

hypothesis

Ho: uy =,

Reference:

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

LINE cODE ENTRY LINE CODE ENTRY
00. 25. 81 =
o1. 322 |g 26. 84 R/S
02. 44 CL'R 27. 34 RCL
03. 84 R/S 28. 83
04. 51 - 29. 00 |0
05. 1 T+ 30. 01 1
06. -03 GTOO03 31. 51 -
07. 51 - 32. -00 GTOOO
08. 31 f 33.
09. 11 >- 34.
10. -03 GTOO03 35.
11. 32 |g 36.
12. 33 s 37.

13. 34 RCL 38.
14. 83 - 39.
15. 00 |o 40.

16. 31 f 41.

17. 42 Vx 42,

18. 81 =+ 43.
19. 33 STO aa.
20. 00 |0 45,
21 31 f 46.
22. 33 x a7.
23. 34 RCL 48.
24. 0 o 49.

Example:

xi|14 17.5 17 17.5 154

yi|17 207 216 209 172
 

 

 
 

    
 

t=-7.16

df = 4.00

STEP INSTRUCTIONS DATAORITS KEYS DATA/UNITS

1 Enter program I ]r 4] [ l

 

 

3 |Perform3fori=1,2,..n x; [+ [)
Yi | R/S ” I ” I i

3' Delete erroneous data xy, yx Xk mr—-r

we fero |[ o[7 |[ ms |
4 |Compute t and df [:__]III t

| rs || I Il | df

§ |Foranew case, go to 2 L JE 1 1
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t STATISTIC FOR TWO MEANS

Suppose {xl, X2, eee an} and {yl, V2, eees 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:uy =y =D

where D is a given number.

Define

i: Xj

n
U=

n,
|
y=—— Yi

np

- X-y-D
/_1+‘1 \/Exiz—nli2+2yi2—nzy2

n, n, n; +n, -2

We can use this t statistic, which has the t distribution with n; +n, - 2

degrees of freedom, to test the null hypothesis H,.

  

 

Reference:

K. A. Brownlee, Statistical Theory and Methodology in Science and

Engineering, John Wiley and Sons, 1965.
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DISPLAY KEY DISPLAY

LINE

|

CODE ENTRY LINE

|

CODE E:!TE:;(Y REGISTERS

00. 25. 83

o1. 22 Xy 26. 02 2

02.

|

51 |- 27.

|

61 |+
03. 34 |RCL 28. |34 |RCL
04. 0 |0 29. |04 |4

05. 13

|

'K 30.

|

32 |g

06. 34 RCL 31. 42 X2

o7. |83 |- 32. |34 |RCL

o8.

|

00 O 33.

|

83
09. 13 x 34. 00 0

10. 61 |+ 35. |71 |x
11. 31 f 36. 51 _

12.

|

42

|

Vx 37.

|

34 |RCL
13. 81 + 38. 00 0

14. 34 |RCL 39. |34 |RCL
15. |02 |2 4. |83 |-

16.

|

34

|

RCL 41.

|

00 |0

17. 03 3 42 61 ¥

18.

|

32 |g 43.

|

02 |2
19. 42 x? 44, 51 _

20. |34 |RCL 45. |81 |+

21. 00 |0 46. 31 f

22. 71 x 47. 42 Vx

23.

|

51 |- a8.

|

g1 |-

24.

|

34

|

RCL 49.

|

_00

|

GTOOO        
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Example:

x: 79, 84, 108, 114, 120, 103, 122, 120

y: 91, 103, 90, 113, 108, 87, 100, 80, 99, 54

n, = 8

n, = 10

IfD=0(.e.,Hy: u; =up)

then x = 106.25

y=92.5

t=1.73

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [ “ | I ” ]

2 Initialize 0.00

3 Perform 3 fori=1, 2,..., n, Xj i

3 Delete erroneous data xy Xk

4 Store sums and compute X [ RCL ][ ” 0 ” STO l

T| |
[so [ v [aec J[ - |
L2 flso || 2 [ ¢ |
| % |[so || 3 | | =

5 Initialize for y's g | CL*R ” I 0.00

6 Perform 6 forj=1, 2,..., n, Yj I Z+ ” ” I i

6 Delete erroneousdata y, Yh [ f ” z- ”7 fi[ __I

7 |Computey [ ¢« || x | st0o || 4 | v

8 |Input D and compute t D | ReL || 4 ||+ ||roL |

[ 3 [est |[ ms || ] t

9 For a different D, go to 8 [ ” IL IL ]

10 For a new case, go to 2 [ “ ” “ I       
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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 =y,

