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Introduction

The five sections of the General Statistics Pac have been drawn from the fields of general statistics and related areas.
Each section has been designed to fulfill different statistical needs.

Each program in this pac is described by a section in this manual. The manual provides a description of the program
with relevant equations, a set of user instructions for using the program, and one or more example problems.
Program listings can be obtained by loading the desired program and then listing it. The appendix at the back of this
manual provides instructions for obtaining the explanatory comments to a particular program which are stored in
the comments program.

If you have already worked through a few programs in the Standard Pac, you will understand how to load a program
and how to interpret the User Instructions. If these procedures are not clear to you, take a few minutes to review the
sectioné,' ‘‘Loading a Program’’ and ‘‘Format of User Instructions”’, in your Standard Pac.

As stated in the Standard Pac, you should define the output peripherals to your needs. Most of the programs assume
that the printer is 2 and the CRT is 1 and use FF IHT and [! I 5F statements accordingly. If you want to ensure
that the peripherals are defined as the programs assume, press @ before running a program. The currently
defined key labels are obtainable at any time while a program is running by pressing . Remember to press
@ before pressing if the key labels are in the input line. .

We hope that the General Statistics Pac will assist you in the solution of numerous problems in your discipline.
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Program Operation Hints

These programs have been designed to execute with a minimum amount of difficulty, but problems may occur
which you can easily solve during program operation. There are four different types of errors or warnings that
can occur while executing a program; input errors, math errors, tape errors and image format string errors.

The input errors include errors 43, 44, and 45. These érrors will cause a message to be output followed by a new
question mark as a prompt for the input. You should verify your mistake and then enter the correct input. The
program will not proceed until the input is acceptable. There is a complete discussion of INPUT in your Owner’s
Manual if you need more detail. '

The second type of error which might occur is a math error (1 thru 13). With DEFAULT ON, the first eight
errors listed in Appendix E of your Owner’s Manual cause a warning message to be output, but program execution
will not be halted. The cause of these errors can usually be attributed to specific characteristics of your data and the
typé of calculations being performed. In most cases, there is no cause for alarm, but you should direct your attention
to a possible problem. An example of such a case is found in the Standard Pac when the curve fitting program
computes a curve fit to your data which has a value of 1 for the coefficient of determination, r2. The computation
of the F ratio results in a divide by zero, Warning 8.

The third type of error, tape errors (60 thru 75) may be due to several different problems. Some of the most likely
causes are the tape being write-protected, the wrong cartridge (or no cartridge) being inserted, a bad tape cartridge,
or wrong data file name specification during program execution. Appendix E of yoﬁr Owner’s Manual should be
consulted for a complete listing.

Tlié-fdurthwtype of error is due to generalizing the output to anticipated data ranges. In many cases, the output
has assumed ranges which may or may not be appropriate with your data. Adjusting the image format string for
your data will solve this type of problem. You may also want to change the image string if you require more digits
to the right of the decimal point.

These are the more common problems which may occur during program operation. Your Owner’s Manual should
be consulted if you need more assitance.



'One Sample Analysis

This program calculates basic statistics and order statistics for up to 200 data points. The program will also plot a
histogram on the CRT and performs a chi-square goodness-of-fit test for three distributions, (normal, exponential,
and uniform). In addition, the program performs the t-test and calculates the right-tail area under the t distribution.

Program flow is controlled by use of the special function keys to provide you with the ability to obtain the output
you want in the order you want. Once data has been entered from either the keyboard or a tape file, you can print it,
edit it, or store it on tape. After the data is entered and edited, you can perform any of the analysis routines by
pressing the desired special function key.

Equations, formulae and explanations:

Given a’set of data points {xx, Xgy -.0H xn}

the program computes the following statistics:
n

- 1
mean: xX=—)D x
n

Exiz -n *.'x'2

standard deviation: Sx = i=1

(n—1

standard error of the mean: Sz = Sx/\/;

coefficient of variation: vV = 8§,/ * 100%

n

inz—n*fz

i=1

(n—1)

variance: Sy2 =

-_1
1st moment: 53 =—z X4
n %

i=1

1 =
2nd moment: my=—22xt—%

n

2 _ 32
1 3_ 3 2 23
3rd moment: my=—23 xp — —x 2 x%+ 2%
* n n
1 4 4 3 6 2% ,2 4
- 4th moment: mg=—3xf— —x I x®+ X 3 xZ — 3x
n - n



One Sample Analysis 7

. m
Moment coefficient of skewness: y2? =_337_
mg
. . m
Moment coefficient of kurtosis: yi= ‘2
my

Range = u, — u, where u, is the largest x; and u, is the smallest x;.

Median x: After the data is ordered, the median x is given by the n + 1/2° value. Therefore, when n is odd the
median is the middle value and when x is even it is the mean of the two middle values.

.25 Quantile: Assuming ordered data, the .25 quantile is given by the n + 1/4' value which may be interpolated from
two adjacent values.

.75 Quantile: Assuming ordered data, the .75 quantile is given by the 3(n + 1)/4'" value which may be interpo-
lated from two adjacent \{aiues.

Midspread = .75 Quantile — .25 Quantile
Trimean = x/2 + (.25 Quantile + .75 Quantile)/4

t Test is a test of the null hypothesis that a random sample comes from a normal population with the mean¥ =

Fo- b= Vn (& — X)IS.

Chi-Square Goodness-of-Fit Test is a test of the null hypothesis that a probability function provides the
appropriate. model for the data.

2 — i (fi —e)
i=1 €y

where fy, fa, ..., fx are the class frequencies of an observed distribution, while e, e, ..., and ¢y are the
corresponding frequencies expected for a given distribution, i.e., normal, exponential, or uniform. The validity of
the generated statistic is dependent upon the selection of an offset which does not ignore cells which could have
ﬁﬁon-ne‘gligibie probabilities.

User Instructions

1. Insertthe General Statistics Pac Cartridge intothe 3. To start the program:

tape transport. a. Press: .

2. To load the program:
a. Type: LORD "OHESHM™. 4. When the keys are labelled and SELECT
b. Press: . OFT IOH is displayed:

REFERENCES:

1. Dictionary/Outline of Basic Statistics, John D. Freund and Frank J. Williams, McGraw-Hill Book Co., 1966.
2. Abramowitz, M. and Stegun, I.A., Handbook of Mathematical Functions, National Bureau of Standards, 1970.



5.

One Sample Analysis

a. Press KEY #5 (HELF), if you need a
more detailed explanation.

b. After the explanation is displayed, go to
step 4.
OR:

a. Press: KEY #1 (EMTEFE) to enter the
data.

When FEIMT DOATH

Y« H is displayed:

OH ITHFUT:

a. Enter:Y, if the data is to be printed on entry.

b. Press:
OR:
a. Enter: N, if the data is not to be printed.

b. Press:

6. When EMTER FROM EEYVEBOREDS

10.

11.

THPE : K- T7 is displayed:

a. Enter: K, if the data is to be entered from
the keyboard.

b. Press:

¢c. Goto step 7.
OR:

a. Enter: T, if the data is on a tape file.

b. PreSS' .

¢. Gotostep 11.

When EMTER HUMEER OF FOIMTS?

is displayed:

a. Enter: The number of points.

b. Press:

Note: If the number of points is not in the range
of 2 to 200, go to step 7 and enter a
number in the acceptable range.

When = =

a. Enter: The value specified.

b. Press:

Repeat step 8 for each value.
Go to step 12.

¢ is displayed:

When EMTER FILE HAHE®
played:
a. Enter: The file name.

b. Press:

is dis-

12.

13.

c. After the data has been loaded, go to
step 12,

Note: If the file does not exist, go to step 11.

When the data has been entered and [NJHE

is displayed, select the desired option using the

specified function keys: :

a. Press: KEY #2 (2UTFLUT) to output the
array values to the printer or to the tape.

b. Goto step 13.

OR:

a. Press: KEY #3 (FLOT) to ploi the
histogram.

b.  Go to step 39.
OR:

a. Press: KEY #4 (EAZIC) to have the
basic statistics printed.

'b. Go to step 19.

OR:

a, Press: KEY #6 (ELIT) to edit the data
in memory.

b. Go to step 22.
OR:

a. Press: KEY #7 (t TEZT) to perform a
one sample t test or compute a t proba-
bility.

b. Go to step 28.

OR: :

a. Press: KEY #8 (CZHI—S CiF) to per-
form a chi-square goodness-of-fit test.

b. Go to step 33.

When FEIWMT ORTH: ¥ MY is displayed:
a. Enter: Y if the data is to be printed.

b. Press:

~¢. Go to step 14.

OR: .
a. Enter: N, if the data is not to be printed.

b. Press:
c

Go to step 15.

Note: You must enter either *“Y’’ or *“N’’ or
the program will beep and go to step 13.



. 16. When EHTER

14. When FEINT ODARTA OH FPRIMTER.

DISF:F-D07is displayed:
a. Enter: P, if the data is to be printed on the

printer.

b. Press:
OR:

a. Enter: D, if the data is to be printed on the
display.

b. Press:

15. When STORE DATH: ¥~ M7 is displayed:

a. Enter: Y, to store the data.

b. - Press:

c. Go to step 16.

Note: If MOTHIMGE TO STORE is dis-

played, go to step 4.

"OR:

a.. Enter: N, to not store the data.

b. Press:
- ¢ -Goto step 12.

~Note: You must enter either ““Y”’ or ““N”’ or
"L - the program will beep and go to step 15.
MHAME OF FILE?T is

displayed:. _
-.@; Enter: .The file name, (6 characters

g';aximum).

b. Press:

When CREEATE FILE:Y~HM7?
- played:
_a. Entér: Y, if the file must be created.

b. Préss: ‘
OR:V
a. Enter: N, if the file already exists.

b. Press:
Note: You must enter either ‘Y’ or “N” or
the program will beep and go to step 17.

is dis-

- Note: If any errors occur when storing the data,
the program will go to step 16.

18.  After the data has been stored, go to step 12.
19.  After the basic statistics have been printed and

COMF.
displayed:

COEF. FORC.I. OH v=7is

20.

21.

22.

One Sample Analysis

a. Enter: The confidence coefficient between
.7 and .995.

b. Press:

OR:
a. Enter: 0, if the confidence interval is not
desired.
b. Press:
Note: If OUT OF EOQUMDS is displayed,
gotostep 19 and enter a valid coefficient.

Note: The data is assumed to be normally dis-

tributed.
When OREDER STATS: ¥
played:

M7 is dis-

a. Enter: Y, if order statistics are desired.
b. Press:
OR:
a. Enter: N, if the order statistics are not

desired.
b. Press:
When FEHMEZ : Y M7 is displayed:

a. Enter: Y, if the ranked data are desired.

b. Press:

c. Goto step 12.

OR:

a. Enter: N, if the ranked data are not desired.

b. Press:

c. Go to step 12.

Note: After printing either the order statistics or
the ranked data, the data has been sorted
into ascending order and can be printed
by pressing KEY #2 (JUTFUT) and
requesting a printout.

When 8=0k ., I =CORRECT .

2=0ELETE, Z=IHSERT? is displayed:

Enter: 0, if the edit is finished.

Press:

Go to step 12.

OR:
Enter: 1, if you want to correct a data item.

Press: .

c. Go to step 23,

o o

o P

9
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23.

24,

25.

26.

One Sample Analysis

OR:

a. Enter: 2, if you want to delete a data item.
Press: (fiNe

c. Go to step 25.
OR: '

a. Enter: 3, if you want to insert a data item.

b. Press:

c. Go to step 26.

When EMTER IMDEX
CORRECTT is displayed:
a. Enter: The index of the item.

b.  Press:

c. Go to step 24.
Note: If the index is greater than the number in

OF ITEM TO

the data set, go to step 23 or re-enter the
index.
OR:

a. Enter: A value less than 1 to terminate the

correction mode.

b. Press:

c¢. Go to step 22.

When MEW ¥ (__3=7 is displayed:

a. Enter: The correct value.

b. Press:

c. Go to step 22.

When EHTER IHOEX OF ITEM TO

ODELETE® is displayed:

a. Enter: The index of the item.

b. Press:

c. Go to step 22.

Note: If the index is greater than the number of
items in the data set, go to step 25 and
re-enter the index.

OR:

a. Enter: A value less than 1 to terminate the

deletion mode.

b. Press:

c. Go to step 22.

When EMTER IHOEX

IHSERTY is displayed:

oF ITEM TO

27.

28.

