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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. ' |

Bach 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 optmnal 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 [ENTER#] 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). '

’;II INSTRUCTIONS DATA/UNITS RKEYS DATA/UNITS -l
. . | | ' : -
1 Enter program I Il || ll l
2 | Initialize [_T—[ CL-R [ [:I 0.00
3 |Perform3fori=1,2,..,n, X | =+ | i N
3 | Delete erroneous data x ] .“ Xk 'f—_ >- .—_I. _I
4 Compute X and s; A/n, , - f lr im J STO . ¢ l X
| | s || s ][ RrcL -]
0 v [ = ]| swm
STO I CL-R 0.00
l 5 Perform 5 fori =1, 2,..., n, ¥
5 |Delete erroneous data Y A
6 Input D and compute d and 6 D
7 For a new case, go to 2




Step 1:
Step 2:
Step 3:

Step 3':
Step 4.

Step §:
Step 5':
Stép 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 Rqo through
Res.

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 8 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

m!

P = (— )} =m(m-1)..(m-n+1)

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

Notes:

1. P can also be denoted by Py’ , P(m,n) or (m),,.

2. mPo=1,4P; =m, 4P, =m!

KEY
ENTRY

e [ cove
00.

O1. - 41

"o [ oone.
25. 00




Examples:

1. 27P5 = 9687600.00
2. 4P, =26122320.00

Permutation 7

INPUT

!

_STEPI INSTRUCTIONS DATA/UNITS KEYS | DATA/UNITS |
1 | Er_l__ter program I __I
2 tnput m, n [ BST I ‘ m
I H/S_ ‘ _ _I m¥n
2' If m << 69, for a faster execution [ GTO 4 _J l rD ‘ ‘
IR |
| 1 [ N P
3 For a new case, go to 2 .I |




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! _m(m-1)...(m-n+1)
(m -n)! n! 1+-2+...°n

an =

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

This program computes H;Cn using the tollowing algorithm:
1. Ifns<m-n

_m-n+l m-n+2 m

an ° e - -

1 2 n

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

Notes:

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

2‘ ITICH = mcm-n
3. 1Co=mCp =1

4, mCI =II1CII1—1 =m



DISPLAY KEY
LINE | CODE | ENTRY
00.

Combination 9

R, max(n, m—n)

REGISTERS

o1, 51 | -

Examples:
1. 73C4 = 1088430.00

2. ,,Cs =80730.00

[ “BST

| E

3 For a new case, go to 2

-STEPI INSTRUCTIONS AT /UNITS KEYS | DATA/UNITS !
1 | Enter program l- “ I| ' ‘
2 hnﬁ-ut mn m K __“ _ | |




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 ' |

P [E,/A] = P{Ex] P [A/E]

3" P [Ei]P [AJE]
1= 1 |

where kcanbe 1, 2, ..., or n.

Reference:

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

KEY KEY
ENTRY ENTRY REGISTERS

Ro ZP[A/E;] PIE;]

e [ cone
Q0.

"01. | 00

"ne [ cone
25. 51

26.




Example:

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

P[A/E,] = 0.995

then P[E,/A] = .09

Bayes’ Formula 11

STEP INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT |

Enter program

w—

Initiaiize

Perform3fori=1,2,..., n

DATA/UNITS l

3' | Delete erroneous data P[E, ],
PA/Ep,] PIEm] -
| PIA/Em]
4 ] Compute P[E /A} P[Ey]
PIA/EL]

For a different k, go to 4

For a new case, go to 2

[—

=]

P[Eka]

N

L]




12 .F’robab"ility of No Repetitiongs'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-L)1-2)...[-2"1
11 Im m

Given integers m, n such that m =2 n =2 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

e [ cooe

REGISTERS

00.
O1. 33
- 02. 02
03. 01
04. 33
05. 00
06. 34
07. 01
' 08. 34
09. | (2
10. 01
11. 5
12. 33
13. 02
14, 00
15. 32
16. ~27
17. 23
18. 22
19. 81
20. | 01 S
21. 22
22. 51
23. 33

24. 71
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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 forn =4, 23, 487 '

(Note: m = 365)

1. n=4, P=.98
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.) ' '

INPUT - OUTPUT
STEP INSTRUCTIONS DATA/UNITS I KEYS DATA/UNITS i

L i o

1 En'_cer program | :I 1] ”: :__l

2 Input m m ‘ HSTO _I_ C____BSI_”- -H I

3 Input n n RIS | ."""“‘“'"" ”_j P
| 4 | Fordifferent n, go to 3 l ) ___ | ] :““ ” ]

5 For a new case, go to 2 | L_ * ;; | ”__l .



14 Gamma Function

GAMMA FUNCTION

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

Suppose € is the error, then

€
<2x10°7
rx) "

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

['(x +5)

M) )G+ D D FDR

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

X! =I‘()§+ 1)

Reference:

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



- Gamma Function 15

e [ cone
2.

REGISTERS

DISPLAY KEY
LINE m ENTRY

KEY
ENTRY

00. 32 g Used
O1. 05 5 26.
02. 61 | + 27. | X2y R,
03. 41 | ¢ 28. 1 R
04. 13 L/x 29, + R
0S. 41 ) - 30. f R
06. 71 X 31. i Rg
07. 41 1 32. X R,
08. 41 ) 33. f R,
09. 03 | 3 34, VX R,
10. | 00 | O 35. 71 | x Reo
11. 81 | = 1| 36. | 33 | sTO
12, 01 | 1 37. co | o
13. 51 —~ 38. 44 | CLX
14, 71 | x 39. 05 |5
15. | 01 | 1 40. | s | _
16. 02 | 2 41. 33 | STO
17. 81 =+ 42. 91 -+
18. 22 XY | 43. 00 0
19. 31 f ‘ 44. 01 1
20. 22 I In 45. 61 +
21, 51 | — ] 46. 31 | ¢ .
22. | 71 X 47. -41 X<y 41
23. 61 + 48. 34 RCL
24, 47 CHS 49, 00 | O

Examples:

1. T (5.25)=35.21
2. 7!'=T(8) = 5040.00
3. 2.34!=T(3.34) = 2.80

- e — = T
STEP INSTRUCTIONS 1 oathrmars |  KEYS DATAUNITS
—-TH Enter pmgram_ H_I_ _ “ I ~ _I” N |

2 | Initialize BST ] . __‘ - I

3 | Input x X I_ R/S ]I _L __I —_—] I'{x)

4 | For a new case, go to 3 i l - _” __]_..__]




16 Ihcomplete Gamma Function

INCOMPLETE GAMMA FUNCTION

_ .
v (a, X) =f et 271 dt
; 0 |

. X
= 33 o X E

a(a+1)..(atn)

n=0

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.



Incomplete Gamma Function 17

DISPLAY -

DISPLAY

e [ cove.

Examples:
1. v(1,2)=.86
2. v(1,0.1)=.10

INPUT ‘ OUTPUT
STEP|  INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

I 1 Enter program I_ ] [ I | 1 [ .JH

Input a, x a

= el
— _--—Il
L

L1l

(81|~
B
<
N

1 | via, x)

-

3 For a new case, go to 2




18 Error Function and Complementary Error Function

ERROR FUNCTION AND
COMPLEMENTARY ERROR FUNCTION

X
Error function erf x = ‘ f et dt

2 i
X
\/TT o 1:3-...-(2n + 1)

Complementary error function
ericx=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

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

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

Reference:

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



Error Function and Complementary Error Function

. DISPLAY | kgy DISPLAY KEY
LINE m ENTRY ~ ENTRY REGISTERS
. X

m
25 71

Example:
erf 1.34 = .94

erfc 1.34 = .06

STEP INSTRUCTIONS DATA/UNITS | KEYS DATA/UNITS
1| Enter program - - || C_ 11
2 Compute erf x and erfc x X | \ r R/S _‘ ‘ | erf x
. I R/S H ‘ \ “ ] erfc x
3 For a new case, go to 2 | l | ‘ - ‘ ‘ | IL —-‘ |




20 Random Number Generator

RANDOM NUMBER GENERATOR

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

0

N

Ny |
| using the following formula:

u; = Fractional part of [(7 +u;_;)°].
The user has to specify the starting value u, such that

OQUQ‘{«;L

DISPLAY KEY DISPLAY KEY
LINE m ENTRY LINE m - ENTRY
00. - 25. | 23 | R -




Random Number Generatorl 21

Example:

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

' ]
E’TEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program [ “ I | l
input ug Up ‘ B8ST [ | \ ” \ | g

R =
- For a new case, go tn 2 | \ | ] _ ,I




22 Mean, Standard Deviation, Standard Error for Grouped Data

MEAN, STANDARD DEVIATION,
STANDARD ERROR FOR GROUPED DATA

Given a set of data points

X15 X3 5000y Xy
~ with respective frequencies

t;, f,, ...,
the program computes the following statistics:

Efixi
>f,

mean X =

standard deviation s =

standard error sy =

vV 21;



Mean, Standard Deviation, Standard Error for Grouped Data 23

DISPLAY EV -
LINE m ENTRY
00 | i

N Joone
25. 34

KEY
ENTRY REGISTERS
RCL Ry of

n, Efi
Rl1 Efix;
R-z E(fixi)_z, Efixiz
R-s Efi}(jz

Res Z(fix*)?