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

o

If the variance ois unknown, then

\/1T (X = uo)

S

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 KEY DISPLAY KEY HEGISTERS

LINE copE ENTRY LINE coDE ENTRY

00. 25. 01 1 Ry Mo

o1. 33 STO 26. 22 x2y R, Vn (X -uo)
02. 00 O 27. 81 + R,

03. 84 R/S 28. -00 GTO00 ||Rs

04. 31 f 29. R,

05. 33 % 30. Rs

06. 34 RCL 31. R

07. 00 o 32. R,

08. 51 - 33. Rg

09. 34 RCL 34. R,

10. 83 - 35. Reo N

11. 00 0 36. Rey ZX;

12. 31 f 37. Rez Zx;?

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 g 42, Re7 O

18. 33 s 43. Res O

19. 34 RCL 44. Res 0

20. 01 1 45,

21. 22 x2y 46.

22. 81 = 47.

23. 84 R/S 48.
24. 34 RCL 49.       
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Example:

Suppose uy = 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 DATRUNITS KEYS oJuTPUT

| Enerron 1T 1]
2 Initialize e [ crr | | | 0.00

3 Perform3fori=1,2,..n Xi [I[—___H__—_'”:] i

4 lInput o BST s |] o

5 Computet - ' %[ RIS || I Il | t

6 Inputo (if known) o [ ms 1 ][ ] z

7 Foranew case, go to 2 [ I[ [ ]      

 



96 Test Statistics for Correlation Coefficient

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-r2

t=

where 1 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 = p,, the z statistic is used.

_Vn-3 (1+1)(1-po)
T2 T U-0(+po)
 

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

01. 34 RCL 26. 00 0

02. 01 1 27. 51 -

03. 02 2 28. 81 =

04. 51 - 29. 01 1

05. 31 f 30. 34 RCL

06. 42 \/x 31. 02 2

07. 34 RCL 32. 51 -

08. 00 0 33. 71 X

09. 71 x 34. 01 1

10. 01 1 35. 34 RCL

11. 34 RCL 36. 02

12. 00 0 37. 61 +

13. 41 1 38. 81 =

14. 71 X 39. 31 f

15. 51 - 40. 22 In

16. 31 f 41. 34 RCL

17. 42 VX 42, 01 1

18. 81 + 43. 03 3

19. 84 R/S 44, 51 -

20. 34 RCL 45. 31 f

21. 00 0 46. 42 \Ix

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 DATAUNITS KEYS TS

1 Enter program [ J[ I f “ I |

2 Input r and n -7777“'—_ _l STO “ 0 “ “ I

- n [ sto || 1 || I |

3 |(fzisdesived) inputpy Po | sto|| 2|| |
4 Goto6ifonly z is needed - [ Il I[ I |

5

|

Computet L esT || RS || I | !
6 |Computez lgro || 2 || o | wms | 2

7

|

Foranew case, go to 2 - -——‘l ” ” |r—__|        
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CHI-SQUARE EVALUATION

(EXPECTED VALUES EQUAL)

This program calculates the value of the x? statistic for the goodness offit

test when the expected frequencies are equal.

X2= Zn:wzl_z.o_lz_zo

E; >0; !
i=1

where  O; = observed frequency

20;
E = expected frequency = 

DISPLAY DISPLAY KEY

LINE CODE LINE coDE ENTRY
00. 25.
o1. 34 26.
02. 83 - 27.
03. 02 28.
04. 34 29
05. 83 - 30.
06. 00 31.
o7. 71 32.
08. 34 33.
09. 83 - 34.
10. 01 35.
11. 81 : 36.

12. 31 37.
13. 34 38.

14. 51 39.

15. ~00 40.
16. a1.
17. a2.
18. a3.
19. aa.
20. 45,
21 46.
22. a7.
23. a8.
24. 49.

REGISTERS
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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 | 1 2 3 4 5 6
 

frequencinIQS 17 15 23 24 16

 

 
 

 

 
 

 

  

  

   
 

   
 

x* =5.00

STEP INSTRUCTIONS DATAIONITS KEYS DATA/UNITS
1 Enter program [ l[ ] [ “ ]L

2 |Initialize e Jlewer ||] 0.00

3 |Perform3fori=1,2,..,n 0 00] i

3' Delete erroneous data Oy Oy I f ” z- | | ” l

4 Compute )(2 L BST J [ R/S ” “ J X2

5 For a new case, go to 2 [ “ ” “ ]       



100 Chi-Square Evaluation (expected values unequal)

CHI-SQUARE EVALUATION
(EXPECTED VALUES UNEQUAL)

This program calculates the value of the x* statistic for the goodness of fit

test by the equation

1. (0;-Ey)?

