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Welcome...

... to the HP-28C Step-by-Step Booklets. These books are designed to
help you get the most from your HP-28C calculator.

This booklet, Probability and Statistics, provides examples and techniques

for solving problems on your HP-28C. A variety of statistics matrix mani-
pulations and statistical function computations are designed to familiarize
you with, and build upon, the statistics capabilities built into your HP-28C.

Before you try the examples in this book, you should be familiar with cer-
tain concepts from the owner’s documentation:

m The basics of your calculator — how to move from menu to menu, how
to exit graphics and edit modes, and how to use the menu to assign
values to, and solve for, user variables.

m Entering numbers and algebraic expressions into the calculator.

Please review the section "How to Use This Booklet." It contains impor-
tant information on the examples in this booklet.

For more information about the topics in the Probability and Statistics
booklet, refer to a basic textbook on the subject. Many references are
available in university libraries and in technical and college bookstores.
The examples in the booklet demonstrate approaches to solving certain
problems, but they do not cover the many ways to approach solutions to
mathematical problems.
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How To Use This Booklet

Please take a moment to familiarize yourself with the formats used in this
booklet.

Keys and Menu Selection: A box represents a key on the calcula-
tor keyboard.

In many cases, a box represents a shifted key on the HP-28C. In the
example problems, the shift key is NOT explicitly shown (for example,
requires the press of the shift key, followed by the ARRAY key,
found above the "A" on the left keyboard).

The "inverse" highlight represents a menu label:

EDRAWE (found in the menu)
Z1SOLE  (found in the menu)

ZABCD= (auser-created name, found in the [USER| menu)

Menus typically include more menu labels than can be displayed above the
six redefinable menu keys. Press and to roll through the
menu options. For simplicity, and are NOT shown in the
examples.
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Solving for a user variable within = SOLVR = is initiated by the shift key, fol-
lowed by the appropriate user-defined menu key:

[ ]JEABCDE

The keys above indicate the shift key, followed by the user-defined key
labeled "ABCD". Pressing these keys initiates the Solver function to seek a
solution for "ABCD" in a specified equation.

|_m<

The symbol indicates the cursor-menu key.

Interactive Plots and the Graphics Cursor: Coordinate values
you obtain from plots using the and digitizing keys may differ
from those shown, due to small differences in the positions of the graphics
cursor. The values you obtain should be satisfactory for the Solver root-
finding that follows.

Display Formats and Numeric Input: Negative numbers,
displayed as

-5
-12345.678
[[-1,-2,-3 [ =4,-5,-6 [ ...

are created using the key.

5 [chs]
12345.678
[[1 [cHs] ,2 [cHs] , ...

The examples in this book typically specify a display format for the
number of decimal places. If your display is set such that numeric displays
do not match exactly, you can modify your display format with the
menu and the = FIX £ key within that menu (e.g. 2EFIXS).
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Combinations and Permutations

The HP-28C programs that follow provide simple building blocks for com-
binatorial analysis. Complex problems are readily evaluated by combining
the results left on the stack, or by using the programs below as subrou-
tines.

Permutations: Given X distinct objects, the number of ways to select
and arrange Y of these objects in different order is computed by the for-
mula below.

X!
Py = ———
XY X -y)!
Clear the stack and key in the permutations program.
CLEAR| |MODE| =STD= |USER 2
« 2 x y '"FACT(x)=+ 1: & + x g 'FACT(x)~
: FACT(x-y)>' =
FACT (x-y okoeR[cLusalMem ] 1 1
Store the program in the variable PERM.
' PERM 3:
2
1:
20 I I R N

Combinations: Combinations ignore the order in the Y objects
chosen, and are computed by the formula below.

X!
C = —2°
X yix-y)!
Key in the combinations program.
« 2 XYy 'PERM(X,y)+ 2:
FACT (y [ENTER 1: :EHET?Q?' '};ERM(x, udys
T I I D N
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Store the program in the variable COMB.
' COMB

MW

-

COME |FERM ----l

Example: Compute how many five-person basketball squads can be
formed from 12 players. The computation to be made is 15 Cs.

With the program COMB keyed in as above, key in the parameters and
evaluate the formula.

12 3:
5 SCOMB= % 292
[comepPERM] | | | |

792 squads can be formed. Any combination of five players is acceptable,
since the combination program was used to compose the number of
teams.

Example: For the problem above, what if one of the two tallest players
must be on the squad, and these two players never play at the same time?

There are now ten players from which to select the four remaining posi-
tions, and two ways to select the fifth. Thus, compute ;(Cy4 - 2.

10 [ENTER 3:
4 =COMBE 2: 792
2 comelrest] 1 1 1 ]

Example: Compute the number of options lost if both tall players from
the previous example foul out.

Form the five-person squad from the remaining players.

10 3: 792
5 EcomB= 2 352
[comeJrerm] | 1 1 ]
The options lost are computed by subtracting.
(-] 3t
2: 792
1: 168
S CET I N N

168 squad combinations were lost as a result.
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Example: Compute the number of permutations of the twelve original
players that are possible.

12 3: 792
= = 2:
fcomelPERM] | | | |

For large values of X and Y, it may be desirable to use a program that
computes the value of the combination or permutation formula by expli-
citly multiplying the appropriate terms of the factorials. This can improve
the accuracy of the result.

For example, rather than evaluating x Py by FACT (X )+(FACT (X -Y),
compute it as the product of the appropriate terms:
X X-1)X-2)---(X-Y-1).

Key in the following program and compute ,, P from the previous exam-
ple.

« IXY «xy ="'y I+ €2 NI
STO x WHILE x 1 - y > §T0 X BMILE % 1 -"
REPEAT x 1 - DUP 'x' IEEE T A S N

STO x END

12
1 950340
[PER2 |COMBFERM] | 1 ]
12_[ENTER] 3 9sbin
5 EPER2E 1: 95040
[PER2 [CoMe [PERM] | 1 ]

An example of the accuracy difference between the two approaches can be
seen by computing o P,

Purge the variables created in this section.

{ "COMB' ' PERM' ' PER2
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Statistics Matrix Setup

This section describes the structure of the statistics matrices used in the
remainder of this booklet, and provides a number of techniques for mani-
pulating the data within the statistics matrix. An approach to managing
grouped data is also described.

12 Statistics Matrix Setup



Initialization and Data Entry

The statistics calculations throughout this booklet generally operate on
single or paired columns of data collected in the variable ZDAT. This
statistics matrix can, however, hold additional data vectors, providing for
multiple pairing and analysis.

Ungrouped Data Matrix: The statistics matrix ZDAT for ungrouped
data has the form shown below.

X11 X127 Xim

Xo1 X2 " Xom

Xn1 Xn2 " Xpm

The matrix shown above has n sets (vectors) of statistics data, each con-
taining m data points.

Grouped Data Matrix: The approach used to manage grouped data
in this booklet is to collect data using the same functions as for ungrouped
data, including data entry and removal and data pair selection. However,
once the grouped data has been entered, the data matrix is stored in
another matrix variable, and the data is expanded into EDAT as if it were
ungrouped data. This approach has a disadvantage in terms of memory
consumption (since the data is effectively retained twice in the machine);
however, it greatly simplifies the steps and programs to compute basic and
advanced statistics on the data, since many powerful functions for
ungrouped data are built into the HP-28C.

