Chapter 12:
Statistics

Getting Started: Pendulum Lengths and Periods

Getting Started is a fast-paced introduction. Read the chapter for details.

A group of students is attempting to determine the mathematical relationship between
the length of a pendulum and its period (one complete swing of a pendulum). The group
makes a simple pendulum from string and washers and then suspends it from the
ceiling. They record the pendulum’s period for each of 12 string lengths.*

Length (cm) Time (sec) Length (cm) Time (sec)
6.5 0.51 24.4 1.01
11.0 0.68 26.6 1.08
13.2 0.73 30.5 1.13
15.0 0.79 34.3 1.26
18.0 0.88 37.6 1.28
23.1 0.99 41.5 1.32

*This example is quoted and adapted from Contemporary Precalculus Through Applications, by
the North Carolina School of Science and Mathematics, by permission of Janson Publications,
Inc., Dedham, MA. 1-800-322-MATH. © 1992. All rights reserved.

1. Press & to set Func graphing
mode.
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2. Press 5 to select 5:SetUpEditor. SetUpEditor [S=tlFEd]tor
is pasted to the home screen. Done

Press [ENTER]. This removes lists from stat list editor
columns 1 through 20, and then stores lists L1
through L6 in columns 1 through 6.

Note: Removing lists from the stat list editor does
not delete them from memory.

3. Press 1 to select 1:Edit from the STAT EDIT  [r3 5z e 1
menu. The stat list editor is displayed. If elements | m—f ______ ______
are stored in L1 and L2, press [4] to move the
cursor onto L1, and then press 0] =
to clear both lists. Press [«] to move
the rectangular cursor back to the first row in L1.

4, Press6[]5 to store the first pendulum L

LIl =

1 Lz Lz 1
string length (6.5 cm) in L1. The rectangular cursor | zu.u
. ch.B
moves to the next row. Repeat this step to enter 0.5
each of the 12 string length values in the table. N
e
Lii1z) =
5. Press[»] to move the rectangular cursor to the first [T =z Tz z

row in L2.

Press (1] 51 to store the first time
measurement (.51 sec) in L2. The rectangular

cursor moves to the next row. Repeat this step to | Zam =
enter each of the 12 time values in the table.

e
[T
M m e

=
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Press [Y5] to display the Y= editor.

If necessary, press to clear the function Y1.
As necessary, press (4], [ENTER], and ] to turn off
Plot1, Plot2, and Plot3 from the top line of the

Y= editor (Chapter 3). As necessary, press [+], (4,
and to deselect functions.

Press [STAT PLOT] 1 to select 1:Plot1 from the
STAT PLOTS menu. The stat plot editor is
displayed for plot 1.

Press to select On, which turns on plot 1.
Press [+] to select 1= (scatter plot). Press
=] [L1] to specify Xlist:L1 for plot 1. Press

=] [L2] to specify Ylist:L2 for plot 1. Press
=1D] to select + as the Mark for each data
point on the scatter plot.

Press 9 to select 9:ZoomStat from the ZOOM
menu. The window variables are adjusted
automatically, and plot 1 is displayed. This is a
scatter plot of the time-versus-length data.

Flokl Floktz Flokz
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Since the scatter plot of time-versus-length data appears to be approximately linear, fit a
line to the data.

10. Press [] 4 to select 4:LinReg(ax+b) (linear Linkegdtaxtbr B
regression model) from the STAT CALC menu.
LinReg(ax+b) is pasted to the home screen.

1. Press [2nd) [L1] ] 2nd) [L2] [L]. Press BJ1to LinRegtaxtb? Lis
display the VARS Y-VARS FUNCTION secondary  [Lz:'/10

menu, and then press 1 to select 1:Y1. L1, L2, and
Y1 are pasted to the home screen as arguments to
LinReg(ax+b).

12. Press to execute LinReg(ax+b). The linear Linked

i i i g=ax+h
regression for the data in L1 and L2 is calculated. o
Values for a and b are displayed on the home b=, 4296226236

screen. The linear regression equation is stored in
Y1. Residuals are calculated and stored
automatically in the list name RESID, which
becomes an item on the LIST NAMES menu.

13. Press [GRAPH]. The regression line and the scatter
plot are displayed.
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The regression line appears to fit the central portion of the scatter plot well. However, a

residual plot may provide more information about this fit.

14.

15.

16.

17.

Press 1 to select 1:Edit. The stat list editor is
displayed.

Press [»] and [<] to move the cursor onto L3.
Press [INS]. An unnamed column is displayed
in column 3; L3, L4, L5, and L6 shift right one

column. The Name= prompt is displayed in the
entry line, and alpha-lock is on.

L1 Lz L__IE
5.5 =
1 ‘58
izez |7z
it g
i\ B[
Zz1 | .mm
I E
Hame=0

Press [LIST] to display the LIST NAMES menu. |EIIEI§_IEPS MATH

If necessary, press [+] to move the cursor onto the
list name RESID.

Press to select RESID and paste it to the
stat list editor’'s Name= prompt.

Press [ENTER]. RESID is stored in column 3 of the
stat list editor.

Press [+] repeatedly to examine the residuals.

L1 Lz L__IE

5.5 =

1 ‘58

izez |7z

it g

i\ B[

Zz1 | .mm

I E
Hame=RESID#

L1 Lz EE I
B.E £l L]
1i ] ~0zE
1.z ] L LLL]
it e o1y
1B BB el |
erl L] .0zegg

nzsin ={-. 869.?52?...
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Notice that the first three residuals are negative. They correspond to the shortest

pendulum string lengths in L1. The next five residuals are positive, and three of the last
four are negative. The latter correspond to the longer string lengths in L1. Plotting the

residuals will show this pattern more clearly.

18. Press [STAT PLOT] 2 to select 2:Plot2 from the
STAT PLOTS menu. The stat plot editor is
displayed for plot 2.

19. Press to select On, which turns on plot 2.

Press [+] to select I (scatter plot). Press
(+] [L1] to specify Xlist:L1 for plot 2. Press (<] [R]
[E][S][1] [D] (alpha-lock is on) to specify
Ylist:RESID for plot 2. Press [+] to select O

as the mark for each data point on the scatter plot.