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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DISPLAY KEY DISPLAY KEY

LINE cCODE ENTRY LINE copDe ENTRY
00. 25. 51 - n
o1. 00 26. 31 f (0, - E)?/E

02. 33 27. 34 LAST X
03. 00 28. 22 X2y
04. 33 29. 32 g
05. 01 30. 42 x?

06. 84 31. 22 X2y
07. 51 32. 81 =
08. 31 33. 33 STO
09. 34 34. 51 -
10. 22 35. 01 1
1. 32 36. 34 RCL
12. 42 37. 00 0
13. 22 38. 01 1
14. 81 : 39. 51 -
15. 40. 33 STO
16. 41. 00| O
17. 42. -06 GTO 06
18. 43.
19. aa.
20. as.
21. 46.
22. a7.
23. a8.
24. 49.

 REGISTERS

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

       
Example:

L. 0 | 8 50 47 56 5 14
 

E. | 96 4675 5185 544 825 9.5

 

  

2
X =4.84

STEP INSTRUCTIONS oAUlrs KEYS oQuTeUT

1 Enter program [ lr ” ” I
  
  

2 Initialize BST RIS || I | 0.00

3 Perform3fori=1,2,.,n o [101

3 Delete erroneous data Oy, Ey Ok ot 1] Jfi

e [oo |[ 2 |[ s |[ ms|
4 Recall x? from register R, mreL || 1 | X

5 For a new case, go to 2 | Il I I |

  

 

   

 
 

   

  
 

          



102 2 x k Contingency Table

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, a3 ay Na

B b, b, bs by Ng

Totals N, N, N; N N

Test statistic x2 has k - 1 degrees of freedom.

  

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

between the two variables.

2

c= X
N+)(2

 

Reference:

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

LINE CODE ENTRY LINE CODE ENTRY REGISTERS
00. 25. -00 GTO 00 Ro Na

o1. 33 STO 26. 34 RCL R, Ng

02. 03 3 27. 83 R, a

03. 33 STO 28. 02 2 R; b

04. 61 + 29. 34 RCL R

05. 01 1 30. 00 0 Rs

06. 22 X2y 31. 81 + Re

07. 33 STO 32. 34 RCL R,

08. 02 2 33. 83 Rg

09. 33 STO 34. 04 4 Ry

10. 61 + 35. 34 RCL Reo k

11. 00 0O 36. 01 1 Rei ZaA/N;

12. 61 + 37. 81 + Re2 Za?/N;

13. 31 f 38. 61 + Res ZbiA/Ni
14. 42 Jx 39. 01 1 Res Zb2/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. 01 1 Reg O

20. 02 2 45, 61 +

21. 31 f 46. 71 X

22. 34 LAST X 47. -00 GTO 00

23. 81 - 48.

24. 1 S+ 49,

Example:

1 3

A 2 4

B 3 7

X2 =.02 .03

STEP INSTRUCTIONS DATAONITS KEYS DATA/UNITS
1 Enter program [ ” I I ” I

2 Initialize [ ¢ [ctr|[sTo || o |

STO | 1 ” BST ” I 0.00
  
 

3 Perform 3 fori=1,2,..., k 3   ' 7
    

 
 

4 Compute x*

s LLL]
  

5 Compute C

 
   

GTO R/S

T 0t e [ o |
Crec I 0I = [+ |   

   6 For a new case, go to 2   L |||| |
 

  
 

 

   
 



104 2 x 2 Contingency Table with Yates Correction

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.

 

oGroup A a

Group B C d

 

2 = (a+tb+c+d)[lad-bc|-%(a+b+c+d)]?