Thus, the grouped data matrix shown below is transformed to the
ungrouped form shown earlier prior to calculating statistics for the data.

X11 X12 " Xim &1

X1 X2 ™ Xoym &2

Xn1 Xpn2 " Xpm &n

Data vector one in the matrix above occurs g, times, data vector two
occurs g, times, and so on.

Initialization and Data Entry 13



Initialization and Data Entry Examples

At the beginning of each new problem, the current statistics matrix is
cleared by pressing CLE. A statistics matrix may also be saved for later
use by recalling and assigning it to another matrix variable.

Example: Clear the stack and the current statistics matrix, and then
enter the following ungrouped statistical data.

Xi Vi

26 92

30 85

44 78

50 81

62 54

68 51

L74 40.
[CLEAR] [STAT] ZECLZ=E 3:
[26,92 Ex+= o
[30,85 Ex+= [ 3+ | Z- | NE | CLE |STOZ[RCLE]
[44,78 Zx+=
[50,81 =x+=
[62,54 =x+=
[68,51 =x+=
[74,40 =x+=

Now recall the statistics matrix and copy it to another variable named
UNGR.

SROLEE 1t [[ 26 92 1
[ 50 &5 3
[ 44 78 3
[Ze ] 2wz iz lstoz heis]
'UNGR 5
12
S N T O
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Example: Clear the current statistics matrix and enter the following set

of grouped data.
Xi Vi &
48 151 1
52115 3
38 143 1
44 136 6
41 128 2|
=CLEZ= 3:
[4.8,15.1,1 Z3:+= ¢
[5.2,11.5,3 =x+= [ F+ | 3- [ N | cLE |sT0Z] kL]
[3.8,14.3,1 =x+=
(4.4,13.6,6 =Zx+=
[4.1,12.8,2 Sx+=

Recall this matrix of grouped data, copy to the variable GRUP, and re-
display the matrix.

SRCIZE 'GRUP 1: [[ 4.8 15.1 1 ]
obE [ 5.2 11.5 3 ]
E = [ 3.8 14.31 1]

[ 5+ | - | NE | CLE [5T0%|kiLZ]
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Data Removal

The last data vector in the statistics matrix is easily removed by using X—.
Removal of a specified vector other than the last entry is accomplished
with the program below.

Last Data Vector Removal: Remove the last data vector from the
ungrouped data matrix and display and view the matrix contents.

First, recall the ungrouped data from the variable UNGR.

Make this matrix the current statistics mat

STAT

Now r

11
™
|
1L

SEUNGRE

=11(0))

emove the last data vector.

1: [L 26 92 1]
g

Recall the matrix to the stack and examine the contents.

ERCLEZE

Vi

>

1T

z

<|IS

[ 58 25 3

[ 44 73 ]
PGRUP | ZORTUNGE] ]
rix.
3:
gt
Ee ] E- | NE | CLT | STOE |KCLE]
3:
23
I: [ 74 40 1
e ] Z- | NE | CLET |SToz|ACLE]
1t [ 26 92 1

[ 58 &5 7

[ 44 78 7
e ] E— ] NI ] CLE [ST0Z]KCLZ

Note that there are now six pairs of data in the statistics matrix. UNGR
still contains, of course, the original data set.

16
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Arbitrary Data Vector Removal: Key in the program below for
removing a specified data vector from the current statistics matrix.

Program Comments

« N SWAP - 5 n Compute number of rows below row
to be discarded.

« 1 n 1l + START - Stack rows from the bottom through

NEXT the discard row.

DROP Drop the discard row.

IF n O # THEN 1 n Put the rows below the discard row

START ¥+ NEXT END » back into the statistics matrix.

»

'DELI

Example: Remove the third data vector from the current statistics

matrix.
CLEAR 3:
3 [USER] ZDELIE o
[ELY [okup]zoaTfuNck] 1 |

Display the matrix.
[STAT] ZRCLEE [<>] 1: [ 26 92 1

[ 39 85 ]

[ 58 81 1]

[ 62 54 1

Initialization and Data Entry 17



Data Column Extraction

The program GET] retrieves a column of data from the current statistics
matrix. The desired column number is passed to the program in level 1 of
the stack.

Program Comments

«RCLY DUP TRN STOX Save the original data and transpose
to drop unwanted columns in row
form.

SWAP 1 + NX DUP2 IF Drop all rows (columns) beyond
< THEN START X- DROP specificd one.
NEXT ELSE DROP2 END

Y- SWAP STOX » Get specified column, restore data.

'GET1

Example: Get a vector containing the elements of the first column of
the current statistics matrix.

1 EGET1=

=MW

: [[ 26 921 [ 30 85.
: [ 263050 62 68 1
[Z0AT | GET1] DELT | GRUP |UNGH] |




Data Sets With More Than Two Variables

The user variable ZPAR contains a list of four real numbers. The first
two numbers determine the columns of the statistics matrix operated on
by the statistics functions of the HP-28C.

The command COLY takes two column numbers from the stack and
stores them as the first two objects in the list in the variable *PAR.

Example: For the multiple-pair data set below, specify columns one
and three as the pair for analysis. (This capability will be discussed further
in later examples in this booklet.)

L X Y
126 92
230 85
344 78
4 50 81
5 62 54
6 68 51
L77440

Clear the stack and the current statistics matrix, and enter the data above.

[CLEAR] [STAT] ECLE=E 3:

[1,26,92 Ex+= e

[2,30,85 =x+= [E+ | =- | NX | CLE |STOE |RCLE]
[3,44,78 Zx+=

[4,50,81 =x+=

[5,62,54 Ex+=

[6,68,51 Sx+=

[7,74,40 =x+=

Now specify columns one and three as the pair of data vectors for analysis.

1,3 =COL== 3:
2:
[coLE | Cork | cov | Lk _JPREDV] |

Recall the statistics matrix parameters to examine the columns specified.

USER| = XPAR= gi
1: £1300 2
[ZPAR | Z0AT | GETL ] DELT | GRUP |UNGF |
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Columns one and three are the currently specified data vectors. This pro-
cess is useful for multiple data vector manipulations or regressions on
multiple sets of data with the same base- or time-line.
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Grouped Data Matrix Transformation

The program below transforms grouped data in the current statistics
matrix to an ungrouped form in the current statistics matrix.

Program Comments

«RCLY 'GD' STO RCLZ Recall the grouped data and save it
in GD.

CLY ARRY= LIST- DROP Transform grouped data to element

> nnmn form and save the dimensions.

« 1 n START Loop n times.

m ROLID m 1 - 1 Save g; in stack, place data in tem-

SLIST -ARRY - ar porary vector for expansion.

« 1 SWAP START ar X+ Setup and accumulate ar g; times.

NEXT » » Repeat outer loop.

'XFRM

Example: Use the program XFRM to transform the grouped data
matrix GRUP.

With the program entered and stored, recall the grouped data matrix and
make it the current statistics matrix.

31
SGRUP= 2
SSTOL= [z [ 3- [ Nz | cLz |10z |heLs]

Now run the program XFRM on the grouped data.

USER| = XFRM = gf
1:
[Z0AT| G50 | TPk | GETL] DELT | GRUF |

Recall the current statistics matrix and review the data.

