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lmportant Texas Insbuments makes no warranty, either enpressed or
implied, including but not limited to any irnplied warrandes
of meretuntability and fitness for a particular purpose,
regarding these programs orbook materials and makes zuctr
materials available solely on an "ae.is" basis. In no event
shall Toras Instrurnents be liable to anyone for special,
collateral, incidental, or consequential damages in
connectionwith orarising out of the purehase oruse of
these materials, and the sole and exclusive liability to Texas
Instnunents, regardless of the form of action, slull not
exceed the purehase price of this carhidge. Moreover,
Texin Instmmenb stull not be liable for any claim of any
kind whatsoever against the userof these pnrgrams orbook
materials by any other party.
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How to Use this Guidebook

This guidebook describes the contents and use of th€ Tl-74
Statistics Library cailddge. The guidebook is oryanized lo help
you use lhe prcgrams and subprcgrams in the cadridge.

Oryanization ol
the Guidebook

The guidebook includes six chapters, an appendix
describing the accessible subprograms in the cartridge, and
an appendix explaining service and wan-anty information.

Chapter 1 describes the programs in the cartridge, the
general use and care of the cartridge, how to use the
Directory program, and how to use an optional printer.

Chapters 2 through 6 provide detailed information about
each program in the cartridge. The discussion of each
program includes:

> A brief presentation of general information about the
program and the inputs required by the program.

> Stepby-step instructiors for using the program.

> An application example demorutratingthe use of the
program.

Appendix A dbscribes the subprograms called by the
programs of this library. These subprograms may be useful
to you as you develop your owrr programs. hstead of
writing the statements to perform a task, you can call the
subprogram that does the task.

Service and wan*anty information is provided in Appendix
B, which is at the end of the guidebook for easy reference.
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Contents of the Statistics Cartridge

The Tl-74 Statlstics Library cailddge enables you to perlom
statistical calculalions quickly and easily. The title, fllename, and
a brief descrlption of each cartridge prcgram ae prcvided below
foryourrcfelence,

The Programs The Statistics cartridge contains the following programs.

Program Title Filename D'escdption

Directory DIR or Displays the title and filename
CONTENTS of eachprograminthe

cartridge

Histogram HIST Constructs histogram or
checks data for goodness-of-
fit to a theoretical distribution

Means and
Moments

MEAN Calculates mea.ns, moments,
skewness, and kurtosis of a
sample distribution

One-Way
ANOVA

AOVl Compares mearu for sample
populations with different
variances where only one
factor varies

TWoWay
ANOVA

AOV2 Compares means for sample
populatiors with different
variances where more than
one factorvaries

t-Test: Paired TTESTP
Observations

Determines t-statistic and
corresponding number of
degrees of freedom for paired
samples from fiiro normal
distributions

t-Test: TTESTU
Unpaired
Observations

Determines t-statistic and
degrees offreedom for
unpaAed samples from two
normal distributions

Getting Started
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Using Cartridges with Your Tl-74

Although the cadridges for your Tl-74 arc durable devices, you
should follow these guidelines lor installing and caring for
cailridges.

Caring for
the Cartridge

Inslalling a
Cartridge

Handle the cartridge with the same care you would give any
other piece of electronic equipment. You should:

> Avoid static electricity. Prior to handling the cartridge,
touch a metal object to discharge any static electricity.

> Store the cartridge in its original container or in the
cartridge port on the upper right side of the TI-74.

The TI-74 is shipped with a port protector in the cartridge
port. The port protector resembles a cartridge and is
installed and removed in the same way.

1. Make sure the TI-74 is turned off. Installing a cartridge
while the TI-74 is on may result in memory loss.

2. If the port protector or a cartridge is currently in the
port, remove it by placing your thumb on the ridged area
on top of the cartridge and sliding the cartridge to the
right. Store the removed cartridge in its container.

3. T\rrn the Statistics cartridge so that the ridges are facing
upward.

4. Insert the cartridge into the port, small end first.

5. Slide the cartridge to the left until it snaps into place.

You should keep a cartridge or the pon protector in the port
at all times to prevent the accumulation of dust.

Getting Started
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Guidelines for Using the Tl-74 Programs

The Tl-74 prcgrams contained in the cailrldge provide helpful
display prompts during the prcgrams. An explanatlon of these
prcmpts and a few guldelines for using the programs may be
helplul as you get slaned.

Display
Prompts

Editing Data
in a Program

Display prompts are brief sentences that appear in the
display to help you enter information into the progfam.
There are three types of display prompts:

> Entry prompts-these prompts end with a colon and
instruct you to enter a value. When applicable, default
values appearimmediately afterthe colon. To respond,
press IENTERI to accept the current value, or type a new
value for the variable and press IENTERI.

> Question prompts-these prompts end with a " ? '' and
require a yes or no response. To respond, press lYl for
yes or INI for no.

> Message prompts-these prompts explain an operation of
a progmm. Because no information needs to be entered,
you can press IENTERI or ICLRI to immediately proceed to
the next prompt.

Many of the programs enable you to edit the elements (data
values) that you enter into a program. You have the option
of editing all of the datavalues orselecting specific elements
to edit.

Note: If you replace a value with a value that has fewer
digits, be sure to delete any "leftover" digits that remain in
the display. For example, suppose the current value is 389
and you want to change it to 23. If you just type 23, the
value in the display becomes 239. You must delete the
remaining digit (the 9) before pressing IENTERI.

To enter a value that has fewer digits than the original
value, you can:

. Press ICLRI, type the value, and press IENTERL

> Tlpe the value and press IGTLI I I I IENTERI.

> Tlpe the value and use the space bar to delete the rest of
the entry; then press IENTERI.

Getting Started
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Using the Directory Program

The Directory prcgram seryes as a table of contents for the
prcgrams available with the cafiridge. This prcgram also provides
a handy relercnce for program filenames. lf you have an optional
printer, you may want to print out a copy of lhe Dircctory program
to use for future reference.

The Directory
Program

Displaying the
Names in ihe
Directory

Running a
Program from
the Directory

The Directory progfam displays two names for each
program in the cartridge. These include:

> Thetitle oftheprogram

> The filename that is used to execute the program

For example, the title for the first program in this library is
Histogram and its filename is "HIST".

In the Directory program, the four arrow keys display the
names in the directory.

> [ i l-Displays the previous title in the directory. If you
press this key at the first title in the list, the Directory
program prompts: Ex i t P rog ram? Press [Y] to exit the
Directory program, orpress INI to retum to the first
prograrn title.

' I i l-Displays the next title in the directory. If you press
this key after the last title in the list, the Directory
program prompts: Ex i t P rog ram? Press IYI to exit the
Directory program, or press INI to return to the last
program title.

. l*l-Displays the filename of a program. The TI-74
ignores this key if a filename is already in the display.

> l*l-Displays the title of a program. The TI-74 ignores
this key if a title is already in the display.

When the Directory program displays a prograrn title or
filename, you can execute that program by pressing the
lnUrul key. This procedure exits the Directory program and
starts the selected program.

1 . 8 Getting Started
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Using the OPtional Printer

When you run statistics proglaqsr y9-u Tay wanl to.use a
compiilre ptinter, suchasihe PC-324 Printer' A printerprcvides

" 
cof,u"ni"ni, permanent rccord of your programs and data files'

n"f"ii" tt" piinter's manual for information on connecling the
printer to your Tl-74.

The Printout

Accessing
the Printer

The printout contains all of tlte information needed to

"*"",tt" 
a particular program (with the exception of

subprograms). The printout includes:

> Programname

> SelectedoPtiors

> Pertinent inPut data

> Results

To use an oPtional Printer:

1. RespondtotheUse
TheEn te r  Dev i ce
display.

P r i nte r ? promPt bY Pressing [Yl'
Code : promPt aPPears in the

2. Respondtothe Enter Dev i ce Code : promptbyt'"ing

it e appropriate peripheral identification number and

p."*tiirg tiUERl. (Refer to your printer's operating
manual for the identification number')

Note: When a printed record is produced, the,program does

not pause while display'urg individual resu$,-Irstead, the

n-ia ptnt" u continuous list of results until the output is

complete.

1 .10 Getting Started
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The Histogram (HIST) Program

Afteryou collecl the data from a sample of a population, you can
construct a histogram to help you interpet the set of data values.
With theHistogram prc,gram, you can construct a histogram from
sample data, oryou can entera prcconstructed histogrim and
comparc it to a histogram for a theoretical distribution.

Frequency
Histograms

Uses for the
Histogram
Program

Constructing
a Histogjram

A frequency hi^stoglam is a graph that plots the boundaries
of each cell agairst the frequency of occurrence within a
cell. Rectangular regions or bars are constmcted over each
cell with heights proportional to the frequency.

width

You can use the Histogram program to:

> Construct a histogtam to determine the number or
frequency of counts per cell.

> Calculate the means and moments of your histogram.

> Compare the histogram constructed from your sample
data points to a histogram for a theoretical distr-ibution.

To constmct a histogram, you need to provide the program
with the following information.

1. Determine the number of cells needed to provide an
accurate representation ofthe sample data. Specify this
number as an integerwhen the prompt Ente r No. of
Ce | | s appears in the display.

Note: Memory requirements for this program are a
function of both number of data points and number of
cells. Most histograms consist of 20 cells or less, in which
case you may have at least 500 data points. To enter a
larger data set, refer to "Guidelines for Using the TI-24
Programs," in Chapter 1.

O

min

I

Data

Cell
r )

Cell
A

Cell
2

Cell
l)

Cell
I

data
i<--*i i' c e l l '  i

data
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The Histogram (HIST) Program (continued)

Comparing
Theoretical
Histograms
(Continued)

Tips lor Using
the Histogram
Program

After completing the goodness-of-fit test, the program
calculates Q(X2). The observed Q(12) value is the probability
of rejecting the null hlpothesis when it is tme (a type I
cmor).

Note: If cell widths are not expressed as integers in the
Binomial or Poisson distributions, the error message Va I ue
must be an integer appearsinthedisplay.

To obtain the most accurate goodness-of-fit test, follow
these guidelines.

Collect enough data. A small sample may not be
sufficient to make the goodness-of-fit test valid.

The expected value of each cell should be seater than or
equal to 5.

When you use the binomial distribution, the following
condition must hold true

(Cell Width x ((Number of Cells) - 1) + X,,u,, rounded up to
an integer) ( n

Because the progtam subtracts the number of degrees of
freedom lost from the number of cells, be sure you create
a sufficient number of cells.

For example, when you accept the calculated
parameterc for the normal distribution, three degrees of
freedom are lost instead of.lust one.

Descriptive Statistics
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Using the Histogram Progrart (conrinued)

Step Display Procedure/Comment

10. E n t e r  M i n i m u m  X  V a l u e Press IENTERI to accept current value, or
type the lower limit for histogram and press
[ENTER].
a. If entering data from peripheral device,

go to step 1l.

c .