R-E Efi2 Xia

Res O

0
0
0

. X =7.92
2 34 7 11 23 341 <=7 69
s 3 4 2 3 1 = 1.77
STEP INSTRUCTIONS L A-'r'ﬁﬂﬁ”s KEYS 1 | Dﬂ‘ﬂﬂﬂﬁs
1 Enter program r l\ ” I ]

2 |initiatize g ][ ewr | st0o ][ o ]
st [ ] [ ]| o000

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

3 Delete erroneous data xy, fi Xk T l 11 ”

_ b [~ 61O 1 [ e [ ms ]
4 Compute X, s and s3 LrGTO - 2 | 5 “ R/S X
R/S s
R/S l S
5 For a new case, go to 2 [ l ' 1




24 Geometric Mean

GEOMETRIC MEAN

For a set of n positive numbers {al Ay s an},the geometric mean is defined
by |

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

| DISPLAY KEY
{ uNE | cope | ENTRY

25.
26.
27.
28.
29,
30.
31.
32,
33.
- 34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
a4,
45.
46.
47.
48.
49.

" [ cone

REGISTERS




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

Geometric Mean 25

stee|  mstucrons | 5, hurs | S
[ Eoer o T | A I |
2 |Initialize [esT J[ rs [ ] o000
3 Prfurm 3fori=1,2,...,
3" | Delete erroneous data ay Ak GTO 2 7 R/S
4 | Compute the mean G a0 ][ 2 [ o |[ mrs ] G
5 For a new case, go t0 2 _J I— J: l -




26 Harmonic Mean

HARMONIC MEAN

For a set of n positive numbers {al N PR an} , the harmonic mean is defined
 by'

TRE Joooe-
00.

TRE ] oo0e
25. ~00

26.

KEY
ENTRY




Harmonic Mean 27

Example:

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

OUTPUT

!
INPUT I _
STEP INSTRUCTIONS KEYS DATA/UNITS

DATA/UNITS
i 1 :

1 Enter program | ‘ ” | “_ J[ | _J
initialize - [—J :

Perfnrmw'-1 2 _ [ H:I'

Delete erroneous data a

4 Compute the mean H | [_GTO ” ” “ I H |

—

5 For a new case, go to 2 I ”__ H-_—__“ | j

—



28 Generalized Mean

GENERALIZED MEAN

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

where t is any desired number.

Notes:
1. Ift=1, the generalized mean M (1) is the same as the arithmetic mean.

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

- DISPLAY KEY
LINE m ENTRY
25. 34 RCL

TTNE [ ooE.
00.

O1. 00

KEY
ENTRY

REGISTERS
. t




Example:

Generalized Mean 29

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

M (2) = 11.00.

e

[

INPUT

STEP INSTRUCTIONS KEYS OUTPUT
| | DATA/UNITS . _ DATA/UNITS
1 Enter program I l ” —l
2 |initialize [ BsT |[ ms |[ | | 0.0
3 Input t t "R/S I II H I t
4 |Perfromdfori=1,2,..,n aj R/S o I i
i 4 | Delete erroneous data ay aK i GTO 3 5 /S
5 | Compute mean M(t [eto [ 2 [ s [ wss M(t)
6 For a new case, go to 2 I | I | ” I




30 Moving Aif'erage

'MOVING AVERAGE

Given a set of numbers {xl , X5, 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: ' '

X1 tTXs+t...+X, X9 F+Xgt...+X541 Xzt+tXg t..1+Xp42

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 i8S 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.

_LNe [ cope | ENTRY || LNE | cODE_
- 00. i 25. | 03




Moving Average 31

Example:

For the following set of data {105, 121, 124, 97, 86, 134, 105, 81, 127, 132,
114, 1-21}, 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.

INPUT ’ OUTPUT
STEP| INSTRUCTIONS DATA/UNITS - KEYS DATA/UNITS

oo I | —
> iitas | [ Narlles [ ow
B —— i=12 N — _ - - — —
p _ mme themnng — L |~ j . -
of order n [_ f ——” _ X ” “ J average
5 (optional) Compute the moving l__ H ” “ J
total of order n [ree [ = || I | total
6 |input next value XK [__ R/S | L || | nt 1
7 Remove one old value _ l RCL ” . |! ll I
n* [ o= | ] "
8 Goto 4 | | ” l [
9 |Foranew case, goto 2 __ [ | | |
i ]
" n can be one of the values | | | I ]
HEE | I L]




32 Covariance and Correlation Coefficient

COVARIANCE AND CORRELATION COEFFICIENT

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

1 1
covariance Syy = (EXiYi T, EXiEYi)

n-1

1 1
or sxy' =E (Exiyi - ExiEYi)

correlation coefticient r =
Sx Sy

where s, and sy are standard deviations

Note:
-1<r<l



Covariance and Correlation Coefficient 33

KEY REGISTERS
[ 00. ]
O1. 32 g
I o2. 44 | CL'R
03. 84 | R/S
04. 31 | f
; 05. 21 [ LR,
06. 41 |t
07. 32 g
08. 33 | s
- 09. 81 | ~ |
10. 81 | =
11. | 84 | Rss
12. 41 |1 )
13. 41 )
: 14. 32 g
15. 33 S
16. 71 | x
17. 71 X
18. 84 | R/S
19, 34 | RCL B
20. 83
21. 00 |0
22. 41 | +
23. 41 )
24, 01 | 1
Example: . L= _ 06
yi | 92 8 78 81 54 51 40 Syy = —354.14
x: | 26 30 44 S50 62 68 /4 Sxy = ~303.55
STEP INSTRUCTIONS DATA/UNITS KEYS DATAIUNITS
1 Enter program | ”
2* |initialize D BST || R/s 0.00

Delete erroneous data k: Yk . Vi | [ T [ ..__..1| .. I
. 1 " I : e | ‘ -
4 Cumpu; correlation cn;:‘icient ) ' l -
: " T TR .—
5 Cnmpu; covariance s;. _I R/S | “ Sxy
(optional} Compute sy’ B ‘ R/S Sxy
6 For a new case, go to 2 ‘
e — . | |
*Note: if sums are alreadf ...... | ‘ -
accumulated in p-;;per registers, R , I || -
skip steps 2, 3 and 3'. o | - l I |
| | |




34 Moments, Skewness and Kurtosis

MOMENTS, SKEWNESS AND KURTOSIS

This program computes the following statistics for a set of given data {x 15 X9,

o Xn)

_ 1
1 moment X =-— ) X
n 4
1= 1
1 _
2% moment m, = — Ix;2 -x?2
| n
1 3 _ _
3% moment mj3 = — X X Tx;2 +2x°
n
th _ 1 4 _ 6 _ _
4™ moment my = — ZXi* - Zx 2x® + —x? ¥x;2 - 3x*°
n n _

moment coefficient of skewness

_ I3
71
M, 3/2
moment coefficient of kurtosis
My
Y2 ™
ITl 4 2

Reference:

M. R. Spiegel, Theory and Problems of Statistics, Schaum’s Outline,
McGraw-Hill, 1961.
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REGISTERS |




36 Moments, Skewness and Kurtosis

Example: _
i ] 2 3 4 5 6 7 8 9
x; |21 35 42 65 41 36 353 3.7 49

X=4.21,m, =139, m; =.39, my =549
Y1 — .24, Yo = 2.84

step| INSTRUCTIONS DATA/UNITS | KEYS DATA/UNITS
"1 | Enter program i | | 1| JJ |
2 | Initialize g |[ cL-r |[ BsT ] | 0.00
3 i=1, . | i
3 i Dte rruenus data -
= I | |
4 Compute the mean X I f X ‘r X<y I ST0 ‘
; [
5 | Compute 2"? moment m, I RCL |-i * ” 1 |, RCL I
| [ o [ so J[ 1 ]
- [ T | |
” I | T | |
6 |Compute 3'd moment m; [reL | - 1 s ]| rcL
[0 [ rec [~ q[ 1+ ]
[ ris ][ sT0 3| 1 m
7 |Compute 4™ moment m, [ ris ][ sT0 a1 ] Mg
8 |(optional) Compute v, v, [ RoL ][ 3 RCL ” 2 |
| 5[ v ]
[+ | | |
[ReL ][ a rel | 2 ]
[« [ 1= 1
9 |For anew case, go to 2 | [ ] | |
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STANDARD ERRORS FOR LINEAR REGRESSION

Suppose y =ap + a;x is the least squares fit to a set of data points {(xi, Vi),
i=1,72,.., n} and § is the estimated value on the line for a given x value.