STAT| =ERCLE = 1: [[ 4.1 12.8 1]
4.1 12.8 ]
4.4 13.6 1]

| 2+ | E- | NE | CLE [STOZ|RCLE |

Use to scan the matrix. Note how the program builds the
transformed, ungrouped matrix from the bottom to the top of the grouped
data.
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Purge the grouped data matrix GD. The original data exists in GRUP.

'GD

22 Initialization and Data Entry



Basic Statistics for Multiple
Variables

This section provides keystrokes and programs to calculate a variety of
basic statistics on the current statistics matrix. These statistics include
means, standard deviations, variances, and covariances on both samples
and populations, correlation coefficient, coefficients of variation, sums of
data and sums of products of data, normalized data, moments, and delta
percents on paired statistics.

The current statistics matrix is assumed to be ungrouped data in the calcu-

lations that follow. For grouped data, the statistics matrix should be
transformed by the program XFRM described in the previous section.
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Sums and Means

Sums and means for each column of statistics in the current statistics
matrix are easily calculated on the HP-28C. The mean and sum are com-
puted from the formulas

and

where x; is the ith coordinate value in a column, and 2 is the number of
data vectors.

Example: Compute the sums and means for the ungrouped data stored
in the variable UNGR.

First, clear the stack and recall the matrix.

[CLEAR] [USER] ZUNGRE 1: €

Specify this matrix as the current statistics matrix.

= STO%

1

3:
%‘:
[ E+ | - | N¥ | CLE |STOF]RCLE

Compute the column totals.

TOT

3:
-H
1: [ 354 481 1]
[ TOT_|MEAN] SDEV | Wik JMARE [MINZE ]

Compute the means. Change the display setting to two digits following the
decimal point.

S MEANE [MODE] 2 =FIX

il

—MNW

: [ 354.00 481.080 1
: [ 58.57 63.71 1]
510 @200 sCI ] ENG | DG LD
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Standard Deviation, Variance, and Covari-
ance

Both sample and population statistics are readily computed using the
built-in functions of the HP-28C. For the population statistics, a short
program as described in the "STAT" scction of the Reference Manual
makes calculation of the population statistics easy.

Standard Deviation

The standard deviation of the sample and population are given by the fol-
lowing formulas.

Sample Standard Deviation:

0=

MR

Population Standard Deviation:

N =

=[%__§;1(x,. —}“)2]

Variance

The variance of the sample and population are given by the following for-
mulas.

Sample Variance:

55°= E(X. -x)?

n- 1, -1
Population Variance:
2_1¢ —\2
Oz =—2(xi -X )
n =1

For the formulas above, x; is the ith coordinate value in a column, X is the
mean of the data in this column, and n is the number of data vectors.
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Covariance

The covariance of the sample and population are given by the following
formulas.

Sample covariance:

Sw =g [é(xwl—rh, ) Ximy = Ty )]

Population Covariance:
1(& — —
Oy =~ [E(ximl_ Ximy ) Xim, ™ Xn, )]
n s=1

In the above formulas, 7 is the number of data vectors, X, is the ith coor-
dinate value in column m,, andX,,, is the mean of the data in column m,.

Computing Sample and Population Statistics

A program of the general form «MEAN I+ fn Y- DROP»,
where "fn" is replaced by the appropriate HP-28C function
(SDEV, VAR, or COV), will compute the population statistics for
the specified function.

Example: Compute the sample and population standard deviation, vari-
ance, and covariance for the current statistics matrix.

First, key in the population statistics programs. (A fast way to key in the
second and third programs is to duplicate and EDIT the previous program
with the function change.)

o
=
I
s )

2: « MEAN Z+ YAR Z- DR..
1: «RMEHQ Z+ Cov Zz-

A

«<MEAN X+ SDEV Y- DROP

DRO
[ 2+ [ =~ ['Nx | cLE |sToz|helz)
«MEAN I+ VAR ©£- DROP
ENTER
«MEAN T+ COV £- DROP
Store the population statistics programs.
'COVP 3:
' VARP it
'SDVP [SOVP ] VARP | COVP | ZOAT | 4FRHM | ZPAk

26 Standard Deviation, Variance, and Covariance



P
Q
3
(]
o
3
la=}
c
gl
a
-
=
(¢]
»n
o
3
=
(¢
[
=]
oL
=]
®]
=
£
[
.
o
=
4
[
=
oL
o
-
(=9
[N
(¢]
S
<Y
g
=]
=
»n

Q

B
I

o)

n||P
0|9
SIS

T LA

3:

2: [ 18.50 20.809 ]
1: [ 17.13 18.51
Eﬂmlﬂmﬁlliﬂliimﬂmiﬂﬂiﬂﬂﬂ

3:

2t [ 342.29 399.90 1]
1: [ 293.39 342.78 1]
[ SOVP | VARF | COVP | ZOAT JRFRM | ZPAR |

3:

2: -354.14
1: -383.55
[S0UF | VAKP | COUP | ZOAT |KFRM | ZPAR
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Correlation Coefficient and Coefficient of
Variation

The correlation coefficient and coefficient of variation are computed by
the following formulas.

Correlation Coefficient

__El(xh,—x_,n, ) (Xim, = ¥m, )

W=

n n
¥ (Xim, = Xm, 2 Y (Ximy = X, )?
1=1 t=1

Coefficient of Variation
SS
= _° 100
x
The terms are defined in the previous problem section.

Compute the statistics above for the grouped statistics data GRUP.

First, recall and transform the grouped data into the current statistics
matrix.

= TR TE LR
USER| = GRUP = [ 3.66 14.30 1.00 3

ESTOEE

[ E« | E- | NX | CLE |STOZ|RCLE |

Now transform the grouped data into its ungrouped form.

USER] EXFRMZ= 3:
o 2
[ Z0AT | GD | SDVF | VARF | COVF |RFRHM |
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Purge GD, since the original data remains in GRUP.

Compute the statistics.

'GD [PURGE] 3:
[STAT] SCORR= ? -8.62
FCOLE | CORR | Cov | Lk JPRECe] ]

The correlation coefficient is calculated with a built-in function.

The coefficients of variation are calculated by entering the following pro-
gram.

«SDEV ARRY- DROP 1: ﬁEgHEgRE$RYEIg$DP
> >
MEAN ARRY-> LIST> DEOP 5> n € n 1,00
DROP & n « n 1 FOR x FOR x x n + ROLL n
X n + ROLL n 1 +
ROLL + 100 x -1 STEP
n 1 SLIST -ARRY
Store the program in the variable VCO.
'vco 4:
1:
Compute the coefficients of variation.
SVCO= §=
1 [ 9.93 8.42 1]
| vco 1 Z0AT | SOVF | YARP | COVP JHFRM |

The statistics matrices GRUP and UNGR are not used in further exam-
ples. Purge them and the variables VCO, SDVP, VARP,
and COVP.

{ "GRUP' 'UNGR' 'VCO' 'SDVP' 'VARP' ' COVP
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Sums of Products

The HP-28C matrix functions provide an easy method of computing sums.
of products of the statistical data. The product of two columns of statistics
with its matrix transpose will produce the result shown below.