20. Press [Y] to display the Y= editor.

Press [«] to move the cursor onto the = sign, and

then press to deselect Y1. Press [4] to
turn off plot 1.

21. Press 9 to select 9:ZoomStat from the ZOOM
menu. The window variables are adjusted
automatically, and plot 2 is displayed. This is a
scatter plot of the residuals.

Flotd Flot:

On

TaFes L= dhw
HIH

Flotl FMHE Flokz

B e 5 M 5 ar e
SEVE+. 4298826235
r2ar

M=

wMr=

wMy=

wNe=
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Notice the pattern of the residuals: a group of negative residuals, then a group of positive
residuals, and then another group of negative residuals.

The residual pattern indicates a curvature associated with this data set for which the
linear model did not account. The residual plot emphasizes a downward curvature, so a
model that curves down with the data would be more accurate. Perhaps a function such

as square root would fit. Try a power regression to fit a function of the form y = a  xP.
22. Press [Y4] to display the Y= editor. AME Flatz Flot:
~N=
Press to clear the linear regression whle=
equation from Y1. Press (4] to turn on plot 1. :ﬁﬁ;
Press [»] to turn off plot 2. :Ef
~Ne=

23. Press 9 to select 9:ZoomStat from the ZOOM
menu. The window variables are adjusted
automatically, and the original scatter plot of time- |- "
versus-length data (plot 1) is displayed. o

24. Press 0] [A] to select A:PwrReg from [FurFed Li-Lz. 710
the STAT CALC menu. PwrReg is pasted to the

home screen.

Press L1 [L2][5]). Press D]1to
display the VARS Y-VARS FUNCTION secondary
menu, and then press 1 to select 1:Y1. L1, L2, and
Y1 are pasted to the home screen as arguments to
PwrReg.
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25. Press to calculate the power regression. Furked
i g=g%x b
Values for a and b are d|spl_ayed on t_he I_ﬂome e
screen. The power regression equation is stored b=.3224982852
in Y1. Residuals are calculated and stored

automatically in the list name RESID.

26. Press [GRAPH]. The regression line and the scatter
plot are displayed.

The new function y=.192x-522

examine a residual plot.

appears to fit the data well. To get more information,

27. Press (Y9 to display the Y= editor. Flotl BMGE Flots
~N=, 19228280213
Press [(] to deselect Y1. gg%h‘“. S224982852
Press (4] to turn off plot 1. Press [»] to :323
turn on plot 2. Ve
~Ne=
Note: Step 19 defined plot 2 to plot residuals
(RESID) versus string length (L1).
28. Press 9 to select 9:ZoomStat from the ZOOM n
menu. The window variables are adjusted
automatically, and plot 2 is displayed. This is a e = ®©
scatter plot of the residuals. e —" y
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The new residual plot shows that the residuals are random in sign, with the residuals
increasing in magnitude as the string length increases.

To see the magnitudes of the residuals, continue with these steps.

29. Press [TRACE]. FZ:L1:RESID

Press [»] and [{] to trace the data. Observe the
values for Y at each point. s n

With this model, the largest positive residual is ° -
about 0.041 and the smallest negative residual is  |#=41.% Y=o.027001
about -0.027. All other residuals are less than 0.02

in magnitude.

Now that you have a good model for the relationship between length and period, you can
use the model to predict the period for a given string length. To predict the periods for a
pendulum with string lengths of 20 cm and 50 cm, continue with these steps.

30. Press 0] 1 to display the VARS Y-VARS ooy
FUNCTION secondary menu, and then press 1 to
select 1:Y1. Y1 is pasted to the home screen.
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31. Press [(J 20 0] to enter a string length of 20 cm. =g
. . F198VE1 364
Press to calculate the predicted time of
about 0.92 seconds.
Based on the residual analysis, we would expect
the prediction of about 0.92 seconds to be within
about 0.02 seconds of the actual value.
32. Press [ENTRY] to recall the Last Entry. P TeR)
. - F198VE1 364
Press [ (1 [ 5 to change the string length to 50 |v1 5@
cm. 1.484736865
33. Press to calculate the predicted time of
about 1.48 seconds.

Since a string length of 50 cm exceeds the lengths
in the data set, and since residuals appear to be
increasing as string length increases, we would
expect more error with this estimate.

Note: You also can make predictions using the
table with the TABLE SETUP settings Indpnt:Ask
and Depend:Auto (Chapter 7).

Setting Up Statistical Analyses

Using Lists to Store Data

Data for statistical analyses is stored in lists, which you can create and edit using the stat
list editor. The TI-84 Plus has six list variables in memory, L1 through L6, to which you
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can store data for statistical calculations. Also, you can store data to list names that you
create (Chapter 11).

Setting Up a Statistical Analysis
To set up a statistical analysis, follow these steps. Read the chapter for details.

Enter the statistical data into one or more lists.

Plot the data.

Calculate the statistical variables or fit a model to the data.
Graph the regression equation for the plotted data.

o kw0 DN =

Graph the residuals list for the given regression model.

Displaying the Stat List Editor

The stat list editor is a table where you can store, edit, and view up to 20 lists that are in
memory. Also, you can create list names from the stat list editor.

To display the stat list editor, press [STAT], and then select 1:Edit from the STAT EDIT
menu.

?& ] EHLE TESTS
it...
fSortHC

JiSortD
4iClrList
S:SetUrEditor

LIl =
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The top line displays list names. L1 through L6 are stored in columns 1 through 6 after a
memory reset. The number of the current column is displayed in the top-right corner.

The bottom line is the entry line. All data entry occurs on this line. The characteristics of
this line change according to the current context.

The center area displays up to seven elements of up to three lists; it abbreviates values
when necessary. The entry line displays the full value of the current element.

Using the Stat List Editor

Entering a List Name in the Stat List Editor
To enter a list name in the stat list editor, follow these steps.