29.

30.

a. Enter: The index of the item.
b. Press:
c. Go to step 27.
Note: If the index is greater than the number of
items in the data set plus one, go to step
26 and re-enter the index.
Note: If MfA:IMUM HUMEBER OF
ITEMZ=288 is displayed, go to step
22 since there is no more room.
OR:
a. Enter: A value less than 1 to terminate the
insertion mode.
b. Press:
c. Go to step 22.
When IHSERT # (=7 is displayed:
a. Enter: The X value.

b. Press:

c. Gotostep 22. .

When t-TEST OF t-FEOE:T<F7is

displayed:

a. Enter: T, if a test is desired.

b. Press:

OR:

a. Enter: P, if the probability of a t value with
specified number of degrees of freedom is
desired. '

b. Press:

c. Go to step 31.

Note: You must enter either a *“T*” or “‘P”’

or the program will beep and go to
step 28.

When 1 OF 2 TRIL TEST? is displayed:

a. Enter: The test type 1 or 2 tail.

b. Press: ‘

Note: You must enter either 1 or 2 or the

program will beep and go to step 29.

When HE : w=__ OF="7 is displayed:

a. Enter: The value for u.

b. Press:

c. After the results are printed, go to step 12.



31. When f="7 is displayed:
a. Enter: The t-value.
b. Press:

32. When OF =7 is displayed:

a. Enter: The number of degrees of freedom.

b. Press:

c. After the probability is printed, go to
step 12.

33. When the goodness-of-fit codes are prmted and

34.

3s.

GOF COnE
a. Enter: 1, if a normal distribution goodness-
of-fit test is desired.

? is displayed:

" b. Press:
c

. Go to step 35.
- OR:
a. Enter: 2, if an exponential distribution
‘ goddnéss-of-ﬁt test is desired.
“b. Press:
;i:' " Goto step 35.
"Note: If SAMFLE MEAM =__ MUST EE
*8 FOE COCE
the program returns to step 33.

Z is displayed,

¢ ¢ OR:

2 Enter: 3, if a uniform distribution goodness-

< of-fit test is desired.
~b. " Press:

¢. " Go to step 34.

Note: -If the entered code is not equal to 1, 2 or
-7~ 37 the program returns to step 33.

When LOMER & UFFER LIM. OH

LHMIF. =7 is displayed:

‘a. Enter: The lower and upper limits separated
by a comma.

b. Press:

Note: If the maximum sample value is lower

than the entered lower limit, the program
returns to step 34.

When OF FSET =7 is displayed:
a. Enter: The offset.

b. Press:

36.

37.

38.

39.

One Sample Analysis

Note: If OFFSET TOO EBIG:MAX
VALUWE=___
returns to step 35.

The offset # of cells, and cell width must
be chosen so that the expected frequency

is displayed, the program
Note:

outside of these bounds is negligible.

When # 0OF CELLE

a. Enter: The number of cells.

b. Press:

Note: If # ©OF CELLZ
BOUMDS 01, 568
the program returns to step 36.

7 is displayed:

ouT OF
+ is displayed,

When the optlmum cell width is displayed and

CELL WIDTH ** appears in the display:

a. Enter: The desired cell width.

b. Press:

f___0OBS. TOoOo SMALL FOR OFFSET

andfor __0EZ. TOO LARGE FOR

—— CELL% is displayed and OFFZET %

CELL WIDTH QK :Y-H?

display:

a. Enter: Y, if the data is OK.

b. Press:

c. After the test is done, go to step 12.
OR:

a.. Enter: N, if the data is not OK.

b. Press:
c

Go to step 35.

appears in the

After the pré)gram has chained to DHESMZE,

the keys are relabelled, and OFFSET="7 is

displayed:

a. Enter: The desired offset.

b. Press:

Note: If OFFSET TOD BIG: MAX
WHLUE=__ isdisplayed, go to step 39
and enter a smaller offset.

When # OF CELLS?7 is displayed:
a. Enter: The number of cells.

b. Press:

1
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41.

- 42,

43.

One Sample Analysis

Note: If # OF CELLS 0OUT OF
BEOUMDOS: ©1, 58 is displayed, go

to step 40 and enter a valid number of cells.

When OFTIMUM CELL MIODTH=__
CELL WMIDTH? is displayed:
a. Enter: The desired cell width.

b. Press:

Note: The optimum cell width is given by:

X max — offset
# of cells

F___0OBS. Too sMALL FOR
OFFSETand/lor — OEZ. TOO LARGE
FOFE OFFZET is displayed and then
OFFSET CELL WIDTH

0OF : ¥ H7 is displayed:

a. Enter: Y, if the specified information is
acceptable.

b. Press:

OR:

a. Enter: N, if you want to change the offset
or cell width.

b. Press:

c. Go to step 39.

Note: This case results when there are obser-
vations, i.e., data values, which fall
outside of the specified range. (Offset,
Offset + # Cells * Cell Width). The
histogram wilt still be drawn if you want
it.

When the histogram has been drawn and

the program beeps, select the desired option

using the specified function keys:

a. Press: KEY #1 (EHTE") to chain to the
data entry and statistics program
OHESAM.

b. Go to step 4.

~ OR:

a. Press: KEY #3 (FLGOT) to plot the
histogram.

b. Go to step 39.

OR:

a. Press: KEY #4 (HORFHAL) to have a
normal curve overlaid over the plot.

b. Go to step 43.

OR: A

a. Press: KEY #7 (LLHEEL) to label the plot
at an entered position.

b. Go to step 44.

OR:

a. Press; KEY #8 (Z01F") to print the cell
statistics and copy the histogram to the
printer.

b. Go to step 43.

When LHEEL ORIGIH:®.Y7?

played:

is dis-

a. Enter: The X and Y coordinates where the
label is to start.

b. Press:
Note: If IHWVALID POSITIOHN is
displayed, the entered coordinates are

out of the scale limits and the program
goes to step 44.

Note: To aid label positioning the following
variables may be useful to use.

Variable Name Description
X0 Minimum X-scaled value
YO Minimum Y-scaled vaiue
(@) Offset
N9 Maximum number of pointsin a cell
C Cell Width
D1 Distance of a dot in X-direction
D2 Distance of a dot in Y-direction

When EMTER LABEL? is displayed:
a. Enter: The label.

b. Press:
Note: If LAEEL TOO LOHMG is displayed,
the program beeps and goes to step 45.

After the label has been drawn, go to step 43.




One Sample Analysis =~ 13

Example:
A packager wants a statistical analysis of the weights of 25 boxes of raisins taken from the production of a filling
machine to check that the machine is operating within desired limits. The weights of the 25 boxes are:

Weight Weight
16.07 16.38
16.22 16.25
15.68 16.11
17.25 16.41
17.11 16.25
16.59 15.87
16.18 16.41
16.30 16.10
16.02 - 16.20
15.95 16.61
16.53 16.48
16.89 16.74
16.37

Enter the data and generate the basic statistics. Use .95 as the confidence coefficient. Perform a 1 tail t test with
# = 16.2. After the statistics are printed, plot a histogram with an offset of 15.60, 10 cells, and a cell width of .2.

A normal curve should be overlaid over the data followed by copying the cell statistics.

I BOIn WEI+1
i i6. B7yas 16, 22808
3 15. &288 17, 2580
5 17¥.118a 16, 53640
v 16, 18806 16, 2880
=) 16, 8286 15, 35488
i1 16. 5388 158, 8260
13 16, 2788 15 2880
15 16. 25806 ig. 11848
iv i6. 41808 16, 25806
13 15, 378 16. 416808
21 16, 1886 16, 2880
23 16. 6188 12, 45300
25 16, 7488

BRASIC STATISTICS
ER B A o o g B B g A N A S

H = 25

STDh ERRORE OF THE MERH= . a7
PIEAM = 16, 2588

COEF OF YARIATIOHN = 2. 25%

VARIANCE = 12354
STAMDARD DEVIATION = 2368
SKEWHESS = 2315
EURTOSIS = 3. 2887
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One Sample Analysis
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Paired Sample Analysis

This program calculates basic statistics on paired data, performs polynomial and family regression, and plots the

X-Y pairs and the regression curves. The program also calculates the paired t statistic and the right-tail area under

the t distribution. Four nonparametric routines are also included. Two measures of the ranks of the samples are

available: Spearman’s Rho and Kendall’s Tau. Two tests are available to measure the difference between the two

groups: the sign test and Wilcoxon signed rank test. Both tests eliminate the effect of pairing in order to measure

the true group difference.

Program flow is controlled by use of the special function keys to provide you with the ability to obtain the output

you want in the order you want. Once data has been entered from either the keyboard or a tape file, you can print it,

edit it, or store it on tape. After the data has been entered and edited, you can perform any of the analysis routines

by pressing the desired special function key.

Equations, formulae, and explanations:

/ 2 *2
standard deviations: 5, = \/ _Eﬁ‘—-'i'—x— Variance x = s,*
n —
IS — )
sy =\ EX"_’__'I'Q_’_ Variance y = s,°

n n n
1 1
. m—1 (inYi_szlzyi) .
correlation coefficient:  ryy, = =l =1 =l

Sx * Sy
polynomial curve fit: y =by + bix + byx? + ... + bx*

For a polynomial function fit by the method of least squares the values of by, by, b,
the system of & + 1 normal equations.

Sy =nby + b, (3x) + by (Zx?) + ... + by (2x¥)
Sxy = by (3x) + by (3x%) + by (2x3) + ... + by (Zx*Y)

Saky = by (3x%) + by (x5 + by (Saxk*2) + ... + by (Sa%¥)

16

..., by are obtained by solving
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e

y =a + bx

"Exponential Curve Fit

-Paired Sample Analysis 17

: Zxy; — ExinZyi
b = 5
lez . (zxk)
n
a= [ n _ b _Eiﬂ
n n |

n
r: = = 5
[zxg _ (2:1)2 ] [2}’i2 _ (251)2 ]
T Eqiny L GGy
b= n
. lez —‘L Zx)?
. -n
_;,=- expﬁ[vzln Yi __ b Exl ]
n n
[2{ Iy, ——%x 3ln yl] :
rr= il BN

EEIEEET
. . n n
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Logarithrhic Curve Fit

y=a-+binx

el
/

Power Curve Fit

y =ax®

Sy; In x; —LZ In x; 2y,
b= 1

2(]1'1 x;)z el ‘;ll—- (Eln Xi)z

a =—;—-(2yl —b3lnxp)

[Zy, In x; ——'-ll——E In x; Eyi]

2

2= 7
[z(ln W —%(2 In xi)z] [ 3yt — —’l’— (2}’02]
S(in x)(n y) — (2 In x)(S Iny)
b = 1 ' n
2(In x;)? _Glnx?
i n
a = exp 2y —‘b 3Inx
n n
- 2
[Eﬂn x)(n y,) _M] |
n
r: =

[Eﬂn x)? —(—21"—"‘)2] [zan yr — 2 Inw* ] |
n n

Paired t test is an application of the one-sample t test of differences between paired data which are assumed to be

normal. The assumption of equal standard deviations in the two-sample t test cannot be made.

let

D=x —y which is normal
and

A=p, —py
then

n
p=L3%p
n

= 1 -
D? - ;— (zDi)z
S5 =
b -n—1
S5 = S5/ Vn
the test statistic: t =D which has n —1 degrees
D

of freedom (df) can be used to test the null hypothesis

Ho: i1 — po = A (difference)
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Nonparametrics: This section assumes that the x; data is paired or related to the y; data. In order to calculate the
correlation between the X’s and Y’s, two measures of correlation on the ranks of the original data are available.
Spearman’s Rho determines the ranks for the X’s and the ranks for the }’s and then calculates the ordinary corre-
lation coefficient on the ranks. The Kendall’s Tau rank correlation is slightly more complicated.

Spearman’s Rho
From the N pairs, the measure of rank correlation given by p, where

N 2
6d
d= Rx. — R where p =1 - ———
; % ”‘) P NN - 1)

Ry, is the rank of X; among the X’s and Ry, is the rank of Y; among the ¥’s.

Kendall’s Tau
From the N pairs is determined the number of concordant pairs, P, and the number of discordant pairs, Py, for the

~ permutations of N pairs taken two pairs at a time.