Let the current statistics matrix be

X11 X12 7 Xy

Xop Xop ™ Xopm

Xn1 Xn2 *° Xpm

Then MT - M is an m xm matrix of the form

Exuz YKz Y XirKim
Y Xirkiz Ex.'zz Y XidKim

Y Xirim Y XidKem T Ex.tmz

Example: Compute the sums of products on all pairings of the follow-

ing data.
10 4 7
2053
392
521
745

Key in the statistics data.

CLEAR 3:

STAT] SCBE e

[10,4,7 =z+= | T+ | I- | NI | CLE |STOZ|RCLE |

[20,5,3 Sx+=

[3,9,2 =x+=

[5,2,1 =E=+=

[7,4,5 Sx+=
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Compute the sums of products.

=RCLEE =RCLEZ= 1: [[ 583 285 176 1
ARRAY| STRN= [SWAP [ 992 142 83.1
(S P] FIX | SCI | ENG | DEG [ TT]

1

STD

Sums of Products 31



Normalized Data

A column of data in the current statistics matrix can be normalized by
transforming each element as shown below.

, Xy

x. =
n
Y X

J
1=1

x;” is created by dividing the original x; by the sum of the column data.

Example: Compute a normalized vector from the second column of the
data of the previous section.

First, use program GET1 to extract the second column.

3
2 [UseR] EGET1= 2t [4592 41
[ZOATIRFEM] ZPARGETLIDELT] |

Key in the program below. The program divides each element of the vec-
tor by the sum of the absolute values of each of the elements.

« DUP CNRM INV x 4:
1:

« DUP CNRM INVY * »

Now execute the program.

EVAL

[ .166666666667 .20..

= ARRY> = will break the vector into component form for examination. The
program can be stored for repeated use if desired.
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Delta Percent on Paired Data

The "delta percent" of a pair of columnar data can be computed by the
program below.

new —old
old

Old represents the first column of data specified in ZPAR, and new
represents the second column of data specified in ZPAR.

A% =

Delta Percent Program

For this program to work properly, you must first create the variable
YPAR. If EPAR does not appear in the USER menu, you can create it by
the keystrokes 1,2 COLX. If you are working with only two columns,
you can simplify the program below by removing the flexibility to specify
the columns to be used in the computation (i.e, TPAR 2 GET canbe
replaced by the column number desired, and similarly for the first
column.)

The program below assumes the program GET] is already resident in the
HP-28C.

Program Comments

«XPAR 2 GET GET1 Get the data from the two columns
ARRY-> DROP YPAR 1 on the stack.

GET GET1 ARRY-> DROP

N 1 FOR X X NX + Roll down and store new.
ROLL - new

« N¥Y ROLL = old Roll down and store old.
«'(new-o0ld)-+old' Compute the delta percent.
EVAL » »

-1 STEP NX 1 2 SLIST Countdown until complete, then
ARRY » structure the data into a column.

'DLTA
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Example: Compute the delta percent between columns one and three
of the data in the 'Sums of Products’ section.

Select columns one and three.

1,3 =COLZ= %:
1:
[coLz | cokk | cov | LR _[PkEOV] |

Now compute the delta percent between the pair of columns.

=DLTAZ 1: [E -.35]]
[ -.333333333333 ]
[ZOAT | DLTA |RFRM ] ZPAR | GETI | DELI |

Purge variables created in this section.

{'DLTA' 'XFRM' 'DELI' 'SPAR
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Moments, Skewness, and Kurtosis
For grouped or ungrouped data, moments are used to describe sets of

data, skewness is used to measure the lack of symmetry in a distribution,
and kurtosis is the relative pcakness or flatness of a distribution.

For a given set of data
X1

X2

Xn

the moments and moment cocfficients are calculated by the following
expressions.

1st Moment

2nd Moment
1 2 —2
my=—%x;2-x
27 n Lx
3rd Moment
mgy= —l-zx-s— }—x_zx-z +2x 3
3~ ) ()
n n
4th Moment
my= tyxi- ey s Sxepgz o gw
n n n

Moment Coefficient of Skewness

ms

m 23/2

M=

Moment Coefficient of Kurtosis
’714

2=
m 22
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Calculating Moments, Skewness and Kurtosis

Two programs for computing moments, skewness, and kurtosis are
described below. The first program requires specification of a column of
data for the current statistics matrix. It calls the second program repeat-
edly to compute various sums of powers of the columnar data.

The program below assumes the program GET] is already resident in the

HP-28C.

Program

«GET1 NX 1 2 SLIST
RDM

RCLY SWAP STOT

N

SUMO NX + MEAN SQ
'M2' STO

3 SUMO 2 SUMO MEAN x
3 x - N + MEAN 3 ~
2 x + 'M3' STO

4 SUMO 3 SUMO 4 x 2
SUMO 6 x MEAN x -
MEAN x - NX =+ MEAN 4

A~ 3 x - 'M4' STO
'M3+M271.5' EVAL
'GM1' STO

'M4:M272' EVAL 'GM2'!
STO

STOX »

'MOMS
Program

«= p « RCLY ARRY=
DROP

0 1 NX START

SWAP p ~ +
NEXT » »

'SUMO

Comments

Retrieve the specified column and
transform it into a column vector.

Save the current statistics matrix on
the stack, store the column vector.

Compute the second moment.

Compute the third moment.

Compute the fourth moment.

Compute the coefficient of skewness.
Compute the coefficient of kurtosis.

Restore the complete statistics array.

Comments

Store the power for Y x? and place
the data separately on the stack.
Zero for sum accumulation, set up
loop count.

Compute x;? and sum.

Complete loop, end program.
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Example: Compute the first through fourth moments and the
coefficients of skewness and kurtosis for the data below.

Clear the current statistics matrix and enter the data.

[CLEAR] [STAT] =CLZ = 3:

[2.1,1.1 Ex+= e

[3.5,3.8 =x+= [ 5+ | - [ N | cLE [ST0X] kL]
[4.2,4.4 =Sx5+=

[6.5,9.7 S5+=

[4.1,3.2 =xp+=

[3.6,2.2 Sx+=

[5.3,1.6 =x+=

[3.7,5 Ex+=

[4.9,1.7 Ex+=

Compute the first moments.

SMEANE [MODE] 2 =FIXE

3:
-H
1: [ 4.21 3.63 1
[ 310 (93&R] sc1 | EnG | DEG QT

Specify the first column and compute the other x; moments and
coefficients.

1 [USER] =EMOMS= g:
1 [ 4.21 3.63 1
[GMa | GML| MY | M3 | M2 | T0AT|
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Display the second, third, and fourth moments.

EM2SE =M3E EM4= 3: 1.39
2 -39
IR N B E BT

Display the coefficients of skewness and kurtosis.

SGMIE EGM2E 3: 9.49

- 2: 8.24
1t 2.84
[ GHM2 | GML] MY | 13 | M2 | TDAT]

Repeat the process for the second column of data y;.

[CLEAR] 2 =MOMSE gz 2?.52

=EM2E =M3E =M4= 1; 159:43
[GM2 ] GML] M4 | M3 | M2 |Z0AT]

=EGM1E EGM2E 3: 159.43
2: 1.38
1: 4.14
[ GM2 | GML] MY | M3 ]| M2 | Z0AT |

Purge variables created in this section.