1. Display the Name= prompt in the entry line in either of two ways.

*  Move the cursor onto the list name in the column where you want to insert a list,
and then press [ins]. An unnamed column is displayed and the remaining lists
shift right one column.

«  Press [4] until the cursor is on the top line, and then press ] until you reach the
unnamed column.

Note: If list names are stored to all 20 columns, you must remove a list name to
make room for an unnamed column.

The Name= prompt is displayed and alpha-lock is on.
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Hame=0

2. Enter a valid list name in any of four ways.
+  Select a name from the LIST NAMES menu (Chapter 11).
* Enter L1, L2, L3, L4, L5, or L6 from the keyboard.
» Enter an existing user-created list name directly from the keyboard.

* Enter a new user-created list name.

Hame=HBC

3. Press or (-] to store the list name and its elements, if any, in the current
column of the stat list editor.
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REC =

To begin entering, scrolling, or editing list elements, press [+]. The rectangular cursor
is displayed.

Note: If the list name you entered in step 2 already was stored in another stat list
editor column, then the list and its elements, if any, move to the current column from
the previous column. Remaining list names shift accordingly.

Creating a Name in the Stat List Editor
To create a name in the stat list editor, follow these steps.

1. Display the Name= prompt.

2. Press [letter from A to Z or 0] t0 enter the first letter of the name. The first character
cannot be a number.

3. Enter zero to four letters, 6, or numbers to complete the new user-created list name.
List names can be one to five characters long.

4. Press or [+] to store the list name in the current column of the stat list editor.
The list name becomes an item on the LIST NAMES menu (Chapter 11).
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Removing a List from the Stat List Editor

To remove a list from the stat list editor, move the cursor onto the list name and then press
[DEL]. The list is not deleted from memory; it is only removed from the stat list editor.

Notes:

* To delete a list name from memory, use the MEMORY MANAGEMENT/DELETE
secondary menu (Chapter 18).

* If you archive a list, it will be removed from the stat list editor.

Removing All Lists and Restoring L1 through L6

You can remove all user-created lists from the stat list editor and restore list names L1
through L6 to columns 1 through 6 in either of two ways.

* Use SetUpEditor with no arguments.
* Reset all memory (Chapter 18).

Clearing All Elements from a List
You can clear all elements from a list in any of five ways.

» Use ClrList to clear specified lists.

* Inthe stat list editor, press [<] to move the cursor onto a list name, and then press
CLEAR] [ENTER].

* Inthe stat list editor, move the cursor onto each element, and then press one by
one.
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*  On the home screen or in the program editor, enter 0>dim(listname) to set the
dimension of listname to 0 (Chapter 11).

* Use ClrAllLists to clear all lists in memory (Chapter 18).

Editing a List Element
To edit a list element, follow these steps.

Move the rectangular cursor onto the element you want to edit.
2. Press to move the cursor to the entry line.

Note: If you want to replace the current value, you can enter a new value without first
pressing [ENTER]. When you enter the first character, the current value is cleared
automatically.

3. Edit the element in the entry line.

*  Press one or more keys to enter the new value. When you enter the first
character, the current value is cleared automatically.

» Press[»] to move the cursor to the character before which you want to insert, press
[INS], and then enter one or more characters.

*  Press ] to move the cursor to a character you want to delete, and then press
to delete the character.

To cancel any editing and restore the original element at the rectangular cursor,
press [CLEAR] [ENTER].
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RECEE) =254 1 HEHEN

Note: You can enter expressions and variables for elements.

4. Press [ENTER], (4], or [7] to update the list. If you entered an expression, it is evaluated.
If you entered only a variable, the stored value is displayed as a list element.

RELC L1 Lz 1
|3 (SR R ——
in
ck

RECIHI=2H

When you edit a list element in the stat list editor, the list is updated in memory
immediately.

Attaching Formulas to List Names

Attaching a Formula to a List Name in Stat List Editor

You can attach a formula to a list name in the stat list editor, and then display and edit the
calculated list elements. When executed, the attached formula must resolve to a list.
Chapter 11 describes in detail the concept of attaching formulas to list names.

To attach a formula to a list name that is stored in the stat list editor, follow these steps.
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Press to display the stat list editor.
Press [+] to move the cursor to the top line.

Press [ or 1], if necessary, to move the cursor onto the list name to which you want
to attach the formula.

Note: If a formula in quotation marks is displayed on the entry line, then a formula is
already attached to the list name. To edit the formula, press [ENTER], and then edit the
formula.

4. Press ['], enter the formula, and press M.

Note: If you do not use quotation marks, the TI-84 Plus calculates and displays the
same initial list of answers, but does not attach the formula for future calculations.

L =" ABC+18"N

Note: Any user-created list name referenced in a formula must be preceded by an L
symbol (Chapter 11).

5. Press [ENTER]. The TI-84 Plus calculates each list element and stores it to the list
name to which the formula is attached. A lock symbol is displayed in the stat list
editor, next to the list name to which the formula is attached.
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/7Iock symbol

RELC
PO N1 5 | S
cn
ckogn | zE0d0
=0
ck =k
L =15

Using the Stat List Editor When Formula-Generated Lists Are Displayed

When you edit an element of a list referenced in an attached formula, the TI-84 Plus
updates the corresponding element in the list to which the formula is attached
(Chapter 11).

ReCi) =5l REC(ZI=1H

When a list with a formula attached is displayed in the stat list editor and you edit or enter
elements of another displayed list, then the TI-84 Plus takes slightly longer to accept
each edit or entry than when no lists with formulas attached are in view.

Note: To speed editing time, scroll horizontally until no lists with formulas are displayed,
or rearrange the stat list editor so that no lists with formulas are displayed.
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Handling Errors Resulting from Attached Formulas

On the home screen, you can attach to a list a formula that references another list with

dimension 0 (Chapter 11). However, you cannot display the formula-generated list in the
stat list editor or on the home screen until you enter at least one element to the list that

the formula references.