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

(atb)(at+tc)(ctd)(b+d)

DISPLAY DISPLAY

LINE CODE E:‘(‘TE;Y LINE CODE E:%Y REGISTERS

00. 25. 51 - a

o1. 61 + 26. 32 g b

02. 33 STO 27. 42 x? c

03. 05 5 28. 34 RCL d

04. 61 + 29. 00 0 atb+c+d

05. 61 + 30. 34 RCL c+d

06. 33 STO 31. 01 1

07. 04 4 32. 61 +

08. 22 X2y 33. 81 +

09. 34 RCL 34, 34 RCL

10. 03 3 35. 00 0

11. 71 x 36. 34 RCL

12. 34 RCL 37. 02 2

13. 01 1 38. 61 +

14. 34 RCL 39. 81 =

15. 02 2 40. 34 RCL

16. 71 x 41, 05 5
17. 51 - 42. 81 -

18. 32 g 43. 34 RCL

19. 42 x> 44. 01 1

20. 31 f 45. 34 RCL
21. 42 VX 46. 03 3

22. 22 x2y a7. 61 +

23. 02 2 48. 81 +
24. 81 = 49. 71 x         
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Example:

1 2

Al 9 21

B 17 13

x2 =3.33

STEP INSTRUCTIONS DATAIUNITS KEYS DATA/UNITS
1 Enter program - [ ” ” “ ]

2 Store data a [ STO “ 0 ” l[ ]

b

L

ost0 || 1 || l ]
c I STO Ir 2 “ ” ]

d L sto || 3 || Il |
3

|

Compute x* I BST ” R/S “ “ l X

4 For a new case, go to 2 [ ”   IL    



106 Bartlett’s Chi-Square Statistic

BARTLETT’S CHI -SQUARE STATISTIC

k
flns? - Z f; In s;°

i=1
 

k
1 1 1|4— S

3(k-1) iz=:1fi f

where s, = sample variance ofthe i'" sample

f, = degrees of freedom associated with s;?

i=1,2,..,k

k = number of samples

K

2 fiss
i=1

f
S2_.

f=

i

K

f; .

=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;%,s,2, ..., 5,2
are all estimates of the same population variance 0?(H,: Each of 5,2, 5,2,
sk 2 is an estimate of 02).

ey

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. 34 RCL R, fi

02. 61 + 27. 03 3 R, ZY/f

03. 03 3 28. 71 X R, Xfi

04. 13 x 29. 34 RCL R,

05. 33 STO 30. 83 . Rs

06. 61 + 31. 01 1 Re

07. 02 2 32. 51 - R,

08. 81 + 33. 34 RCL Rg

09. 34 RCL 34. 02 2 R,

10. 00 O 3s. 34 RCL Reo K

11. 31 f 36. 03 3 Re, Zf; In s’

12. 22 In 37. 13 x Re, Z(f; Ins;2)?

13. 34 RCL 38. 51 - Res Zfisi?

14. 01 1 39. 34 RCL Res Z(fisi%)?

15. 71 x 40. 83 . R,s >f;%si2 Ins;?

16. 11 T+ 41. 00 O Res O

17. -00 GTO 00 42. 01 1 Re7 O

18. 34 RCL 43. 51 - Res O

19. 83 . 44. 03 3 Res O

20. 03 3 45, 71 X
21. 34 RCL 46. 81 +

22. 03 3 47. 01

23. 81 - 48. 61 +

24. 31 f 49. 81 -

Example:

i 1 2 3 4 5 6

5;2 5.5 5.1 5.2 4.7 4.8 4.3

f; 10 20 17 18 8 15

x? =.25

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program

Initialize STO E

3 BST

Perform 3 fori=1,2,..., k i 0

1

Compute x?

For a new case, go to 2 
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BEHRENS-FISHER STATISTIC

Suppose {xl, X2, eee an} and {yl, Vo, eees 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

X-3y-D
$;2 5,2
oy

ny np

is used instead of the t statistic to test the null hypothesis

d=

Ho:uy —u2 =D

Critical values of this test are tabulated in the Fisher-Yates Tables for various

values of n;, n,, a and 0, where « is the level of significance and

 

 

S n
0 =tan"' —— -

S2 n

Notation:

- ZX; 2= 2xi* - [(Zx;)?/ny ]
n; ! n; -1

_ 2y , _ Zyit = [(2yi)?/ng]
y = §°%F

n, n, -1

Reference:

Fisher and Yates, Statistical Tables for Biological, Agricultural and Medical

Research, Hatner Publishing Co., 1970.
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54

DISPLAY KEY DISPLAY KEY

LINE CODE ENTRY LINE CODE ENTRY REGISTERS

00. 25. 23 R

o1. 41 1 26. 32 g

02. 41 1 27. 42 x2

03. 31 f 28. 34 RCL

04. 33 X 29. 01 1

05. 22 X2y 30. 32 g

06. 23 R{ 31. 42 x?