{"MOMS' 'SUMO' 'M2''M3"''M4 "' 'GM1"' 'GM2
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Regression

A variety of regression techniques are performed easily with the HP-28C.
Its built-in matrix manipulation and system solution capabilities, coupled
with data and curve plotting make the HP-28C a very capable tool for
regression analysis.
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Curve Fitting

This problem section describes programs to compute linear, exponential,
logarithmic, and power curve fits to a set of data points in the current
statistics matrix. Any or all of the curve types may be selected to find a
’best’ fit. The data and regression equation may be plotted, and estimates
from the regression equation are easily computed with the Solver.

The programs and instructions that follow are designed for flexibility in
trying different types of regressions on the same data. If your analysis
requirements are for linear regression only, you should use the built-in
commands for linear regression, described in the owner’s documentation.

For a set of data points (x;); ), the regression equations for four types of
curves are shown below.

Straight Line (Linear Regression)

y =a +bx
Exponential Curve
y =ae% wherea > 0.
Logarithmic Curve
y =a +bln(x)

Power Curve
y =ax® wherea > 0.

The regression coefficients @ and b are found by solving the following sys-
tem of linear equations.

n $X
o e o] - v

where the variables are defined below.
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Regression A X; Y;

Linear a X; ¥i
Exponential Ina X; Iny;
Logarithmic a Inx; Vi
Power Ina Inx; Iny;

The coefficient of determination is
1
ATV T -1 (nY

BEA- (Y P

The programs below apply the least squares method, either to the original
data or the transformed data as described above. For all regression types,
the original data is restored after the computation of the regression equa-
tion. This allows for multiple regression types to be tried on the same
data set.

R?=

Key in the four programs below. These programs define the data
transformations and the equation-generating transforms for the general
curve fitting program.

“«u» o« x+on 1: « « LN SWAP_LN_SWAP
FIT » »«ﬁgﬂg SWAP EXP
« « LN » « x EXP SWAP [ L0G [ ALOG | LN | EXP | LNFL[ERFHM |

EXP x » FIT
« « SWAP LN SWAP »

« LN x + » FIT
« « LN SWAP LN SWAP »
« SWAP ~ SWAP EXP x »

FIT

Store the programs above. Note that the LIN program defines a *null’
transform to the data.

3:

'"PWR %

' LOGF [LIN JexPF | LOGF | Phik JGETL] |
'EXPF

'LIN
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Key in the general curve fitting program below. The program uses the
transforms defined above in the calling programs, and returns the regres-
sion equation and coefficient of determination for a measure of the good-

ness of fit.

Program
«> xfl xf2

«RCLY
n

« 1 n START X- ARRY>
DROP xfl EVAL NEXT
n 2 2 SLIST -ARRY
STOX »

LR DUP2 RCILY TRN
RCLY x

{2 1) GET x TOT (2}
GET SQ NX + - SWAP
TOT {2} GET x +

N + MEAN ¥+ VAR (2}
GET +
TMP 'TMP'

'"TMP' STO NX =

PURGE STOXZ

ROT ROT 'X' xf2 EVAL
STEQ RCEQ » »

'FIT

Comments

Store data transform and equation
generator.

Save original data, get data count for
looping.

Transform original data onto stack.

Put transformed data into current
statistics matrix.

Compute A and b, duplicate for
regression equation and R2.

Compute numerator of R2.

Compute denominator of R?

(n VAR, (Y;).)

Restore original data, purge tem-
porary variable.

Generate regression equation and
store.

Key in the plotting program below. The program scales the plotting
region by the statistics data and overlays the data and curve plots.

«CLLCD SCLE DRWE DRAW

Store the program in the variable PLOT.

'PLOT

28
1: « CLLCD SCLZ DRWZ
DRAW »

RCEQ |FHIN]FHAi [INVEF] DR ]

=MW

L

mmmmmmn‘

You may choose to enhance the program above by modifying the axes
position according to the data set (e.g., such as the midpoints between the
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minimum and maximum points).

Example: Fit the following set of data into a straight line.

Xi Yi
40.5 104.5
38.6 102
379 100
362 975
351 955
346 94

Clear the current statistics matrix and enter the data.

SCz=
[40.5,104.5
[38.6,102

1]
[\ ]
+
]

1
™
+

i

3:
%:
[ T+ | F- I NT | CLT |STOE]RCLE ]

[37.9,100
[36.2,97.5 =
[35.1,95.5 =
[34.6,94 Sx+=

=¥+ =

Compute the regression equation and coefficient of determination.

SUNE

Plot the equation.
=SPLOT=

Find estimates for y atx = 37 andx = 35.

8-

2: 0.99
1: '33.53+1.76%X'
[ EQ | TFARk | ZOAT]FLOT | FIT | LIN |

[ATTN] [SOLV] =ESOLVRE
37 EXE EEXPR=Z=

|

S
95.13

|

x
1
1]
2
p)

1]
1

(LTI

35

L ® Jexer=] 1 1 1 |

Curve Fitting 43



Example: Fit the following set of data into an exponential curve.

Xi yl
72 2.16
131 1.61
195 1.16
2.58 .85
314 05

Clear the current statistics matrix and enter the data.

[CLEAR] 3t

STAT] SCLE= H

[.72,2.16 Ex+= [+ | 3- | NX | CLT [SToZ|kilz
[(1.31,1.61 E3+=

[1.95,1.16 =x+=

[3.14,.5 Sx+=

Compute the regression equation and coefficient of determination.

SEXPF=

2: 9.98
1: |EXP(-(0.38%X))%3.45
[ FIT | LIN JERFF JLOGE | FLIR | GETL |

Plot the equation.

!gaaﬁmq

Find estimates for y atx = 1.5andx = 2.

LTTN] ISOLVI = SOLVRE
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Example: Fit the following set of data into a logarithmic curve.

xs' Y.

3 15
4 93
6 234
10 45.8

| 12 60.1,

Clear the current statistics matrix and enter the data.

[CLEAR]

STAT| ZCLE =
[3,1.5 =5+ =
[4,9.3 Ex+=
[6,23.4 Zx+=
[10,45.8 =x+=
[12,60.1 =Sx+=

3:
%:
| E+ | - | NI | CLE | STOZ | RCLE ]

Compute the regression equation and coefficient of determination.

SLOGF=

IIIII

Plot the equation.
EPLOTE

Find estimates fory atx = 8 andx = 14.5.

n

[ATTN] [ ISOLV| :SOLVR
EXE P

IHII
HIII
1

92
o

8
14.

I
1
1

0

R=

?

3:

2: 9.98
1: '-47.02+41. 39*LN(X)
[ FIT | LIN JEXPF JLOGF | PIR | GET1 |

: <5
1: 63.67
L lewer=] 1 1 1 |
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Example: Fit the following set of data into a power curve.

X )i
10 .95
12 1.05
15 1.25
17 141
20 1.73
22 2.00
25 253
27 2.98
30 3.85
32 459

35 6.02

Clear the current statistics matrix and enter the data.

(@]

&
I

Pl

>
=
i
6
1

,.95
,1.05
,1.25
,1.41
,1.73

1
]
+

1L

HHHm
™M™
+ ||+

'_ﬂl—ll_'!ﬁﬁl_lm
N e e
NONUNO

[\
i
™
+

1

[27,2.98
[30,3.85
[32,4.59

[35,6.02 =3+ =

I’
[25,2.53 =

3:
2%
1:
[ =+ | F- | NF | CLE |STOE | RCLE ]

Compute the regression equation and coefficient of determination.