All elements of a list referenced by an attached formula must be valid for the attached
formula. For example, if Real number mode is set and the attached formula is log(L1),
then each element of L1 must be greater than 0, since the logarithm of a negative
number returns a complex result.

Notes:

« If an error menu is returned when you attempt to display a formula-generated list in
the stat list editor, you can select 2:Goto, write down the formula that is attached to
the list, and then press to detach (clear) the formula. You then can use
the stat list editor to find the source of the error. After making the appropriate
changes, you can reattach the formula to a list.

+ If you do not want to clear the formula, you can select 1:Quit, display the referenced

list on the home screen, and find and edit the source of the error. To edit an element
of a list on the home screen, store the new value to listname(element#) (Chapter 11).

Detaching Formulas from List Names

Detaching a Formula from a List Name

You can detach (clear) a formula from a list name in several ways.
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For example:

« In the stat list editor, move the cursor onto the name of the list to which a formula is
attached. Press [ENTER] [CLEAR] [ENTER]. All list elements remain, but the formula is
detached and the lock symbol disappears.

* In the stat list editor, move the cursor onto an element of the list to which a formula is
attached. Press [ENTER], edit the element, and then press [ENTER]. The element
changes, the formula is detached, and the lock symbol disappears. All other list
elements remain.

» Use ClrList. All elements of one or more specified lists are cleared, each formula is
detached, and each lock symbol disappears. All list names remain.

* Use ClirAliLists (Chapter 18). All elements of all lists in memory are cleared, all
formulas are detached from all list names, and all lock symbols disappear. All list
names remain.

Editing an Element of a Formula-Generated List

As described above, one way to detach a formula from a list name is to edit an element
of the list to which the formula is attached. The TI-84 Plus protects against inadvertently
detaching the formula from the list name by editing an element of the formula-generated
list.

Because of the protection feature, you must press before you can edit an element
of a formula-generated list.

The protection feature does not allow you to delete an element of a list to which a
formula is attached. To delete an element of a list to which a formula is attached, you
must first detach the formula in any of the ways described above.
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Switching Stat List Editor Contexts

Stat List Editor Contexts
The stat list editor has four contexts.

* View-elements context
* View-names context
« Edit-elements context

¢ Enter-name context

The stat list editor is first displayed in view-elements context. To switch through the four
contexts, select 1:Edit from the STAT EDIT menu and follow these steps.

T L eje 1 1. Press [4] to move the cursor onto a list name. You are
E_um %_ﬁm """ now in view-names context. Press ] and [{] to view list
£ names stored in other stat list editor columns.

T 0 ejz 2. Press [ENTER]. You are now in edit-elements context. You
U - T may edit any element in a list. All elements of the current
I list are displayed in braces ( { } )in the entry line. Press

TR Too=ot (] and [{] to view more list elements.

REC L1 wjz = 3. Press [ENTER] again. You are now in view-elements
T - context. Press [¥], [1], [5], and [3] to view other list
g 0|% elements. The current element’s full value is displayed in

LiG=250EEE 1 A the entry line.
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0w @ 4. Press [ENTER] again. You are now in edit-elements
E_“s:? ﬁﬁ_ """ context. You may edit the current element in the entry
g 0|% line.
Licz=05HEEA 10
REC__ [ L %% 5. Press [4] until the cursor is on a list name, then press
i & [INS]. You are now in enter-name context.
& i
Harme=0
REC W |z = 6. Press [CLEAR]. You are now in view-names context.
o B |
2.EEF 2.EEF
=] 0
ek zE
L =" (ABC+1@"
REC_ 1wz = 7. Press [+]. You are now back in view-elements context.
T
2.EEF 2.EEF
=] 0
ek zE
Lith =15

Stat List Editor Contexts
View-Elements Context

In view-elements context, the entry line displays the list name, the current element’s

place in that list, and the full value of the current element, up to 12 characters at a time
An ellipsis (...) indicates that the element continues beyond 12 characters.
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RELC L1 WLz Z

Licn=2508001 8

To page down the list six elements, press (+]. To page up six elements, press
[+]. To delete a list element, press [DEL]. Remaining elements shift up one row. To
insert a new element, press [INS]. 0 is the default value for a new element.

Edit-Elements Context

In edit-elements context, the data displayed in the entry line depends on the previous
context.

*  When you switch to edit-elements context from view-elements context, the full value
of the current element is displayed. You can edit the value of this element, and then
press [+] and (4] to edit other list elements.

REC L1 ¥ |Lz 1i REC L1 ¥ |Lz i
3 18 | e £ 18 | e
M| & , | A i

cE0ln
=n %Eﬂiﬂ =n 0
e £ e £
RECLF) =2 S EEE TREE REEE
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*  When you switch to edit-elements context from view-names context, the full values
of all elements in the list are displayed. An ellipsis indicates that list elements
continue beyond the screen. You can press [*] and [{] to edit any element in the list.

TH Li_ w]Lz 1 EC] Li #]z 1
£ |- TR
genon | cenln > ZEapn | ZE0L0
ZE e 5 e

REC ={5. 10. 230EE... pEC =05, 18, 25EE8..

Note: In edit-elements context, you can attach a formula to a list name only if you
switched to it from view-names context.

View-Names Context

In view-names context, the entry line displays the list name and the list elements.

T L1 WLz 1
b (-

in 0
ckogn | zE0d0
cn

REC =415, 16, 25684,

To remove a list from the stat list editor, press [DEL]. Remaining lists shift to the left one
column. The list is not deleted from memory.

To insert a name in the current column, press [INS]. Remaining columns shift to the
right one column.
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Enter-Name Context

In enter-name context, the Name= prompt is displayed in the entry line, and alpha-lock is
on.

At the Name= prompt, you can create a new list name, paste a list name from L1 to L6
from the keyboard, or paste an existing list name from the LIST NAMES menu
(Chapter 11). The L symbol is not required at the Name= prompt.

W [fEC EIEE
c it
in 0
ZEoon | Ztodn
20 0
ZE k3
Hame=0

To leave enter-name context without entering a list name, press [CLEAR]. The stat list
editor switches to view-names context.
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STAT EDIT Menu

STAT EDIT Menu

To display the STAT EDIT menu, press [STAT].