If constructing histogram from
keyboard, go to step 12.
If entering preconstmcted histogram
from keyboard, go to step 27.

b.

l l E n t e r  D e v i c e . F i  l e n a m e Tlpe device and filename of peripheral
device and press IENTERI. Go to step 14.

t2. T o  E n d  I n p u t  E n t e r  ' E ' Press IENTERI to proceed.

13. E n t e r  X ( # # # ) Press IENTERI to accept current value, or
type value for \ and press [ENTERI. Repeat
step until all values are entered.
a. If you enterthe maximum numberof

elements (specified in step 6), the next
prompt appears automatically.

b. If you do not want to enter the
maximum number, type E and press
[ENTER] to end input.

t4. E d i t ? a.
b.

To edit data, press [YI.
To accept data, press lNl. If accepting
data entered by keyboard, go to step 20.
If accepting data entered by peripheral
device, go to step 22.

15. E d i t  A l  I  D a t a ? To edit ail data, press lYI.
To edit single elements, press [NI. Go to
step 17.

a.
b .

l o . Enter X(H##): ##i l# Press IENTER] to accept current value, or
type conect value and press IENTERI.
Repeat this step until all elements axe
edited. If editing data entered by keyboard,
go to step 20. If editing data entered by
peripheral device, go to step 22.

i  2 '6
i

I

Descriptive Statistics
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Using the Histogram Progrdfft (conrinued)

Step Display Procedure/Comment

26. f  C e l  |  ( # # # ) = Displays frequency for cell i. Press IENTERI
to repeat steps 25 and 26 for each
consecutive cel. ftess IENTERI to proceed
after last cell. Go to slep 34.

27 E n t e r  f  C e l l ( # # # ) Press IENTERI to accept crrrent value, or
type frequency for cell i from previously
known histogram and press [ENTER].

28. E d i t ? a. To edit data, press IYl.
b. To accept data, press [Nl. Go to step 34

29. E d i t  A l  I  D a t a ? a. To edit all data, press lYl.
b. To edit singe elements, press [Nl. Go to

step 3 1.

30 E n t e r  f - C e l  l ( # # # ) .  H # # # Press IENTER] to accept curent value, or
t1,pe correct value and press IENTERI.
Repeat this step until all elements are
edited. Go to steo 34.

3 i Enter  E lement  # Tlpe the number of the element to be
edited and press IENTERI.

at . Enter  f -Ce l  |  (HH#) :  ###H Press IENTERI to accept current value, or
type correct value and press IENTERI.

r ) ! ) . E d i t  M o r e  E l e m e n t s ? a. To edit more elements, press lYI. Go to
step 31.

b. To accept data, press INI.

34. D i s p l a y  S t a t i s t i c s ? a. To display means and moments, press
IYI.

b. To select next option, press [Nl. Go to
step 42.

J O . A r r t h m e t i c  M e a n = Displays arithmetic mean. Press IENTERI to
proceed.

2 . 8 Descriptive Statistics
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Using the Histogram Prograrl (continued)

Step Display Procedure/Gomment

47. Enter Mean Tlpe hypothetical mean and press IENTERI.

48. Enter Standard Dev Tlpe hypothetical standard deviation and
pressIENTERI. Go to step 59.

49. BINOITIAL DISTRI BUTION? a. To use binomial distribution for
goodness-of-fit test, press [Yl.

b. To select next option, press [Nl. Go to
step 54.

50. E n t e r  n : Tlpe the parameter of binomial and press
IENTERI.

51. Use Ca lcu  I  a ted  Parameters? a.

b.

To accept calculated probability, press
IYI.
To enter hypothetical probability, press
INI. Go to step 53.

52. Displays calculated probability. Press
IENTERI to proceed. Go to step 59.

53. E n t e r  p : T!'pe thehypothetical probability and press
IENTERI. Goto step 59.

il. POI SSON D I STRI BI..II I ON? To use Poisson distribution forgoodness-
of-fit test, press [YI.
To select next option, press [NI. Go to
step 58.

a.

b.

DD. Use Ca lcu la ted  Parameters? To accept calculated mean, press IYl.
To enter hypothetical mean, press [Nl.
Go to step 57.

a.
b.

56. Displays calculated mean. Press IENTERI to
proceed. GotostepS9.

D l . Enter  m: Tlpe the hypothetical mean and press
IENTERI. Go to step 59.

2 . 1 0 D'escdptive Statistics
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I
Application 1: Constructing a Histogram

The example below uses the Histogram prcgram to construct a
histogram and calculate the means and moments for a set of
data values.

Example Construct a histogram from the data below. Use six cells
with a width of 2 and a minimum value of 68.9b.

68.4, 65.3, 66.5, 69.0, 73.6, 7 5.9, 69.7, 69. g, 7 1.0, 70.9, 67 .7,
74 .4 ,69 .9 ,7 r .5 ,7 I . r .

To execute the Histogram program, type RUN "HIST" and
press IENTERI.

Step Display Procedure/Comment

I . H I STOGRAM Wait while program name is displayed, or
press IENTERI to continue.

2 . Use Pr  i  n te r? hess lNl.

r ) . Theoret i  ca I Hr stogram? Press lNl.

4. E n t e r  N o .  o f  E l e m e n t s :  0 Type 15 and press IENTERI.

Enter  Data  By  Keyboard? Press IYI.

6. E n t e r  N o .  o f  C e l  l s :  0 Tlpe 6 and press IENTERI.

7. E n t e r  C e l  I  W i d t h :  0 Tlpe 2 and press IENTERI.

E n t e r  M i n r m u m  X  V a l u e :  0 Tlpe 63.95 and press IENTERI.

T o  E n d  I n p u t  E n t e r  , E , Press IENTER] to proceed.

10 E n t e r  X ( 1 ) :  0 \,pe 68.4 and press IENTERI.

11 . E n t e r  X ( 2 ) :  0 Tlpe 65.3 and press IENTERI.

12. E n t e r  X ( 3 ) :  0

z .  t z Descriptive Statistics

Tlpe 66.5 and press IENTERI.
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Application 1: Gonstructing a Histografit (conrinued)

Step Display Prccedurc/Comment

28. See Ce l  I  F requenc ies? Press lYl.

29. X  C e l l ( l ) =  6 4 . 9 5
f  C e l  l ( 1 ) =  I

x  c e l l ( 2 ) =  6 6 . 9 5
t  Cet  |  (2 )=  2

X Ce l  |  (3 )=  68 .95
f  C e l  l ( 3 ) =  5

X  C e l l ( 4 ) =  7 0 . 9 5
f  C e l l ( 4 ) =  4

X  C e l  l ( 5 ) =  7 2  9 5
f  C e l  l ( 5 ) =  1

X  C e l l ( 6 ) =  7 4 . 9 5
f  Ce l  |  (6 )=  2

Displays all requested values. hoceed after
each output by pressingIENTERI.

30. D i s p l a y  S t a t i s t i c s ? hesslYL

31 . Ar i  thmet ic Mean= 70.01666667
Geornetr ic Mean= 69.96411141
Harnron i  c Mean= 69.9118111

la(2)=  2 .39555555u
M(3)= +.99725992
M(4)= 149.272625

No.  0 f  Ent r ies= 15

Displays all requested values. Proceed after
each output by pressing IENTERI.

32. Ex i t  Program? Press IYI.

2 . 1 4 Descriptive Statistics
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Application 2: Fitting Data to the Binomial Distribution (conr)

Step Display Procedure/Comment

9. E n t e r  f - C e l  |  ( 2 ) :  0 Tlpe 14 and press IENTERI.

10. E n t e r  f - C e l  |  ( 3 ) :  0 Tlpe 32 and press IENTERI.

l l . En ter  f -Ce l  |  (4 )  :  0 lYpe 30 and press [ENTER].

12. Enter  f -Ce l  |  (5 )  :  0 Tlpe 15 and press IENTERI.

13. E n t e r  f - C e l  I  ( 6 ) :  0 Tlpe 4 and press IENTERI.

t4. Press [NI.

I D . D i s p l a y  S t a t i s t i c s ? hesslYI.

16. A r i t h m e t i c  M e a n =  2 . 4 8
Geomet r i c Mean= 2.278944632
Harnnn ic Mean- 2.244668911

M ( 2 ) =  1 . 3 6 9 6
M(3)=  - .s42316
M(4)=  $ .91573752

No.  0 f  Ent r ies= 100

Displays all requested values. Proceed after
each output by pressing IENTERI.

t7. NORMAL DISTRIBUTION? Press lN].

18. BI NOII| IAL DISTRI BI.JTION? Press IYl.

19. E n t e r  n :  0 \'pe 5 and press IENTERI.

20.

2 t .

Use Ca I  cu la ted  Parameters? Press [Nl.

E n t e r  p :  0 Tlpe .5 and press IENTERI.

z .  t o Descriptive Statistics
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The Means and Moments (MEAN) Prograrn

The means and moments of a sample can accurately describe
the shape of its distribution- For a given set of input dala
(x,,x",..., x.) with associated frequencies (fr, fo,.. ., f .), this
prosiam cal6ulates the means, moments, skbw-ness, a'hd kurtosis
of a sample distribution.

The Sarnple
Data

Memory Capacity

Arithmetic
Mean

Geometric
Mean

Before analyzing sample data with the Means and Moments
prograrn, you must decide whether the data is grouped or
ungrouped.

t If f,: 1 for any i, the data set is ungrouped.

t If f,+1 for any i, the data set is grouped,

When you specify the number of elements in a sample, you
can enter up to that amount when you enter the initial
elements and when you enter additional elements. For
example, if you respond to the prompt Ente r No. Of
E I ements : with 8, you can enter 8 elements initially and
then enter additional elements 8 at a time.

With the standard 8K byte memory capacity, yoq may enter
at least 500 elements for grouped data or 1000 elements for
ungrouped data.

The arithmetic mean is the average value of the sample
data.

> For ungrouped data, it is the simple arithmetic mean.

> For grouped data, it is the weighted arithmetic mean.

The arithmetic mean is defined as:
n

r":(14{) I f1x1

where
n

N :  l f ,
i : l  '

The geometric mean is defined as:

i * : (x ,q X X2f ' .  .  .  x  xkfk)1n

where N:I f1 and k:the last element in the data set"
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The Means and Moments (MEAN) Program (continued)

Third Moment:
Skewness
(Continued)

Skewness
Coefficient

The Fourth
Moment

Relerence

The following graphs display two skewed curves.

The equation for finding the skewness coefficient is:

Skewness Coefficient : me(mz)34

The fourth moment helps you interpret the flatness or
peakednessof a distribution curve and is defined as:

n

m.: l/N E f.(x - r)a
4  i - l  l '  r

The kurtosis of distribution is determined with the equation

Kurtosis coeffi cient : m+/(mz)2

The kunosis of a normal distribution is 3. For values less
than 3, the curve flattens out. For values greater than 3,'the
curve becomes more peaked.