EPWR=

Plot the equation.
EPLOTE

46 Curve Fitting

3:
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1: '®¥™1.46%0.83'
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Find estimates for § atx = 18 andx = 23.

[ATTN] [SOLV] = SOLVRE
18 =X= ZEXPR-= 3:53
23 =XE ZEXPR=:= % ewerz] |1 [

Multiple Regressions on the Same Data

Because the original, un-transformed data is restored to the current statis-
tics matrix, repeated and different regressions can be tried on the same
data set. The equation plots can also be overlayed with a simple program
like the one that follows.

Example: Plotting Multiple Regressions

For the data entered for the power curve fit in the preceding example, plot
the curves for both power and exponential regressions, and compare their
relative coefficients of determination.

The program below performs the power curve fit, plots the data and
curve, performs the exponential fit and draws it.

CLEAR 2%
« PWR PLOT EXPF DRAW 1: g PWR PLOT EXPF DRAW
[STEG [ RCEG: | PMIN] Pt JTNDEF DRk |

Execute the program. Note: You may find it necessary to purge unused
variables to provide sufficient space in the HP-28C for both the curve
fitting program and graphics display memory.

Now compare the equations and the coefficients of determination.

EVAL

(5]
a.

%)
a.

4:
3: 'K™1.46%
L

. 9
X
'EXP(B.07%X)* 1

t
.99
4 [

The exponential curve is a better fit.

Program PLOT is used in the Polynomial Regression section. Purge the
other variables created in the section.
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Multiple Linear Regression

This problem section provides a program for computing regression
coefficients to a linear equation in two or three independent variables by
the least squares method. The coefficient of determination is also com-
puted, and point estimates based on the regression line can be computed.

Two Independent Variables
For a set of data points (x;,;, ), the linear equation has the form
t=a+bx +cy.

Regression coefficients a, b, and ¢ are calculated by solving the following
system of equations.

n EX; Eyf a Ztl'

Y T2 x|l = [Exk

Y Yy 2)’.'2 ¢ ik
The coefficient of determination is defined below.

ayjt; +bYxt +cY it - 7::'( Y )?
St - (56 )

R?=

Three Independent Variables
For a set of data points ( x;,;,2;,% ), the linear equation has the form
t=a+bx +cy +dz .

Regression coefficients a, b, ¢ and d are calculated by solving the following
system of equations.

noYx Yy Yu S

a
Sx Y2 Yoy Yoz b Yxt
Y Yy Yvi? Yyiz||c XYY
Yz Yzx, Yy, YNz? a  |yzy
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The coefficient of determination is defined below.
ayt; +bYxt +cYyt +dYzt - %( Y6 )?
$i? - (56

The following minimum condition for the number of data points n must be
satisfied:

R?=

m n>3 for the case of two independent variables

m n>4 for the case of three independent variables.
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Multiple Linear Regression Program

The program below finds the regression line for both two and three
independent variables. It also calculates R2.

Program

« RCLY SIZE LIST-
DROP = m

« 1 -LIST 1 CON
ARRY- DROP

RCLY TRN ARRY-> LIST-
DROP SWAP 1 + SWAP 2
SLIST -ARRY

DUP TRN x

mm1l+ 2 -SLIST RDM

TRN ARRY- DROP m 1 2
SLIST -ARRY = rhs

« m m 2 -SLIST -ARRY
INV rhs x

DUP TRN rhs x ARRY-
DROP

TOT m 1 -LIST GET SQ
N + -

NX + MEAN ¥+ VAR m 1
SLIST GET =+

Y- DROP » » »

'MLR [STO]
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Comments

Begin to build the left-most matrix in
the system of equations. m is the
number of elements in each data
vector.

Generate NX 1’s on the stack.

Combine the 1’s into the array.

Generate the first row and column
and covariance data.

Drop the last row by redimensioning.
Pull out the right-hand-side of the
system solution and save.

Form the left-hand-side matrix,
invert, and compute the regression
coefficients.

Compute the first m terms of the
numerator of R2,

Complete the numerator.

The denominator of R? is
Undo the change made to compute
the population variance.



Example: Find the regression coefficients and coefficient of determina-

tion for the following set of data.

X Yi
7 25
129
11 56
11 31
| 7 52

z L
6 60
15 52
8 20
8 47
6 33|

Clear the current statistics matrix and enter the data.

[21i[e]
[
=
P
1
6
1

[7,25,6,60 =x+

1

[1,29,15,52 =x+=
[11,56,8,20 =x+=
[11,31,8,47 =x+=
[7,52,6,33 Sx+=

3:
%:
[ 2+ | - | NT | CLE |STOZ]RCLZE]

Compute the regression coefficients and coefficient of determination.

SMLRE

[MODE] 4 =FIXE

! [[ 103.4473 1 [ -1..
: 8. 99383
510 (Qz0B] sc1 | ENG | 0EG L)

=N

The coefficient of determination is 0.9989 .

Drop it and display the values for a,b,c,and d.

[oROP] [<>]

The regression line is ¢ = 103.4473 — 1.2841x - 1.0369y — 1.3395z. You
can use the HP-28C’s algebraic features to generate this equation from the
matrix displayed. This would allow solving for any variable of the equa-
tion, given values for the remaining variables.

You can also compute estimates for ¢ by multiplying the regression
cocfficients matrix by a matrix of values for the independent variables.
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Example: Find¢ forx =7,y =25 andz =6,andx =1,y =29, and z =15
for the problem above.

First make a copy of the coefficient matrix for the two computations of t.
Enter the first set of values for the independent variables. Note that a 1 is
entered for the multiplication with the coefficient a.

[ENTER] 4t

(f1,7,25,6 2: [[ 103.4473 1 [ -1.
1: [[ 66.4985 11

The estimate f is 60.4985 .

Compute  for the second set of values.

[DROP] 4:

[(1,1,29,15 3
1: [[L S52.000808 11

Example: Find the regression line and the coefficient of determination
for the following data.

X Y L
1.5 0.7 21
045 23 40
1.8 1.6 4.1
28 45 94

Clear the stack and the current statistics matrix; enter the data.

CLEAR| |STAT| =CLEZ = 3:

[1.5,.7,2.1 =342 H

[.45,2.3,4 [ Fe | - [ NF | cLE [sTox] kL]
[(1.8,1.6,4.

[(2.8,4.5,9

Find the regression line and coefficient of determination.

SEMLRE

Hmke

(L -8.8971 1 [ B.7.
0.9984
OAT] MUK JPLoT JSETL] 1
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=0
£
-
d

]
6269 11
(oAt MLk JPLoTfGETL] | |

The regression line is t = —.0971 +.7914x + 1.6269y . The same tech-
niques described in the previous example may be used for computing ¢ .

Save programs MLR and PLOT for the Polynomial Regression section.
Purge the other variables created in this section.
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Polynomial Regression

This problem section provides a general program for computing regres-
sion coefficients to a parabolic and cubic equation for a set of paired data
points by the least squares method. The coefficient of determination is
also computed, and point estimates based on the regression equation can
be computed.

Parabolic Regression
For a set of data points (x,,y; ), the parabolic equation has the form
y =a +bx +cx?.