EDIT CALC TESTS

1:
2
3:
4

5:

Edit... Displays the stat list editor.

SortA ( Sorts a list in ascending order.

SortD ( Sorts a list in descending order.
ClrList Deletes all elements of a list.
SetUpEditor Stores specified lists in the stat list editor.

Note: Chapter 13: Inferential Statistics describes the STAT TESTS menu items.

SortA(, SortD(

SortA( (sort ascending) sorts list elements from low to high values. SortD( (sort
descending) sorts list elements from high to low values. Complex lists are sorted based
on magnitude (modulus). SortA( and SortD( each can sort in either of two ways.

With one listname, SortA( and SortD( sort the elements in listname and update the list
in memory.

With two or more lists, SortA( and SortD( sort keylistname, and then sort each dependiist
by placing its elements in the same order as the corresponding elements in
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keylistname. This lets you sort two-variable data on X and keep the data pairs together.
All lists must have the same dimension.

The sorted lists are updated in memory.

SortA(listname)
SortD(listname)
SortA(keylistname,dependlistl[,dependlist2,...,dependlist n)
SortD(keylistname,dependlistl[,dependlist2,...,dependlist n)

5.4.33+Lz L=
54 3 3 4 5
T1.2.3%+Ly Ly
1 2 3 32 1
SortACLza Lyl [ |
ore

Note: SortA( and SortD( are the same as SortA( and SortD( on the LIST OPS menu.

CirList

CirList clears (deletes) from memory the elements of one or more listnames. ClrList also
detaches any formula attached to a listname.

CirList listnamel listname2,...,listname n

Note: To clear from memory all elements of all list names, use ClrAllLists (Chapter 18).
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SetUpEditor

With SetUpEditor you can set up the stat list editor to display one or more listnames in the
order that you specify. You can specify zero to 20 listnames.

Additionally, if you want to use listnames which happen to be archived, the SetUp Editor
will automatically unarchive the listnames and place them in the stat list editor at the same
time.

SetUpEditor [listnamel,listname2,...,listname n|
SetUpEditor with one to 20 listnames removes all list names from the stat list editor and

then stores listnames in the stat list editor columns in the specified order, beginning in
column 1.

Oone

y

RE;IDH): - BE13125.. TIHE() =5E

If you enter a listname that is not stored in memory already, then listname is created and
stored in memory; it becomes an item on the LIST NAMES menu.
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Restoring L1 through L6 to the Stat List Editor

SetUpEditor with no listnames removes all list names from the stat list editor and restores
list names L1 through L6 in the stat list editor columns 1 through 6.

SetlrFEditor
Oone

L =6, 5 Lyi=

Regression Model Features

Regression Model Features

STAT CALC menu items 3 through C are regression models. The automatic residual list
and automatic regression equation features apply to all regression models. Diagnostics
display mode applies to some regression models.

Automatic Residual List

When you execute a regression model, the automatic residual list feature computes and
stores the residuals to the list name RESID. RESID becomes an item on the
LIST NAMES menu (Chapter 11).
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tRESIDO

The TI-84 Plus uses the formula below to compute RESID list elements. The next
section describes the variable RegEQ.

RESID = Yiistname — RegEQ(Xlistname)

Automatic Regression Equation

Each regression model has an optional argument, regequ, for which you can specify a Y=
variable such as Y1. Upon execution, the regression equation is stored automatically to
the specified Y= variable and the Y= function is selected.

T1.2,3%3L1:54-1. -
2. "S>l :

. -1 -2 -5
LinRegiax+b2 L1,
Lza%=zN
Linkea Floti FME Flots
u=gx+h =

a=- M=
b=1.333333333 SMrE-2E+l. 333333

3333333

Regardless of whether you specify a Y= variable for regequ, the regression equation
always is stored to the TI-84 Plus variable RegEQ, which is item 1 on the VARS Statistics
EQ secondary menu.
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Note: For the regression equation, you can use the fixed-decimal mode setting to control
the number of digits stored after the decimal point (Chapter 1). However, limiting the
number of digits to a small number could affect the accuracy of the fit.

Diagnostics Display Mode

When you execute some regression models, the TI-84 Plus computes and stores
diagnostics values for r (correlation coefficient) and r? (coefficient of determination) or for
R? (coefficient of determination).

rand r? are computed and stored for these regression models.

LinReg(ax+b) LnReg PwrReg
LinReg(a+bx) ExpReg

R?is computed and stored for these regression models.

QuadReg CubicReg QuartReg

The r and r? that are computed for LnReg, ExpReg, and PwrReg are based on the linearly

transformed data. For example, for ExpReg (y=ab”x), r and r? are computed on
In y=In a+x(In b).

Chapter 12: Statistics 304



By default, these values are not displayed with the results of a regression model when
you execute it. However, you can set the diagnostics display mode by executing the
DiagnosticOn or DiagnosticOff instruction. Each instruction is in the CATALOG
(Chapter 15).

CATALOG o
det.

]
0iz9nosticOff

FOiagnosticOn
dime

Note: To set DiagnosticOn or DiagnosticOff from the home screen, press [CATALOG],
and then select the instruction for the mode you want. The instruction is pasted to the
home screen. Press to set the mode.

When DiagnosticOn is set, diagnostics are displayed with the results when you execute a
regression model.

OizagnosticOn Linkea
. Dore g=gx+h
LinRegadax+b2 L1, =-Z
Lzl b=1.333333333
re=,92IAFESI2I]
r=-.EEFESZ2E

When DiagnosticOff is set, diagnostics are not displayed with the results when you
execute a regression model.

OiagnosticOff Linkea

. Dore g=gx+h
LinRegadax+b2 L1, a=-2
Lzl b=1.333333333
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STAT CALC Menu

STAT CALC Menu

To display the STAT CALC menu, press D].

EDIT CALC TESTS

1: 1-Var Stats Calculates 1-variable statistics.
2: 2-Var Stats Calculates 2-variable statistics.
3: Med-Med Calculates a median-median line.
4: LinReg(ax+b) Fits a linear model to data.