A pair (X}, Y}) and (X, Y;)) is concordant if X; — X; > OandY; — ¥;> OorX; — X; < OandY; - ¥; < 0. IfX; = X,
or Y; = ¥, the pair is disregarded, and the pair is discordant otherwise. The test statistic is given by

_ P -P
T-——
NN — DR

Two tests are available to determine if the X group (say treatment one) is significantly different from the Y group
(treatment two). Both tests eliminate the effects of the pairing of the observations in order to measure true group
~ difference. The two tests and assorted hypotheses are:

The Sigh Test

T Hy: Prob. [X>¥] = P[x <¥] = =

Essentially, this test says that if the X and Y samples come from the same population, and if we look at the dif-
ferences between paired observations, then one-half of the signs of these differences should be positive and one-
half negative. This test really is a binomial test equivalent to determining if a coin is balanced (one-half heads,
one-half tails). From the number of pairs, N, is obtained the number of positive differences X; — Y;, T, and a nor-
malized T based on T being distributed binomally under the hypothesis. Points where X; = Y; are excluded from the
analysis reducing the total N.

The normalized T is given by
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Wilcoxon Signed Rank Test ,
Hy:  The values of X tend to be about the same as the values of Y. The average values are about the same.

This test is an equivalent test to the paired t test. Instead of using only the signs of the differences, as in the sign
test, this test ranks the differences and forms the sum of the signed ranks. Itis, in most applications, a more powerful
test than the sign test, i.e., a better test.

The N differences, X; — Y, are ranked from smallest to largest. T, the test statistic, is given by the sum of the ranks of
the positive differences. Pairs for which X; = Y; are excluded from the analysis.

Two standard normal deviates based on the conditional distribution of the existing ties are output 1) with the cor-
rection for continuity, % » and 2) without the correction for continuity. The standard normal deviates are derived
from:

T=m
oy

.

where

=NN+D NN +D 1
it s HBr 3 2

k s,

and o2 = 1 2 I, where is the rank. -

= I W )

User Instructions

1. Insert the General Statistics Pac cartridge into a. Press: KEY #5 (HELF), if you need
the tape transport. a more detailed explanation.
2. To load the program: b. After the explanation is displayed, go to
a. Type: LORD "FRIRED® step 4.
OR: .-
b. Press: a. Press: KEY #1 (EHTER), to enter the
3. To start the program: data pairs.
a. Press: b. Go to step 5.
4. When the keys are labelled and SELECT OR:
OF T Ik is displayed: a. Go to step 14, if data has been entered.
REFERENCES:

Abramowitz, M. and Stegun, I. A., Handbook of Mathematical Functions, National Bureau of Standards, 1970.
Brownlee, K. A., Statistical Theory and Methodology in Science and Engineering, John Wiley & Sons, 1965.
- Conover, W. J., Practical Nonparametric Statistics, John Wiley & Sons, 1971.
Graybill, F. A., An Introduction to Linear Statistical Models, Vol. I, McGraw-Hill, 1961.
Mosteller, F. and Rourke, Robert E. K., Sturdy Statistics, Addison-Wesley, 1973.
Siegel, S., Nonparametric Statistics, McGraw-Hill, 1956.

ARG O o



10.
11.

12.

When FRIMT DATA OH THPUT : ¥ -HY
is displayed:
a. Enter: Y, if you want the data printed on

entry.
b. Press:
OR:
a. Enter: N, if you do not want the data printed
on entry.
b. Press:
Note: You must enter either Y or N or the
program will beep and go to step 5.
When EHTER FROM KEYEORREDS
TAFPE : K- T7 is displayed:
a. Enter: K, if the data is to be entered from the
keyboard.

" b. Press:

OR:
a. Enter: T, if the data is to be entered from an
existing data file.
b. Press:
c. Go to step 12.
Note: You must enter either K or T or the
program will beep and go to step 6.
When HO. OF FOIHTS? is displayed:
a. Enter: The number of data pairs.
b. Press:
Note: The maximum number of pairs is 200.
If IMYALID HUMBER OF FOINTS is
displayed, go to step 7 and re-enter a valid
number.
When Hi__ %,
a. Enter: The X and Y values separated by a

Wi_ x=Tis displayedi

comma.

b. Press:

Repeat step 9 for each pair.

When [IATH EHTERELD is displayed, go to
step 13.

When EMTER FILE HRMEY is displayed:
a. Enter: The file name.

b. Press:

13.

14.

Paired Sample Analysis

Note: If an error occurs during the load, the
program returns to step 12.

When FMAX DEGREE REGRESSION?

is displayed: »

a. Enter: The maximum regression degree for

polynomial regression.

b. Press:

Note: If the entered degree is greater than 9 and
1<=MAX DELG<=% is displayed,
the program returns to step 13.

Note: Higher maximum regression degrees
may lead to matrix instability when com-
puting the preliminary analysis of
variance for the polynomial regression.
After DIOHE is displayed, any of the options
can be selected.

a. Press: KEY #2 (0LITFUT), to output the

data to either the printer or a tape file.

b. Go to step 15.
OR:

a. Press: KEY #3 (ERZIC), to have the
basic statistics printed.

b. After the basic statistics are printed, go to
step 14. :
OR:

a. Press: KEY #4 (REGRESS), to perform
any of the regressions or plot the X - Y data.

b. Go to step 36.

OR:
a. Press: KEY #6 (EDIT), to edit the data.
b. Go to step 20.

OR

a. Press: KEY #7 (HOMFPAER), to obtain
any of the nonparametric statistics.

b. Go to step 62.

OR:

a. Press: KEY #8 (1 TEZT), to perform a
paired t test or compute a t probability.

b. Go to step 28.
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15.

16.

17.

18.

19.
20.

Paired Sample Analysis

When FRIMT DRTH: ¥ -HY is displayed:
a. Enter: Y, to print the data.

b. Press:

OR
a. Enter: N, if a printout of the data is not

wanted.
b. Press:
Note: You must enter either Y or N or the

program will beep and go to step 15.
When STORE DATH: Y .H7T is displayed:

‘a. Enter: Y, if you want to store the data.

b. Press:
¢. Go to step 17.
OR:
a. Enter:N, ifyoudo not want to store the data.
b. Press:
c.” Go to step 19.
Note: You must enter either Y or N or the
program will beep and go to step 16.
When EMTER MHAME OF FILETis
displayed:
a. Enter: The file name.
b. Press:
When CREEARTE FILE:Y~HYis
displayed:
a. Enter: Y, to create the file.
b. Press:
OR:
a. - Enter: N, if the file already exists.
b. Press: (5)
¢ You must enter either Y or N or the
program will beep and go to step 18.

When DIHE is displayed, go to step 14.
When G=0K , 1=CORRECT.
2=0ELETE ., 3=IHSERT? is displayed:
Enter: 0, if the edit is finished.

Press:

Go to step 27.

OR: |

a. Enter: 1, if you want to correct a data pair.

e o

21.

22.

23.

24,

b. Press:

Go to step 21.

OR:
a. Enter: 2, if you want to delete a data pair.
b. Press:

Go to step 24.

OR:

a. Enter: 3, if you want to insert a data pair.

b. Press:

c. Go to step 25.

When IMOEX OF FAIR TO

COREECTY is displayed:

a. Enter: The index of the data pair.

b. Press:

c. Go to step 22.

Note: If the index is greater than the number of
data pairs in the data set, go to step 21
and re-enter the index.

OR:

a. Enter: A value less than 1 to terminate the

correction mode.

b. Press:

c. Go to step 20. -

When MEL = C__ =7 is displayed:

a. Enter: The correct value.

b. Press:

When HEL Y 0__*=7is displayed:

a. Enter: The correct value.

b. Press:

c. Go to step 20.

When EHMTER IMDEY OF PAIR TO

DELETE™ is displayed:

a. Enter: The index of the pair.

~b. Press:

¢. Go to step 20.

Note: If the index is greater than the number of
data pairs in the data set, go to step 24
and re-enter the index.

OR:

a. Enter: A value less than 1 to terminate the
deletion mode.
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25.

b. Press:

c. Go to step 20.

When EMTEE IMDOER
ITHSERT? is displayed:

a. Enter: The index of the pair.

b. Press:

¢. Go to step 26.

Note: If the index is greater than the number of

JF FAIR TO

data pairs in the data set plus one, go to
step 25 and re-enter the index.

Note: If MAHAIMUM HUMBER OF
PHIRS=ZGE5 is displayed, go to
step 20 since there is no more room.

OR: "~

a. Enter: A value less than 1 to terminate the

insertion mode.

. b. Press:

¢. Go to step 20.
When IHSERT =d_», Y¥i{_1=7is dis-

X v played:
.. a. Enter: The X and Y values separated by a

comma.

nnb'.~ Press;

. -. ¢ Go to step 20.
« 27. When [HIHE is displayed, go to step 13.

28.

“When t—-TEST OF t-FROE:T~F7is
" displayed:
-a. -Enter: T, if a t test is desired.
b. Press:
OR:
a. - Enter: P, if the t probability of a t value
with a specified number of degrees of

: freedom is desired.
b. Press:

. ¢. Go to step 34.

Note: You must enter T or P or the program
will beep and go to step 28.

29. When 1 0OF 2 TRHILED® is displayed:

a. Enter: 1, for a 1 tailed test.

b. Press:

Paired Sample Analysis

c. Go to step 30.
OR:
a. Enter: 2, for a 2 tailed test.

b. Press:

“c. Go to step 31.

Note: You must enter ““1’” or ‘“2°* or the
program will beep and go to step 29.

When HE : by — wiY 3=7is dis-

played:

a. Enter: The difference.

b. Press:

c. Go to step 32.

When HE : RESCwiHy ~

displayed:

a. Enter: The difference.

b. Press:

When LEWEL 0OF SIGHIFICAMHCET

is displayed:

wi =T s

a. Enter: The level of significance which is in
the range of (.005, .3).
b. Press:
Note: If the level of significance is not in
bounds and COUT 0OF EBOUMHDEZ

. Aaa5,. | 27 is displayed, the pro-
gram returns to step 32.
When t FREOE: Y. H7 is displayed:
a. Enter: Y, if the t probability is desired for
the t value.
. Press:
¢. When EHIME is displayed, go to step 14.
" OR:
a. Enter: N, if the t probability is not desired.

b. Press:

c. When DOHE is displayed, go to step 14.
Note: You must enter Y or N or the program
will beep and go to step 33.

‘When t*is displayed:

a. Enter: The t value.

b. Press: (5)

When [iF ¢ is displayed:

23
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36.

37.

38.

39.

Paired Sample Analysis

a. Enter: The degrees of freedom.

b. Press:

c. When DIHE is displayed, go to step 14.

After the program has chained to the regression
program the keys are labelled and FLOT
ODATH: ¥ M7 is displayed:
a. Enter: Y, if the data pairs are to be plotted.
b. Press: |G
Go to step 37.
OR:
a. Enter: N, if the data is not to be plotted.
b. Press:
c¢. Go to step 48.
When RUTO S-SCALING: Y oH7? is
displayed:'
a. ' Enter: Y, if the X-minimum and X-maxi-
mum values are to be used by the program.
b. Press:
Go to step 40.
OR:
a. Enter: N, if you want to enter the X-mini-
mum and X-maximum values.
b. Press:
Note: By specifying the end points you can
have better control of the axis labels.
Note: You must enter either Y or N or the
program will beep and go to step 37.
When EHTER SCHLE #MIHNT is dis-
played:
a. Enter; The minimum X value for scaling.
b. Press:
When EMTER SCHLE “MRART i
played:
a. Enter: The maximum X value for scaling.
b. Press:
Note: If the maximum value is less than or
equal to the minimum value, the program
-will beep and go to step 38.
When VERTICAL-HORIZOMTHL
LABELS : W~H"? is displayed:

41.

42,

43.

a. Enter: V, if the X-axis labels are to be
written vertically.

b. Press:
OR:

a. Enter: H, if the X-axis labels are to be
written horizontally.

b. Press:

Note: You must enter V or H or the program

will beep and go to step 40. ‘

When MO, OF S-A1S THTERWVALS

¢ =1& 7 is displayed: '

a. Enter: The number of X-axis intervals
(=16).

b. Press:

Note: If the number of intervals is not in the

range of 1 to 16, the program will beep
and go to step 41.

When MUMEBER OF H—-IHT. BEETHEEH

LABELSY is displayed:

a. Enter: The number of X-intervals between
labels, e.g., if labels are desired at every
other tic, the number of intervals between
labels is 2.

b. Press:

OR:

a. Enter: 0, if no labels are desired on the
X-axis.

b. Press:

Note: If the number of intervals is not in the
range of 0 to the entered number of
X-intervals, the program will beep and
g0 to step 42.