The program computes:

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

B 2(yi - $1)?
Sy ex = 5
_ Zyi’ — a9 ZYj - a4 2XiYi
| n-2

2. Standard error of the regression coefficient a,

Exf

S0 Sy*x
E!I* 2
ﬂlEXi2 — ( 1) l

n

3. Standard error of the regression coefficient a;

Sy » x

>x:)>
n
Note:

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

Reference:

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



38 Standard Errors For Linear Regression

DISPLAY | . ey |
LINE m ENTRY
25. 32 a

oy
TORE [ cove.
| oo. .

O1. 71

KEY | |
ENTRY | | REGISTERS |
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Example: |
y: | 92 85 78 81 54 51 40
x; | 26 30 44 50 62 68 74
dg = 121.04

a; =-1.03
Regression line is y = 121.04 - 1.03x

Sy.x = 6.34
So = 7.47
S1 = .14

- 7
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

| 1 Enter program I \ I ‘ I ] I .lt

2* | Initialize | o ][ cLr ] [ | 0.00

| I L S TN | | I | B
Delete erroneous data Xy, Yk 1 T‘ _ “ ” l
XK K J| - || [ |

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

4 | Compute ao, a; [ ¢ J[vr ][ sto ]| o ] 0
B B
5 | Compute standard errors [ ree [ - [ 4 || mroo
- [ o ][ rer ] - [ 3
[ BST H RS || | Sy ox
L | [ — )
[ rs | | 1] st

| | | L

*Note: If sums are already in \ “ | I ]l

proper registers, skip steps 2, 3 L ” J |

|

|

|

|

|
o
6 | For a new case, go to 2 Il i | |
]

|

|

|

and 3', | | ” I I




40 Partial Correlation Coefficients

PARTIAL CORRELATION COEFFICIENTS

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

For the case of 3 variables, the partial correlation coefficient between X; and
X, keeping X3 constant 1s

I'ya — 1137123

V(1 -1432) (1 -123%)

1243

where ry; denotes the correlation coetticient of X; and X;.

Similarly, for the case of 4 variables, the partial correlation coefficient
between X, and X, keeping X3 and X4 constant is

[12:4 —113-4 1234 I'12.3 = I14.37124-3

V(1 -113.4) (1 =123.42) V(1 -114.32) (1 = 134.3%)

I'12.34 =

Any partial correlation coefficient can be computed by means of these
formulas (using this program) if correlation coefficients r{4, 13, I'y3, ... are
given.

‘Note:

This program finds ry3.5, 3.1 by similar formulas.

Reference:
S. Wilks, Mathematical Statistics, John Wiley and Sons, 1962.



Partial Correlation Coefficients

ENTRY REGISTERS

LINE_| CODE_
25 51 - |Ro M2, 13, r23

m

KEY
ENTRY

R, ris, i, s

R, ra3,ri2,ri3

Example:

Suppose r, ==0.96, r;3==0.1, 1,3 =0.12, then the partial correlation
coefficients are

[12.3 = -.96
ryz3.2 =.05
123.1 = .09.
I-S-TEPI INSTRUCTIONS 5 A'II";‘I:ﬂLITsj KEYS o ﬁ%ﬁﬂ@
| 1 Enter program | _ [ _J ”__ ” _T
rz input daté and curnpu;e I_ ] | -—I L I __]
*mrreiatiun coefficients F12 _T II__, ] \ ] ._.J | - ‘
o J 0 1|
r23 | BST ”_Rf.S ” ” ) I 1243
| R/S ‘[ Il H ) I F13e2
[ rs_ |l | | | Y
3 For a new case, g{_:r_’f 2 - . JL ______ | __]_I__ ” __L




42 Standardized Scores
STANDARDIZED SCORES

Given a set of data {xl, SN xn} , this program finds {yl, Vo, e, yn} such
that |

fori=1,2,..,n

where X and s are sample mean and standard deviation of {xl, X2 5 vens xn}_
{ VisV2s oo yn} has mean zero and its standard deviation is 1.

This program can also transform y;’s to z;’s such that{zl, Zs, ...,zﬂ}has mean
1 and standard deviation o (¢ and o are given). '

z; = 0y; +

fori=1,2,...,n

[ospay_]
UNE | Coe |
00. N

O1. 34

KEY
ENTRY
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Example:
u=75, 0=10, s=10.54

il 1 2 3 4 5 6 1 8 9 10 11
xi| 57 62 73 48 78 54 59 75 67 81 66
yi| -80 -33 .72 -166 1.19 -1.09 -61 91 .15 148 .05
21]66.98 71.72 82.16 58.44 86.90 64.13 68.88 84.06 76.47 89.75 75.52

|

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

Enter program . l I I

——— — — .

]
Initialize [ 9 ][ cur ] [ ] o000
' [ 1]

Delete erroneous data xi

Compute and store X, s

{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 _ X7
f(x)=——e 7 .

V2

The upper tail area is

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

Q(x)=1(x) (by t+ by t*+by t2 +by t* +bg t5) + e(x)

where je(x)]<7.5x 1078

= L ,1=0.2316419
| ]l +rx

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

Note:

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

Reference:

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



Normal Dlstrlbutlon

REGISTERS

[ orar
e [ cooe
25. 41

e T oooe.
00, |

KEY KEY
ENTRY ENTRY

Examples:
1. x=1.18 2. x=12,28
f(x) = .20 - f(x) = .03
Qx)=.12 Q(x) = .01
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS |
1| nter program I | | |
2 | Store constants | r [ sto J[ o ] ]
_________ o |Lsto |[ 1 ] |-
) b [ sto [ 2 ] il ___I
bs [ sto |[ 3 ] ] ]
e | sTo || 4 || 1L

|
e s J[ s et [ ]
3 | Input x and compute f(x} X | ) ” STO |r 6 ” R/S I f{x)
|
|

4 Compute Q{x) I R/S ” H Il Q(x)

5 For a new case, go to 3




46 Inverse Normal Integral

INVERSE NORMAL INTEGRAL

This program determines the value of x such that

“e . 2
Q=f —— dt
« N2

where Q is given and 0 < Q < 0.5.

The tollowing rational approximation is used:

Co +Cy t+c, t?
X =1~ + €(Q)
1+d, t+d, t* +dg t°

where |e(Q)|<4.5x107%

t:\/lnl_
QZ

co =2.515517  d, = 1.432788
Cl - 0.802853 d2 - 0.189269
¢, =0.010328  d, =0.001308

Reference:

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



Inverse Normal Integral 47

REGISTERS |

| DISPLAY KEY

DISPLAY KEY
| LINE_| CODE | ENTRY
.| e

41 T
71
13
31
22
31
42
33
06
41
41
41

34
05

71
34
04
61

34

03

Examples:
1. Q=0.12
x=1.18
2. Q=0.05
X =1.65
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
_1 .Enter'prograrn I | 1 1
2 Store constants Co | STO l 0 ] l -
3 sto |[ 1 ] |
¢ sto || 2 |l |
o el I ]
d, [ sto [ 4 | | ]
| ds STO [ 5 [ BST I
3 |mpta T s | | ,
4 For a new case, go 1o 3 I ‘ I




48 Chi-Square Density Funﬂction
CHI-SQUARE DENSITY FUNCTION

This program evaluates the chi-square density function

f(x) = ——"
id x
2%(—”—) 2

2 e

where x>0 and » is the degrees
of freedom.

Notes:

1. The program requires that v << 141. If ¥ > 141 and v is even, then the
display shows all 9’s for I'(»/2); if v > 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. If v is even,

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 | kgy |
| LINE m ENTRY |
25. | 31 |f |

REGISTERS -

| DISPLAY | key
co. I

24. | 83 |

Examples:
1. »=20, 2. v=3
(3)- ‘ :
I'\= )= 362880.00 | ' —) = .89
2 - (2)
f(9.591) = .02 | f(7.82) = .02
(Press [f] SCL [9] to see (Press [f] SCL [9]to see
1.527751934-02) 2.2357437714-02)
STEP INSTRUCTIONS DATA/UNITS KEYS DATAJUNITS |
1 f Enter prngramr | [ “ l il ]
2 | Initialize 1 | sto || BST || 1.00
3 | Inputw y | RS | | v/2)-1
PR P — |
5 | Compute [(v/2) foroddv R/ || | '(v/2)
Go to 7““”““ ‘ ‘ |
S P — R
- T C | | Tw/2)
7 | input x and compute f(x) o | RS || | | o )
8 | For a new cese, go to 2 ! | | )




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

_2X = X
p f(X)sz::l (v+2)(v+4)...(v+2k)

k

where x=20
v i1s the degrees of freedom, and density function

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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KEY -
ENTRY : - REGISTERS - |

" DISPLAY |

"One [ cooe
25.

26.

e | cooE_

KEY |
ENTRY |

Exaples:

1. f(x)=1.527751934 x 1072
x =9.591
p =20
P(x) = .03

Note: For f(x), see Chi-square Density Function program.