5: QuadReg Fits a quadratic model to data.

6: CubicReg Fits a cubic model to data.

7: QuartReg Fits a quartic model to data.

8: LinReg(a+bx) Fits a linear model to data.

9: LnReg Fits a logarithmic model to data.
0: ExpReg Fits an exponential model to data.
A: PwrReg Fits a power model to data.

B: Logistic Fits a logistic model to data.

C: SinReg Fits a sinusoidal model to data.
D: Manual Linear Fit Fits a linear equation interactively to a scatter plot.

Chapter 12: Statistics

306



For each STAT CALC menu item, if neither Xlistname nor Yiistname is specified, then the
default list names are L1 and L2. If you do not specify freglist, then the default is 1
occurrence of each list element.

Frequency of Occurrence for Data Points

For most STAT CALC menu items, you can specify a list of data occurrences, or
frequencies (freqglist).

Each element in freglist indicates how many times the corresponding data point or data
pair occurs in the data set you are analyzing.

For example, if L1={15,12,9,14} and LFREQ={1,4,1,3}, then the TI-84 Plus interprets the
instruction 1-Var Stats L1, LFREQ to mean that 15 occurs once, 12 occurs four times, 9
occurs once, and 14 occurs three times.

Each element in freqlist must be > 0, and at least one element must be > 0.
Noninteger fieqglist elements are valid. This is useful when entering frequencies
expressed as percentages or parts that add up to 1. However, if freglist contains

noninteger frequencies, Sx and Sy are undefined; values are not displayed for Sx and Sy
in the statistical results.

1-Var Stats

1-Var Stats (one-variable statistics) analyzes data with one measured variable. Each
element in freglist is the frequency of occurrence for each corresponding data point in
Xlistname. freqlist elements must be real numbers > 0.

1-Var Stats [Xlistname,freqlist]
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2-Var Stats
2-Var Stats (two-variable statistics) analyzes paired data. Xiismame is the independent
variable. Ylistname is the dependent variable. Each element in freqlist is the frequency of

occurrence for each data pair (Xlistname,Ylistname).

2-Var Stats [Xlistname,Ylistname,freqlist]

Med-Med (ax+b)

Med-Med (median-median) fits the model equation y=ax+b to the data using the median-
median line (resistant line) technique, calculating the summary points x1, y1, x2, y2, x3,
and y3. Med-Med displays values for a (slope) and b (y-intercept).

Med-Med [Xlistname,Ylistname,freqlist,regequ]

Med—-Med
J=axth

a=.375
b=1.341666667

ﬂed—ﬁed LzaLlya%z

LinReg (ax+b)

LinReg(ax+b) (linear regression) fits the model equation y=ax+b to the data using a least-
squares fit. It displays values for a (slope) and b (y-intercept); when DiagnosticOn is set, it

also displays values for randr.
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LinReg(ax+b) [Xlistname,Ylistname,freqlist,regequ)

QuadReg (ax2+bx+c)

QuadReg (quadratic regression) fits the second-degree polynomial y=ax2+bx+c to the
data. It displays values for a, b, and ¢; when DiagnosticOn is set, it also displays a value

for R2. For three data points, the equation is a polynomial fit; for four or more, it is a
polynomial regression. At least three data points are required.

QuadReg [Xlistname,Ylistname,freqlist,regequ)

CubicReg—(ax3+bx2+cx+d)

CubicReg (cubic regression) fits the third-degree polynomial y=ax3+bx?+cx+d to the
data. It displays values for a, b, ¢, and d; when DiagnosticOn is set, it also displays a

value for R2. For four points, the equation is a polynomial fit; for five or more, it is a
polynomial regression. At least four points are required.

CubicReg [Xlistname,Ylistname,freqlist,regequ)

QuartReg—({ax?+bx3+cx2+ dx+e)

QuartReg (quartic regression) fits the fourth-degree polynomial y=ax*+bx3+cx?+dx+e to
the data. It displays values for a, b, c, d, and e; when DiagnosticOn is set, it also displays

a value for R2. For five points, the equation is a polynomial fit; for six or more, it is a
polynomial regression. At least five points are required.

Chapter 12: Statistics 309



QuartReg [Xlistname,Ylistname,freqlist,regequ)

LinReg—(a+bx)

LinReg(a+bx) (linear regression) fits the model equation y=a+bx to the data using a least-
squares fit. It displays values for a (y-intercept) and b (slope); when DiagnosticOn is set, it

also displays values for randr.

LinReg(a+bx) [Xlistname,Ylistname,freqlist,regequ]

LnReg—(a+b In(x))

LnReg (logarithmic regression) fits the model equation y=a+b In(x) to the data using a
least-squares fit and transformed values In(x) and y. It displays values for a and b; when

DiagnosticOn is set, it also displays values for r?andr.

LnReg [Xlistname,Ylistname,freqlist,regequ)

ExpReg—(ab¥)
ExpReg (exponential regression) fits the model equation y=ab* to the data using a least-

squares fit and transformed values x and In(y). It displays values for a and b; when
DiagnosticOn is set, it also displays values for r?andr.

ExpReg [Xlistname,Ylistname,freqlist,regequ]

PwrReg—(axP)
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PwrReg (power regression) fits the model equation y=axP to the data using a least-
squares fit and transformed values In(x) and In(y). It displays values for a and b; when

DiagnosticOn is set, it also displays values for randr.

PwrReg [Xlistname,Ylistname,freqlist,regequ]

Logistic—c/(1+a+e™PX)

Logistic fits the model equation y=c/(1+axe PX) to the data using an iterative least-squares
fit. It displays values for a, b, and c.

Logistic [Xlistname,Ylistname,freqlist,regequ]

SinReg—a sin(bx+c)+d

SinReg (sinusoidal regression) fits the model equation y=a sin(bx+c)+d to the data using
an iterative least-squares fit. It displays values for a, b, ¢, and d. At least four data points
are required. At least two data points per cycle are required in order to avoid aliased
frequency estimates.