When HUTO Y-SCARLIMNG: VoMY is

- displayed:

a. Enter: Y, if the Y-minimum and Y-maxi-
mum values are to be used by the program.

b. Press:

c. Go to step 46.
‘OR: v

a. Enter: N, if you want to enter the Y-
minimum and Y-maximum values.



44.

45.

47.

48.

b. Press:

Note: By specifying the end points you can

have better control of the axis labels.

Note: You must enter either Y or N or the

program will beep and go to step 43.

When EHTER SCARLE YMIHMT is dis-

played:

a. Enter: The minimum Y value for scaling.

b. Press: '

When EHTER SCHRLE YHMAXY is dis-

played:

a. Enter: The maximum Y value for scaling.

b. Press:

Note: If the maximum value is less than or

equal to the minimum value, the pro-
gram will beep and go to step 44.

When M. 0OF ¥=RAXIS INTERWALES:

[ <=1227is displayed:

a. Enter: The number of Y-axis intervals
(=12).

b. Press:

Note: If the number of intervals is not in the

range of 1 to 12, the program will beep
and go to step 46.

When HUMEBER OF ¥—=IHT. BETHEEHN

LABEL =7 is displayed:

a. Enter: The number of Y-intervals between
labels, e.g., if labels are desired at every
other tic, the number of intervals between
labels is 2.

b. Press:

OR:

a. Enter: 0, if no labels are desired on the
Y-axis. :

b. Press:

Note: If the number of intervals is not in the
range of O to the entered number of
Y-intervals, the program will beep and
go to step 47.

After SELECT OFTIOHN is displayed, any

of the options can be selected.

Paired Sample Analysis
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a. Press: KEY #1 (CHHIH) to chain to
data entry or nonparametrics. '

b. Go to step 49.

OR:

a. Press: KEY #2 (F1L%), to obtain a
polynomial curve fit.

b. Go to step 50.

Note: If MATRI® UMSTRELE-USE
SHMALLER MAXIMUM DEGEEE!
is displayed: go to step 48. The
current matrix is unstable and you cannot
perform a polynomial regression with the
currently defined maximum degree
value. To perform a polynomial re-
gression of any degree now, you must
chain to the enter program, edit the data
base, and then enter a maximum degree
regression at step 13 which is lower than
the current value.

OR:

a. Press: KEY #6 (% —FLOT), to obtain
an XY-PLOT of the data and specify the
plotting option.

b. Go to step 37.

OR:

a. Press: KEY #3 (L. IHEHREFE), to obtain the
linear curve fit.

b. Go to step 51.

OR: :

a. Press: KEY #4 (ExF), to obtain the
exponential curve fit.

b. Go to step 51.

OR:

a. Press: KEY #7 (LG), to obtain the
logarithmic curve fit.

b. Go to step 51.

OR:

a. Press: KEY #8 (FOMEE), to obtain the
power curve fit.

b. Go to step 51.
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49,

50.

51.

52.

Paired Sample Analysis

Note: If CAM'T THEE LG is displayed,
the data contains values less than or
equal to O and this regression cannot be
done. The program returns to step 48.

When CHRIM EMTRY .~

HOHFARAMETRICS -E~H7

played:

a. Enter: E, if you want to chain to the data
entry program.

b. Press:

c. Go to step 4.
OR:

a. Enter: N, if you want to chain to the non-
parametrics program.

b. Press: |

c._ Go to step 62.

Note: You must either enter E or N or the
program will beep and go to step 49.

When [DEGREEE REGREZSIONT is
displayed: '

a. Enter: The degree of the desired regression

curve.

-b. Press:

Note: If MAX FEG = ___ is displayed, go
to step 50 and enter a degree less than or
equal to the maximum degree entered at
step 13.

When ESTIMATE ¥ :%<H7T is displayed

a. Enter Y, if § is to be calculated.

b. Press:

c. Go to step 52.

OR:

a. Enter: N, if no estimates are desired.

b. Press:

c. Go to step 56.

Note: You must enter either Y or N or the
program will beep and go to step S1.

When AT ALL #HoI>:%<H7is

displayed:

a. Enter: Y, if estimates of Y at all entered X

values are desired.

is dis-

53.

54.

55.

56.

b. Press:
C

Go to step 53.
OR:

a. Enter: N, if all are not desired.

b. Press:

-¢.  Go to step 54.

Note: You must enter either Y or N or the
program will beep and go to step 52.
When ESTIMATE ¥ AT EMTERED
# < H? s displayed:
a. Enter: Y, to obtain an estimate of Y.
b. Press:
c. Go to step 54.
OR:
a. Enter: N, if no more estimates are desired.
b. Press:
c. Go to step 56.
Note: You must enter either Y or N or the
program will beep and go to step 53.
When ESTIMHATE ¥ RT B=7
played: .

is dis-

a. Enter: The X value for computing the Y
estimate. ‘

b. Press: _

When AMOTHER ESTIMATE :¥~H7

is displayed: '

a. Enter: Y, if another estimate is desired.

b. Press:

c. Go to step 54.
OR:

a. Enter: N, if no more estimates are desired.
Press:

Go to step 56.

 Note: You must enter either Y or N or the

program will beep and go to step 55.

If plotting was selected during entry and

FPLOT : %~ H7 is displayed:

a. Enter: Y, if the regression curve is to be
plotted. |

b. Press:
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c. Go to step 58. 60. When EHTER LABEL® is displayed:

OR: a. Enter: The label.
a. Enter: N, if the plot is not wanted. b. Press:
b. Press: Note: If LAEEL TOO LOMG is dis-
c. Go to step 48. played, the program beeps and goes to
Note: You must enter either Y or N or the step 60.

rogram will be d go to step 56.
prog will beep and go to step 56 61. After the label has been drawn, go to step 58.

57. If plotting was not done during entry, go to
step 48. : 62. After the program has chained to FHIF 2 and

and SELECT OFTIOH is displayed:

58. When LAEEL PLOT :%H7 is displayed:
a. Press: KEY #1 (EHTEFE), to chain to the

a. Enter: Y, if you want to label the plot.

b. Press: v data entry program.
c. Go to step 59. b. Go to step 4.
OR: OR:
“a. Enter: N, if no label is desired. a. Press: KEY #2 (SFERARMAH), to
b. Press: calculate Spearman’s Rho.
c. Go to step 48. b. After Spearman’s Rho is printed, go to
Note: You must enter either Y or N or the step 62.
program will beep and go to step 58. OR: :
59. When LAEEL OFRIGIH: ¥, %7 is dis- a. Press: KEY #3 (ZI0H), to perform a
played: sign test.
a. Enter: The X and Y coordinates where the b. After the results are printed, go to step 62.
OR:

label is to start. . ‘
b. Press: a. Press: KEY #4 (REGRESZE), to per-
form any of the regressions or plot the X-Y
data.

b. Go to step 36.

Note: If IHMHVHLID FOSITIOH is
displayed, the entered coordinates are
out of the scale limits and the program

goes to step 59. : OR:
a. Press: KEY #5 (HELF), if you need a

Note: To aid label positioning the following
more detailed explanation.

variables may be useful to use.
' " b. After the explanation is displayed, go to

Variable Name | Description step 62.
X0 Minimum X-scaled value - OR:
YO ‘| Minimum Y-scaled value ' a. Press: KEY #6 (KEHDOALL), to calculate
X1 X-value at axes !ntercept Kendall’s Tau.
Y1 Y-value at axes intercept L
X2 X-value at right end of X-axis b. AfterKendall's Tau is printed, goto step 62.
Y2 Y-value at top end of Y-axis OR:
Z1 X2—X1 i
72 Y2—Y1 a. Press: KEY #7 (M ILCO0HM), to per-
D1 Distance of adotin X-direction form a Wilcoxon signed rank test.
D2 Distance of adotin Y-direction b. After the results are printed, go to step 62.
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Example:
The following data has been selected to demonstrate the program and is not from either two paired samples or two

independent samples. Using the data listed below, obtain basic statistics, a polynomial regression of degree 4, a
linear regression, and the four nonparametric test results.

[ 1 2 3 4 5 6 7 8 9 [ 10 | 11 | 12
X 86 [ 71| 77 1 68 | 91t | 72 | 77| 91 | 70 | 71 | 88 | 87
Y(1) 88 | 77 | 76 | 64 | 96 | 72 | 65 | 90 | 65 | 80 | 81 | 72

I A R
1 S5, BEROA S8, 8080
2 71,0608 7. Aa6a8
2 T, 0a88 TE . GRag
4 £ . DRAE 4. QRO
5 91 . BEEE S5 . BEEE
= TI. aa0n T2, aRaa
7 T7.aaan £5. BEEA
g 21 . ARGH 98, GO
a TR, 88R0 5. AREa
18 71i.8008 20, GO0
11 22 BEOO 21, 6RO
12 B7. aans TI.aaaa8

MAZIMUM DEGREE REGRESSION= 4

BRASIC STARATISTICE
ﬁiﬁ#i?$$¥$$$¥$$$¥$f¥¥$$¥¥¥¥i#i
MEAHS . MARIANCES . CORRELATION

# MEAH= 7S B33

YRR 1= 7E. 3924

¥ MEAN= 77 1EET

VARG = 187, BEE1
MIHIHUM MAE UM
£3. BAEE 31. BEGE
B4 BEEEA 5. AEEE

RHY = TI44
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DEGREE REGRESSION = 4
AMALYSIS OF VWARIAHCE

SOURCE-DF oo M5
TaTRL 11 11237

REG 4 a1=. 4 28
FESID ¥ Ies. 3 5
F SOQUARE = 0. a3

COEFFICIEMTS

I ELIa STO ERREOR

B —-43211. 42 43838 27
1 2135, 7% 2583 25
z -39 31 47 .41
3 L322 .48
4 i = 15 .8

HOV: LIMEAR REG:CODE 1

SOURCESDF =
TOTAL 11 1123,

REG i as .5 =N
RESID 18 S45. z 54
B SQURRE = 8. 533

YHAT = 5. 3T

Fod iy
LE

(R O

Y B A |

=g Q0 03 D000

X

Paired Sample Analysis
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30 Paired Sample Analysis
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%
fod F= PO e Pod b
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i
1%
D

S

OF s@
75,8004
RHO= L F3TE

FEHMDRLL'S TRU

HUMBER OF COHMCORDANT FPAIRSS
MUMEBER OF DISCORDAMT FRIES=

L

ol
o

Ly
1

1

ThRU= . 5e0g

SIGH TEST

H= 11

MO, OF POSITIVE DIFFEREHCES= 7
CTHE 1 POIHTS WHERE ¥<I» = ¥d{I2
ARE EACLUDED FREOM THE TEST?

CYIELDES APPROX. STD. HOR., DEV. =

CRe45

WILCOMOH SIGHED RAHEK

M= 11
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DRy
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L TEES
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L AYHOT COMPEMSATIMG FOR

TIED DIFFEREMCES:
.7l

il

EXxCOMDITIONAL 0OH THE

EXISTIHG TIED DIFFEREMCES:
.riga

Paired Sample Analysis
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Test Statistics

This section containing five programs performs a chi-square test for equal and uneqﬁal expected values,
calculates chi-square probability, performs a t test for means of two samples, calculates chi-square for
r X ¢ (row by column) contingency tables, and performs one-way and two-way analysis of variance. Each
of the five programs employs the special function keys to control program flow. The following table shows
the five programs and the test statistics included in each one.

Program Name Test Statistic

CHIZGRE Chi-square test for equal and unequal
expected values

Chi-square probability calculation

FECCHI Chi-square for r x ¢ (row by column)
contingency tables

Chi-square probability calculation
t test for the means of two samples

[§X]

TETHT
t probability calculation
OHERDOV One-way analysis of variance
Chi-square probability calculation

CTRHORTY ~ Two-way analysis of variance with one
- - or more replications.

—

Each program contains routines for data entry, output, and editing in addition to the statistics.

REFERENCES:

Abramowitz, M. and Stegun, I. A., Handbook of Mathematical Functions, National Bureau of Standards, 1970.
Dixon and Massey, Introduction to Statistical Analysis, McGraw-Hill, 1969. ST :
Freund, J. E., Mathematical Statistics, Prentice Hall, 1962.