2. f(x)=2.235743714 x 1072

X =7.82
p=23
P(x)= .95
~INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program ; 1
2 Input f{x), x and » f(x) 1 | !
X l BST R/S ' | X
y | ris || P{x)
3 For a new case, go to 2 | ! T




52 F Distribution

F DISTRIBUTION

This program evaluates the integral of the F distribution

bty St e\ 2
)
| 2 Vy
Q(X)=f dy
" v, tv,
Vi Va Vi 5
~ I'Nf—JIf—) 11+ —
(2) (2)( Vs y)

for given values of x (> 0), degrees of freedoms v, , v, , provided either v, or
V, 1S even.

The integral is evaluated by means of the following series:

1. vy even

v,

Ax)=t 2 1+32?-(1-t)+...

v, ~2

(1-1 °*

Vo(vy +2)...(vy tv, ~4)
2+4 ... (Vl - 2)
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2. v,y even

| v,

— V
QAx)=1-(1-1) 2 1+_th+___
v, ~2
v, (v, +2)...(vy tv -4) T2
2'4 (Vz -2)
| 7
where t= 2 :
Vy TV 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 [ gpy DISPLAY | gy |

01. 61 + 26. 00 10
x 27. | 71 | «x
| STO 28. | 34 RCL
0 | 20. | 04 |4
| RCL (| 30. | 02 1|2
| 2 | 31 | &1
2 [} 32. 33 {STO
B ] 33. | 04 {4
R (] 34 | 34 RCL
STO [l 35. | 01 1
| 3 3. | 32 |o
K [ 37. |44 Ix=y44
RCL | 38. | 23 |R¢
| 0 1l 39. | 81 |+
| - | 40. | 33 |{STO
| STO | 41, | 61 |+
0 | 42. | 05 |5
1 [| 43. | -19 | GTO19
| RCL || 44. | 34 | RCL
§ 2 a5. | 05 5
| RCL | 46. | 34 | RcL
| 4 | a7. 03 |3
+ _:' | 48. | 71 | x




54 F Distribution

Examples:

1. vi=7,v, =6
Q4.21)=.05

2. vi=4,v, =20
Q(2.25)=.10

.3 .

I

STEPl INSTRUCTIONS DATANITS KEYS DATA/UNITS
1 Enter program r \ I
2 {Initialize 0 [ |P I
'“ T “l | | 1.00
3 if v, iseven,go to 5 l ‘ i ‘
4 Input vy, v, and x ) Vi L ]
i & ‘ | : |
x| | |
| | o
5 |, even Y2 | H ‘
S B i
X | |[ mcL , |
[rec JL 2 L ms J[_ ] 1-ow
r—:T—l' X2y | Qix)
|

1 6 For a new case, go to 2

w
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t DISTRIBUTION

This program evaluates the integral for t distribution

I(ij)z-/«x I‘(V;rl)(l +__Y;H) 2

()

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

Formulas used are:

1. wveven

I(x, v) = sin 6 {1 + — cos® 0 +




56 { Distribution

2 vodd
20
— itpr=1
I, )=94
X, V)=
2—9—+£cosﬂ sin & 1+—-2—c0329+...
T m 3
+ 2:4...(0=3) cos” > 6 ifv>1
1-3...(v=-2)
12

where 8 = tan™

Reference:

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

| DISPLAY | key || DisPLAY

m REGISTERS

Ro1+(cos?8)/2+...

26. 33
27. | 03
28. | 34 | | ,2.4,..0r1,35..
20. | 01 | |

30. |

31.

32.

33.

- 34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

48.
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Examples:
1. 1(2.201,11)=.95

2. 1(2.75,30)=.99

INPUT KEYS - OUTPUT

STEP INSTRUCTIONS DATATUNITS DATA/UNITS
'. 1 | .Enter program | I, | I l { - If_,____h__h_ |
2 |Put machine in RAD mode ]l rap | Bst || |
’3 if » is odd, go to 4’ { \ | || __f
4 |viseven - 0 [ sto ][ 3 ]
x I i
_“ ’ [sto [ 1 || rs o1,
4 |(fv=1,gotod” "”‘“ 1 [ STO r 3 l 1 |
N [+ L |
v I STO [ 1 | f VX I
I + | g I tan~! STO |
) | 4 cto || o || s B
- | rs | il | L
H Crer [ e ¢ | cos |
« J[ree J[ & J[_+ 1
> I x [ ¢« I = ]
: | | Y
4" =1 X L .' tan” J 2 Jr X !
| f L m J + I I {x, 1)
5 |For a new case, go to 3 i | 1_!




58 Bivariate Normal Distribution

BIVARIATE NORMAL DISTRIBUTION

This program evaluates the joint probability density function

f(x, y) =——— e PO
21 U1 Oy \/1 - p2

where

2 2

X~y )° X - - -
P(x, y) = 1 ( 1) - Zp( Y — U2) + (_Y - U2 )
2(1 - p?) 0y° 0102 0y°

Notes:

. 0,#0,0, 70
2. The program requires that p* < 1.

e [ oooe.
. 51
34 | RCL
0b
02
71
81
42
32
22
34
0%
31
42
01
71
34
03
71
02
71
31
83
71
81

DAY
[ome o0

REGISTERS |

Rs (x~py )/ 0y
Ry (y-uy)/0
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Example:
My ==1,0; =1.5
Uy =1, 6, =0.5

p=0.7

f(1,2) = .04

f(-1, 1) = .30

STEP INSTRUCTIONS INPUT | KEYS | _ OUTPUT |

DATA/UNITS

| . e

1 Enter program L “ | I ”
2 Input iy, 0y, 42, 02, 0 M1 \ STE—”_ O ”_ - .”

DATA/UNITS

* - A

0
|
I~ [ sto ]| 5 ][ est ]
3 jlnputxandy X | T ” ” ” ]
v lere Il 2 [ - [ Re |
[ 3 ][« Ml so J[ 7 |
[ ms | 1l L | fix,v)
4 For different X, y,go to 3 [ I ‘ l [ 1

5 For a new case, go to 2 ‘ | “ ] I —]
- -




60 Logarithmic Normal Distribution

LOGARITHMIC NORMAL DISTRIBUTION

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

f(x) = ——— ¢ 2°°
x V2mo?

where x> 0.

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

median = e™
mode = e™=9"
mean = ¢M*(?"/2)
variance = ¢° T2™ (g9 _ 1),

Note:
The program requires that ¢® # 0.

Reference:

K. A. Brownlee, Statistical Theory and Methodology in Science and Engi-
neering, John Wiley and Sons, 19635.
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KEY
ENTRY REGISTERS

DISPLAY

m

DISPLAY
25. { b1

KEY
ENTRY

Example: 0’=1,m=1 f(.1)=.02
median = 2.72 f(.6)=.21
mode = 1.00 f(1)=.24
mean = 4 .48

varia_nce =34.51

STEP INSTRUCTIONS DATA/UNITS | KEYS | ::ﬂ‘ﬂf;ﬂﬁs;
1 | Enter program | | | i '
2 | Store m, ¢* o’ L STO I 0 _.l | ]
m ] sm___[ K |_ BST | ]
3 | Compute median and mode [ g [ ” ][ J median
RCL ][ 1 Ir RCL |[ 0 I
|
4 | Compute mean and variance [ RS |[ I[ | ] " mean
R/S | I | || variance
5 | Input X X | sTo j[ 2 [ ms i | ()
_:5 Fura“newx,gntGB ‘ L _ l ] ]‘ ' l




62 Weibull Distribution Parameter Calculation

WEIBULL DISTRIBUTION
PARAMETER CALCULATION

The Weibull probability density function is given by

b
f(x)= bx®"D e_(%)
gb

where 86>0, b>0, x>0.

The cumulative distribution function is

b

F(x)=1 - e—(%)

For a set of data {xl, s xn}, the Weibull parametersb and ¢ 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; - 0.3
n+04

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

In In (—i-_l—-—l:(x))=blnx—bln 0.

The solution is similar to the linear regression problem, and estimates of
b and 6 are obtained.
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~ DISPLAY KEY
25. | 61 |+

"GN [ coe_
| 00.

O1. 01

REGISTERS |

KEY
| ENTRY

Example:

Xj: 34,60,75,95,119, 158 (hours to failure)
(xij’s must be entered in increasing order.)

n==o6

b=1.95

6 =104.09

STEF INSTRUCTIONS DATA/UNITS | KEYS DATAJUNITS
1| Enter program ]l | [ 1 ]
2 | Initialize | ssT |[ ris ]| ”_—_I 0.00

3 |Inputn N R/S | | |

[ 4

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

5 Cumputeb and & o o GTO IT} | R/S b

6 For a new case, go to 2 I' ‘

i A— —— el




64 Binomial Distribution

BINOMIAL DISTRIBUTION

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

f(x) = (2) p* (1-p)"~™™

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

The recursive relation

___pn-%x) o
e D= D -p )
(x=0,1,2,..,n-1)

is used to find the cumulative distribution

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

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

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

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

4. The mean m and the variance ¢* are given by

m = np

o2 =np (1 - p).