Stnndard Mathemntinal Tables, The Chemical Rubber Co',
1971, pp. 554-559

Positively (Right) Skewed Negatively (Left) Skewed

2.20 Descriptive Statistics



scllsllPls a^!ldycseq

'11 dals o1 og '1ndrn pua o1 931p31
ssaJd pue I ad,(1 'sluaurala 

Jo roqumu
lrmruDceru orl? Jolua lue.r( ]ou op no.{ g .c
'p1 dals o1 oE 'padno.6 s 1as qep aql JI 

.q
'11 da1s o1 op 'paralua

are sanp^ IIB 1lrm dap qql peda.r
'padno6un $ lassl"p puB quatuala

Jo raqumu runurDcru aql Jalua no{.;1 .e
'[U3lN3l ssard pw Iyro; anpa aq1ad,t1

ro 'anlsl luailnr ldarce 01[U3IN31ssarg

'11 dals o1
oC '[UgIN3l ssard pue pa.rols sl e]Bp qrr-q.r\

uo aureuaLrJ pue raqumu a4aap aq1 ad,(1

'2 dels o1
oE 'ailAap 

l€Jaqduad ,tq epp Equalue g
lg dels o1 oE 'preoq.{a4 fq elep Euualua

JI 
'lNl ssard 'elep padno.Btm laolos oJ 'q

'/ da?s ol
oE 'aapep praqduad ^{q epp Bu.ualua 3r
19 dals o1 oE 'preoq^,ta4 ,tq epp EqueXua

I 
'[Al ssard 'epp pedno.6 t)alas oJ

'anurluor ol IU3INgl ssard
ro 'pedqdqp s auruu ure.6oJd oIFI.d I"A,\

ueuuoSrsjnpflotd

(###)x raluS

ou,euol rl asrA00 laluf

ipedno.r0 ele0 sl

q
'B

ipreoq^ay Ig eleo raluf

sluaralf l0 oN .lalul

:epo3 e3rAeo.l01uf

iralu I id asrl

slNlllotri I sNVSw

{e$qs

'paacord o1 1g3lN3l ssa.r4/f/ r€luf lndul puf ol

,e

'lH3lNfl ssard Pue
aldures oq1 u sluaruala Jo raqumu aq1 ad.(1

'[UfIN3l ssarO pue apoc an^ap lndpo ad,(1

'[Nl ssard
'acrtap p:aqduad uror; elep ra?ua oJ

'[AIssa;A 'p.reoqita4 urory e]€p ralua oJ

'7 dals ol og .1tr11
ssard 'ro1rrud e asn oX lue,!4. lou op no.{ g 'q

'lAl ssaJd '.ra1qud e asn ol lue.tr no,{ Jtr '€

,NV:rw,, 111g edg'uer6ord quetuoyg 0", """Hfi:ti$gli::



Using the Means and Moments Prograrr (continued)

Step Display Procedure/Comment

10. Enter  f  (###) Press IENTERI to accept current value, or
type the frequency for cell i and press
IENTERI. Repeat steps 9 and 10 until aII
vaiues are entered. Go to step 11.

l l E d i t ?
b .

To edit data, press [YI.
To accept data, press [NI. If accepting
data entered by keyboard, go to step 19.
If accepting data entered by peripheral
device, go to step 21.

12. E d i t  A l  I  D a t a ? To edit all data, press [YI.
To edit single elements press lN]. Go to
step 15.

a.
b .

13. Enler  X(H##)  .  #HH# Press IENTERI to accept current value, or
tlpe correct value and press IENTERI.
a. Ifdataisgrouped, gotostep 14.
b. If data is ungrouped and entered by

keyboard, repeat this step until all
values are edited. Go to step 19.

c. If data is ungrouped and entered by
peripheral device, repeat this step unti)
all values are edited. Go to steo 21.

14. Enier t  (###): #H## Press IENTERI to accept current value, or
type con'ect value and press IENTERI.
Repeat steps 13 and 14 until all values are
edited. If editing data entered by keyboard,
go to step 19. If editing data entered by
peripheral device, go to step 21.

15 Enter  E lement  # ,Type the number of the element you want
to edit and press IENTERI.

16 Enter  X(###) :  #### Press IENTERI to accept current value, or
t)?e the correct value and press IENTERI
a. If data is ungrouped, go to step 18.
b. If data is grouped, go to next step.
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Using the Means and Moments Prografil (continued)

Slep Display Procedure/Comment

26. Disp lay  Moments? a. To display moments, press [YI.
b. To select next option, press [Nl. Go to

step 30.

27. 14 (2) = Displays the second moment. Press IENTERI
to proceed.

28. M(3) = Displays the third moment. ttess IENTERI to
proceed.

29. M ( 4 ) = Displays the fourth moment. Press IENTER]
to proceed.

30. D i s p l a y  S t a t i s t i c s ? a. To display statistics, press lYl.
b. To select next option, press [NI. Go to

step 34.

31. Displays the skew. Press IENTERI to
proceed.

32. Ku rtos r s= Displays the kurtosis. Press IENTERI to
proceed.

r fJ . N o . 0 f  E n t r i e s = Displays the number of elements. Press
IENTERI to proceed.

34. Ex i t  Program? a. To exit program, press [Yl.
b. To continue program, press INl. Go to

step 4.
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Application 1: Comparing Two Sets of Ungrouped Data parrinrre4

Step Display Procedure/Comment

10 E n t e r  X ( 4 ) :  0 \pe 69.9 and press IENTERI.

1 1 . E n t e r  X ( 5 ) :  0 Tlpe 66.3 and press IENTERI,

t2. E n t e r  X ( 6 ) :  0 Tlpe $.7 and pre*s IENTERI.

13. E n t e r  X ( 7 ) :  0 TVpe 69.5 and press IENTERI.

14. E n t e r  X ( 8 ) :  0 Tlpe 72.9 and press IENTERL

15. E n t e r  X ( 9 ) :  0 Tlpe 70.2 and press IENTERI.

16 E n t e r  X ( 1 0 ) :  0 Type 74.1 and press IENTERI.

t7 E d i t ? a. II you entered the data correctly, press
INI.

b" If you would like to recheck your data,
press [Yl.

18. Reco rd  Da ta? Press lNI.

19. I n p u t  A d d i t i o n a l  D a t a ? hesslNI.

20. D i s p l a y  M e a n s ? Press lYI.

2t . A r i t h m e t i c  M e a n =  6 9 . 3 1
Harmon ic Mean= 69.20924469
Geomet r ic  Mean= 69.25951514

Displays each mean. Proceed after each
output by pressing IENTERI.

22. Disp lay  Moments? Press lYl.

23. M(2)= 7.s269
M(3)= 3.938892
M(4 )=  114 .132Uu ,

Displays moments. Proceed after each
output by pressing IENTERI.

24. D i s p l a y  S t a t i s t i c s ? Fress IYI.

25. skew=.2114600903
Kurtosis= 2.311438747
N o , 0 f  E n t r i e s =  1 0

Displays each statistic. Proceed after
each output by pressing IENTERI.
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Application 1: Compadng Two Sets of Ungrouped Data ponrinue4

Step Display Procedure/Comment

46. E d i t ? Press [NI.

47. Record Data? Press INI

4tl. I n p u t  A d d i t i o n a l  D a t a ? hesslNl.

49. Disp lay  Means? Press IYI.

50. Arithmet ic Mean= 70.30666667
Harmonic Mean= 70. 19915809
Geomet r ic Mean= 70.25279208

Displays each mean. Proceed after each
output by presslng IENTERI.

51. Disp lay  Moments? Press IYI.

52. M(2)=  7 .699955556
M(3)=  4 .93266793
M(4)=  152.04781

Displays moments. Proceed after each
output by pressing IENTERI.

53. D i s p l a y  S t a t i s t i c s ? Press IYI

54. skew= .2349679456
Kurtosis= 2.625523613
N o . 0 f  E n t r i e s =  1 5

Displays each statistic. Proceed after
each output by pressing IENTERI.

D D . Ex i t  Program? Press IYI.
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Application 2: Using Grouped D?t? lcontinued)

Step Display Procedure/Comment

13. E n t e r  X ( 4 ) :  0 Tlpe 71 and pressIENTERJ.

14. E n t e r  f ( 4 ) :  0 I}pe 4 and press IENTERI.

15. E n t e r  X ( 5 ) :  0 T)'pe 73 and press [ENTERI.

16. E n t e r  f ( 5 ) : 0 Tlpe 1 and press IENTERI.

L7 E n t e r  X ( 6 ) :  0 Tlpe 75 and press IENTERI.

18 E n t e r  f ( 6 ) : 0 Tlpe 2 and press IENTERI.

19. E n t e r  X ( 7 ) :  0 Tlpe E and press IENTERI to end data input.

24. E d i t ? Press [Nl.

21. Record Data? Press lNl.

22. D i s p l a y  M e a n s ? Press lYI.

23. Ar i thmet  i c  Mean= 70,06666667
Harnpn ic  Mean= 69.96188555
Geometr i c Mean= 70.01414879

Displays each mean. Proceed after each
output by pressing IENTERI.

24. Disp lay  Moments? Press IYI

25. M(2)=  2 .39555555U
M(3)=  4 .93725963
M(4)= 149 27232t

Displays each moment. Proceed after
each output by pressing IENTERI.

26. D i s p l a y  S t a t i s t i c s ? Press IYI

27. Skew= .2479737556
Kurtosi s= 2.564672677
N o . 0 f  E l e m e n t s =  1 5

Displays each statistic. Proceed after
each output by pressing IENTERI.

2.30 Descriptive Statistics

Press lYl.28. Ex i t  Program?
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The One-Way Analysis of Variance (AOV1) Program

The One.Way Analysis ol Varianc€ prcgnm is designed to test
the hypothesis that more than two treatments have lhe same
eftoct.

Tesling the
Hypotheses

Analysis ol
Variance

The One-Way ANOVA test is used to analyze several sample
populatiors where only one factor is corsidered. The
program computes the degrees of freedom, sum of squares,
mean square, and the F-statistic. This information is needed
to use the F-distribution program (presented later) to test
the null hllpothesis, Ho: F1 : t;.z: . . . ttn

TWo assumptions concerning the analysis of variance are:

The populations are normally distributed.

The population variances are approximately equal.

Population samples used in one-way analysis of variance are
called treatment group. Each treatment gfoup i (i: 1,2, . . . ,
K) corsists of ni observatiors, and each observation in the
treatment group i is designated as xi; (j:1,2,. . . , q). The
different groups need not have the dame number of
observatiors.

You can organize the data from your population samples
into a table with columrs and rows. The rows represent the
treatments (population samples) and the columrs represent
the repetitions or data values.

Each data value is labeled as xii, where:

i is the treatment (row number) for i : l, 2, . . ., K

j is the observation (column number) forj: 1, 2, .

].

2 .

This notation enables you to easily locate a data value on an
ANOVA table. For example, the data value x* refers to the
data value in the third column of the second row, or the
third measurement in the second treatment.

3 . 2 Analysis of Variance
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The One-Way Analysis of Variance (AOVI) Program (conrinued)

Method Used
in the Program

Given the above terms and the preceding table, the ANOVA
table for those values can be constructed. The mezrn squaxe
is the total sum of squares divided by df. The two mean
square formulas used in this program are provided below
and are followed by the ANOVA table constructed from the
values in the preceding standard ANOVA table.