Ostle, B., Statistics in Research, lowa State University Press, 1972.
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Chi-Square Tests

With unequal expected values,

N (01 — E)?
xlz=2( 1E 1)
i=1 i

where
O, = Observed frequency
E; = Expected frequency
n = Number of cells

If the e;ipectcd values are equal,

(E

then
2
2 — nzzg: _ 201 |
Chi-square probability function with N degrees of freedom
1
fo) = T(N/2)?

=Ei=

20,

for all i)

NI2 % xNP-1 g=xi2

User Instructions

1. Insert the General Statistics Pac cartridge into
the tape transport.
2. To load the program:
a. Type: LORD "CHISZGRE"
b. Press:
3. To start the program:
a. Press:
4. When the keys are labelled and SELECT
OFT IOH is displayed:

34

Press: KEY #5 (HELF), if you need a
more detailed explanation.

After the explanation is displayed, go to
step 4.
OR:

- Press: KEY #1 (ZH I =), to enter data fora

chi-square test with equal expected values.

Go to step 5.



5.

10.

OR:

a. Press KEY #2 (ZHI#), to enter data for
a chi-square test with unequal expected
values.

b. Go to step 10.

OR:

a. Press: KEY #4 (ZHIZFREDE), toentera
chi-square value and number of degrees of
freedom and obtain the probability.

b. Go to step 30.

When MAX SIZE = 2068 : # OF CELLS.

k=" is displayed:

a. Enter: The number of cells.

b. Press:

Note: If the number of cells is not in the range

of 1 to 300, the program will beep and
go to step 5.

When PREIMT DATH O EHMTRY : Y

is displayed:

a. Enter: Y, if the data is to be printed.

b. Press:

OR:
a. Enter: N, if the data is not to be printed.

b. Press:

Note: You must enter either Y or N or the

M7

program will beep and go to step 6.
When OES. FREGR. FOR CELL
— "7 is displayed:
a. Enter: The frequency for the specified cell.

b. Press:

Repeat step 7 for each cell.

Go to step 135.

When MAX SIZE =206 : # 0F CELLS.
k.= is displayed:

a. Enter: The number of cells.

b. Press:

Note: If the number of cells is not in the range
of 1 to 300, the program will beep and go
to step 10.

11.

12.

13.

14.
15.

Chi-Square Tests

When FEINMT DATAH OH EMTREY : ¥ <H?

is displayed:

a. Enter: Y, if the data is to be printed onentry.

b. Press:

~ OR:

a. Enter: N, if the data is not to be printed.

b. Press: (GNe

Note: You must either enter Y or N or the
program will beep and go to step 11.

When OES. FREER. FOR CELL __7is

displayed: '

a. Enter: The observed frequency for the

specified cell.

b. Press:

When EXF. FEER.

displayed:

FOR CELL _7is

a. Enter: The expected frequency for the
specified cell.
b. Press:
Repeat steps 12 and 13 for each cell.
When DOHE is displayed:
a. Press: KEY #3 (TEZT) to perform the
chi-square test on the entered data.
b. After the test is done, go to step 15.
Note: If YOl MUST EMTER DOHTH
FIRST! is displayed, go to step 4
and enter data before trying this option.
OR:
a. Press: KEY #6 (ED I T) to edit the data in

memory.
b. Go to step 16.
Note: If YO MUST EHNTER DOATH

FIEZST! is displayed, go to step 4
and enter data before trying this option.
OR:
a. Press: KEY#7 (FFEIHMT) to print the data
currently in memory.
b. After the data is printed, go to step 15.

35

Note: If YOU MUST EMTER DATH

FIRST! is displayed, go to step 4
and enter data before trying this option.



36

16.

17.

18.

19.

20.

Chi-Square Tests

OR:

a. Go to step 4 and enter a new set of data.

When EQITIHG CODET is displayed:

a. Enter: 0, if the edit is finished.

b. Press:

c. Go to step 15.

OR:

a. Enter: 1, if you want to add a cell.

b. Press: ({he

c. Goto step 17.

Note: If CHHMHOT ADD AMY MOEE is
displayed, go to step 16 since there is no
more room.

OR:

a. Enter: 2, if you want to delete a cell.

b.. Press:

c. Go to step 21.

OR:

a. Enter: 3, if you want to change the value(s)

of a cell.

b. Press:

c. Go to step 24.

Note: If you enter a value out of the range of
0 to 3, the program will beep and go to
step 16. .

If the data has unequal expected values, go to

step 19.

When DES.

is displayed:

FRER. FOR CELL__.7

a. Enter: The frequency for the specified cell.

b. Press:

c. Go to step 16.

When OEZ. FEEQ.

displayed:

a. Enter: The observed frequency for the
specified cell.

b. Prgss:
When EXF. FREES. FOR CELL __*%is
displayed: '

FOR CELL ___7is

a. Enter: The expected frequency for the
specified cell.

21.

22.

23.

24.

25.

b. Press:

c. Go to step 16.
If the data has unequal expected values, go to
step 23.
When DELETE 001 WHERE
displayed:
a.  Enter: The index of the cell to delete.
b. Press: (fNe
c. Go to step 16.
OR:
a. Enter: 0, to terminate the deletion mode.
Press:

Go to step 16.

I=7%1is

Note; If the index is out of the range of O to
the number of items in the data set, go to
step 22 and re-enter the index.

When DELETE QoI . ECI» WMHERE
I="7is displayed:
a. Enter: The index of the cell to delete.

b. Press:

c. Gotostep 16.
OR:

a. Enter: 0, to terminate the deletion mode.

Press:

Go to step 16.

Note: If the index is out of the range of O to
the number of items in the data set, go
to step 23 and re-enter the index.

If the data has unequal expected values, go to
step 27.

When CHAMGE 001 WHERE I=7is
displayed:
a. Enter: The index of the cell to change.

b. Press:

c. Go to step 26.
OR:

a. Enter: 0, to terminate the change mode.
. Press:
¢. Go to step 16.



26.

27.

Note: If the index is out of the range of O to the
number of items in the data set, go to
step 25 and re-enter the index.

When HEW D{__ =7 is displayed:

a. Enter: The frequency for the specified cell.

b. Press:

c. Go to step 16.

When CHHHMGE GoIX.ECIY MHEEE

=7 is displayed:
a. Enter: The index of the cell to change.

b. Press:

c. Go to step 28.
OR:

a. Enter: 0, to terminate the change mode.

b. Press:

¢. Go to step 16.

Note: If the index is out of the range of 0 to

x? Test Examples:

28.

29.

30.

Chi-Square Tests

the number of items in the data set, go to
step 27 and re-enter the index.

When ME 00 »="7is displayed:
a. Enter: The observed frequency for the
specified cell.

b. Press:

When HE E¢___ =7 is displayed:
a. Enter: The expected frequency for the
specified cell.

b. Press:

c. Go to step 16.

When [IF =% is displayed:

a. Enter: The degrees of freedom.

b. Press:

When CHI-ZLIARE=" is displayed:

a. Enter: the x? value.

b. Press:

c. After the probability is printed, go to step 4.

1. Perform a x* test with unequal expected values using the following data:

O, 8 50 47 56 5 - 14
E, 96| 46.75 51.85 54.4 8.25 9.15
CHI-SQUARE '#' EXPECTED YRLUES
I OoIs EdI
i 2. 8aaa = I o 51
2 50, goga 48 75a0
3 47 . 88aa 51. 25648
4 SE. dnag =4 4000
5 5. 888408 o, 25640
& i4. Gaao 9. 1588
K &
I OBRSERVED EXPECTED
FRERBUEHCY FREGUEHCY
1 .88 .48
= 54,468 45, TS
3 47 @8 51,325
4 SE.8R =4 44
= 5,88 8,25
= 14 88 215
CHI-SRURRE= 4. =2444
k= & _ : :
OF= 5
FROB CHI-SOUARREE - G Sdd44
= L4352

37



38 Chi-Square Tests

2. The following table shows the observed frequencies in tossing a die 120 times. Perform a x? test using this

data with equal expected value.

number 1 2 3 4 5 6
frequency o, 25 17 15 23 24 16

CHI-SQURRE '=' ESFECTED WVALUES
I DT

1 25, BAGE
2 17. BREE
3 15. BEaE
4 23, BEERE
5 24, BEDE
& 16, BREE

I DESERVED EXFECTED
FREQUENCY FREQUEHCY

1 25, ag pay = B
z 17 648 e, an
3 15,808 oa. an
4 w3.as 8. a8d
b Z24. 648 Z2a. aa
= 1e. 84 28, =54

CHI-SGOURRE= 5. 06800

K= &

OF= =

FEOE CHI-SQUARE > 5. 88

3. What is the x2 probability if x2 value is 4.2 and the number of degrees of freedom is 5.

CHI-SQUARRE FPROBABILITY
OF= &5 -

CHI-SUpRE= 4. 2

PROE CHI-SGQUREE > q.

[ ]

- )
Doyl xn

I
LAl



RxC Contingency Table

i ] 1 2 3 4 e C TOTALS
1 X1 X2 Xi3 X1 Xic R,
2 X1
3 X3
R Xp1 Xrc Ry
TOTALS C, (0 C. T

This program computes the x?2 statistic with (R—1)(C—1) (degrees of freedom) for testing the independence
of the two variables. Also Pearson’s coefficient of contingency C., which measures the degree of asso-
ciation between the two variables, is calculated.

[o
Row sum R =Exu i=12,..,R

R
Column sum C = quj =12, ..,C

R C
Tol T = Dx

R C
xy; — Ey)?
Chi-square statistic Xt = 2 2(—11'—“)—

i=1 j=1 EU
(35
=T 3 ) -T
=1 =1 R G
df=R~-IXC -1
=RG
Where the expected frequency  Ey ==
ffi C X
. ient -
Contingency coefficien . T+
Chi-square prdbability'function with N degrees of freedom
FO) = =i NJ2 % xNP-1 gt

T(N/2)?
40



6.

.b. Gotosteps.

RxC Contingency Table

User Instructions

Insert the General Statistics Pac cartridge into
the tape transport.

To load the program:

a. Type: LiRD "REHEICHIY
b. Press:

To start the program:

a. Press:

- When the keys are labelled and SELECT

OF T I0H is displayed:

a. Press: KEY #5 (HELF), if you need a
more detailed explanation.

b. After the explanation is displayed, go to
step 4.
OR:

a.  Press: KEY #1 (EHTER), to enter the

data. o a

OR:

a. Press:KEY #4 (ZHIZFROE), toentera
chi-square value and number of degrees of
freedom and obtainthe” probability:

b. Go T(‘)‘"S'té]')“f?’lf '— T

When MA: SIZE = 12 # OF ROMS7is
displayed: :
a. Enter: The number of rows.

b. Press:

Note: If the number of rows is not in the

range of 2 to 12, the program will beep
and go to step 5.
When MAM SIZE = 12:# OF
COLUMHE? is displayed:

a. Enter: The number of columns.

b. Press:

" Note: If the number of columns is not in the v
range of 2 to 12, the program will beep

and go to step 6.

7.

10.

When FEIMT DATAH OM EHTREY = ¥ H7Y
is displayed:
a. Enter: Y, if the data is to be printed on entry.
b. Press:

OR

a. Enter: N, if the data is not to be printed.
b. Press:

Note: You must enter either Y or N or the

program will beep and go to step 7.

When CELL ©__.__2%is displayed:
a. Enter: The value of the specified cell.
b. Press:

Repeat step 8 for each cell.

When [IHE is displayed:
a. Press: KEY #2 (FEIHMT), to print the
data.
b. After the data is printed, go to step 10.
Note: If MUST EHTER DATA FIRST!
is displayed, go to step 4 and enter data
before trying this option.
OR: - |
a. - Press: KEY #3 (ZH I Z0E), to perform a
X test.
b. After the test is done, go to step 10.
Note: If MUIST EMTER DATH FIEST!
is displayed, go to step 4 and enter data
before trying this option.
OR:

a. Press: KEY #6 (ELI I T), to edit the data.
b. Go to step 11. ‘

Note: If MUST EMTER OATA FIRST!
is displayed, go to step 4 and enter data
before trying this option.

OR: '
a. Go to step 4 and enter another data set.