Reference:

E. Parzen, Modern Probability Theory and its Applications, John Wiley and
Sons, 1960.
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DISPLAY KEY GISES ]
| RE |

R o counter

oAy ]

KEY
ENTRY

.R1 N

[{R2 p, p/(1 -p)
| |R 3 {0)

R, Used

R s Used

Example:
n=6,p=049
f(0) = .02
f(4)= .22
P(4)= .90
[sredl  wsraucrons | pmeur
2 |inputnandp | n [ sTO t || | . |
o | 'sto || 2 |/ sto || 4 |
1} - [ cus || mer |
i i [ v [ sto || 3 | £(0)
_ 4: RCL 2 1 || reL ]
.......................... — 0]
BE BST  |] | |
3 |Forx=1 ) s | | -
R | | | P
4 Foranewx,gotod ? ‘ I ” “
Eia new case, g; to 2 | ” ‘ “




66 Poisson Distribution

POISSON DISTRIBUTION

Density function

AX e~
f(x) =
_ x!

where A >0
and x=0,1, 2, ....

Cumulative distribution is

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

This program evaluates f(x) and P(x) for a given A using the recursive relation

f(x + 1) = Xi‘_  f(x).

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

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

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

4. Mean = variance = A



[ owriay
e | conE

00.
Ot.

DISPLAY |

| CODE_
34

Poisson Distribution

REGISTERS |

R, counter

67

02.

03.

04.

05.

06.

07.

08.

09.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Example:
A=3.2
£(0) = .04
f(7) = .03
P(7) = .98
— , — e
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
- 1 | Enter program ; I |
2 [imputr o STO 1 |[ BsT {| mris || to0)
3 |Forx=1 - “ X | _R/S ’ ‘ f(x)
- - : R/S H ‘ | P(x)
4 For a new x, go to 3 |: | i
5 For a new case, go to 2 ) - H ‘ J d




68 Negative Binomial Distribution

NEGATIVE BINOMIAL DISTRIBUTION

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

f(x)=("1'_"f; 1) p" (1 -p)*

where ris a positive integer

0<p<1and
x=0,1, 72, ...

The recursive relation

fx + 1) = - 'f)ffﬂ) (x)

is used to find the cumulative distribution

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

Notes:
1. f(0)=P(0)
2. When x is large, due to round-off error, the computed value for P(x)

might be slightly greater than one. In that case, let P(x) = 1.

3. The execution time of the program depends on x; the larger x is, the
longer it takes.
4., The mean m and the variance ¢ are given by
o= 1d-p)
p
02 = r(1 - p)
p2
5. It we interpret p as the probability of success of a given event, then f(x)
is the probability that exactly x +r trials will be required to get r
SUCCESSES.
Reference:

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



Negative Binomial Distribution 69

REGISTERS

R o counter

B
25. | 61

| DISPLAY CEY
LINE m ENTRY

KEY
ENTRY
+

Examples:

p=.9,1r=4
f(0) = .66
f(1) = .26
P(1)= .92
f(2) = .07
P(2) = .98

| INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS | DATAZUNITS

1 Enter program ‘ \ I | [

2 |Inputpandr p [sto || 1 ]

EILIT TS

t0)

f(>)

- P(x)

4 For a new x, go to 3

- — —— e ——— ———— ST e e s - . . . I - Ao S —

b For a new case, go to 2




70 Hypergedmetric Distribution

HYPERGEOMETRIC DISTRIBUTION

This program evaluates the hypergeometric density function for given a,

N )
&

f(x) =

where  a, b, n are positive intergers
x<a,n-x<band
x=0,1,2,..,n.

The recursive relation

. x-ax-n)
e+ 1) x+1)(b-n+x+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. f(0) = P(0)

3. The execution time of the program depends on x; the larger x is, the
longer it 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 ¢ are given by

Lo an
atb
, - abn(a+b-n)

g
(a+b)’(a+b-1)



Hypergeometric Distribution 71

Reference:

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

KEY KEY
ENTRY ENTRY || REGISTERS

R counter

e [ cone
00. |

O1. 33

v [ cone.
25, 81

20.




72 Hypergeometric Distribution

Example:
Givena=8,b=12,n=6, then
f(0) = .02
f(3)=.32
P(3) = .86
f(5)=.02
P(5)=1.00
e 1 .
STEP INSTRUCTIONS OATATONITS KEYS DATA/UNITS
1 -JEnterprogram I “ H H J.
2 Inputa, b, n B a l 3T9 | 1- | H j
T .
n [ sto |[ 3 ][ mer [ 2]
| [+ [ ][t J[rastx]
[ reL [ 3 [ - [
IR
[ree [ 2 [ +« J[ ¢ |
‘‘‘‘‘‘‘ | o |t |[vasTx || meL |
|| B
. [ = | =+ |[sto |[ & | £(0)
3 Forx =1 B X I 10 I 7 ‘ RCL ” 4 ‘
[sto ][ s ][ s0o |[ 6 ]
o [ esT [ ms ]| |
T |
4 For a new x, go to 3 ‘ Ir ‘
5 For a new case, go to 2 i ‘ I ‘

=




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

- — H! X X X
f(Xl,Xg,...,Xk) : : 1 91 1 92.2...6]{ k
X.l " in &0an X.k-

| 'k k
where E@i=1,zxi=n, ¢, >0 and
1 i=1

i
Xij = 0, 1, 2, ceey 11 (1= 1, 2, rveus k)

The parameters of this distribution are n, 8, 65, ... and 6.

Note:
The program requires that n < 69.



74 Multinomial Distribution

i 25. 34 RCL

[ oiseay
e [ cope.
00.

O1. 31

REGISTERS |

KEY
ENTRY




Example:
Given 91 — 0.2, 92 - 0.1, 63 = (0.2, 64 = 0.15, 65 = 0.17, 66 =0.18 and n = 20,

Multinomial Distribution

then (1,2, 3,4, 5, 5) = 1.274857927-04

f(2, 4,0, 4, 2, 8) = 1.688980098-06

75

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

Enter program

Pafﬂrm 2fori=1,2,...,k

Ifk=8,g0to0b6

Set all other 8; = 1

Performbfori=kt+1,...,

Input n

Ifk=8,goto11

Set all other x; = 1

| 11 | Compute f{xq,..., Xk} .l- - “ I _
12 | For new Xx's ?CL __JL - : 5 j: —
Lo | ]
Goto? L

‘ 13 l For a new case, go to 2

, Xk )

f(:q pree




76  Exponential Curve Fit
EXPONENTIAL CURVE FIT

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

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

- The following statistics are computed:

1. Coetficients a, b

1
.Exi Iny; - = (Zx (2 _111 Yi)

Exf - -';11- (E}{i)2

[z Iny, zxi:l
a= exp -b
n Il

2. Coéfficient of determination
1 2
2X;Iny; - Exl 2 Iny;

[EXi2 ) (2?) ] [Z W C 11; yi) }

3. Estimated value y for a given x

r? =

M
v =aebX

Note:

nis 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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REGISTERS

| DISPLAY

_ KEY
|| 25. 84 | R/S

KEY
ENTRY

e | cooe




78 Exponential Curve Fit

Example:'
72 1.31 195 258  3.14
2.16 161 116 .85 0.5
1. a=3.45, b=-.58
y =345 0:58%
2. r*¥= 98
3. Forx=15, y=144
STEP | INSTRUCTIONS DATA/UNITS KEYS OUTPUT

DATA/UNITS +

1 Enter pregram

2 Initialize
3

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

[N NEEERTE Py SR T e —r—

Delete erroneous data Xy, Vi

- ——r

4 Compute a, b and r?

5 Compute estimated value ?

GTO o | | Ris ]

GTO | ' Ris ]
L_R/S | |

R/S

R/S

6 Foranewx,gotobh

7 For a new case, go 1o 2

0.00




Logarithmic Curve Fit

LOGARITHMIC CURVE FIT

This program fits a logarithmic curve
y=a+blnx
to a set of data points

{(xi,yi), 1= l, 2, coes Il}

where x; > 0.

Program computes:

1. Regression coefficients

Eyilnxi-i Eln.xiEyi

b= h

S (Inx;)? -+ (2 In x;)?
I
1
a=—(2y;-bZInx;)
Il

2. Coeftficient of determination

2 =

2
[Eyilnxi—izlnxizygl
In

3. Estimated value y for given x
?=a+bhx

Note:

n is a positive integer and n # 1.

[E (In x;)* - % (Z In Xi){l {EYiz - —11; (Z Yi)zil

79



80 Logarithmic Curve Fit

DISPLAY KEY
ENTRY

| DISPLAY KEY
UNE | cope [ ENTRY |
[ 25. | 42 | .