MST:SST/df T

MSE:SSE/df E

Source Sum of Squares df Mean Square

2
24
26

Rows
Error
Toial

47.5
2t6.5
M_

23.75 (MSR)
e.02 (MSE)

Relerence

The F-statistic F: MST/MSE with df T in the numerator and
df E in the denominator is then calculated by the program.
You can use this data and the F-distribution progam to test
the hypothesis that the mears of your populations are
equal.

Stnt'ist'i,cs, Rickrners & Todd, McGraw-Hill, 1967, pp.
162-166.

Analysis of Variance
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Step Display

10. Ed i  t?

1 1 .  E d i t  A l l  D a t a ?

L 2 .  E n t e r  X ( # # , # # ) :  # # H #

13.  Enter  Co lumn Number

1 4 .  E n t e r  X ( # # , # # ) :  # # # #

1 5 .  E d i t  M o r e  E l e m e n t s ?

16. Record Data?

17.  Enter  Dev ice .F i  lename:

18. More Treatments?

Procedure/Comment

a. To edit data, press lYI.
b. To accept data, press [NI. If accepting

data entered by keyboald, go to step 16.
If accepting data entered by peripheral
device, go to step 18.

a.
b .

To edit all data. press [YI.
To edit single elements, press [NI. Go to
step 13.

Press IENTER] to accept current value, or
tlpe conect value and press IENTERI.
Repeat this step until all values are edited
editing data entered by keyboaxd, go to
16. If editing data entered by peripheral
device, go to step 18.

Tlpe the number of the column you want
to edit and press IENTERI.

Press IENTERI to accept current value, or
type correct value and press IENTERI.

a. To edit more values, press [YI. Go to step
13.

b. To accept data, press [NI. If accepting
data entered by keyboard, go to step 16.
If accepting data entered by peripheral
device, go to step 18.

To record data, press [Yl.
To select next option, press lNI. Go to
step 18.

Tlpe the device number and filen€une on
which to record data and press IENTERI.

To enter more treatments, press [YI. Go
to step 5.
To continue the program, press [Nl.

a,
b .

a.

b.

3 .6 Analysis of Variance
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Application: Comparing the Effectiveness of Drugs

In this example, you use the One.Way ANOVA program to
oryanize the data and find the information neededlo comparc the
means for several populations with the same distribution.

Example Extend the example from the ''Unpaired t-test" section to
compzre the effects of three drugs used for the relief of
pain. Assume that three groups of patients with the same
illness are chosen for the experiment and are given drugs x,
y, andz respectively. The resulting number of hours of
relief for each patient is given below.

Repetition

Drugx

Drugy

Drugz

2,6,  4,  13,5,  g,  4,  6

Treatment

Test the hypothesis

Ho: All of the drugs relieve pain for the same amount of time
( x :  y : 2 . ,

against the alternate hypothesis

Hr: All of the dmgs do not relieve pain forthe same amount
of time.

Since the t-test can only be used for comparingtwo sample
populations, use the one-way analysis of variance to
perform this test.

To execute the One-Way ANOVA program, type RUN
"AOV1 " and press IENTERI.

Step Display Procedure/Comment

t . ONE WAY ANOVA Wait while the progyam name is displayed,
or press IENTERI to continue.

U s e  P r  i  n t e r ? Press [Nl.

Analysis of Variance

Press IYI.Enter data by k'eyboard?
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Step Display

23. E n t e r  X ( 2 , 3 ) 0

24. E n t e r  X ( 2 , 4 ) :0

25. E n t e r  X ( 2 , 5 ) :0

26. E n t e r  X ( 2 , 6 ) :

27 E n t e r  X ( 2 , 7 ) :0

28. E n t e r  X ( 2 , 8 ) :0

29. E n t e r  X ( 2 , 9 ) :0

Procedure/Comment

Tlpe 4 and press IENTERI.

T}pe 1 andpress[ENTERI.

Tlpe 8 zrrd press lerufgRl.

Tlpe 2 and press IENTERI.

Tlpe 12 and press IENTERI.

Type 'l and press IENTERI.

Tlpe 5 and press lerufeRl.

30. E n t e r  X ( 2 , 1 0 )  :  0 Tlpe 2 and press IENTERI.

31 . E d i t ? Press INL

32. Record Data? Press lNl.

33. More Treatments? Press [Yl.

u. Enter  Trea tment  Number :  3 Press IENTER] to accept cur:ent value.

35. Enter  No.  0 f  E lements :  10 Tlpe 9 and press ICTU I { I to clear the rest of
the field. Then press [ENTERI.

36. T o  E n d  I n o u t  E n t e r  ' E ' Press IENTER] to proceed.

37. E n t e r  X ( 3 , 1 )  :  0 Tlpe 2 and press lerufenl.

38. E n t e r  X ( 3 , 2 ) :  0 Tlpe 1 and press IENTERI.

3 . 1 0 Analysis ol Variance

Tlpe 3 and press IENTERI.39. E n t e r  X ( 3 , 3 ) :  0
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The Two.Way Analysis of Variance (AOV2) program

Two-Factor
Situations

Two-WayANOVA
Notations

The Two.Way Analysis ol Variance prcgram is used to determine
if either of two factors or an interaction between the factors has a
significant elfect on the response.

When two factors are involved, the test procedures must be
repeated so that some estimate of random error can be
made. To repeat (or replicate) the test procedure, you must
prepare two or more independent samples. Then, you
should treat these samples similarly.

Notation in the TWo-Way ANOVA program is the same as
the notation in the One-Way ANOVA program except a
subscript k is added to represent the repetition. For
example, the notation xn , represents the third datavalue in
the second column of thii"fourth treatment.

The notation T.1 . indicates a column total for all row and
replicate numbers. The table below shows a standard two-
factor experiment repeated twice. The experiment consists
of mixing film ingredients for a certain time at a certajn
temperature. The results attained in the experiment are a
percentage change of processing time from the normal
processing time.

Temperature

T; . .Time 7050

I hour 10
30

Tlj .  40

*20
-40
- 60- -24

bU
40--00

n
40
T6

2 hours

130T2i.

T . j . 3080 110:T

5 .  l z Analysis of Variance
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The Two-Way Analysis of Variance (AOV2) Program (continued)

Two-WayAnalysis
of Variance
(Continued)

The degrees of freedom (df) for each respective formula
above are

d f  : :N -  I

d f R : r -  1

d f C : c *  I

d f I : ( r - 1 ) ( c -1 )

d fE :d f> -d fR -d f c -d f I

With the data previously provided in this section, the
following ANOVA table may be corutructed.

MSR:SSR/df R

MSC:SSC/df C

MSI:SSVdfI

MSE:SSE/df E

Source
Sum of

Squares df
Mean

Square F Ratio

Time
Temperature
Interaction
Error
Total

2,812.5
3r2.5

2,812.5
L,25O.0
7,187.5

2,8L2.5
3L2.5

2,8L2.5
3t2.5

o
I
o

1
I
I

1

As in the One-Way ANOVA table, the mean square tenns
are the sum of squares divided by their respective degrees
of freedom" The F ratios are computed by dividing each
source mean square by the error mean squaxe, as specified
by the following formulas.

- MSR MSC MSIr': MSE r": MSE ri:N{.SE

3.14 Analysis of Variance
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Using the Two-WayANOVA Program (conrinued)

Step Display Procedure/Comment

t t . E d i t  A l  I  D a t a ? a.
b .

To edit all data, press lYI.
To edit single elements, press [NI. Go to
step 13.

12. Enter  (#H,##,H#)  .  HH#H Press IENTERI to accept current value, or
type correct value and press IENTERI.
Repeat this step until all values are edited. If
editing data entered by keyboard, go to step
18. If editing data entered by peripheral
device, go to step 20.

13. Enter  Row Number : 'I)ype the number of the row you want to
edit and press [ENTER].

14, Enter  Co lumn Number Type the number of the column you want
to edit and press IENTERI.

Enter  Rep l  i ca te  Number Tlpe the number of the replicate you want
to edir and press [ENtERl.

16. Enter  (## ,##  ,##) :  #### t'ress IENTERI to accept current value, or
type correct value and press IENTERI.

T7 , Edi  t  More  E lements? a. To edit more values, press [Yl. Go to step
l . ) .

b. To accept data, presslNl. If accepting
data entered by keyboard, go to step 18.
If accepting data entered by peripheral
device, go to step 20.

18 Record  Data? To record data, press lYI. Go to step 19
To select next option, press INI. Go to
step 20.

b.

19. E n t e r  D e v i c e . F i  l e n a m e : Tlpe the device number and filenarne on
which to record data and press IENTERI.

20.

Analysis of Variance

D i s p l a y  A n o v a  T a b l e ? To display ANOVA table, press lYI.
To select next option, press [NI. Go to
steo 26.

a,
b ,
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Application: Gonsidering Two Factors

In this example, you compare the means of two populations when
two factorc arc consideed. To compare the means, you must firs
analyze the variances for both populations.

Etample hr manufacturing aphotographic film emulsion, it is
customary to mix the ingredients and allow the mixture to
stand for a certain time at a certain temperature. You want
to lcrow if there is a significant interaction between time
and temperature for a particular set of ingredients. Because
the problem involves trairo factors (time and temperature)
plus a possible interaction, the experiment is replicated to
obtain a separate estimate of error. The results are
expressed as apercentage change from the normal
processing time of the film, as shown below.

Temperature

Stand Time

t hour 15
25

Trj 40

- 1 5
-30
-8, -----=

- o

T ; . .7060

90

2 hours

45 135:T.. .

Test the following three hypotheses at the 95% confidence
Ievel:

1. The changes in stand time produce no effect.

2. The changes in temperature produce no effect.

3. There is no interaction of time and temperature.

To execute the TWo-Way ANOVA program, type RUN
"AOV2" and press IENTERI.

3. 1 B Analysis ol Variance

D b D

45 45
T2j 50 

-T0 
140
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Step Display

t7. D i s p l a y  A n o v a  T a b l e ?

18. SS(T0TAL)= 6446.875
df(ToTAL)= 7

SSR= 3003.125
dfR= I
MSR= 3003.125

SSC= 153.125
A { ^ -  I

MSC= 153.125

SSI=  2278.125
d f  l =  1
l lSt= 2278.125

SSE= 1012 5
dfE= 4
MSE= 253.125

F i =  9
Fr=  i1 .86419753
Fc= .6049382716

Pool SSI And SSE?

Disp lay  Anova Tab le?

Procedure/Comment

Press IYI.

Press IYl.

Press [Yl.

19.

20.

3.20 Analysis ol Variance
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The t-Test: Paired Data ([TESTP) Program

Method Used in
the Program

This prcgram is designed to test the hypothesis that the average
diffeienCe between sample pairs is equal to zero'

The t-statistic is evaluated as:

t: f Vnlsr with n - I degrees of freedom

where f :mean of tlte differences between the paired
values

n :sample size
s, : standard deviation of the differences between
" the paired values using n - 1 degrees of freedom

The equation for comPutingf is
n
:. (x,-v)

A  - -

n

The equation for comPuting s; is

,-
\ /  ^ g (x,-v ) '-(,1 (x'-v1)) '

" a  Y  n - l

4 . 2 Parametric Tests
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Using the t-Test Paired Data Progr?tn (conrinued)

Slep Display Procedure/Comment

10.