SinReg [iterations,Xlistname,Ylistname,period,regequ]

iterations is the maximum number of times the algorithm will iterate to find a solution. The
value for iterations can be an integer > 1 and < 16; if not specified, the default is 3. The
algorithm may find a solution before iterations is reached. Typically, larger values for
iterations result in longer execution times and better accuracy for SinReg, and vice versa.

A period guess is optional. If you do not specify period, the difference between time values
in Xlistname must be equal and the time values must be ordered in ascending sequential
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order. If you specify period, the algorithm may find a solution more quickly, or it may find a
solution when it would not have found one if you had omitted a value for period. If you
specify period, the differences between time values in Xiistname can be unequal.

Note: The output of SinReg is always in radians, regardless of the Radian/Degree mode
setting.

SinReg Example: Daylight Hours in Alaska for One Year

Compute the regression model for the number of hours of daylight in Alaska during one
year.

seql X ¥. 12361, 36 Flokz  Flok:
axL1545.5.8:11-1 off
F.3:16.5:19,19.5 upe: B = dh
217.14.5:12.5, 8. —> L= sy
S:6.0: 3.9 +Lz Alistild

9.5 8 11 13.5 .. VlistilL:

[ | Mark: o B

Sinkea

g=gksinthx+o ) +d

=6, rrE292445

b=. 81862697853 —>
c=-1.21534935732
d=12.18138372
[ |

<+—1 period —»
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With noisy data, you will achieve better convergence results when you specify an
accurate estimate for period. You can obtain a period guess in either of two ways.

* Plot the data and trace to determine the x-distance between the beginning and end
of one complete period, or cycle. The illustration above and to the right graphically
depicts a complete period, or cycle.

* Plot the data and trace to determine the x-distance between the beginning and end
of N complete periods, or cycles. Then divide the total distance by N.

After your first attempt to use SinReg and the default value for iterations to fit the data, you
may find the fit to be approximately correct, but not optimal. For an optimal fit, execute
SinReg 16,Xlistname,Ylistname,21/b where b is the value obtained from the previous SinReg
execution.

Manual Linear Fit

Manual Linear Fit allows you to visually fit a linear function to a scatter plot. Manual
Linear Fit is an option in the [CALC] menu.

After entering List data and viewing the StatPlot, select the Manual-Fit function.

1. Press to display the Stat menu. Press ] to select [ERTT TESTS
CALC. Press [¥] several times to scroll down to select gﬂ[r{lﬁegg athx
D:Manual-Fit. Press [ENTER]. This displays a free-floating |&: ExpRea
cursor at the center of the display screen i Purkes

BiLodistic
C:SinRed
IHManual-Fit
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2. Press the cursor navigation keys ((«] (=] (][] ) to move i_/"'“
the cursor to the desired location. Press to select "
the first point.

3. Press the cursor navigation keys ((«] (][] [] ) to move
the cursor to the second location. Press [ENTER]. This
displays a line containing the two points selected.

The linear function is displayed. The Manual-Fit Line equation displays in the form of
Y=mX+b. The current value of the first parameter (m) is highlighted in the symbolic
expression.

Modify parameter values

Press the cursor navigation keys ([{J[»] ) to move from the first parameter (m) or (b) the
second parameter. You can press and type a new parameter value. Press
to display the new parameter value. When you edit the value of the selected parameter,
the edit can include insert, delete, type over, or mathematical expression.

TMGIEV : ?:1.5151}:? !
m:éll b:éﬁr[

The screen dynamically displays the revised parameter value. Press to complete
the modification of the selected parameter, save the value, and refresh the displayed
graph. The system displays the revised parameter value in the symbolic expression
Y=mX+B, and refreshes the graph with the updated Manual-Fit Line.
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Select [auiT] to finish the Manual Fit function. The calculator stores the current mX+b

expression into Y1 and makes that function active for graphing. You can also select

Manual-Fit while on the Home screen. You can then enter a different Y-Var such as Y4
and then press [ENTER]. This takes you to the Graph screen and then pastes the Manual-
Fit equation in the specified Y-Var. In this example, Y4.

Statistical Variables

The statistical variables are calculated and stored as indicated below. To access these

variables for use in expressions, press [VARS], and select 5:Statistics. Then select the

VARS menu shown in the column below under VARS menu. If you edit a list or change
the type of analysis, all statistical variables are cleared.

1-Var 2-Var VARS
Variables Stats Stats Other menu
mean of x values X X XY
sum of x values X X
sum of x? values X2 G
sample standard deviation of x Sx Sx XY
population standard deviation of x oX OX XY
number of data points n n XY
mean of y values y XY
sum of y values Xy
sum of y2 values Zy2
sample standard deviation of y Sy XY
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1-Var 2-Var VARS

Variables Stats Stats Other menu
population standard deviation of y oy XY
sum of x *y Zxy z
minimum of x values minX minX XY
maximum of x values maxX maxX XY
minimum of y values minY XY
maximum of y values maxY XY
1st quartile Q1 PTS
median Med PTS
3rd quartile Q3 PTS
regression/fit coefficients a,b EQ
polynomial, Logistic, and SinReg a, b, c, EQ
coefficients d, e
correlation coefficient r EQ
coefficient of determination 2, R? EQ
regression equation RegEQ EQ
summary points (Med-Med only) x1,y1,x2, PTS
y2, X3, y3
Q1 and Q3

The first quartile (Q1) is the median of points between minX and Med (median). The third
quartile (Q3) is the median of points between Med and maxX.
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Statistical Analysis in a Program

Entering Stat Data

You can enter statistical data, calculate statistical results, and fit models to data from a
program. You can enter statistical data into lists directly within the program (Chapter 11).

FROGEAM: STATS
01,2, 3220
HE il ER e P R

Statistical Calculations
To perform a statistical calculation from a program, follow these steps.