Regression coefficients a, b, and ¢ are calculated by solving the following
system of equations.

n Exs' Exiz a Ey;
Y Yx2 X8| b = | Sxy
Exiz Exia 2&'4 ¢ 2&'7)’;'

The coefficient of determination is defined below.
1
aYy; +bYxy; + ey - ;( >y )?
1
Tt - (S P

R%=
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Cubic Regression
For a set of data points (x;,y;), the cubic equation has the form
y=a +bx +cx?+dx®.

Regression coefficients a, b, ¢ and d are calculated by solving the following
system of equations.

no Y Yx2 Yt Oy

X Ex.'2 Ex.'s EX.‘4 Z YV
Y2 Yx® Yt YxS e - %
Yx2 Yt Yt Yxt d PR

The coefficient of determination is defined below.
ayy: +bYxy +c Yy +dy ;- %( i )?
R?=
1
S0 - (Tw

The following minimum condition for the number of data points » must be
satisfied:

m n>3 for Parabolic Regression

m >4 for Cubic Regression.

Polynomial Regression Programs

The programs below transform the data to a form directly useable in the
Multiple Linear Regression program from the previous section. By modi-
fying the statistics data inputs to the form [x; x;2 y;], the Multiple Linear
Regression Program, MLR, computes the regression coefficients and
coefficient of determination for parabolic regression. Similarly, by includ-
ing an x;2 term, the MLR program computes the coefficients for a cubic
regression.

Program Comments
« SWAP DUP SQ 3 ROLL Form [x; x;2y;] and accumulate in
{3} -ARRY X+ » the current statistics matrix.

' PARA
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Program Comments

« SWAP DUP DUP SQ Form [x; x;% x; y;] and accumulate
SWAP 3 ~ 4 ROLL {4) in the current statistics matrix.
2ARRY I+ »

[ENTER] 'CUB [sTO]

Example: Find the regression coefficients and coefficient of determina-
tion for the following set of data.

>
1:
[ZUAT | CUE | Fki ] MUE | PLOT | GETL]
, B=
1,2 =
1.2,10 =cus=
1.4,13 =cus=
1.6,12 =cus=

Compute the cubic regression coefficients and coefficient of determina-
tion.

EMLRE 3:

2: [[ 47.9429 1 [ -9...
1: B.8685
[Z0RT] CUE JFakR | MR JFLOT | GET] |

The coefficient of determination is 0.8685.

Drop it and display the values for a,b,c,and d.

[DROP] [<>] rr 4
[ -
[ 2
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The regression equation is y = 47.9429 — 9.7619x -

41.0714x2 + 20.8333x3. You can use the HP-28C’s algebraic features to
generate this equation from the matrix displayed. This would allow solv-
ing for any variable of the equation, given values for the remaining vari-
ables.

You can also compute estimates for y' by multiplying the regression
coefficients matrix by a matrix of values for the independent variables.

Example: Findy forx =1 and x =1.4 for the problem above.

Enter the regression equation and use Solver to compute y'.

'47.9429-9.7619xX~- %: [5?4;‘.42323 %615 ;9..-.
: '47, -3, #X=

(ENTER] R*3'

Store the equation and compute y for x =1.

[sOLV] ESTEQS =SOLVRE

= 1: ’ 17.9429

| ® fewrR=] | | | |
1: 10,9423
| % fewpR=] | | | |

With the regression equation entered above, compare the orginal statistics
data to a plot of the equation.

First, clear the current statistics matrix and enter the original data. (For
larger matrices, the use of GET1 and the ARRAY menu functions can be
used to extract the first and last columns of data and construct the statis-
tics matrix without re-entry of the data).

[CLEAR] 31

STAT] =CLz= ¢

[.8,24 Sxz+= [ Fe | E- | N | CLE |STOZ|RCLE]
[1,20 Sx+=

[1.2,10 =Sx+=

[1.4,13 =xs+=

[1.6,12 =x5+=
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Use the PLOT program from the "Curve Fitting" section to plot the data
and the cubic equation.

=PLOTS \/

Example: Find the parabolic equation and the coefficient of determina-
tion for the following data.

X Y
1 5
2 12
3 34
4 50
5 75
6 84
7 128

Clear the stack and the current statistics matrix; enter the data.

CLEAR| |STAT| ECLEZ = 3:

USER %‘

1,5 SPARAZ [FikA | ML | PLOT [GETL] | |
2,12 EPARAZ

3,34 ZPARAZ

4,50 =PARAZ

5,75 =PARAZS

6,84 =PARAZ

7,128 =PARAZ

Find the parabolic regression equation and coefficient of determination.

=MLRE 2

SROB | 1: [[ -4.0000 1

DROP [ 6.6429 1]
[ 1.6429 12

The regression line isy = —4.0000 + 6.6429x + 1.6429x2. The same tech-
niques described in the previous example may be used for computing y'.
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Test Statistics and Confidence
Intervals

Decisions based on sample data can be directed with the use of test statis-
tics. A variety of test statistics for different hypotheses and assumptions
can be calculated with the HP-28C. This section presents three such test
statistics - paired ¢ statistic, ¢ statistic for two means, and chi-square statis-
tic. Additional test statistics for different hypotheses are readily computed
with similar, simple procedures. The test statistics are used in conjunction
with the upper-tail probability commands of the HP-28C to determine
confidence intervals.
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Paired t Statistic

Given a set of paired observations from two normal populations with
unknown means y, p,

X Yi
X1 Y1

X2 Y2

------

the test statistic

with n —1 degress of freedom can be used to test the null hypothesis

Hop =1y
The variable definitions are
D| =X — )i
J— 1 n
D =—=%'D.
".'Z=:1 '

and
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Example: Test the null hypothesis that g, = u, for the following data

pairs.

o
14 17
17.5 20.7

17 21.6
17.5 20.9

Yi

154 17.2]

Clear the current statistics matrix and key in the data.

1

[CLEAR] [MODE]| 2 =FIX

ECzE
[14,17 Ex+=
[17.5,20.
[17,21.6
[17.5,20.
[15.4,17.

3:
%:
[ E+ | E- | NE | CLE [STOT|RCLT]

Use GETI to recover the two columns of data.

Compute the difference of the data pairs.

(-]

7.50 1? a0..,
8.70 2

[ -3.680 -3.20 -4.60..
pzoavicera] 1 1 1 |

Redimension and store the difference matrix as the current statistical
matrix. (Save the original data if so desired.)

SNSE 1 2 [uST] E5USTE
ARRAY] ZRDME [STAT] ESTOE=

3:
?:
[ E+ | F- | NT | CLE |STOZ]RCLE |
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Compute the ¢ statistic.

=MEANE =SDEVE 3: -3.208
[STACK] =DUP2= ¢ _1.99
(+] ENZE (V] "%+ 1 - | W& | L3 |sToz kel
The mean D is —3.20 .

Sp iS 1.00 .

tis —=7.16.

The degress of freedom are 4.00 .
Example: Determine if the hypothesis H of the previous problem
should be rejected at a 0.05 level of significance.

First create a program for a general solution to the Student’s ¢ distribu-
tion, as described in the "STAT" section of the Reference Manual.

CLEAR 3:
« P N X UTPT - » gt

1: €« P N % UTPT - »
ENTER [utecfuterlurenfotet] 1 ]

Store it for use in the Solver.