07. 61 + 32. 61 +

08. 34 RCL 33. 31 f s

09. 00 0 34. 42 Vx 9

10. 22 peav 35. 81 =+ Reo Used

1. | 51 - 36. 84 R/S Re1 Used

12. 41 1 37. 34 RCL 2 Used

13. 41 1 38. 01 1 Res Used

14, 32 g 39. 34 RCL o4 Used

15. 33 s 40. 02 2 s Used

16. 34 RCL 41, 81 = Res 0

17. 83 42. 32 g Re7 O

18. 00 0 43. 14 tan™ ! Res 0

19. 31 f 44. -00 GTO 00 Reo 0

20. 42 VX 45,

21. 81 + 46.

22. 33 STO 47.

23. 02 2 48.

24. 22 Xy 49.

Example: x: 79, 84, 108, 114, 120, 103, 122, 120

y: 91, 103, 90, 113, 108, 87, 100, 80, 99,

Ho: gy =up, (D=0),n; =8,n, =10, x=106.25

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

 
 

 

 

 

 

 

 
 

 
 

 

    
 

  
 

  

 

 

 

 

 

 

 

 

 

 

 
 

 

   
 

  
 

   
  

STEP INSTRUCTIONS DATAONITS KEYS oATERITS

Q- o C T
2 |initialize e [| I | 000

Ty T=TT
3" Delete erroneous data x Xk £ = | Jr_j

4 Compute X and s, \/n [ ¢ | x || st0 || | X

S se|]
o L =] swm

- o[sto [ 19 llcr ] 000

5 Perform 5 fori=1,2,.,n, vi Loz I i

5 Delete erroneous data yp, Yh W[_j

6  Input D and compute d, 0 D [ st || ms || | d

ColesL
7 Foranew case, go to 2 [ [ |l B
 

 

 

       



110 Biserial Correlation Coefficient

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 oflinear association between X and Y.

n (2y;) - n; By;

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

2yi=sumofall y’s

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

ny
tail of that distribution with area equal to p=— .

n

 

 

 

Note:

Among the necessary assumptions for a meaningful interpretation of ry, are:

1. Y is normally 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 KEY

LINE coDE ENTRY

00.
o1. 34 |RCL
02. 83
03. 03 3
04. 34 RCL
05. 83
06. 01 1
07. 61 +
08. 33 STO
09. 02 2
10. 31 f
11. 34 |LAST X
12. 34 |RCL
13. 83
14. 00 |0
15. 71 X
16. 22 x2y

17. 34 RCL
18. 01 1
19. 71 x
20. 51 |-
21. 34 |RCL
22. 83

23. 00 0

24. 34 RCL   

DISPLAY

CODE

83

02

34

83

LINE

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

61

71

34

02

32

KEY
ENTRY REGISTERS

111

 



112 Biserial Correlation Coefficient

Example:

xx|]o 1 1 0 1 0 0 0 |1
yi |31 28 56 03 25 24 48 29 77
 

 

  
 

n, =4

n=9

a=040
Iy = .59

STEP INSTRUCTIONS DATAIUNITS KEYS DATA/UNITS
1 Enter program [ ” ” ” ]
    

2 Initialize | g ” CL*R H BST ” | 0.00
  

3 Perform 3 for x; = 1 0 ———————_——lTlIl||||  
 

iz] Il I |
 

  
 

3 Delete erroneous data yy 0 [7T I r ” “

-(Xk =1) Yk

 

    

 

 
L'

4 Perform 4 for x; =0 vi r[=T_

        
 

 

 

 

   
(xp, = 0) 0 ot 1   
    
 

  
 

5 Input a and n, a [ STO ” 0 Jl ”

n [sto |1 ] |

6 Compute ry, [ R/S ” ” “
   
      LJLJL_JL]

l

= o

7 For a new case, go to 2 I lr “ “   
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SPEARMAN’S RANK CORRELATION COEFFICIENT

Spearman’s rank correlation coefficient is defined by

6 LHV: D;?
i=1

n(n? - 1)

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

Hy: X, Y are independent

is using

z=rgv/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

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.



114 Spearman’s Rank Correlation Coefficient

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

   

DISPLAY KEY DISPLAY KEY HEGISTERS

LINE cCODE ENTRY LINE coDE ENTRY
00. 25. 01 1

o1. 51 26. 34 RCL

02. 32 27. 01 1

03. 42 28. 06 6

04. 33 29. 71 x

05. 61 30. 34 RCL

06. 01 31. 00 O

07. 34 32. 32 9

08. 00 33. 42 x*

09. 01 1 34. 01 1

10. 61 35. 51 -

11. 33 36. 34 RCL

12. 00 37. 00 0

13. -00 38. 71 x

14. 51 39. 81 =

15. 32 40. 51 -

16. 42 41. 84 R/S

17. 42 34 RCL

18. 43 00 0

19. a4. 01 1

20. 45, 51 -

21. 46. 31 f

22. a7. 42 x

23. 48. 71 x

24. 49. -00 GTOO00    



Example:

Spearman’s Rank Correlation Coefficient 115

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

Student Math Grade
Xi Yi Rj S:

1

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

1, = .76

z=12.85

STEP INSTRUCTIONS DATORITS KEYS oQuTPUT

1| Enter program o Il Il |
2 Initialize 0 | sto || o || stO || 1 |

3 Perform3fori=1,2,.,n Ri [t Il 11

S; | Ris || I I | i

3 Delete erroneous data Ry, Sy Ric 01

Sk [ gro || 1+ || 4 | mrs |

4 Compute ry and z L cro || 2 || 5 || ms | s

Ces L L L 1| -        
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DIFFERENCES AMONG PROPORTIONS

Suppose X;, X3, ..., Xk are observed values of a set of independent random

variables having binomial distributions with parametersn; and 6; (i=1, 2, ...,

k).

A chi-square statistic given by

2 _ K (Xl - 0)2

X'=
i=1 n; 0 (1-0)

can be used to test the null hypothesis 8, =0, = ... = 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 KEY DISPLAY KEY HEGISTERS

LINE CODE ENTRY
25. 81 + X;

o1. 51 26. 11 T+ Z(n; - x;)

02. 33 STO 27.

|

-00 GTO 00 X;

03. 03 3 28. 34 RCL ni - X;

04. 33 STO 29. 83

05. 61 + 30. 02 2

06. 01 1 31. 34 RCL

07. 31 f 32. 00 0

08. 34 LAST X 33. 81 +

09. 33 STO 34. 34 RCL 9

10. 02 2 35. 83 . Reo k
11. 33 STO 36. 04 4 1 Used

12. 61 + 37. 34 RCL R, Used

13. 00 0 38. 01 1 Re3 Used

14. 61 + 39. 81 + Res Used

15. 31 f 40. 61 + R4s Used

16. 42

|

x 41. 01 1 R,6 0

17. 34 RCL 42. 51 - R,; 0

18. 03 3 43. 34 RCL Res 0

19. 22 X2y 44, 00 0 Reg 0

20. 81 - 45, 34 RCL

21. 34 RCL 46. 01 1

22. 02 2 47. 61 +
23. 31 f 48. 71 X

24. 34 LAST X 49. -00 GTO 00

Example:

nj Xj

Sample 1 400 232

Sample 2 500 260

Sample 3 400 197

x* =647
=53

STEP INSTRUCTIONS DATAIUNITS KEYS oATORITS

1 Enter program [ Jr ”7 J[ I

2 Initialize [ g Jlcer|[sT0 || o |
  
 
 

ISTO || 1 || BST || | 0.00

3  |Perform3fori=1,2,., k n I t || ” ” |

 

 

 
  

 

 

  
  

Xj l R/S I | I i

4 |Compute x* I GTO || 2 ” 8 || R/S | X

5 (optional) Compute 8 r RCL “ 0 ” 1‘4”7 TJ
  
  

<
>[rec I J[ «I =|

6 For a new case, go to 2 | lE__JL_J[;J
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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).

n k 2

12 37 2oRy
i=1 j=1 _3(nt1)

k? n(n? - 1) n-1
W= 

where Rjj 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

x>’ =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
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

KEY KEY
LINE CODE ENTRY LINE coDE ENTRY
00. 25. 61 +

o1. 33 STO 26. 33 STO

02. 61 + 27. 04 4

03. 02 2 28. 00 0

04. 34 RCL 29. 33 STO

05. 01 1 30. 01 1

06. 01 1 31. 33 STO

07. 61 + 32. 02 2

08. 33 STO 33. 34 RCL

09. 01 1 34. 04 4

10. -00 GTO 00 35. -00 GTO 00

1. 34 RCL 36. 01 1
12. 01 1 37. 61 +

13. 33 STO 38. 81 +

14. 00 0 39. 31 f

15. 34 RCL 40. 34 LAST X

16. 02 2 41. 51 -

17. 32 g 42. 34 RCL

18. 42 x2 43. 04 4

19. 33 STO 44. 01 1

20. 61 + 45, 51 -
21. 03 3 46. 81 =

22. 34 RCL a47. 03 3
23. 04 4 48. 71 X

24. 01 1 49. -00 GTO 00     

o k

1

2 2R

REGISTERS

3 Z(Z Rjj)

4 N

5

6
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Example:

Table for Rj; (n= 10,k = 3)

N ;
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

lsTep INSTRUCTIONS oATAONITS KEYS DATA/UNITS
1 Enter program [ ” | [ " ]

2 |Initialize 0 | sto || 1 | st0|| 2 |

| sto || 3 || st0o || 4 |

3 Perform 3-5fori=1,2,..,n

Perform4 forj=1,2,..., k Rij
 

 

6 Compute W

 

 

  
 

  
 

   
   
  

7 Compute X?

 
  
 

    8 For a new case, go to 2    
Lree JLoo ] g | 2 |
(I |.|R |
[ Ree || 4 || 6o || 3 |

L6 |l ms | Il |
[Rer || o || x || mer |

La A - x

| | || |

 

 

 

 

 

 

    



Kruskal-Wallis Statistic 121

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 ofthe' value in the it sample.

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

“3(N+1)

 

k
12

H= ———

N(N+1) Z—;

k
where N = Z n; .

i=1

When all sample sizes are large (> 5), 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 KEY DISPLAY

LINE

|

CODE

|

ENTRY LINE

|

CODE REGISTERS

00. 25. 34 s N

o1. 33 STO 26. 04 n

02. 61 + 27. 01 T Rij

03. 02 2 28. 61 T[(Z R;j)2/ni]

04. 34

|

RCL 29, 33 "

0S. 01 1 30. 04

06. 01 1 31. 00
07. 61 + 32. 33

08. 33

|

STO 33. 01

09. 01 1 34. 33

10.

|

—00

|

GTOO00 35. 02

1. 34

|

RCL 36. 34
12, 01 1 37. 04
13. 33 |STO 38. |_00

14. 61

|

+ 39. 81

15. 00

|

0 40. 34

16. 34

|

RCL 41. 00

17. 02

|

2 42. 01

18. 32 g 43. 61

19. 42 |X 44, 81
20. 22 X2y 45, 31

21. 81 - 46. 34

22. 33

|

STO a7. 51

|

-

23. 61 + 48. 03 3

24. 03

|

3 49. 71

|

x    
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Example:

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

Sample 1 2.73 045 252 1.19 3.51 2.75

Ranks R 29 5 26 10 33 30
 

Sample 2 1.79 183 1 087 19 1.62 1.74 192
 

Ranks R,; 11 129 7 20 18 19 21

Sample 3 1.24 268 088 25 161 1.55 3.03 038 0.22
 

Ranks R 14 28 8 25 17 15 32 4 2

Sample 4 0.57 254 036 1.56 239 123 -0.1 298 215 225
  Ranks R, 6 27 3 16 24 13 1 31 22 23

N =33.00

H=2.29

INPUT OouTPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program

Initialize

Perform 3-5 fori=1,2,..., k

Perform 4 forj=1, 2,..., nj

Compute H

 

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,
n; (ng + 1)

2 Ri
i=1

U=n;n, +

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; n,

2

Vg n, (ng +n, +1)/12

 

Z: 

 

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 ofStatistical Tables, Addison-Wesley, 1962.
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DISPLAY DISPLAY
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

         
 

NTR LINE

|

CODE E:ITE;Y REGISTERS

25. 22 Xy

o1. 33 26. % RCL

02. 61 + 27. 02 2

03. 00 |0 28. 71 x

04. 34

|

RCL 20. 02

|

2

05.

|

01

|

1 3.

|

81 |+
06. 01 1 a1, 51 -

07. 61 + 32. 22 2y

08. 33 STO 33. 34 RCL

09. 01 1 34. 02 2

10.

|

-00

|

GTOO00 35. 61 +

11. 34 RCL 36. 01 1

12. 02 2 37. 61 '

13. 34 RCL 38. 34 RCL

14. 01 1 30. 01 1

15. 01 1 40. 71 .

16. 61 + 41. 34 RCL

17. 02 2 42. 02 2

18. 81

|

+ 43. 1

|

x

19. 61 + 44. 01 .