REGISTERS |

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,




Logarithmic Curve Fit 81

Example: -
X | 3 4 6 10 12

vi | 1.5 93 234 458 601

1. a=_47_02, b=4139 o
y = —-47.02 + 4139 ln X

2. 1% =.98

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

ﬁ o . - T

| INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 | e —————
 — | F r
1 | Enter program ! I \ I \L J
2 | Initialize | BST "‘ R/S \ | .Il 0.00

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

* l
[ 3 | Delete erroneous data x, yi Xy | ]
Vi GTO ]’ 0 ] o || ris |
4 | Compute a, b, and r* [eto ][t ][ 5 [ ms ] 3
| |
T
5 | Compute estimated value § x [ rs 1] | | ¢
6 Foranewx,gotob | i ” ” J‘ J
7 | For a new case, go to 2 [ 1] | H I




52 Power Curve Fit
POWER CURVE FIT

This program fits a power curve
— oD
y=ax~ (a>0)
to a set of data points
{(Xi, yi)j ] = 1, 2, ceus Il}

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

2 Inx) (X Inv,
$ (I x;) (I y;) - ( i) (2 In y;)
n
b= 2
2 In x;
> (In x;)? - ( )
n
{Z} In y; 2 In xi}
a = exp - b
n n
2. Coefticient of determination
(2 Inx;) (2 1n y;)
[E (In x;) (Iny;) - - Z
2 _

r

[E (In x;)? (Z 12 Xi) :I [E (ny)? - (2 Iny;)

n

3. Estimated value f} for given x

M
y = 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, 19635.

_ e - —
| LINE m ENTRY |

REGISTERS

| LINE | cODE | ENTRY ||

| R/S
X<~y
| STO
[ 1

| R/S




84 Power Curve Fit

Example:
x;( 10 12 15 17 20 22 25 27 30 32 35
0.95 1.05 125 141 1.73 2.00 2.53 298 3.85 4.59 6.02

Yi
1. a=.03, b=1.46
y = .03x1-36
2. 12=.94
3. Forx=18, ?= 1.76
x =123, y=2.52

:TEPI m'"ST“UCT'O"S | DAYA/URITS | KEYS Dﬁ%ﬂﬁﬁj |

1 [ Enter program l | ” ._” l

2 | Initialize [_ BST J[ R/S ]|' —] 0.00

]
, ]
Perfform 3 fori =1, 2,..., | : ) |

Delete erroneous data Xy, Yk

-

4 | Compute a, b, and r? ' | ero | 1 | 9 |[ ms | a
L |
0
5 | Compute estimated value ¥ X R/S | ‘ l ‘ v
6 | Foranewx,goto5 | | | ]
|

7 For a new case, go to 2 | ” ]




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

1=1
2 2
| nj k n;
x. - E X. .
K Z1 ? i=1 i=1 ;
Treat SS = Z -
. n; K
1=1
Z 1j
i=1

ErrorSS = Total SS - Treat SS

df, =Treatdf =k - 1

k
df, = Error df = E n; -k

i=1
Treat SS
Treat MS =
red Treat df
Error SS
Error MS =
ot Error df

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



. 86 Analysis of Variance

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

 DISPLAY KEy || DISPLAY ey ||
ENTRY ; ENTRY ||

m m

R 01
"33 | sTO _' 26. | 81
61 |+ 27. | 33
03. { 00 |O 28. | 61
04. | 32 | 29. | 02
05. | 42 | 3. | 34
06. { 33 | STO 31. | 00
07. | 61 | 32. | 33
08. | 05 |5 33,

09. | 01 |1 34. | 33
10. | 34 | RCL 35. | 61
11. [ 01 |1 3. | 06
12. | 61 |+

37. | 34

13. | 33 | STO 38. | 01
14. | 01 |1 39. | 33
15. | -00 | GTO 00 40. | 61
16. | 01 It 41. | 04
17. | 33 | sTO 42. | 00
18. | 61 |+ 43. | 33
19. | 03 |3 44. | 00
20. | 34 | RCL | 33
21. ; 00 {0 46. | 0
22. | 39 é 47. | 34
| 23. é 42 ; x2 || 48. ; '

REGISTERS




Example:

Analysis of Variance

Treatment 2 6
3 14

Sum; = 60.00
Sum, = 36.00
Sum, = 70.00
Total SS=172.93
Treat SS = 66.93
Error SS = 106.00
F=3.79

12
13
17

14

16

11

87

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

ouTPUT
DATA/UNITS

1 Enter program

Initialize
Perform 4 forj= 1, 2,..., n;

6 Compute the F statistic

2
3 Perform 3—b fori=1, 2,...,
4

0.00

EELERE T )

[LETEE

LI T T T S—

RCL

Treat SS

Error §S

——

RCL

7 For a new case, go to 2




88 Paired t Statistic
'PAIRED t STATISTIC

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

M1, M2 (unknown)
X3 Xl X vos Xn
Yi Y1 Y2 Yn

let

The test statistic

t“‘D,

SD

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

Ho: uy = u,.

Reference:

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



Paired t Statistic 89

REGISTERS

K=
e [ ot |
25. 31

00. [

KEY KEY
ENTRY ENTRY

17.5 17 17.5 154
20.7 21.6 20.9 17.2
t=-7.16
df = 4.00
[STEP INSTRUCTIONS DATA/UNITS KEYS u nﬁ%ﬁﬂlr‘rs |
1 |Entorprogam B — |
2 |initialize ' BST R/S '__ 000

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

mwreravrwrererall

Delete erroneous data xy, Yk
Yk
4 Compute t and df
5 For a new case, go to 2

df




90 t Statistic for Two Means

t STATISTIC FOR TWO MEANS

Suppose {xl, Xa, ey an} and {yl, Va, v, ynz} are independent random

samples from two normal populations having means u,, u, (unknown) and
the same unknown variance o2 .

We want to test the null hypothesis
Ho: py -2 =D

where D is a given number.

Define
n,

— 1

X = X;
g B
R

y= Z Vi
Ny .

/ /Ex —n1_2+2yl —1’12"3?'?
ny; + 1, -2

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

Reference:

K. A. Brownlee, Statistical Theory and Methodology in Scieﬁce and
Engineering, John Wiley and Sons, 1965.
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KEY 3
ENTRY | REGISTERS _

m

DlSPLAY KEY
L| NE m ENTRY




92 t Statistic for Two Means

Example:

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

y: 91, 103, 90, 113, 108, &7, 100, &0, 99, 54

n; = 8

Ny = 10

HtD=0 (i.e., HO: M1 = uz)

then x = 106.25

y=92.35

t=1.73

orer|  mocrons | eun | oRYme |

} - _ 4 i
1 Enter program o [ “ ‘ ] ]
2 |Initialize I g || cLR | | 0.00

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

3
3" |Delete erroneous data x;
4

Store sums and compute X

E————L T W PR RS e R arew

ret || - ]l o [ st0
o || reL || ]
[ sto J[ 1 [ re [
[ 2 [ so [ 2 ][
= || sto [ 3 |

Initialize for y's

o
6 Perform6forj=1,2,..,n, Vi

6 Delete erroneous data v, Vi,
7 Compute y
8 Input D and compute t D

BST

g LFc:r a different D, go to 8

10 For a new case, go to 2

_

>

0.00




'One Sample Test Statistics for the Mean 93
ONE SAMPLE TEST STATISTICS FOR THE MEAN

For a normal population (x;, X, ..., X,,) wWith a known variance ¢?, a test of
the null hypothesis

Hy: mean u = u,

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

___\/H(E-No)

O

Z

If the variance o? is unknown, then

_ \/I_{ (X = o)

S

t

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.



94 One Sample Test Stétistics for the Mean

e Tosor] o [ Taone] s |
[ 00. [NGEEDEEENERREEN | 25. | 01 | 1
e e _

26.

5 REGISTERS

O1. 33




One Sample Test Statistics for the Mean 95

Example:

Suppose uo = 2, for the following set of data

1273, 0.45,2.52,1.19,3.51,2.75,1.79,1.83, 1 ,0.87, 1.9 , 1.62, 1.74. 1.92.
1.24,2.68,)

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

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program ' I
) e I I . : e S o
R e—r— 1, . e e — e L
4 ] input L ; BST R/S T Lo
hs______E;mmE - N I = t
6 |Inputo (ifknown) o [ RS 2
7 |Foranewcase,goto2 | | |




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 = 0O,

= ry/n-2
V1 -1?2

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 = pg, the z statistic is used.

- 4/n-=3 . (1+1)(1-p0)
2 (1 -1)(1+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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Test Statistics for Correlation Coefficient

—_ D|$p|_AY KE I
ENTRY

DISPLAY

Example:

Suppose r = 0.12 and n = 31, then
t=.65 and
7= .64 (for pg = 0).