1 1 .  E d  i  t ?

12.  Ed i t  A l  I  Data?

13.  Enter  X(###):  ####

14. Enter Y(###): ###H

15.  Enter  E lement  # :

16. Enter X(###): ####

17. Enter Y(###): ####

a. If you entered the maximum number of
elements (specified in step 5), go to step
1 1 .

b. If you entered less than the maximum
number, type E and press IENTERI. Go
step 19.

a. To edit data, press IYl.
b. To accept data, press [NI. If accepting

data entered by keyboard, go to step l9
If accepting data entered by peripheral
device, go to step 22.

a,
b.

To edit all data, press lYl.
To edit single elements, press [NI. Go to
step 15.

hess IENTERI to accept current value, or
type the correct value and press IENTERI.

hess IENTERI to accept current value, or
type the correct value and press IENTERI.
Repeat steps 13 ard 14 until all values are
edited. If editing data entered by keyboard.
go to step 19. If editing data entered by
peripheral device, go to step 22.

Tlpe the number of the element you want
to edit and press IENTERI.

Press IENTERI to accept current value, or
bype the conect value and press IENTERI.

Press IENTERI to accept curent value, or
type the correct value and press IENTERI.

4 .4 Parametric Tests
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Application: Comparing the Means of Two Populations

The t.Test Paircd prcgram can be used to comparc the means of
two coresponding sets of sample data frcm two populations thal
are normally distributed.

Example In an experiment to compare two different diets for pigp, a
farmerrandomly selects apairof pigs from each of ten
litters. One pig from each pair is placed on diet A for a fixed
period of time. The other pig from each pair is placed on diet
B during the same period. At the end of the experiment, the
farmer weighs each pig to see how much it has gained. The
results are tabulated below.

Diet A 2r.5 18,0 14.7 19.3 21.7 22.9 22.3 19.1 13.3 i9.8

Diet B 14.7 16.1 15.2 14.6 17.5 15.6 20.8 20.3 12.0 203

Evaluate the t-statistic for paired observations at a95%
conJidence level to test the null hypothesis

Ho: The diets cause the same average weight gain (Ma:Mb)

against the altemate hlpothesis

H,: The diets cause different average weight gains- 
(Ma+Mb)

To execute the t-test: Paired program, tlpe RUN "TTESTP'
and press IENTERI.

Step Display Prccedure/Comment

1 . t-TEST: PA I RED Wait while the program name is displayed,
or press IENTERI to continue.

Use Pr  i  n te r? hess[NI.

J . Enter Data By Keyboard? Press IYI.

Parametric Tests

Tlrpe 10 and press IENTERI.E n t e r  N o . 0 f  E l e m e n t s : 0
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Application: Gompadng the Means of Two Populations (cmrinr@

Step Display Prccedure/Comment

ENTER X(10) :  0 Type 19.8 and press IENTERI.

25. ENIER Y(10) :  0 Type 20.9 and press IENTERI.

26. E d i t ? a. If you entered the data correctly, press
IN].

b. If you would like to recheck your data,
press [Yl.

27. Record Data? Press [NI.

28. I n p u t  A d d i t i o n a l  D a t a ? Press [NI.

29. Standard .Dev= 3. 121769441
D e l t a  X =  2 . 4 9
t= 2.522310351
df=  9

Displays all requested values. Proceed after
each output by pressing IENTERI.

30. Exi t  Program? Press IYI.

Parametric Tests
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Using the t.Test: Unpaired Data program

To execute the t.Test Unpaircd prcgram, type RUN ,TIESTU"
and press [ENTERI.

Step Display Procedure/Comment

l . I-TEST: UNPA I RED Wait while the program name is displayed,
or press IENTERI to continue.

Use Pr  i  n te r? a. If you want to use a printer, press IYl.
b. If you do not wart to use a printer, press

lNI. Go to step 4.

3. Enter  Dev ice  Code: Tlpe output device code and press IENTERI

4. Enter Data By Keyboard? a. To enter data from keyboard, press lyl.
b. To enter data from a peripheral device,

press lNI.

l s  Data  Grouped? a. To select grouped data, press [YI.
b. To select ungrouped data, press [NI.

A I n p u t  X  V a l u e s . . . Displays prompt. Press IENTERI to proceed.

7. E n t e r  N o . 0 f  E l e m e n t s : press [ENfgRl to accept curent value, or
type the maximum nurnberof elements in
sample 1 and press IENTERI.
a. If entering data by keyboard, go to step

9.
b. If entering data by peripheral device, go

to step 8.

8. Enter  Dev ice .F i  I  ename: Tlpe the device numberand filename on
which data is stored and press IENTERI. Go
to step 13.

9. To End Inout  Enter  'E ' hess IENTERI to proceed.

4.10 ParametricTests
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Using the t-Test Unpaired Data Progldrl (continued)

Step Display Procedure/Commenl

15. Enter  f (###) :  #### Press IENTERI to accept current value, or
type correct value and press IENTERI.
Repeat steps 14 and 15 until all values are
edited. If editing data entered by keyboard,
go to step 20. If editing data entered by
peripheral device, go to step 22.

16. Enter  E lement  # : Tlpe the number of the elementyou want
to edit and press IENTERI.

L7. Enter  X(###):  #### Press IENTERI to accept cunent value, or
type correct value and press IENTERI.
a. If data is ungrouped, go to step 19.
b. Ifdataisgrouped, gotostep 18.

18. EnIer t  GH#): #H## Press IENTERI to accept curent value, or
type conect value and press IENTERI.

19. Edi t  More  E le rnents? To edit more elements, press IYl. Go to
step 16.
To accept data, press lNI. If accepting
data entered by keyboard, go to step 20.
If accepting data entered by peripheral
device, go to step 22.

a,

b .

20. Record Data? To record data, press [YI.
To select next option, press lNI. ff you
entered the maximum number of
elements, go to step 22. If you entered
less than the maximum number, go to
step 23.

a.
b.

2t . Enter  Dev ice .F i  lenarne: Tlpe the device number and filename on
which to record data and press IENTERI.

22. l nou t  Add i t iona l  Data?

b.

To input additional data, press [YI. Go to
step 9.
To select next option, press [NI.

4.12 Parametric Tests

Press IENTERI to proceed.23. Inpu t  Y  Va lues
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Using the t-Test Unpaired Data Progrdlrl (continued)

Step Display Procedure/Comment

30. E d i t  A l  I  D a t a ? To edit all data, press [Yl.
To edit sirgle elements, press [NI. Go to
step 33.

a.
b.

31 Enter Y(###): #### Press IENTERI to accept current value, or
fire correct value and press IENTERI.
a. If datais grouped, go to step 32.
b. If data is ungrouped and entered by

keyboard, repeat this step until all
values are edited. Go to step 37.

c. If data is ungrouped and entered by
peripheral device, repeat this step until
all values are edited. Go to step 39.

32. Enter t (9##): #### Press IENTERI to accept current value, or
type the correct value and press lgntERl.
Repeat steps 31 and 32 until all values are
edited. If editing data entered by keyboard,
go to step 37. If editing data entered by
peripheral device, go to step 39.

33. Enter  E lement  # Tlpe the number of the element you want
to edit and press leUfeRl.

34. Enter  Y(###) :  #### Press IENTERI to accept current value, or
type correct value and press IENTERI.
a. If datais grouped, go to step 35.
b. If data is ungrouped and entered by

keyboard, repeat this step until all
values are edited. Go to step 37.

c. If data is ungrouped and entered by
peripheral device, repeat this step until
all values are edited. Go to step 39.

35. Enter t  (#H#): #### Press IENTERI to accept current value, or
tlpe the correct value and press IENTERI.

4.14 Parametric Tests
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Application: Gomparing Samples with Unpaircd Elements

In this example, tho two samples ae taken frcm populations that
an rcmally distributed with unknown vadances that arc
assumed to be equal. The elements in the two samples, however,
cannol be palrcd.

Example TWo groups of patients at a m4jor hospital are selected for
an experiment to compare two drugs used forrelief of pain.
One group is given drug x, and the other group is given drug
y. The resulting number of hours of relief for each patient is
givenbelow.

Drugx: 2, 6, 4, L3,5, 8, 4, 6.
Dn rgy :6 ,4 ,4 ,  l , 8 ,2 ,  12 ,  l , 5 ,2 .

Use the Unpaired t-Test program to test the mrll hypothesis

I{o: p* - p: 2 hours

agairst the alternate hypothesis

Hr:trr*-p*2hours.

To execute the Unpaired t-test program, type RUN
"TTESTU" and press lerurcnl.

I

I

I

Step Display Procedure/Comment

I-TEST: UNPA I RED Wait while the program rurme is displayed,
or press IENTERI to continue.

:

:

l
I
l
l
4
a

:
z'"

-,

:

:
a

2. Use Pr in te r? hesslNI.

Enter Data By Keyboard? hesslYl.

4, ls Data Grouped? Press lNI.

l n p u t  X  V a l u e s : . . Press IENTERI to proceed.

6. Enter  No.  0 f  E lements :  0 Tlpe 10 and press IENTERI.

7. To End Input  Enter  'E ' Press IENTERI to proceed.

4.16 Parametric Tests

Tlpe 2 and press IENTERI.8. E n t e r  X ( l ) :  0
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Application: Comparing Samples with Unpaircd Elements pontl

Step Display Proeedure/Comment

26. F n + o r  V r l 6 \ '  A Tlpe 8 and press IENTERI.

27. E n t e r  Y ( 6 ) :  0 \'pe 2 and press IENTERI.

28. E n t e r  Y ( 7 ) :  0 \'pe 12 and press IENTERI.

29. E n t e r  Y ( 8 ) :  0 Tlpe 1 and press IENTERI.

30. E n t e r  Y ( 9 ) :  0 Tlpe 5 and press IENTERI.

3 1 . E n t e r  Y ( 1 0 ) :  0 Tlpe 2 and press IENTERI.

32. E n t e r  Y ( 1 1 ) :  0 Tlpe E and press IENTERI to end data input.

33. E d i t ? Press INI.

34. Record Data? Press [NI.

35. Enter  Hyp.  De l ta  Mean:  0 Tlpe 2 and press IENTERI.

36. t=- .3087445631
df=  16
nx= 8
nY= i0

Dlsplays all requested values. Proceed after
each output by pressing IENTERI.

37. Ex i t  Program? Press IYl.

4.18 Parametric Tests
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The Gontingency Table Analysis (CTB L) Program

By analyzing a contingency table, you can detemine whether the
two factorc ate independent ol each other. The Contingency
Table Analysis prcgram applies the chi.squar test of
independence to find the degiees ol freedom and the cumulative
distribution function of x2.