[sOLV] ESTEQE = SOLVRE S’
1:
CF | N | % feweks] | |

Enter the degrees of freedom and the level of significance. Note that for a
two-tailed test at a 0.05 level of significance, you compute the value for the
confidence interval —¢ g7 t0 f g5,

4 =NE .025 =PE !ﬁi!?ﬁ_
[[] ExE 1gn Reversa

1: 2.78
L p I N 1 % Jexwpk=] 1 |

Thus the hypothesis is rejected since ¢ falls outside the range (—2.78,2.78).
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Example: Compute the level of significance for which the hypothesis
H will be accepted.

Enter the ¢ statistic computed in the first example. Note that the absolute
value is input, corresponding to the upper-tail portion of the probability
function.

7.16 =x= 3: 2 78
=p= 2 .
e 1: 2.01E-3
2 T I T I

The probability is multiplied by 2 for the upper- and lower-tails of the pro-
bability function outside the range (-7.16,7.16).

Rather than using the program from the previous example, you can also

compute the level of significance directly with the UTPT command. The
keystrokes

4,7.16 SUTPTE 2

generate the same result as above.
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t Statistic for Two Means

Suppose {x; x5 *** ,X,;} and {y; y, *** ,y,2} are two independent ran-
dom samples from two normal populations, with unknown means y, and
4 and the same unknown variance o2.

The null hypothesis
Howm-pmp=d
can be tested with the ¢ statistic
t= x-y-d -
1 _ )
_1_+i5 Y2 -mx 2+ Yy 2 -ngy ? |2
n; no nyt+ng— 2

This ¢ statistic has the ¢ distribution with n; + n, — 2 degrees of freedom
for testing the null hypothesis H,.

Example: Test the null hypothesis that H: u, = , (i.e. d=0) for the
data below.

Xy Y
79 91
84 103
108 90
114 113
120 108
103 87
122 100
120 80

54
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Clear the current statistics matrix and accumulate the x data.

3:

SCiz= o

79 =x+ = | 2+ | =~ | NE | CLE JSTOZ [RCLE]
84 =x+=

108 =x+=

114 =3x+=

120 =x+=

103
122
120

+
i

+
1Ll

1
™
¥

1

Compute the mean, variance and number of data points and store.

SMEANEZ 'MX 3:
SVARE 'VX [sT0] F
ENEE 'NX [ =+ | - | Nz | cLz |sTox|hiLz ]

Clear the current statistics matrix and accumulate the y data.

EC=E 3:
91 Ex+= H
103 =x+= [ E+ ] =~ | NX | CLE |STOE]RKCLE |
90 =x+=

113 =x+=

108 =x+=

87 =x+=

100 =xz+=

80 =x+=

99 =gr+=

54 =x+=

Compute the ¢ statistic. First compute the numerator. Recall that d=0.

USER] EMXE [STAT] EMEANE [-] 3:
23
1: 13.75
[ ToT_JMEAN] SDEV | YAk |MARE [MINE |
Compute the first part of the denominator and divide.
USER] ENXE [1/x] 3:
STAT) ENB= [1/x] et
1: 28.99
V] (=] [=+ [ 3- [ Nx | cLz [sTox|heis]

t Statistic for Two Means 65



Compute the second part of the denominator and divide.

=ENZ=E 1 [] 3:
- AR it 1.73
1[5 SEe ] Z- | NZ | CLZ | ST0Z [RCLE]

1L
1

|

1]
4
x
1
9
>
il
1L
4
™
1

[+] 2 [-]

]
&
]

The ¢ statistic is 1.73 with 16 degrees of freedom.

Example: Compute the level of significance for the two-tailed test on
the range (-1.73,1.73) from the preceding example.

16,1.73 =ZUTPTE 3
[UTPCJUTFFJUTENJUTFT] | |

The hypothesis cannot be rejected at, or below, this level of significance.
You may also choose to test the assumption made in this problem section

that the unknown variances are equal. For this purpose, compute the F
statistic

with 7, -1 and n,—1 degrees of freedom.
Sma’ is the maximum of the sample variances 5,2 and s 2.
8 min? is the minimum of the two sample variances.

You can then compute the level of significance with the UTPF command,
using the same approach as the example above.

Purge the variables created in this section.

{ 'NX''VX' 'MX
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Chi-Square Statistic

This section provides a simple program for computing the x? statistic for
the goodness of fit test.

The equation computed is

X12= E_(__'_E:_.)_

i=1

with n — 1 degrees of freedom.

O; is the observed frequency.
E; is the expected frequency.
n is the number of classes.

Example: Find the value of the chi-square statistic for the goodness of
fit for the following data set.

0, E; ]
8 96
50 46.75
47 51.85
56 54.4
5 825
(14 9.15 ]

Clear the current statistics matrix and enter the data.

3:
STAT] =CLz = e
[8,9.6 Ex+= [T+ | 2~ | Nf | CLT |STOE |RCLE]
[50,46.75 =x+=
[47,51.85 =x+=
[56,54.4 =xp+=
[5,8.25 =x+=
[14,9.15 =x+=
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Enter the program below to compute the chi-square statistic. The pro-
gram has the same form as the Delta Percent Program from an carlier
section. You may wish to refer to it for comments on the approach being
followed. Note that this program differs by explicitly computing with
columns 1 and 2 of the statistics matrix. It could be generalized for any
pair of columns by retrieving the contents of ZPAR for the column
specification.

« 1 GET1 ARRY- DROP 2 1: gRéﬁ'eg gsTéE$§REERY

GET1 ARRY- DROP NX 1 : 3
DROP NZ 1.600 FOR

FOR x x N + ROLL - ofq |OrmIEoEm ruu

«NX ROLL - efq

« '(ofg-efq)*r2+efq’
EVAL » » -1 STEP NZ

1 2 SLIST -ARRY CNRM»

Save the program in the variable CHI for repeated use.

'CHI

3:
%:
+ARRY[ARKY > FUTI | GETI |

Execute the program.

SCHI= g
1: 4,84
[ZoaT] chI JeEma] | 1 |

The chi-square statistic x? is 4.84 with 5 degrees of freedom.
Example: Compute the level of significance for the example above.

Enter the degrees of freedom and the x? statistic, and compute the upper-
tail probability for the x2 distribution.

5,4.84 SUTPCE 3
28 4.84
1: 8.44
[UTFCJUTPF JUTPNJUTPT] ] |
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Step-by-Step Examples
for Your HP-28C

Probability and Statistics contains a variety of examples and
solutions to show how you can solve your technical problems
more easily.

Combinations and Permutations

Statistics Matrix Setup
Initialization and Data Entry, Grouped and Ungrouped
Data
Data Removal and Extraction

Basic Statistics for Multiple Variables

Sums, Means, Standard Deviation, Variance,
Covariance

Sample and Population Statistics

Correlation Coefficient and Coefficient of Variation

Sums of Products, Normalized Data, Delta Percent on
Paired Data

Moments, Skewness, and Kurtosis

Regression
Curve Fitting — Linear Regression, Exponential,
Logarithmic, and Power Curves
Multiple Linear Regression
Polynomial Regression

Test Statistics and Confidence Intervals
Paired t Statistic, t Statistic for Two Means, Chi-Square
Statistic
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