422 RxC Contingency Table

11. When RO ARHD COLUM H oF a. Enter: The cell frequency.
CELL : R. 7 is displayed: b. Press:
a. Enter: The row and column indices of the ¢. Go to step 10.
cell to edit. 13. When OF =7 is displayed:
b. Press: a. Enter: The number of degrees of freedom.
b. Press:
Note: If OUT OF LIMITS: . is 14. When CHI-S0HUARE=" is displayed:

displayed, go to step 11 and enter valid a. Enter: The value for chi-square.

indices. b. Press:

12. When HEW YARLUE="7 is displayed: c. After the probability is printed, go to step 4.

Example:

A random sample of 250 men and 250 women were polled as to their desires concering the ownership of television
sets. The data in the following table resulted. Apply the program to analyze the result of the poll, i.e., can the
hypothesis that the desire to own a television set is independent of sex be rejected?

Results of Sample i’oll on Television Ownership

Classification Men Women Total
Want television 80 120 200
Don’t want television 170 130 300
Total 250 250 500
CHI-SQUARRE B ¥ C COMTIHGEHCY
THELE
FPEEEEFIHPUT OBTH:::E:E
ROl 1: &E 126
Eal  Z: 17V 135
CELL FREGQUEHCY
ROl 1: 26 128
Eal 2 ive 13a



|"'

SIS |

ROM  1: 8
£ 1va

RO

TOTAHLES:
COLUMH

".I

co 13 =
co 2y =

O
S
Ro 22

I

OWERALL=

EXFECTED FRER
O 1:

ROM 2

# OF EXF. FEE

% ExF. FREG.

CHI-SQUARRE =

COMTIMGEMZY C
CIELE

OF= 1

PROE CHI-SGUR

28
136

TOTAL
256
256

TOTAL
286
a8
508

LEMCY

&,
£=5

ﬂEFF

REE = 133

RxC Contingency Tab:.



Two Sample t Test

Suppose {xl, Xoy ens xm} and {yl, Yor <ovs y,,z} are independent random samples from two normal populations
having means u,, p, (unknown) and the same unknown variance o?.

We want to test the null hypothesis
Ho: py — o =d

ny

_ 1
X =—Dx
1 =]
1
y ==y
R =i
¢ = x—-y—d
1,1 3x2 — nx? + 3y? — ngy?
n n, n +n —2

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

User Instructions

1. Insertthe General Statistics Pac cartridgeintothe 5. When FRIMHT OH ENTREY : ¥.7MY is dis-
played: .
tape t rt.
pe franspo a. Enter: Y, ifthe data is to be printed on entry.
2. To load the program: b. Press:
a. Type: LORD "TESTRHTZ2" OR:

b. Press: a. Enter: N, if the data is not to be printed.
3. To start the program: b. Press: ’

a. Press: Note: You must enter either Y or N or the

_ _ program will beep and go to step 5.
4. When the keys are labelled and SELECT 6. When MAX SIFE = 286G :# FTS. IH

—

OFTIOH is displayed: SAMPLE 7 is displayed:

a. Press: KEY #5 (HELF), if you need a a. Enter: The number of points in the specified
more detailed explanation. sample

b. After the explanation is displayed, go to b. Press: (5%)
step 4. : " Note: If the number of points is not in the range
OR: of 2 to 200, the program beeps and goes

a. Press: KEY #1 (EHTER), to enter the to step 6 Prog P g
data. )

b. Go to step 5. 7. When ODATAH FOIMT__7 is displayed:

OR:" a. Enter: The value of the specified data point.
- a. Press: KEY #4 (1 FRUOE), to enter a t

b. Press: (5)
value and number of degrees of freedom S -
and obtain the probability. 8_. Repeat step 7 for each point in the sample.

b. Go to step 17. 9. Repeat steps 6, 7 and 8 for each sample.
44



10.

11.

12.

When [IOHE is displayed:

a. Press: KEY #2 (FREIHMT), to print the
sample data.
b.. After the data is printed, go to step 10.
Note; If PILIST EMTER DATH is dis-
played, go to step 4 and enter the data
before trying this option.
OR:
a. Press: KEY #3 (t TEZST), to compute

basic statistics and perform a t test on the
means of the two samples.

b. After the t test is done, go to step 10.
Note: If MUST EMTER DATH is dis-
played, go to step 4 and enter the.data
before trying this option.
OR:

a. Press: KEY #4 (1 FREUOE), toenterat
value and number of degrees of freedom
and obtain the probability.

b. Go to step 17.

OR: :

a. Press: KEY #6(ELIIT), to edit the data.

Go to step 11.

OR:
a. Go to step 4 to enter a new set of data.
When EDIT SARMFLE 1 OFR 27 is dis-
played:

a. Enter: The sample number.

b. Press:

Note: If you do not enter 1 or 2, the program
will beep and go to step 11.

When EOIT CODEY is displayed:

a. Enter: 0, if the edit is finished.

b. Press:

¢. Go to step 10.
OR;

a. Enter: 1, if you want to add a value to either

sample.
b. Press:
c. Go to step 13.

Note: If MAXIMUKY EHNTERED is dis-
played, go to step 12 since there is no

more room in this sample.
OR:
a. Enter: 2, if you want to delete a value fora

13.

14.

15.

16.

17.

18.

Two Sample t Test 45

sample

b. Press:
c

Go to step 14.
OR:
a. Enter: 3, if you want to change a value in a

sample.

b. Press:

c. Go to step 15.
Note: If you enter a value out of the range of 0

to 3, the program will beep and go to
step 12.
When ODHTH POIMT
a. Enter: The value of the specified point.
b. Press:
¢. Go to step 12.
When DELETE ®oIs WHERE I=7 or
OELETE ¥¢I» MHERE I=%

played:
a. Enter: The index of the point to delete.

b. Press:

¢. Goto step 12,
Note: If the index is not in the range of 1 to

— 7 is displayed:

is dis-

the number of points in the sample, the
program will beep and go to step 14,
When CHAMGE oI WHERE I=7 or
CHAMGE ¥ <I» WHERE I=7
played:
a. Enter: The index of the point to change.

b. Press:

Note: If the index is not in the range of 1 to

is dis-

the number of points in the sample, the
program will beep and go to step 15.

When MHEL WHLLUE="7 is displayed:
a. Enter: The new value.

b. Press:

c. Go to step 12.
When t*
a. Enter: the value of t.

b. Press:

When [F ** is displayed:
a. Enter: The number of degrees of freedom.

b. Press:

c. After the probability is printed, go to step 4.

* is displayed:
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Example:

Two Sample t Test

Perform a t test using the data from two samples shown below:

Sample 1
N, = 10

184

22 40

129

26 | 47

138

42

84

173

Sample 2
Nz = 12

192

64 | 235

223

66 | 224

41

51

152

144

186

SHMFLE
H = .18

fay

SAMPLE
M= 1z

ok o e

H FOR 1
1 MERH
STO.

t STARATISTIC

VLD 00 Ty U R ) T b gt

T = 250 00 DO e T BB SRS B AR S ]

DEY.

i

[y

3 o P P D

[\

"8
T4
15
14

t

[
oo

[
0 " "_.:| Y’
K\
7
et

SAMFLES

X

-

=y
X%

e

o

i

T8 e T e

L3,
B
st Lo
1
ke

T

FoR THE HMERHEZ

a3
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) l.]
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Two Sample t Test 47

H FoR 2 = ' i
2 MEAM = 137, 1666586667

STD. [}EU_ FDF! :1 o s= Gz

t= 1. 6325 OF= =5
PROE T 5 1 6325 = @591

ey ol



One-way Analysis of Variance

The one-way analysis of variance is used to test if observed differences among k sample means can be attributed
to chance or whether they are indicative of actual differences among the corresponding population means. Suppose
the ith sample has n; observations (samples may have equal or unequal number of observations). The null

hypothesis we want to test is that the k population means are all equal. This program generates the complete
ANOVA table.

1. Mean of observations in the /*" sample (i = 1, 2, ..., k)

m

1
Xy = — Xij
n =1

2. Standard deviation of observations in the i*" sample

5 = [ injz - nifiz) (m — 1)]
=1 ,

3. Sum of observations in the i sample

172

4. Total sum of squares

5. Treatment sum of squares




100

11.

12.

13..

Error sum of squares

Treatment degrees of freedom

Error degrees of freedom

Total degrees of freedom

Treatment mean square

One Way Analysis of Variance
ESS = TSS — TrSS

df, =k — 1

df, =df, +df, = D — 1

i=1

TrSS

TIMS =

: daf,

‘Error mean square
ESS

o EMS =-—
=N - TG,
The F ratio
P F = TIMS (with degrees of freedom df;, df;)

EMS

‘Chi-square probability function with N degrees of freedom

f(x)=

Insert the General Statistics Pac cartridge into 3.

the tape transport.

To load the program:

a. Type: LOAD "OMERDU™"
b. Press:

1
N/2 * N/2—-1 ,—x/[2
T(N/2)? e

User Instructions

To start the program:

a. Press:

49

4. When the keys are labelled and ZELECT

OFT I0OH is displayed:

a. Press: KEY #5 (HELF), if you need a



Two-way Analysis of Variance

This program analyzes the source of variation in a two way table of data with one or more replications.
The number of replications per cell must be equal. Let r be the number of rows, ¢ be the number of columns,
and n be the number of replications.

Equations:
1. Sums
Cell Cy = Exm
X
Row RS; = 2 szk where
' Ik i=1,2..,r
Column CS; = 2 Exuk =12, ...c
ik k=1,2,...,n

2. Sums of squares

2
Total TSS = O > Dxyd — (2 D Exi,k) Inre
i J k i j k

i J

o T30 e (IITn)
Column 55 -3 (S 3uw) - (33 Saw) e
o weIYIw33(3M)
Ineracion 55-3 5 (S ) -3 (2 Sew ) e
I(E3) m e (333)

= TSS — RSS — CSS — ESS
52



3.

Degrees of freedom

df1=r_1
dfz—c_l
dfs =@ — 1 (c —

df, =rc(n — 1)

Mean squares

1)

_ RSS
ROW RMS = —dfl—
Column cMS = (ﬁf
. _ ISS
Interaction IMS = TA
ESS
EMS =
Error S af,
.. F ratios
>>>>> fixed model
Row
pooled model
fixed model
Column
pooled model
Interaction
Contrasts
Row ZC, =0

F, = RMS
EMS
Pl = RMS
o= S
(IMS + EMS)
CMS
F =
* " EMS
F = CMS
> 7 (IMS + EMS)
_IMS
F=+Ms

Two Way Analysis of Variance
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s.

6.

Two Way Analysis of Variance

SC, *' Cy

= (nxc) -

Comparison =

Contrast SS

F ratio = CSS,

EMS

c .
Column ZC, =0

i=1

. N C
C = C u
omparison ; i * pr

Contrast SS

CSS,

F ratio =
ratio EMS

css, = (’Zq*cu) /(: xc *( ;c3)>

CSS. = (Zci*'cu)z/("*'* (;Cz))

User Instructions

Insert the General Statistics Pac cartridge into
the tape transport.

To load the program:

a. Type: LORD " THOAOW®

b. Press:

To start the program:

a. Press:

When the keys are labelled and SELECT

P T IH is displayed: .

a. Press: KEY #5 (HELF), if you need a
more detailed explanation.

b. After the explanation is displayed, go to
step 4.
OR:

a. Press: KEY #1 (EHTER), to enter data.

b. Go to step S.

When M. 0OF REOWEY is displayed:

a. Enter: The number of rows.

b. Press:

When M. OF COLUMHEST is displayed:

10.

a. Enter: The number of columns.
b. Press:
Note: If the number of rows times the number
of columns is greater than 300, the pro-
grmn will beep and go to step 5.
When M. OF REFPLICATIONS? is
displayed: _
a. Enter: The number of replications.
b. Press:
When %'{__.__,__3="is displayed:
a. Enter: The specified value.
b. Press:
Repeat step 8 for each replication, column, and
Tow.
When [DOHE is displayed:
a. Press: KEY #2 (EHZIC), to print basic
statistics. :
b. After the statistics are printed, goto step' 10.
Note: If MUST EHTER DATHA is dis-
played, you must go to step 4 and enter
the data before trying this option.



OR:

a. Press: KEY #3 (A1), to print an AOV
table. If the number of replications is greater
than 1,
mean square and F-ratio are printed.

the interaction sum of squares,

b. After the table is printed, go to step 10.
Note: If MUST EHTER DOATH is dis-
_played, you must go to step 4 and enter
the data before t}ying this option.

OR:

a. Press: KEY #4 (F
AOV table pooling interaction sum of

Tl AOYY), to print an

squares and degrees of freedom, with error
sum of squares and degrees of freedom.

b. After the table is printed, go to step 10.