Method Used
in the Program

You can use the Contingency Table Analysis prograrn to
apply the chi-square test ofindependence to the row and
column classifications of a contingency table. This program
computes the:

> Chi-square statistic, denoted by12, with (R- lXC- 1)
degrees of freedom (where R is the number of rows and
C isthe number of columns)

> Cumulative distribution function of 12,P(x2).

You fail to reject a null hypothesis when P(12) is less than or
equal to the specified confidence level.

Calculations are based upon 12 where
R C

X':,2=, ! (Nx-Ex)2/E1

with (R- 1) (C - 1) degrees of freedom

where R :thenumberof rows
C : the number of columrs
Nij : the count, or number of observations occurring

in cell ij (row i, column j)
E1;:the maximum likelihood estimator of the

number of observations that should occur in cell
tj when the clessifications are independent (the
row and column factors are unrelated).

The probability of an event falling in both row i and column
j is expressed as

Ei;:(Ni. N..;)in

where: N1 . : the total number of counts in the ith row
N.;:the total number of counts in the jth column
n : the total number of observations, N . .

Prantiral Non-Parqntetri,c Stn?istins, Conover, Wiley, 1971,
pp. 154-155.

Relerence

Non.Parametric Tests
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Using the Contingency Table Analysis Program (conrinued)

Step Display Procedure/Comment

11 . E d i t  A l  I  D a t a ? To edit all data, press [Yl.
To edit single elements, press [NI. Go to
step 13.

a,
b .

t2 Ente r  X (## ,## ) :  #### Press IENTERI to accept current value, or
type correct value and press IENTERI.
Repeat this step until all values are edited. If
editing data entered by keyboard, go to step
17. If editing data entered by peripheral
device, go to step 19.

13. Enter Row Number \'pe the numberof the row you wart to
edit and press IENTERI.

t4. Enter  Co lumn Number : Tlpe the number of the column you want
to edit and press IENTERI.

15. E n t e r  X ( # # , # # ) :  # H # 4 Press IENTERI to accept current value, or
type correct value and press IENTERI.

ro. Ed i t  More  E lements? a. To edit more values, press [YI. Go to step
13.

b. To accept data, press [Nl. If accepting
data entered by keyboard, go to step I 7.
If accepting data entered by peripheral
device, go to step 19.

t7 Record Data? To record data, press IYl.
To select next option, press lNI. Go to
step 19.

a,
b.

18. E n t e r  D e v i c e , F i  l e n a m e Tlpe the device number and filename on
which to record data and press [ENTERI.

19.

Non-Parametric Tests

Ch i -Squa re= Displays the chi-square statistic. Press
IENTERI to proceed.
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Application: Inf luence of Prcpe{y Ownership on Voter Opinion

The Contingency Table program enables you to test the
hypothesis that two classifications arc independenl of one
another. ln this example, you use the prcgram to determine if a
vote/s opinion on an issue is influenced by the fact that he is a
prcpertyowner,

Example Tlvo hundred voters in a local bond election are randomly
selected and asked their opinion on an issue. The voters axe
then classified according to their answers to the question
and whether or not they are property owners as illustrated
below.

For Against Undecided Ni.

Property 0wner
Non-Property Owner
N . j

21 105
22 95
EM

45 39
47 26
M, 65

Test the null hypothesis that a voter's opinion of the bond
issue is independent of his status as a properby owner. Use a
90% confidence level.

To execute the Contingency Table program, type RUN
"CTBL" and press IENTERI.

Step Display Procedure/Comment

I CONTINGENCY TABLE Wait while the program name is displayed,
or press IENTERI to continue.

2. Use Pr  i  n te  r? Press [NI.

3. Enter Data By Keyboard? Press lYl.

4. Enter  No.  0 f  Rows:  0 Tlpe 2 and press IENTERI.

5. E n t e r  N o .  0 f  C o l u m n s :  0 Tlpe 3 and press IENTERI.

6. E n t e r  X ( 1 , 1 )  :  0 Tlpe 45 and press IENTERI

7. E n t e r  X ( 1 , 2 )  :  0 Tlpe 39 and press IENTERI

5 . 6 Non-Parametric Tesls

\pe 21 and press IENTERI.8. E n t e r  X ( 1 , 3 ) :  0
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The Mann-Whitney Rank-Sum Test (RSUM) Program

ll two populaiions arc assumed to have the same distribution'
you can use the Mann.Whiiney Rank'Sum Test program to
tompae the means of the two populations even if the form of the
distribution is unknown.

Gomparing
Means

This program compares the mears of two populations
where:

> Xis a random sample of size m.

> Y is a random sample of size n.

> The two distributiors of the cumulative density
functiors f(x) and g(x) take the same form.

You use this program to test the null h1'pothesis

Hu: the mears of the populations are equal; f(x):g(x)

against the alternate hypothesis

H, : the means of the populations differ by an unknown
co'rstant c, such that f(x) : g(x + c).

The following graph illustrates H,, as g(x) has shifted to the
right by an amount c.

(x) g(x)

\--------vr

Non-Parametric Tests
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The Mann.Whitney Rank.sum Test (RSUM) Program (conrinued)

Method Used in
the Program
(Gonlinued)

Refercnce

4. The program calculates the mean artd variance of w,
with the equatiors:

w:mn/2 and s*2:1s1m+n+ 1/12

5. The program then converts the standard deviation to
standard form, Yielding

zr:(wr- W)is*

where z is the standard deviate for that particular Mann-
Whitney statistic.

You can now use this data in the Normal Distribution
program to perform a lower-tailed test that evaluates your

hypothesis.

Note: If the difference between the mears (c) might be a
negative number, you should use Tr as the basis of your
test. Ttre progriun uses the same calculations except that an
upper-tailed test is used in the final evaluation'

Prantiral Non-Pararnetrit Stntisttics, Conover, Wiley, 1971
pp.224-229.

Non-Parametric Tests
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using the Mann.Whitney Rank.sum TesI Progr?lrl (continueo

Step DisPlaY

1 1 .  E d i t  A l  I  D a t a ?

L2.  Enter  X(###) :  ####

13.  Enter  E lement  #

14.  Enter  X(###) :  ####

15.  Ed i t  More  E lements?

16. Record Data?

1 7 .  E n t e r  D e v i c e . F i  l e n a m e :

18. InPut Sampie Two

19.  Enter  Dev ice  F i  lename:

a. To edit all data, Press [YI'
b. To edit single elements, press [Nl. Go to

Procedure/Comment

step 13.

Press IENTERI to proceed.
a. ff efitering data from keyboard, go to

step 20.
b. If mtering data from a peripheral

device, go to step 19.

Press IENTERI to accept current value, or
type correct value and press IENTERI.
Iiepeat this step until all values are edited'
editing data entered by keyboard, go to

16. If editing data entered by peripheral

del'ice, go to step 18.

Tvpe the number of the element you want

to edit and press IENTERI.

Press IENTERI to accept current value, or
type correct value and press IENTERI.

a. To edit more elements, press [YI. Go to

step 14.
b. To accept data, press [Nl. If accepting

data entered by keyboard, go to step 16'

ff accepting data entered by peripheral

device, go to step 18.

a. To record data, Press [YI.
b. To select next option, press lNl. Go to

step 18.

Type the device number and filenarne on

#hich to record data and press IENTERI.

TVpe the device and filename on which

daia is stored and press IENTERI. Go to r

Non.Parametric Tests

21.
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Usi ng the M an n.wh itney Ran k.su m.Test Progra m (continueo

Step DisPlaY Procedure/Comment

28. E n t e r  D e v i c e . F i  l e n a m e : Type the device number and filenarne on

#hich to record data and press [gNrgR]'

29. See Rank And Va lues? a. To displav values and their rank based
on meiged data. press [Yl.

b. To seleit next option, Press [Nl.

30 x ( # ) =
Ran k=

Displays each value and its rank. Press

IENTERI after each output to proceed'

31 . See X-Stat i  st i  cs? To display X-statistics, press [YI.
To select next option, press [NI. Go to

steo 33.

a,
b .

'7' Sum 0f X-Ranks=
w(x)=
z(x)=

Displays sum of X-ranks, Mann-Whitney X-

statistic, and standard deviate for X-
statistic, respectively. Press IENTERI after
each output to Proceed.

tfJ S e e  Y - S t a t i s t i c s ? To display Y-statistics, press [YI'
To select next option, press [Nl. Go to
step 35.

a,
b .

34. Sum 0f Y-Ranks=
fl(Y)=
z(Y)=

Displays sum of Y-ranks, Marur-Whitney Y-
statistic, and standard deviate for Y-
statistic, respectively. Ftess IENTER] after
each output to Proceed.

35. Rank Mean= Displays the rank mean. Press IENTERI to
proceed.

36. Rank Varaance= Displays the rank variance. Press IENTERIto
oroceed.

6 t . t . x  r t  P rog ramr a. To exit program, press lYl.
b. To continue program, press INl. Go to

step 4.

5 ' t 4 Non-Parametric Tests
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Application: comparing the Heights of Fathers and sons (cont)

Step DisPlaY Procedurelcomment

Inpu t  Sample  One. Press IENTERI to proceed.

E n t e r  X ( l ) :  0 Tlpe 67.2 and press IeNteRI.

8. E n t e r  X ( 2 ) :  0 Type 65 and press IENTERI.

9. E n t e r  X ( 3 ) :  0 Type 68.3 and press IENTERI

10. Enter  X(4)  :  0 Tlpe 69.9 and press IENTERI.

E n t e r  X ( 5 )  :  0 Type 66.3 and press IENTERI.

12 Enter  X(6)  :  0 Type 69.7 and press IENTERI.

t-.J. E n t e r  X ( 7 ) :  0 Type 69.5 and press IENTERI.

t4. E n t e r  X ( 8 )  :  0 Tlpe 72.9 and press IENTERI.

15. E n t e r  X ( 9 ) :  0 Type 70.2 and press IENTERI.

16. E n t e r  X ( 1 0 ) :  0 Tlpe 74.1 and press IENTERI.

17. E d i t ? Press INI.

18. Record  Data? Press [Nl.

t o l npu t  Sample  Two Press IENTERI to proceed.

20 E n t e r  Y ( 1 )  :  0 TVpe 68.4 and press IENTERI.

21. E n t e r  Y ( 2 ) :  0 Tlpe 65.3 and press IENTERI.

22. E n t e r  Y ( 3 ) :  0 ffie 66.5 and press IENTERI.

t .  t o Non-Parametric Tests

type 69 and press IENTERI.E n t e r  Y ( 4 ) : 0
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Application: Compadng the Heights of Fathers and Sons (conr.)

Step Display Procedure/Comment

38. x ( 1 ) =  6 5
Rank= 1

Y ( 1 ) =  6 5 . 3
Rank= 2

x ( 2 ) =  6 6 . 3
Rank= 3

Y ( 2 ) =  6 6 . 5
Rank= 4

x ( 1 0 ) =  7 4 . 1
Rank= 23

Y(14)=  74 .4
Rank= 24

Y ( 1 5 ) =  7 5 . 9
Rank= 25

Disp}ays all requested values one at a time.
Press IENTERI after each output to proceed

39. See X-Stat i  st i  cs? Press lYI.

40. Sum 0f X-Ranks= 112
vv(x)= 93
Z (X) = . 9984603532

Displays all requested values one at a time.
Press IENTERI after each ouput to proceed.