STEP INSTRUCTIONS 0 A‘tl‘NAlj'leILITS KEYS Dﬁ‘ﬂﬁ‘.’qﬁs
1 Enter program : | |
2 # Input r and n - r STO 0

n [ s10 1 | 1
3 | (If zis desired) input pp P | sto || 2 | J |
¢ |Gotosifonlyzisnested | | | | |
5 |compuet J[ BST R/S | | | {
6 |Computez M mml _GTO 2 H Il R | 2
7 For a new case, go to 2 | I ________l ! H k _______I_




98 Chi-Square Evaluation (expected values equal)

CHI-SQUARE EVALUATION
(EXPECTED VALUES EQUAL)

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

X2 _ i (01 -— Ei)2 B nn EO;F _50.
E; >0; ‘

i=1

where  O; = observed frequency
20;

E = expected frequency =

REGISTERS




Example:

Chi-Square Evaluation (expected values equal) 99

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 3 4 6
frequency O;125 17 15 23 16
x* = 5.00
HINPUT | _6UTPUT
(STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
- ~ =

L Enter program | i

2 |Initialize CL-R B 0.00
13 |Perform3fori=1,2,..,n

3 Delete erroneous data Oy

4 [Compute x*

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

2. (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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| pispLAY DISPLAY |
oo. | . ._ |

o. | oo

REGISTERS

Z(0; - E)*/E;

Example:
1. O 8 50 47 56 N 14

E, | 96 4675 5185 544 825  9.15

X* = 4.84

’ INPUT OuUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program

2 Initialize

3 Perform 3 fori=1, 2,.... n 0;

3’ Delete erroneous d;::ok, Ex -_Ejk

4 |Recall x* from rtsrgis’ce-rmlgi“,l )

5 F;r a new case, go th




102 2x 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 [ dq do | d3 ‘es dic NA
B by b, b, . by N
Totals Nl Nz N3 ces Nk N

Test statistic x* has k — 1 degrees of freedom.

k 2 k b_2

'2=N dj i i |
ST I L

A =1 i=1

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

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

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

- Reference:
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——T——— entRY || EGISTERS

26. | 34 RCL |
27. 83 .
28. 02 2
20. | 34 | RCL
3. | 00 | 0

31. | 81 | =

32. | 34 | RCL o

33. | 83 |

3. | 04 | 4 )

LE =, K T

35. | 34 | RCL
36. | 01 |
37. | 81
38. 61

|

|
39. | 01 |
E

|

40. | . 51
41,
42.
43.
4a.
45,
46.
47.
48.
49,

*_ - T TIA TTI T ek iCCC e HLCTOT AC T Lrve
: - o O

: : a— U % —

J— ..__..Fmﬂ'u:n——r:nmm-r

: X |+ |=

1 2 3
Al 2 5 4
B |3 8 7

x> =.02 C=.03

~raa v T Sr—a—

~ INPUT
STEP INSTRUCTIONS DATA/UNITS

OUTPUT
KEYS DATA/UNITS

1 Enter program

B rrrr i A w A — = — — == —_— it = e et ———— i e e e e et = memr e = s mem ¢ s e s remm e ——— .

2 Initialize

- e oo aatn a o — § e e mem o e —— e — e — AR R e e A MR R e R ——

I I T P T Ty i i B =l T g T

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

"
TR L e e i N T S i T T i e T e T e D T, Tl o T T S P T ey e e T O O T e e
I "

4 Compute x2

5 Compute C

6 For a new case, go to 2




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.

1 2
Group A a b
GroupB | ¢

, f(a+tb+tct+d)flad-bc|-%(at+tb+c+d)]?

X (a+b)(atc)(ctd)(b+d)
Ckey || key ||
m ENTRY | m ENTRY |}

25. |
26. | 32
27. | 42
28. | 34
29. | 00

or. | &1
02. 33
03. 05

04. | 61

05. | 61 30. 34 ¢ +d
06. | 33 31. | 01
07. 04 32. | 61

33. | 81

08. | 22
09. |

34 3. | 34

10. | 03 35. | 00
11. | 71 36. 34
12. 34 37. | 02

13.
14.
15.

38. | 61
39. | 81
40. | 34

01
34
02

16. 71 41. | 05
17. | 51 42. | 81
18. | 32 43. | 34
19. f 44. 01
20. | 3t 45. 24
21. 42 46. 03
22. | 22 a7. | 61

02 48. | 81
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Example:
12
Al 9 21
B |17 13
x* = 3.33
— _
STEPT INSTRUCTIONS DATAZUNITS KEYS DATAUNITS
_E _“Enter program ) . ] _J |
2 Store data a _ STO I |
b [ sTO : ” J ]
¢ [ sto |[ 2 | | |
| I [ sto || | |
3 Comptite ¥* . BST R/S ” ‘ iy
4 For a new case, go to 2 ” I




106 Bartlett’s Chi-Square Statistic
BARTLETT’S CHI -SQUARE STATISTIC

k
flns® - ) filns;?
i=1

k
1 1\ 1
1+ > — -+
3(k - 1) N

i=1

where s;2 = sample variance of the i*" sample

f; = degrees of freedom associated with s;>
i=1,2,..k
k = number of samples

Kk
2.6
, _ i=1

f

5

k
f=2fi.

i=1

This x* has a chi-square distribution (approximately) with k - 1 degrees of
freedom, which can be used to test the null hypothesis that s,2,s,2, ..., S

are all estimates of the same population variance 02(H, : Each of 5,2, s, 2
S~ is an estimate of a?).

3 ree

Reference:

A. Hald, Statistical Theory with Engineering Applications, John Wiley and
~ Sons, 1960. |
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Re; Zf; Ins;”
Re, Z(f; In s:2)?
| [Res Zfis;’

:; | Reg > (fisi*)?
 [Res Zfi%5:% In's;
| [ Res O

| |[Rez O

R'ﬂ 0

Example:

i | 2 3 4 5 6
S; 2 5.5 5.1 5.2 4.7 4.8 4.3
f; | 10 20 17 18 8 15

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

L _ _ — L 4

1 Enter program E L ) E ) ! i %

e - — et e el i L L. TR TE TN — e W T et e R e R

2 | initialize i g il cr]l stofl 2 |

3 || BsT 1

Perform3fori=1,2,.. k

4 | Compute x*

5 For a new case, go to 2 [




108 Behrens-Fisher Statistic
BEHRENS-FISHER STATISTIC

Suppose {xl, Xny eees an} and {yl, Vo, eens Yn;} are independent random
samples from two normal populations with means u;, gy, (unknown). If the
variances 0,> , 0, can not be assumed equal, then the Behrens-Fisher
statistic

X-y-D
S12 322
I S

- Iy 1,

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

d....

Ho:uy -2 =D

Critical values of this test are tabulated in the Fisher-Yates Tables for various
values of ny, n,, a and @, where « is the level of significance and

S n
9=tan"! | — 2
Sq N,
Notation:
XX , 2xi° = [(2x3)*/ny ]
X = —— §q° =
n, 1, - 1
_ 2y 2 2y’ - [(Zyi)?/n,]
4 n2 : ﬂgl -1
Reference:

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



Behrens-Fisher Statistic
KEY
R

RCL

[0 Teooe
25. | 23

'
e Toooe ]

KEY
ENTRY

T
T
f
X

XY

1
d
X
+
L f
Vx

R/S
RCL

Example: x: 79, 84, 108, 114, 120, 103, 122. 120
y: 91, 103, 90, 113, 108, 87, 100, 80, 99, 54
Ho: M1 = Uy (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)

1 . S T ~ 7

STEP INPUT ' OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
L. ] - 4 -
1 Enter program [ . 1‘ !
Initialize | ' [ ¢ | cLr || \ Il o000

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

Delete erroneous data xy

Compute X and sanl

[y
N
iy
O

1

v o
|

|
| _

o |l ¢+ v [+ swm
| | - o

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

- Dlee rrnneuusdta h 1D v - ‘ H . 2— ” . | . B

6 | Input D and compute d, 8 D i BST “ R/S ‘ | | I d
| | Ris ] ] I | f

7 For a new case, go to 2 | , “ ” l :l




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 of linear association between X and Y.

(2 yi) -y Zy;

na Vn Zy;? - (Zy;)?