* Note: If MUST EMTER GHTH is dis-

played, you must go to step 4 and enter
the data before trying this option.
OR:

a. Press: KEY #6 (EC I T), to edit a value.

b. Go to step 11.

Note: If MUIIZT EMTER DATH is dis-
played, you must go to step 4 and enter
the data before trying this option.

OR:

a. Press: KEY #7 (COMTREAST), toprint a

contrast of either row or column means.

" b. Goto step 14.

Note: If MUST EMTER DATH is dis-
played, you must go to step 4 and enter
the data before trying this option.

OR: '
a. Press: KEY #8 (TUKEY),
Tukey’s test for interaction if the number of

to print

replications is equal to one. If the number
of replications is greater than one, this key

prints an AOV table as described for

KEY #3 (H0W).
b. After the table is printed go to step 10.

11.

12.

13.

14.

15.

16.

17.

Two Way Analysis of Variance 55

Note: If MUIST EHTER OATH is dis-
played, you must go to step 4 and enter
.the data before trying this option.

When CORRECT : ROM#E. COLEY

played:

is dis-

a. Enter: The row and column number of the

cell to correct.

b. Press:

Note: If . MUST BE < = ..
RESPECTIVELY is displayed, go
to step 11 and enter valid values.

When EQH . COL _ WREOHG

VAL UE="is displayed:

a. Enter: The value of the specified cell which

is wrong.

b. Press:

When CORREECT WALUE=T is displayed:

a. Enter: The correct value.

b. Press:

c. Go to step 10.
When O OF COLLUMH
COHTREASTS : BE~C7 is displayed:

a. Enter: R, if you want a row contrast printed.

b. Press:
OR:

a. Enter: C, if you>want a column contrast
printed.

b. Press:

Note: You must enter either R or C or the
program will beep and go to step 14.

When C{ I=

a. Enter: The specified contrast coefficient.

b. Press:

Repeat step 15 for each coefficient.

Note: If 3c#0, then IMUALID
COMTREAST will be printed.

"* is displayed:

After the results are printed, go to step 10.



56 Two Way Analysis of Variance

Example:
Using the following data set, perform a two way analysis of variance. Do a pooled analysis of variance after the
analysis of variance is finished. Print a contrast of row means where C, =1, C, =0, and C; = —1.

=3 C=3 N=2
ROW COL OBSERVATIONS
) 1 3.0000 3.0000
2 4.0000 3.0000
3 3.0000 4.0000
2 1 6.0000 4.0000
2 6.0000 7.0000
3 8.0000 5.0000
3 1 3.0000 4.0000
2 6.0000 7.0000
3 5.0000 6.0000

THO WAY AHMALYSIS OF WARIAMCE

R= 3
= 3
H= 2

ROM  COLUMH OBSERVATIONS

1 i 2,48 2.88
= 4.88 2,88
3 3,86 4. QG
z i &, @A 4. 83
= 2. an 5. 84
2 i 2. 848 4 68
z &, 88 T aa
2 5. 848 5. 88

EoW COL CELL M

i i 5. Bl HOBHR
z 3. 5488 &, 560
3 . 580 6. 56a
z 1 5. aa8 2. aan
z &. 586 G, 5086
3 5. 506 4. 5840
b i 3. 560 G, 568
2 &, Sa0 8. 5a8
3 5. Saa &, 508
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FOW MEAMS:
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AMALYSIS OF YARIAHCE
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"
n

SOURCE-OF
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=

ERROR

o s
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o I
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Distributions

This program provides algorithms for evaluating exact right-tailed probabilities for the normal, Student’s ¢, central
F, chi-square, binomial, Poisson, Weibull, and hypergeometric distributions. All probabilities are calculated with
a minimum of five digits of accuracy and, in most cases, seven digits of accuracy. The special function keys are
used to select the desired probability.

Wherever possible, continued fraction expansions are used since the convergence tends to be more rapid than
for infinite series expansions. The only true approximation used is the normal distribution. All other distributions
are approximations only in the sense that the finite continued fractions are approximations to infinite continued
fractions.

For the central F, Student’s ¢, and chi-square distributions, the algorithms generally converge most rapidly for small
or large right tail probabilities. For moderate tails, the time increases as the right tail approaches .5. For the chi-
square, it is recommended that the degrees of freedom be less than 500.

For the normal distribution, a polynomial approximation due to Hastings is used.

Equations, formulae, and explanations:

For the continuous distributions, normal, central F, Student’s t, chi-square, and Weibull, the right-tailed probability
is defined as P(x > a) where x is a random variable and a is an observable value of x.

For the discrete distributions, binomial, Poisson, and hypergeometric, the right-tailed probability is defined as
P(X = x) where X is a random variable and x is an element in the counter domain of X.

The distributions are defined as follows:

For the continuous distributions, let f(x) be a density then:

-x*2
a. Normal f(x) = \/127 e —o L x <®

b. Central F with N degrees of freedom in the numerator and D in the denominator

f(x) _ T + D)) (VD) N2 -1

I ~/2) [(DN2) (1 LN x x) ™ + D)2
> )

58



c.  Student’s t with N degrees of freedom

f(x) = rw+ 1)/2) 1
VN#w T (N/2) (1 + x¥N)®+n2
- <y < ®

d.  Chi-square with N degrees of freedom

1
f(x) = x yNIZ=1 p~x/2
W =T E <* e

e.  Weibull with parameters a, 8

f(x) = —apxPlexp[ —ax”]
x>0

Discrete distributions
f. Binomial .

Let N = number of trials
= probability of success at each trial
= number of successes

P(X R)“ () R(l—P)NR

R01

and

' PO=P(X>R)= 2 ()p (1= py-t

g. Poisson

Let m = rate parameter or mean = lambda
X = number of occurrences

- mN
P(X N) e m'N—’
N=0,1,...
and

P=P(X=N)=e™ 2
i=N

Distributions

59
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h.  Hypergeometric

Let N = number of items in a lot

M = sample size

K = number of defective items in the lot

X = number of defective items in the sample
then P (exactly x defectives are in the sample)

(9G=3)
xJ\M—-X
N

M
x=0,1,....M
and
min(M.K)
P=PX=x)= P(X =i)
M i=x

References
Normal
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t and F Distribution

Aroian. L.A., “‘Continued fractions for the incomplete beta function’’, Annals of Mathematical Statistics,
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Poisson and Weibull _
Johnson, N. and Kotz, S., Continuous Univariate Distributions, Vol. 1 and 2, Houghton-Mifflin, New York.

Hypergeometric
Feller, W., An Introduction to Probability Theory and Its Applications, John Wiley & Sons Inc., New York,
- 1957. :

User Instructions

Insert the General Statistics Pac cartridge into

the tape transport. ’

To load the program:

a. Type: LORD "OISTR"

b. Press:

To start the program:

a. Press:

When the keys are labelled and SELECT

GISTEIEUTIOH is displayed:

a. Press: KEY#1 (HOEFHAL), to select the
normal distribution.

b. Go to step 5.

OR:

a. Press: KEY #2 (F), to select the central F
distribution.

b. Go to step 6.
OR:

a. Press: KEY #3 (1), to select the student’s
t distribution.

b. Go to step 7.
OR:

a. Press: KEY #4 (EIMOMIAL), to select
the binomial distribution.

b. Go to step 8.
OR:

a. Press: KEY #5 (F2 I ZS0H), toselect the

Poisson distribution.
b. Go to step 9.
OR:
a. Press: KEY #6 (CTHI-E), to select the
_ chi-square distribution.
b. Go to step 10.
OR:

a. Press: KEY #7 (HE IEUILL), toselect the
- Weibull distribution.
b. Go to step 11.
OR:

a. Press: KEY #8 (HYFERGELD), to select
the hypergeometric distribution.

b. Go to step 12.

When # oF ®. M, a7 is displayed:

a. Enter: The value of X for which a right
tailed probability is desired if o = 0
and o =1.

b. Press:

The probability is printed and the program
returns to step 4.
OR: .

a. Enter: The value of X, the mean, w, and the
standard deviation, o, separated by commas.
Press:

c. The probability is printed and the program
returns to step 4.

Note: You must enter values for u and o and

not expressions.
When H. 0. =7 is displayed:
a. Enter: N, the numerator degrees of free-

dom, D, the denominator degrees of free-
dom, and X, the value of F for which a right
tailed probability is desired. Separate values
with a comma.
Press:

¢. The probability is printed and the program

returns to step 4..
When H. t'7 is displayed:

a. Enter: N, the degrees of freedom, and ¢, the
t value.
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b. Press:

v ¢. The probability is printed and the program
returns to step 4.
8. When H.E.F7is displayed:

a. Enter: N, the number of trials, R, the
number of successes, and P, the probability
of success at each trial.

b. Press: _

¢. The probability is printed and the program
returns to step 4.

9. When i . M is displayed:

a. Enter: A, the rate parameter or mean, and
N, the number of occurrences.

b. Press:

c. The probability is printed and the program
returns to step 4.

10. When M. 7 is displayed:

a. Enter: N, the degrees of freedom, and X, the

x? value.

Example:

b. . Press:

C.

The probability is printed and the program
returns to step 4.

11. When . & . <7 is displayed:

a. Enter: The Weibull parameters, a and 8,
and -X, the value for which a right tailed
probability is desired.

b. Press:

The probability is printed and the program
returns to step 4.
12. When M. M. K. #7 is displayed:

a. Enter: N, the number of items in a lot, M,
the sample size, K, the number of defective
items in the lot, and X, the number of de-
fective items in the sample.

b. Press:

The probability is printed and the program
returns to step 4.

The following results were obtained for the distribution functions with the associated input values

Normal Prob

HORMAL PROBRBILITY
FROEBCH: 1.2 »= .1

HOEMAL PROBREILITY
FROBOM: 5 3= 2087V

MORMAL FREOBREILITY
FROBCH> 38 2= .23

F Prob
F PROBAEILITY

M = =

oD o= =
FROECF> 19 3= 5. BOOBGERERESZE-Z2

F FPROBREILITY

H = 186

0o = B R 515

FROECF: 1 2= 4 39399239313

F FROBREILITY

D = 1258
2YETER

FROEBOF> 1.2 2= | ZB3B2352
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t Prob
t FREOBABILITY

H = 2

Fitr 12 3 = 34264880 38°

t FREOBRBILITY
H o= 25
Fit: 2.81 » = 2. FEE95814404E~-2

t FPROBABILITY
Moo= : 25

Fotx 1,98 » = B3IES1862328593

Right Tail Binomial
EIGHT TARIL BIMOMIAL FROBREBILITY

N = 15
R o= 12
P = 5
P = 1.75721250081E-2

RIGHT THIL BIMOMIAL FR

-
=
I
e LD
AR

IBREILITY
g
&

4

1T A
i

F L B2R242V03417

HT TAIL BIMOMIAL FROBAEILITY
S
4
4

s
LI LI I A vy}

g. 92841

2eel

SE~-

[a i)
[ax]
LNy}

Right Tail Poisson
FEIGHT TRIL FOISSOW PROEBABILITY
o= 4

L=
L=

H
=)

]
(e}
faa}
S
fl ]
e
(D)
[x(]
l—

i
i
=4

EIEHT TAIL POISSOM PED@HEILIT$
M o= ’ g
F = 9993058632855

HT TRIL PFOISSOM FROBABILITY

44

[y

R1I

R

H
F‘
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Chi-Square Prob

CHI-SQURRE FREOEREILITY
H = 1
PodA: 12 3 = & 182353025
CHI-ZRURRE FROEBABILITY
H o= 180
Fosr 128 3 = 24483238378

CHI-SQUARE FROBREILITY

H = =50
Fixe: 275 3 = 132933281257
-Weibull Prob

HEIBULL PROBREBILITY

Fimey 1.2% 2= 4 3936333523
WMEIEBULL FROEBREBILITY

o= [l

&= &
Pider |5 2= Q32332344768
MEIEBULL PROBREILITY

Piwr F7 2= 7125672542

Right Tail Hypergeometric

RIGHT TAIL HYFERGEOMETRIC
FROEBREILITY

Fl
FI

H = 125
M = 25
ko= 12
no= 4

= 196:6351

G

1
EGEOMETRILC
ITY

H
M
K

in

fo3 L

Lol rt ot =

444574089246
HT TAIL HYPERGEOMETRIC
FROEBAEILITY

-,
o I L T I T 1

Do s A

D Rl R

S5 Ty

-
"
i nounu

Jo
M
|

r't:l



Multiple Linear Regression

This program calculates a least squares regression on up to twelve independent variables, including means and
variances for all variables. In addition, the program calculates the correlation matrix, a complete analysis of
variance table, estimates of variances and values for the regression coefficients, the multiple correlation coefficient
andy — hat (§) evaluation. The equation is of the form: y = by + byx; + ... + byxy.