4t. See Y-Stat i  st i  cs? Press IYl.

42. Sum 0f Y-Ranks= 213
fY(Y)= 57
Z (Y) =- . 9984603532
tunL Ys6n= 75
Rank Var iance= 325

Displays all requested values one at a time.
Press IENTERI after each output to proceed.

5 . 1 8 Non'Parametric Tests

Press IYI.43. Exr t  Program?
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The Binomial Distribution (BINOM) Program

This program computes probabilities based on the binomial
distdbution.

Calculating
Prcbabilities

Method Used in
the Program

You can use this program to calculate the following
probabilities for n trials of an experiment.

> Probability of exactly k successes:f(k;n,p):f(k).

' Probability of k or fewer successes: F(k;n,p): P(k).

> Probability of more than k successes: 1- F(k;n,p): G}{k).

The probability function of a binomial distribution is given
by

L . ,

I  ( i j  l p u ( t - p f - u ,  k : 0 ,  1 , 2 , . . . , n i
f(k; n,p) : l t  ̂ '

I o, elsewhere

The cumulative distribution function of a random variable
with binomial distribution is simply

F(k;n,  n) : , l f ( j ;n ,  o)

The mean and standard deviation are determined by

f :nP

and

o:np(l -p)

Theoretical Distributions
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Application: Rolling Dice

In this example, you use the Binomial Distribution program to
compute probabilities when rclling a balanced die.

Example Find the probability of rolling exactly 2 fours in 5 rolls of a
balanced die.

To execute the Binomial Distribution program, type RUN
"BINOM" and press IENTERI.

Step Display Procedure/Comment

1. Bl N0ti4lAL Dl STRI BUTI0N Wait while the progmm name is displayed,
or press IENTER] to continue.

2. Use Pr  i  n te r? Press lNI.

3. E n t e r  n :  0 T}pe 5 and press IENTERI.

4. E n t e r  p :  0 Tlpe 1/6 and press IENTERI.

5. E n t e r  k :  0 Tlpe 2 and press IENTERI

6. Mean= .8333333333
Standard Dev= .8333333333
t  (2 \=  .1607510288
P(2)= .964506t728
Q(2)= .c35a%8272

Displays all requested values. Press IENTERJ
after each output to proceed.

,7 Fx i  t  Program? Press IYI.

Summary There is a 16.1% chance of rolling exactly two fours in five
rolls of a balanced die.

Theoretical Distributions
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Using the Chi-Square Distribution Program

To execute the Chi.Squarc Distribution prcgram, type RUN
"CHl2" and press IENTERI.

Step Display Procedure/Comment

1 . cH | -SQUARE D I STR I BUT r0N Wait while the program ruune is displayed,
or press IENTERI to continue.

Use Pr  i  n te r? a.
b.

If you want to use the printer, press [Yl.
If you do not want to use the printer,
press [NI. Go to step 4.

Enter  Dev ice  Code Tlpe output device code and press IENTERI.

E n t e r  d f : Press IENTERI to accept curent value, or
type the degrees offreedom and press
IENTERI.

Enter  C l i i -Square : Press IENTERI to accept current value,,or
t1'pe the chi-square value'and press
[ENTERI.

Q(###) = Displays the area of the curve to the right of
the chi-square value. Press IENTERI to
proceed.

Exi t  Program? a. To exit program, press lYl.
b. To continue program, press lNl. Go to

step 4.

Theoretical Distributions
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The F-Distribution (FDIS) Program

This prcgram computes prcbabilities based on the Fdistrlbution'
The tall arca of the apprcprlate curye is calculated trcm one of the
three formulas that follow.

Method Used in
the Prcgram

Reference

6 .8

df, (df, + 2) . . . (df, +df, -+;

2 x 4 .  . . ( d f 2 - 2 )

If df, is even, the formula is

9l df. df"(df"+2)
Q(F:df,, dfr): *'z \ | 

+ 
; 

(r - x) + -i; 4 
--:- (l - x)2 + . . .

dfr(dfr+2). . . (dfr+df, -4) .. .9-" ? \*@( l -x ) .1

where x:dfr(dfr+AfrF). If df, is even, then

* / df, df,(df, +2)
Q(F:df , ,d f r ) :1- (1-x) 'z  I  t - f  x+ - i i4  - *+ . . .

df"-2 \

"-)
where x is defined above. When both df, and df" are odd,
the formula is

Q(F:df,, df,): I - A(t:dfr) + p(df' df2) where

f  f te*t i "etcoso+f cos3e+ ' . .
A(t:Orr): 

| 26
( -fordfr:1

2 x 4 .  . .  ( d f - - 3 )
+3;E - .-(*_2i 

cosd'-20)) for df, > I and

( .  | /  " '- ' \r
Adr,, dr,): { +}#.ino cosrzo (1 +$sin'e+ . . .

I \ , /:
lO fo rd f t= l  ' l

(d f "+ l ) (df"+3) .  . .  (d f r+dfr -4)s indr '301 -  .^  -  I
"  Jrordfr>t  f

*O r:*"*ffi |

Hardbwk oJ Mathema'tim,l Furwtillns, Abramowitz and
Stegun; National Bureau of Standards, 1964, p. 946.
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Application: Verifying an F'Statistic

In ihis example, you use the F-Distributibn prcgram with an open'
tailed test to determine whetheryou should reject your null
hypothesis.

Example Suppose that you evaluated some data, using a one-way
analysis of variance test, and found an F-statistic of
F(2,24):2.63. Using an open-tailed test, determine whether
you should reject your null hypothesis when testing at the
90% confidence level.

To execute the F-Distribution program' fipe RUN "FDIS'
and press IENTERI.

Step Display Procedure/Comment

1. F-DISTRIBUTION Wait while the program name is displayed,
or press [ENTERI to continue.

2 . U s e  P r  i n t e r ? Press [NI.

J . E n t e r  d f 1 :  0 Type 2 and press IENTERI.

i E n t e r  d f 2 : 0 T)'pe 24 and press [eruTERI.

5. E n t e r  F :  0 Tlpe 2.63 and press [ENTERI.

o . QG/24)= .0927348639 Displays the area ofthe curve to the right of
the F-statistic. Press IENTERI to proceed.

Ex i  t  Program? Press IYI

Summary To test at the 90o,4 confidence level, Il should be rejected if
P(F) > 0.90. This is the sarne as rejecting Ho when Q(F) d
0.10. Since Q(2.63) < 0.10 for 2 and24 degrees of freedorn,
you can reject Ho.
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The Normal Distribution (NORMAL) Program (continued)

Method Used in To compute z, given p:Q(z)
the Program
(Continued) co+ crt + crt2

1+d, t+dr tz+dr t3
+€(p)

where

l€b) l<4.5x10-4

r:/tnf tzpT

cr,:2.5L55LT dt: 1.432788
c,:.802853 d2:.189269
c, : .010328 q: .001308

Reference Hard,book of Mathemntical Ffunct:ions, Abramowitz and
Stegun. National Bureau of Standards, 1964, pp. 932-933.
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Using the Normal Distribution Prografit (conrinued)

Step Display Procedure/Comment

1 0 .  E n t e r  Q ( z ) : Press IENTERI to accept current value, or
type the area to the right of the normal
curve and press IENTERI.

1 1 . Displays the standard deviate. hess
IENTERI to proceed. Go to step 5.
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The Poisson Distribution (POISS) Program

This prcgram computes pmbabilities based on the Poisson
distribution.

Method Used in
the Program

Relerence

0.4

0.3
f{k)

0.2

0.1

0 1 2 3 4 5 6
k

The probability of exactly

r/r-\ mk e-t where,t^l:--Tr-

Statistiml Distributions,
Sons, 1975, pp. 108-112.

To use this program, you need to know the m parameter.
The m parameter is the average number of successes (k)
which should occur in a sample, defined as:

m parameter: sample size x probability of success

which is also defined as:

m : l x t

where,t (lamMa) represents the mean rate at which
successes occur during the process and t represents the
period of time. Using the second formula, the m parameter
represents the mean number of successes (k) which occur
duing time period t. Several Poisson distributions are
illustrated below with various values for i'

0.3
(k)

0.2

0.1

0 1 2 3 4
k

0  I  2  3  4  5  6  7  8  9 l 0 l 1 l 2 l 3
k

k successes is labeled as f(k).

m:nP
k : the number of successes

Hastings and Peacock. Wiley and
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Application 1 : Calculating Probability (Poisson Distribution)

You can use this program to determine the probability of an
occunence.

Example The number of accidents that occur in a busy intersection
during a week are observed. They follow a poisson
distribution with m: 2.5. What is the probabitity that there
will be more than four accidents at this intersection durins a
given week?

Execute the Poisson Distribution program by entering RUN
"POtSS".

Step Display Procedure/Comment

l . POISSON DISTRIBUTION Wait while the program name is displayed.
or press [ENTERI to continue.

Use Pr  i  n te r? Press lNI.

E n t e r  m :  0 \'pe 2.5 and press IENTERI.

E n t e r  k : 0 \pe 4 and press IENTERI.

f (4 )=  .1336018858 Displays the probability of exactly k
successes. Press IENTERI to proceed.

P(4 )= .3911736 t tn Displays the probability of k or fewer
successes. Press IENTERI to proceed.

7. Ex r t  Program? Press [YI.

Summary Q(k) is calculared by using the fact thateft) : 1 - p(k). Afrer
exiting the program, Wpe 1 -.8911780189 and press IENTERI
to calculate Q(k):.1088219811, which gives the propability
of more than four accidents per week (10.9%).
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The Student's t- Distribution (STU DENT) Program

This program computes probabilities based on the Student's
tdistribution.

Inputs forthe
Program

Method Used in
the Program

Reference

When using this program, you must know the degrees of
freedom for your sample, which must be at least df :2. You
must also lcrow the t-statistic, which can be computed by
either the t-Test: Paired or t-Test: Unpaired program.

Because the Student's t-Distribution has a relationship to
the F-distribution, the value P(t) is calculated from the
following formula.

Pr[(T:dfX x] : i {1 + Pr[(F:1, df)( x2] ]

Usingthis result, you may calculate the following
probabilities manually.

Q(t ) :1-P( t ) :Pr( I>t )

A(t):2P(t)- 1 :Pr(I < lt l)

where A(t) is the acceptance region when using a two-tailed
test.

Statisti.al Distrilnrtinns, Hastings & Peacock. Wiley, 1975,
p .120 .
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Application 1: Testing the Uniformity of Engine Performance

The following example uses the Student's l.Distribution prcgram
to determlne il lherc has been a significant change In gasoline
consumption lor an experimental engine.

Example An experimental engine has been previously tested for
gasoline consumption. A short time later, it is decided to test
the engine again to see if it is still operating at the same
average gasoline corsumption rate. Eight tests are run, and
a t-statistic of 2.30 is obtained by comparing the new
average consumption with the old average consumption. At
a 95% confidence level, test the null hypothesis that the
engine is operating at the same corsumption rate.