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
>y; =sum of all y’s

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

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 fofm.
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Reference:

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

REGISTERS

25. |
26. | 02
27. 34
28. | 83
29. | o4
30. 61
31. |

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47 .
| 48, |
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Example:
yvi 3.1 2.8 56 03 25 24 48 29 7.

ny =
n=9
a=0.40
I, = 9
STEP INSTRUCTIONS b A'T'”E;'[’,L,TS KEYS m‘-’.-‘f,ﬂ‘.f.}s
| Enter program \ | | "
2 | Initialize | g } CL-R BST ‘ 0.00
Perform 3 for x; = 1 0 B :H | _-I ‘—j
_ | ] |
3’ | Delete erroneous data yy 0 ‘ T ' ” | |
{kaﬂ N Yk ‘ f ! Z- ” I

'. — Eﬂ_nEus tHVh _ Vh I > a— - - . ——

(xh = 0) o [ JL = ]l I i
5 Input a and ny a i STO ‘ ‘ 0 l I
N [sTo [ 1 |

A | |
R Po— | S e
7 For a new case, go to 2 ) ” | 3 l ;
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SPEARMAN’S RANK CORRELATION COEFFICIENT

Spearman’s rank correlation coefficient is defined by

1
6 Y Dy
i=1

r=1 -

n(n® - 1)
where n= number of paired observations (X;, y;)
Di = rank (X.i) - rank (yl) = Ri - Si-

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 indepéndent

is using

Z=r1,4/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:
-l

where r, = 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 Staristfca_l Inference, McGraw Hill, 1971.
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DISPLAY KEY DISPLAY KEY
L|NE m ENTRY LINE m ENTRY

REGISTERS
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- Example:
(Note: Only the ranks R;’s and S;’s are used as the input data.)
Xj Vi R; Si
Student  Math Grade StatGrade Rank of x;  Rank of y;
1 382 81 6 7
2 67 75 14 11
3 a1 85 3 4
4 08 90 I 2
5 74 30 11 3
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 38 7 3
135 73 61 12 14
rg = .76
Zz=2.85
STEP INSTRUCTIONS DATA TURITS KEYS DATATUNITS
: - : ' ] 4
! |Eneerprogam [ | | [ ]
2 | Initialize 0 "sto ][ o |[sto ][ 1 ]
- BST || 0.00
Perform 3fori=1,2,..n | h hr—__ | o
- RIS |} | |
""""""" - Sk GTO 1 4 || wmss
4 Compute rg and z GTO 2 i 5 i R/S s
o e 4 f[ :
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DIFFERENCES AMONG PROPORTIONS

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

k).

A chi-square statistic given by

nl 9)2
n; 6 (1 - )

k
can be used to test the null hypothesis §; =0, = ... = 6, where
k / k

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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| REGISTERS

[ DIsPLAY EY
| LINE m ENTRY _

e cove.
81

24.

Example:

Sample 1 400 232
Sample 2 500 260
Sample 3 400 197

x? =647
§=.53
step | INSTRUCTIONS OATA/UNITS | KEYS [ QUTRUT |
1 Enfer orogram | i l. i Iv .
2 iinitialize ] L " cL-r 1 sTO o 1
‘” ] “ sTO {| 1 || BST | 0.00
3 |Perform3fori=1,2,.., k s “ x|l 1 = |
. . X t R/S . i
Y P— _ I | = == = IL-__—! EE—
5 _(upt_iunal}CumputE?“ N
[ree L+ I+ [ - 1 ¢
(6 [Forammwose go o2 L C_1C




118 Kendall’s Coefficient of Concordance

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 3 > R
i=1 \ j=1 - 3(n+1)

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

W=

where Rj; is the rank assigned to the it individual by the i*! observer.

W varies from 0 (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-1DW

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, Hatner Publishing Co., 1962.
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" DISPLAY | KEY -
L|NE m ENTHY

REGISTERS

DlSPLAY KEY |
LINE ENTRY |
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Example:
Table for R;; (n = 10,k = 3)
i: ] l 1 p) 3
1 6 7 3
9 ] 4 2
3 % 3 S
4 2 6 1
5 10 8 9
6 3 2 6
7 5 9 3
8 4 1 4
0 8 10 10
10 7 5 ]
W=.69
x* = 18.64
step INSTRUCTIONS DATA/UNITS KEYS | nﬁ%ﬁ‘i’ﬂrﬂs___
1 Enter program B l “ “ |: I ]
2 Initialize : 0 I STO ” 1_ I| ST{:T -I 2 I
l — ” 1[50 ] 4—_1
o (st [ I __ 0w

Perform 3-8 fori=1,2,...,n

! Performd4 forj=1, 2,..., k

Compute W

-y W

7  [Compute x°

8 For a new case, go to 2
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KRUSKAL-WALLIS STATISTIC

Suppose we want to test the null hypothesis that k independent random
samples of sizes n;, n,, .., and ng 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 R;; (i=1, 2, ..., k,j=1, 2, ..., n;) be the
rank of the i value in the i*! sample.

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

2
I

): Rj;

k
H = N(N+1) 1; ~-3(N+1)

k
“where N = Zni.

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.



122 Kruskal-Wallis Statistic

DISPLAY | gpy DISPLAY KEY
ENTRY

REGISTERS

26. | 04

nj

27. | 01 2 R

28. | 61 ZU(Z R;j)* /)
29, 33 Kk

30. | o4

31. 00

32. | 33
33. | 01
34. | 133
35. | 02
36. :: 34

37.
38.
39.
40.
a1,
42.
43.
44,
45.
46.
47.
| 48.
| 490,
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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

RanksR,; | 20 5 26 10 33 30

Sample 2 | 1.79 183 1 087 19 1.62 1.74 192
Ranks R,; { 11 12 9 7 20 18 19 21

Sample 3 l1.24 268 088 2.5 161 1.85 3.03 0.38 0.22

Ranks R ;; 14 28 8 25 17 15 32 4 2
Sample 4 0.57 254 036 1.56 2.39 123 =0.1 298 2.15 2.25
Ranks R ; 6 27 3 16 24 13 1 31 22 23
N =33.00
H=12.29
_ I —
sr]  metmuctons | o MUY
T 1 Enter program I H ” H ]*
2 | Initiatize [ f _“ ctr | BsT | | 0.00
Perform 3-6fori=1,2,.., k L j |

3

s |Perform 4 forj=1,2,.. n
5 I _

6

Compute H

7 For a new case, go to 2




124 Mann-Whitney Statistic
' 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, +1) &

2

U=ny n, + R,

i=1

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

Il Iy
2

vy ny (n; +n, +1)/12

U -~

7 =

is approximately a random variable having the standard normal distribution.

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

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



Mann-Whitney Statistic 125

KEY
ENTRY REGISTERS
| X-e-’*f __ |

oY
.m
25. | 22

[ oispLay | wey

Example
(Note: Only the ranks R;’s for the first sample are used as the 1nput data.)

Sample 1 |14.9 11.3 132 166 17 141 154 13 169

RankR; | 7 1| 4 12 14 5 10 3 13

Sample 2 | 15.2 19.8 14.7 18.3 16.2 21.2 ~18.9 12,2 15.3 19.4
‘Rank 8 18 6 15 11 19 16 2 9 17

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

srer]  wemwcrons | e ] o
1 Entgr program l_ . r L [_ -r -
2 | Initialize 0 sto || [ stC
I
Store n, nn  ([sto J[ 2 ] ]
- Perfurm4fnr|—1 2,0 - | 1 .. | I ) || -- l | i
— . o B T

6 FFor a new case, go to 2




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,, ..., X5, the mean-square
successive difference

n-1 n
n= Y i-xi1)? [ D (xi-X)?
i=1 i=1

can be used fo test for randomness.

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

1 -n/2
\/ﬁ
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.

Z:

Reference:

Dixon and Massey, Introduction to Statistical Analysis, McGraw-Hill, 1969.
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D|SAY - KE . -_ e
—— ENTRY | .

REGISTERS

00.

o1. | 34 | RCL
02. | 83

03. | 06 | 6

04. 22 | xRy
05. | 51 | -

06. 31 | f

07. 34 | LAST X
08. | 33 | STO
09. | 83 |

10. | 06 | 6

1. | 11 | =+
12. | -00 | GTOO00

13. | 32 _:_ g
14. | 33 | s
15. § 32 g
16. | 42 | X
17. 1 34 | RCL
18. | 83 |

19. | o0 | o
20. | 01 | 1
2. | 51 | -
22. | 71 | «x
23. 34 | RCL
24. | 83 |

Example:

For the following set of data

10.53, 052, 039, 049, 097, 029, 065 030, 040,
0.06, 0.14, 0.16, 0.68 022, 068, 0.08, 052, 050,
0.63, 0.20, 0.67, 044, 0.64, 040, 097, 0.03, 0.73,
0.24, 057, 035}

n= 30

n=2.81

z==2.29,

STEPF 'INSTRUCTIONS DATA/UNITS KEYS DATATORITS

| 1- uEnter program f ‘ ! J‘ ! N
2 | Initianze - L o |[cur ][ BsT Il 000

3 |inputx, " x [sto J[ - [ 6 [ = || 100

T T — e e

[ mss || [ |

b Compute n and 2

' 6 | For a new case, go to 2

bl ., " s - . . P’




INDEX

Analysis of Variance 85

Bartlett’s Chi-Square Statistic 106
Bayes Formula 10 .;
Behrens-Fisher Statistic 108
Binomial Distribution 64

‘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

t Distribution

t Statistic for Two Means
Test Statistics for Correlation Coefticient

k]

2

Weibull Distribution Parameter

Calculation

62

96
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