Equations and formulae:

The method employed is to solve the n simultaneous linear normal equations:

Cnbl + Clzbg + ... + Clnbn = Ciy

C21b1 + ngbz + ... + anbn = Cay
Cmby + cpabs + ... + copby = cyy
where
X
cy = Ex;x, _ 2 i Ex,
n
3x
Ciy = Exly ——...__inz_y

7 and
bo=y— D by x,
i

By inverting the n X n matrix C = (cy) to obtain C~! = (c’), we then have b, = 2 cy' Ciy
j

The multiple correlation coefficient is given by



where the variance of y
$,t=
and the covariance

2 —
Si® =

Multiple Linear Regression

_1_ lz(xiy -y

3 (G — 1) — )

User Instructions

1. Insert the General Statistics Pac cartridge into
the tape transport.

2. To load the program:
a. Type: LORAD "HMLE"

b. Press:

3. _To start the program:
a. Press:
4. When the keys are labelled and SELECT
OF T I0H is displayed:
a. Press: KEY #5 (HELF), if you need a
more detailed explanation.
b. After the explanation is displayed, go to
step 4.
OR:
a. Press: KEY #1 (EHTER), to enter data.
b. - Go to step 5.
OR:
a. Press: KEY #2 (F = I1T), to print the data
' in a file on tape.
b. Go to step 21.
" OR: ‘
a. Press: KEY #6 (ED I T), to edit a data set
on tape.
b. Go to step 24.
OR:
a. Go to step 19, if data has already been
entered.
5. When MAx.  IMDEPEHDEHT VAR =
REFERENCES:.

12+ K="7is displayed:

a. Enter The number of independent vari-
ables. ‘
b. Press:
Note: If the number of independent variables
is not in the range of 2 to 12, the program
will beep and go to step 5.
When # 0OF DATA SETE7 is displayed:
a. Enter: The number of data sets.
b. Press: 4
When EHTER FROM EEYRORRDS
TAFPE : K. T7 is displayed:
a. Enter: K, if the data is to be entered from
the keyboard.
b. Press:
. Goto step 9.
"OR:
a. Enter: T, if the data is to be entered from
the tape.

b. Press:

c. Go to step 8.

Note: You must enter either K or T or the

program will beep and go to step 7.

When EMTER FILE MHAMET

a. Enter: The name of the file.

b. Press:

¢. After the data sets have been read and
printed, go to step 19.

is displayed:

1. Graybill, F. A., An Introduction to Linear Statistical Models, Vol. I., McGraw-Hill, 1961.
2. Yamane, T., Statistics, An Introductory Analysis, Harper and Row, 1967.
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10.

11.

12,

13.

14.
15.

Multiple Linear Regression

When STORE DRATAH SETS AS
EHTERED: v ~H7 is displayed:
a. Enter: Y, if the data is to be stored as

entered. ’
b. Press:

Go to step 10.

OR:
a. Enter: N, if the data is not to be stored.
b. Press:
c. Go to step 12.
Note: You must enter either Y or N or the

program will beep and go to step 9.
When EHTER FILE HMAMET is displayed:
a. Enter: The file name.
b. Press:
When CRESTE FILE Y
a. Enter: Y, to create the file.
b. Press:
"OR:

a. Enter: N, if the file already exists.
b. Press: (e

<17 is displayed:

- Note: You must enter either Y or N or the

program will beep and go to step 11.
When *'=" is displayed:
a. Enter: The value of the dependent variable.
b. Press:
When =4 =7 is displayed:
a. Enter: The value of the specified indepen-
dent variable. '

b. Press:

Repeat step 13 for each independent variable.

When EDOIT DATAH SET :¥-HY
played:

is dis-

a. Enter: Y, to edit the data set just entered.
b. Press:
¢. Go to step 16.

OR:

a. Enter: N, if the data set is correct.

b. Press:
Go to step 18.

16.

7.

18.
19.

20.

21.

Note: You must enter either Y or N or the
program will beep and go to step 15.

When EHTER IHDEX TO CHAMGE™ is

displayed:

a. Eater: The index of the value to change.

b. Press:

Note: If the index is not valid, the program will
beep and go to step 16.

When HEW WARLUE="Tis displayed:
a. Enter: The new value.

b. Press:

c. Go to step 15.
Repeat steps 12 through 17 for each data set.

When [MIHE is displayed:

a. Press: KEY #3 (MLF), to perform the
regression.

b.  After the regression is done, go to step 20.

Note: If MORE DOARTA SETS HEEDED
or MUIST EMTER DATAFIRST!
is displayed, go to step 4 and enter at
least K+1 data sets before trying this
option.

OR:
a. Go to step 4 to enter, edit, or print data.

When DHE is displayed:
a. Press: KEY #4(%
value of Y based on the regression coeffi-

E=T.), toestimate a

cients.
b. Go to step 38.
OR:
a. Go to step 4 to enter, edit, or print data.
When ERHTER FILE MAME T
FEIMT?Iis displayed:
a. Enter: The name of the file to print.
b. Press:
Note: If ERROR ASSTGHMEMT
is displayed, go to step 21 and enter a

O

name of a file on the tape.



22.

23.

24,

25.

26.

27.

When s, IMDEFEHDOEHMT YRR, =

12 :K="7is displayed:

a. Enter: The number of independent vari-

ables. '

b. Press:

Note: If the number of independent variables is
not in the range of 2 to 12, the program
will beep and go to step 22.

When EMTER # ODATH SETS IH __7is
displayed:

a. Enter: The number of data sets in the file.
b. Press: {fe

c. After the data sets are printed, go to step 4.

When EHTER FILE HAME®Y is displayed:

“a. Enter: The name of the file to edit.

b. Press:

Note: If ERELOR OH ASSIGHMEHMT is
displayed, go to step24 and enter the
name of a file on the tape.

When MAx IHOEFEMOEMT VAR, =

12 : K="7is displayed:

a. Enter: The number of independent vari-
ables.

b. Press:

Note: If the number of independent variables
is not in the range of 2 to 12, the program
will beep and go to step 25.
When EHTER # DATH SETS IH __%is
displayed:
a. Enter: The number of data sets in the file.
b. Press:
When EDIT COOEY is displayed:
a. Enter: 0, if the edit is complete.
b. Press:
- OR:
a.- Enter: 1, to correct a value in a data set.
b. Press:
OR: -

28.

29,

30.

31.
32
33.

34.

35.

a.-
b.
c.

Multiple Linear Regression

Enter: 2, to delete a data set.

Press:
Go to step 33.
OR:

Enter: 3, to add a data set.

Press:

Go to step 34.

Note: If the code is not in the range of O to 3,

the program will beep and go to step 27.

When EMTER ODARTH SET # TO
CORREELCTY is displayed:

a.
b.

Enter: The index of the data set to correct.

Press:

Note: If the index is greater than the number of

data sets in the file, the program will
beep and go to step 28.

When %= is displayed:

a. Enter: The value of the dependent variable.

b. Press: ~

When = 0___ 3=" is displayed:

a. Enter: The value of the specified indepen-
dent variable. -

b. - Press:

Repeat step 30 for each independent variable.

Go to step27.
When EMTER ORTH SET # TO
DELETE™Y is displayed:

a.
b.
c.

Enter: The index of the data set to delete.

Press:
After the number of remaining data sets is
printed, go to step 27.

Note: If the index is greater than the number

of data sets in the file, the program will
beep and go to step 33.

When =" is displayed:

a.
b.

Enter: The value of the dependent variable.

Press:

When 27 is displayed:

a.

Enter: The value of the specified indepen-
dent variable.
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36.
37.
38.

Multiple Linear Regression

b. Press:

Repeat step 35 for each independent variable.
Go to step 27.
When =i__ »=% is displayed:

a. Enter: The value of the specified indepen-

Example:

39.
40.

dent variable.
b. Press:
Repeat step 38 for each independent variable.
After the estimated value of Y is printed, go to
step 20.

Using the following data with 3 independent variables and 6 data sets, perform a multiple linear regression.
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Appendix

The documentation for the programs contained in the General Statistics Pac is available by executing the comments
program, STCOM. By executing this program, you can obtain the comments for any or all of the programs
in the pac. The definitions of the major variables used in each program are also available.

User Instructions

Insert the General Statistics Pac cartridge into

the tape transport.

To load the program:

a. Type: LORD "STCOMY

b. Press:

To start the program:

a. Press:

When the keys are labelled and SELECT

PEOGEAM is displayed:

a. Press: KEY #1 (DHEZHM) to select
comments for one sample analysis programs
(OHEZAM and OHESME).

b. Go to step 6. 5.

OR:

a. Press: KEY #2 (FAIRELD) to select
comments for paired sample analysis
programs (FRIEED, FAIRZ, and
FRIED).

b. Go to step 8.

OR:

a. Press: KEY #3 (TEZTE) to select
comments for test statistics programs
(CHISRE, RRCCHI, TSTATSE,
OHERDV, and THORDW).

b. Go to step 10.

" OR:

a. Press: KEY #4 (D' IS TFE) to obtain the
' 72

6.

comments for the distributions program
(OIZTE). .
b. Go to step 5.

OR:

a. Press: KEY #5 (I'i_F) to obtain the com-
ments for the multiple linear regression
program (1L F-f).

b. Go to step 5.

OR: .

a. Press: KEY #6 (DIOHE).

b. The program will stop.

_ When YARIAELE DEFIMITIOMS:

M7 is displayed:

a. Enter: Y, to obtain the variable definitions.

b. Press:

c. Go to step 4.

OR:

a. Enter: N, if the variable definitions are not
wanted.

b. Press:

c. Go to step 4.

When the keys are relabelled and SELECT

OFT I{H is displayed:

° a. Press: KEY #1 (TOHE SAM) to obtain the

comments for the program CHHE SHIM.
b. Gotostep 7.

OR:



a. Press: KEY #2 (IHEZMT) to obtain the
comments for the program THEZSMZ,

b. Go to step 7.

OR:

a. Press: KEY #3 (DOHE).

b. Go to step 4.

When VHEIRELE DEFIMITIONS:

Y M7T is displayed:

a. Enter: Y, to obtain the variable definitions.

b. Press: '

c. Go to step 6.

OR:

a. Enter: N, if the variable definitions are not
wanted.

b. Press:

c. Goto step 6.

When the keys are relabelled and

P T I0H is displayed:

a. Press: KEY #1 (FHRIEELD) to obtain the
comments for the program FHIREEL,

b. Go to step 9.

OR:

a. Press: KEY #2 (FFRIEZ) to obtain the
comments for the program FRIEZ.

b. Go to step 9.

OR:

a. Press: KEY #3 (FH IR 3) to obtain the
comments for the program FHIEZ.

b. Go to step 9.

OR:

a. Press: KEY #4 (DOHE).

b. Go to step 4.

When YHEIHRELE DEFIMITIONS:

M7 is displayed:.

SELECT

a. Enter: Y, to obtain the variable definitions.

b. Press:
c. Goto step 8.
OR:

a. Enter: N, if the variable definitions are not
wanted.

b. Press:

Appendix

c. Go to step 8.
10. When the keys are relabelled and SELECT
FEOGREAM is displayed:
a. Press: KEY #1 (ZHIZ0E) to obtain the
comments for the program TH I =GE,
b. Go to step 11.

OR:

a. Press: KEY #2 (E =L CHI) to obtain the
comments for the program E<IZCHI,

b. Go to step 11.

OR:

a. Press: KEY #3 (TZTHTZ2) to obtain the
comments for the program T=ZTHTZ.

b. Go to step 11.

OR:

a. Press: KEY #4 (OHERTY) to obtain the
comments for the program CHE R,

b. Go to step 11.

OR:

a. Press: KEY #5 (TIADY) to obtain the
comments for the program THIORD,

b. Go to step 11.

OR:
a. Press: KEY #6 (DOHE).
b. Go to step 4.

11. When VAEIAEBLE DEFIHITIOHSE:
T« MY is displayed:
" a. Enter: Y, to obtain the variable definitions.
b. Press:
¢. Go to step 10.

- OR:
a. Enter: N, if the variable definitions are not
wanted.

b. Press:
c.

Go to step 10.
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