To execute the Student's Ldistribution program, type RUN
"STUDENT' and press IENTERI.

Step Display Procedure/Comment

l . STUDENT'S t-DI STRI BUTION Wait while the program niune is displayed,
or press IENTERI to continue.

2 . Use Pr  i  n te r? Press INl.

3. E n t e r  d f :  0 Tlpe 7 and press IENTERI.

4 . E n t e r  t :  0 Tlpe 2.3 and press [ENTERI.

5. P(2.3)= .97x444524 Displays the area of the curve to the left of
the t-statistic. Press IENTERI to proceed.

6. Ex i t  Program? Press IYI.

Summary You use a two-tailed test for this example, since the new
consumption rate may be significantly greater or
significantly less than the old cornumption rate. As a result,
you fail to reject the null hypothesis if 0.025 < P(t) < 0.975.
Since P(t) < .975, you fai-l to reject your null hypothesis.

6.22 TheoreticalDistributions



EZ.9suollnq!4slo lEclleloeql

'tUSINll 
t t I FICI ssaJd Pue O adAlz'T : l raluf

'onIBA luarrnr ldacre ot [HiINtl ssaq0g :lp r3lul

'[Nl ssa;6,urerSoJd l I xf

'paacord o1;g3lNfl ssard 'cllq1els-t oql
Jo lJaI or{l o} a^rnr aql Jo €aJe aq1 *(qdsrq9ne8n|e088 =lz I)d

'[H3IN3] ssaJd PtrB Z'l ad{l0 :l re+uf

'lUlINfl ssord Pue gE od{[0 :Jp raluf

'[Nl sse;6iialu I rd asn

'anur3uoc ot [UlIN3l ssard ro
'pa,teldsJp s aureu uredord aql aln{ { Te.&\N0t-Ln8 tuls t0-1 s, INlorus

ueuuroc/empacgrd[e1ds;g dels

'[Uf INS! ssard Pu€,,IN3OnIS,,
NnU ad& 'rue6ord uorlnquF.rp-l s,luapnls aql aXncaxa oJ

'aarnc puuou pJBpuB?s aql roJ BaxB Eulpuodsoiloc
aql qll,n €are s.q1 aneduro3 'z' 

I : 1 pir€ 0 : l uaa^qaq
tuopaa{ Jo saa€ap 08 q}Lr a^Jn) } arn raprm €a.Ie aw put{oFurPr3

'arunc lBuuou prspuels 0r,ll.rof
BarB aurEs aql ql!/n BerB slql aredurqJ Pue orunll aql rapun Bare

oql alnduqc ol uo[nqulslPt s.luepnls eql sesn alduExe slql

orunc-l aqllepun Berv aql6u;pu;1 :z uollBcllddv



Application 2: Findin$ the Area Under the t'Gurve (continued)

Siep DisplaY Procedure/Comment

o P(0)=  5 Disolavs the area of the cuve to the left of
ttre t-siatistic. ttess IENTERI to proceed.

Ex i  t  Program? Press IYl.

Summary This area is found by performing the following calculations:

P(t< 1.2) - P(t<O) : P(1.2) - P(0)
:.8802348246-.5
:.38023482M

Executingthe same calculations with the Normal Distribution
program (usin eP(z):l - Q(z)) results { qe" : '3U9302679 '-l.lote 

tt attt esb areas are approximately the same, demon-

strating the fact that the t-curve becomes the standard
normal curve for df ) 30.

6.24 Theorctical Dislributions
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Subprogram Information

Many of the routines used in the programs of this library are
developed as independent subprcgrams. These subprcgrams
may be accessed lor use in developing your own BASIC
programs.

The Information
in this Appendix

Calling a
Subprogram

This appendix provides the information necessary for
including the cartridge subprograms in yow own BASIC
programs. The subprograms are arranged in alphabetical
order by their calling names. The discussion of each
subprogram includes:

> Format-illustrates the format necessary for calling the
subprogram and identifies the requirements, restrictiors
and purpose of each element in the argument list.
Elements in all capital letters should be entered exactly
as they appear in the format line.

> Exarnple-demonstrates the procedure for executing
the subprogram.

To call the subprogram, you use the CALL statement with
the name of the subprogram and its assigned arguments.
For example, to call the subprogxam NORM at line number
230 in your program, enter

230 CALL NORM(aq)

where z passes the value for the standard deviate, and g
returns the area to the right of the standard deviate.

Refer to the TI-74 Progtranxming Referewp Gui'dB for
details on the restrictions and requirements for using
subprograms.

User-Accessible Subprograms
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F and lR

The F subprcgram finds the height ol the normal curve at the
standad deviate. The lR subprogram inputs a number.

F Format

Example

lR Format

Example

CALLF(e,/)

Passes the value for the standard deviate.

Passes a dummy variable that returns the height of the
normal curve at the standard deviate.

r O O  Z = . 1 2
1 1 0  C A L L  F ( Z , F )

F returns a value of .3960802 1 18.

CALLIR(@bpos,prom.pt$,uarinble dsai&)

t&W)s Specifies tab position when printing the input
value (only used with a Printer).

prompt$ Passes a prompt describing the requested
variable.

lnriable Retums the value entered.

deuifre Passes the output device number.

1 0 0  C A L L  l R ( 1 5 ,  " S t a n d a r d  D e v .  / ' , S D , P N )

1. When the line is executed, the subprogram asks for input
with the prompt:

E n t e r  S t a n d a r d  D e v . :  X

where X is the current value of SD.

2. After input, the value of PN is checked. If it is 0, control
returns to the calling progam. If PN > 0, the prompt and
the entered number are printed on device #PN:

S tanda rd  Dev .=  X

Control then retums to the calling program.

User-Accessible Subprograms

f
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lZand MN (continued)

MN Format
(Continued)

Example

m2

mS

m4

f1

f2

total

Retums the second moment if k is 0 or - 1.

Returns the tNrd moment if k is 0 or - 1.

Returns the fourth moment if k is 0 or - l.

Retums - I as flag if invalid numbers are used to
calculate harmonic mean. Othehvise returns 0.

Returns - 1 as flag if invalid numbers are used to
calculate geometric mean. Otherwise retums 0.

Retums the total number of observations in the
finalsetof inputif /cis 1or - 1.

1 0 0  D r M  x ( 4 ) , F ( 4 )
1 1 0  D A T A  3 , 4 , 5 , 6
1 2 0  D A T A  L  , 2 , 2 , I
130 RESTORE 110
140 FOR | =l to 4: READ X( | ) : NEXT I
150 RESTORE 120
1 6 0  F O R  l = 1  t o  4 : R E A D  F ( l ) : N E X T  I
1 7 0  C A L L  M N ( X O , F O , - 1 , 4 , A M E A N , G M E A N , H M E A N ,

MOM2, MOM3, MOM4, FH, FG, TOTAL)

Retums the three means and three moments. Returns 0 for
both flags and 6 for the value of TOIAL.

User-Accessible Subprograms
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SM and SORT

The SM subprogram finds the sum and the sum ol squarcs for a
rcw in a twodimensional anay. The SORT subprcgram sorts a
one{imensional anay in ascending oder, using the Shell Sott
meihod.

SM Format

fr{,)

r

col

slnn

samsqr

SORT Format CALLSOHI(rO,n)

Example

r t )

n

100
1 1 0
120
130
140
1 5 0

X( ) returns as

x(1):1
x(2):2
x(3):3
x(4):4

CALL SM(r(, ),r,col,swn,sun6q)

Passes the values for a two-dimensional array.

Passes the number of the row to be summed.

Passes the column position of the last element
the summation is to include.

Retums the sum of the elements in the given
row.

Retums the sum of the squares of the
elements in the given row.

Passes the elements of a one-dimersional
array r( ) and retums the sorted array.

Passes the number of elements in the aray.

x ( 1 ) = 4
x ( 2 )  = 1
x  (3 )  =3
x(4)=2
N=4
CALL SORT(XO,N)

User-Accessible Subprograms
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WR and YN

The WR subprcgram prinls a space and then pdnts a message.
The YN subprcgram asks a yesor.no question.

WR Format

Example

YN Fomat

Eemple

C LIL W R(meswg e $,prirter,yt use-t ima)

mpsage$ Passes the message, in quotes, to be printed.

Wfutfer Passes a number to the output device where
the message is to be printed. lf prirfier : 0,
ttre message is displayed rather than
printed.

pau,se-time Specifies the number of seconds to pause.

i00 CALL wR(,MESSAGE',PN, 1)

When the line is executed, the message MESSAGE is
displayed for one second and then printed.

CALL YN(quust i{n$ ,anstoer dauice)

quest*m"$ Passes the question to be asked. (Do not
include a question mark; it is added
automatically.)

unsu,vr Retumsorruer:0whenlNlispressed, or
retums answer: - I when [Yl is pressed.

dsukn Passes device number. If device number is
zero, output is displayed. If the device number
is greater than zero, qunstinn'$ is printed on the
specified device.

1 0 0  C A L L  Y N ( ' E d i  t ' , D , P N )

When the line is executed, the question Ed i t ? appears in
the display.

. Responding with [Yl sets D: - 1 and prints the question,
on device #PN.

> Responding with INI sets D :0. Control is then passed
back to the calling routine.

A.10 User.AccessibleSubprograms
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Service Information

lf you experience a problem with the cartridge, you can call or
write Consumer Relations to discuss the problem.

For Service and
General
lnformation

ForTechnical
lnlormation

Express Service

Accessories

Ifyou have questions about service orthe general use ofthe
cartridge, please call Corsumer Relatiors toll-free within
the United States at:

1-800-Tr CARES {8 42-27 S7).

FYom outside the United States, call L-8O6-741-4800. (We
cannot accept collect calls at this numtrer.)

You may also write to the following address:

Texas Lrstruments Incorporated
Consumer Relations
P.O. Box 53
Lubbock, Texas 79408

Please contact Consumer Relations:

t Before retuming the cartridge for service

t For general information about using the cartridge

Ifyou have technical questions about cartridge operation or
programming applications, call 1-806-74I-2663. We regret
that we cannot accept collect calls at this number. As an
altemative, you can write Corsumer Relations at the
address given above.

Texas Instruments offers an express service option for fast
retum delivery. Please call Consumer Relations at 1-800-TI
CARES (842 - 27 37 ) for nf ormation.

If you are unable to purchase calculator accessories (such as
the CI-7 cassette ihterface cable) from your local dealer,
you may order them from Texas Instruments. Please call
Corsumer Relations at 1-800-TI CARES (M2-2737) for
information.

Sewice and WanantY
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Service Informatiofl (continued)

Texas Inslruments
Service
Facilities

U.S. Residents
(U.S. Postal Service)
Texas Instmments
P.O. Box 2500
Lubbock, Texas 79408

C,anadian Residents Only
Texas Instmments
41 Shelley Road
Richmond Hill, Ontario IAC 5G4

U.S. Residents
(other carriers)
Texas lnstmments
2305 N. University
Lubbock, Texas 79415

Service and Wananty
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