20. 7 X 45. 02 2

21. 3

|

RCL 46.

|

g1

|

=

22. 00 0 a7. 31 ;

23. 51 - 48. 42 \/;

24.

|

84

|

R/S a9.

|

g1

|

-

Example:

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

 

  
 

 
 

  

  
 
 

  
 
 

  
 
 

 

 

 
 

 

  
 

  
  

Sample 1 149 113 13.2 16.6 17 14.1 154 13 16.9

Rank R; 7 1 4 12 14 5 10 3 13

Sample 2 15.2 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 DATONITS KEYS oAATORITS

1 Enter program I lfi Jr ” 4]

2 Initialize 0 | sTO | 0 || sTO | 1 |

| BST || Il om0
3 Store n, n, ‘ STO ” 2 I l I

4  Performdfori=1,2,., 0 R E i

5 Compute U and z GTO | 1 “ 1 I R/S U

| R/S ” “ ” l z

6 For a new case, go to 2 [7 Jr Jli Jr J
       
 



126 Mean-Square Successive Difference

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= > (Xi-Xi+1)’ /Z(Xi"x)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

 

_ 1-7m/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.
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DISPLAY KEY DISPLAY KEY

LINE

|

CODE ENTRY LINE

|

CODE ENTRY REGISTERS

00. 25. 04 |4
o1. 34 |RCL 26. 22 |x2y

02. 83

|

- 27. 81

|

+

03. 06 |6 28. 84 |R/S

04. 22

|

x2y 29. 02

|

2

0s. 51

|

- 30. 81

|

=+

06. 31 f 31. 01 1

07. 34 LAST X 32. 22 X2y

08. 33 STO 33. 51 -

09. 83

|

- 34, 34

|

RCL

10. 06 |6 3s. 83
11. 1 >+ 36. 00

12, -00 |GTOO00 37. 02 |2

13. 32

|

g 38. 51

|

-

14. 33

|

s 39. 34

|

RCL
15. 32 g 40. 83

16. 42 x2 41. 00 0

17. 34

|

RCL 42. 32

|

g

18. 83

|

- 43. 42

|

x?

19. 00

|

0 44. 01 1

20. 01 1 45. 51 _

21. 51 - 46. 81 -

22, 71 X 47. 31 f

23. 34

|

RCL 48. 2

|

Ux

24. 83 . 49. 81 -

Example:

For the following set of data

{053, 052, 039, 049, 097, 029, 0.5 030, 040,
0.06, 0.14, 0.16, 068 022, 068, 008, 052, 0.50,
0.63, 020, 067, 044, 064, 040, 097, 003, 0.73,
0.24, 0.7, 035}

 

  
    
  
  

 
 

 
 

 

    
 
 

 
       

n=30

n=2.81

z=-2.29.

STEP INSTRUCTIONS DATA/UNITS KEYS DATATUNITS

T Emer promrm C_ L I I ]
2 nivanze e[ ewr | et | | o000
3 Input x; X1 | STO || . ” 6 I >+ 1.00

4 Perform 4 fori=2,3,...,n X R/S i

5 Computen and 2 eto|| 1 ||3ms n

LesLL.
6 For anew case, go to 2 [ I{ [ Il |   





INDEX

Analysis of Variance 85 t Distribution §5§

Bartlett’s Chi-Square Statistic 106 t Statistic for Two Means 90 o
Bayes Formula 10 Test Statistics for Correlation Coefficient

Behrens-Fisher Statistic 108 Weibull Distribution Parameter
Binomial Distribution 64 Calculation 62

Biserial Correlation Coefficient 110
Bivariate Normal Distribution 58

Chi-Square Density Function 48
Chi-Square Distribution 50
Chi-Square Evaluation 98 100

Combination 8
Complementary Error Function 18
2 x K Contingency Table 102
2 x 2 Contingency Table 104
Correlation Coefficient 32
Covariance 32

Differences Among Proportions 116

Error Function 18
Exponential Curve Fit 76

F Distribution 52

Gamma Function 14

Generalized Mean 28

Geometric Mean 24

Harmonic Mean 26
Hypergeometric Distribution 70

Incomplete Gamma Function 16
Inverse Normal Integral 46

Kendall’s Coefficient of Concordance 118
Kruskal-Wallis Statistic 121

Kurtosis 34

Logarithmic Curve Fit 79
Logarithmic Normal Distribution 60

Mann-Whitney Statistic 124
Mean 22
Mean-Square Successive Difference 126

Moments 34
Moving Average 30

Multinomial Distribution 73

Negative Binomial Distribution 68
Normal Distribution 44

One Sample Test Statistics for the Mean 93

Paired t statistic 88

Partial Correlation Coefficients 40
Permutation 6

Poisson Distribution 66

Power Curve Fit 82

Probability of no Repetitions in a Sample

Random Number Generator 20

Spearman’s Rank Correlation Coefficient 113
Skewness 34
Standard Deviation 22

Standard Error 22 37

Standardized Scores 42

96
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