1. On a blank line in the program editor, select the type of calculation from the
STAT CALC menu.

2. Enter the names of the lists to use in the calculation. Separate the list names with a
comma.

3. Enter a comma and then the name of a Y= variable, if you want to store the regression
equation to a Y= variable.

P%DERHH:ETHTS

H E 1

HE I PR P i e T
iLinEegcax+bs L1
sLzaVe
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Statistical Plotting

Steps for Plotting Statistical Data in Lists

You can plot statistical data that is stored in lists. The six types of plots available are
scatter plot, xyLine, histogram, modified box plot, regular box plot, and normal
probability plot. You can define up to three plots.

To plot statistical data in lists, follow these steps.

Store the stat data in one or more lists.

Select or deselect Y= functions as appropriate.
Define the stat plot.

Turn on the plots you want to display.

Define the viewing window.

© g~ 0w b=

Display and explore the graph.
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Scatter

Scatter (- )plots plot the data points from Xlist and Ylist as coordinate pairs, showing
each point as a box (), cross ( + ), or dot ( +). Xlist and Ylist must be the same length.
You can use the same list for Xlist and Ylist.

Flokz  Flotz
DFF
Fel Hﬂ kf din
HH- HIH [T
Hl;Et L1
Wlistilz
Mark: o B

xyLine

xyLine (2 )is a scatter plot in which the data points are plotted and connected in order
of appearance in Xlist and Ylist. You may want to use SortA( or SortD( to sort the lists

before you plot them.

Flutd ?FE Flokz
]

daFel o Nl
HH- HIH [T
AlistiL10@
Wlistilz
Mark:s B +
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Histogram

Histogram (dI1) plots one-variable data. The Xscl window variable value determines the
width of each bar, beginning at Xmin. ZoomStat adjusts Xmin, Xmax, Ymin, and Ymax to
include all values, and also adjusts Xscl. The inequality (Xmax - Xmin) / Xscl < 47 must be
true. A value that occurs on the edge of a bar is counted in the bar to the right.

Flokz  Flotz Fi:Ld
off :
dFel b L= i
HH- HIH [
alistilq
Frex:il
rMin=zE, 481300
rMax<=6.985E07 n=iz
ModBoxplot

ModBoxplot (=) (modified box plot) plots one-variable data, like the regular box plot,
except points that are 1.5 * Interquartile Range beyond the quartiles. (The Interquartile
Range is defined as the difference between the third quartile @3 and the first quartile Q1.)
These points are plotted individually beyond the whisker, using the Mark (O or +or ¢) you
select. You can trace these points, which are called outliers.

The prompt for outlier points is x=, except when the outlier is the maximum point (maxX)
or the minimum point (minX). When outliers exist, the end of each whisker will display x=.
When no outliers exist, minX and maxX are the prompts for the end of each whisker. Q1,
Med (median), and Q3 define the box.

Box plots are plotted with respect to Xmin and Xmax, but ignore Ymin and Ymax. When
two box plots are plotted, the first one plots at the top of the screen and the second plots
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in the middle. When three are plotted, the first one plots at the top, the second in the
middle, and the third at the bottom.

FELE -
=S

LLE R 1 +
2iPlotZ. 0n

HH- L2
JiPlot3 0ff

[0 R Lz o
4P lots0f
Boxplot

AZ=zh.E

Boxplot (LI )(regular box plot) plots one-variable data. The whiskers on the plot extend
from the minimum data point in the set (minX) to the first quartile (@1) and from the third
quartile (Q3) to the maximum point (maxX). The box is defined by Q1, Med (median), and

Qs.

Box plots are plotted with respect to Xmin and Xmax, but ignore Ymin and Ymax. When
two box plots are plotted, the first one plots at the top of the screen and the second plots

in the middle. When three are plotted, the first one plots at the top, the second in the
middle, and the third at the bottom.

HH 4 4
2:Plot2 . 0n

HH )z 4
JtPlotZ 0ff

HH ) : o
dLPlots0ff

T
1

Hed=i0 .. .............
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NormProbPlot

NormProbPlot (=) (normal probability plot) plots each observation X in Data List versus
the corresponding quantile z of the standard normal distribution. If the plotted points lie

close to a straight line, then the plot indicates that the data are normal.

Enter a valid list name in the Data List field. Select X or Y for the Data Axis setting.

+ If you select X, the TI-84 Plus plots the data on the x-axis and the z-values on the

y-axis.

* Ifyou select Y, the TI-84 Plus plots the data on the y-axis and the z-values on the

X-axis.

gihdHani35=2=99
y
E35.114369?5 6.

Flotd Plotz  EFE
7 Off
daFel b = dhy
HH-- HIH
[ats Listily

[at.a H}iiS:ﬁ W
[ark: o +

FZ:LY

A

. r-r‘-
] l‘"

H=.35.51321E ¥=.74e1B519

Defining the Plots

To define a plot, follow these steps.
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1. Press [STAT PLOT]. The STAT PLOTS menu is displayed with the current plot

definitions.

2. Select the plot you want to use. The stat plot editor is displayed for the plot you

selected.

Flotz  Flot:
N
TaFes L= dhw

3. Press to select On if you want to plot the statistical data immediately. The
definition is stored whether you select On or Off.

4. Select the type of plot. Each type prompts for the options checked in this table.

Data Data
Plot Type XList YList Mark Freq List Axis
L= Scatter | | | a a Qa
|~ xyLine | | | a a a
JI. Histogram | a a v a a
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Data Data

Plot Type XList YList Mark Freq List Axis
1+-- ModBoxplot v a v | a a
11+ Boxplot v a a v a a
|~ NormProbPlot a a « a « «

5. Enter list names or select options for the plot type.
*  Xlist (list name containing independent data)
* Vilist (list name containing dependent data)
e Mark (O or +ore)
*  Freq (frequency list for Xlist elements; default is 1)
+ Data List (list name for NormProbPlot)
* Data Axis (axis on which to plot Data List)

Displaying Other Stat Plot Editors

Each stat plot has a unique stat plot editor. The name of the current stat plot (Plot1,
Plot2, or Plot3) is highlighted in the top line of the stat plot editor. To display the stat plot
editor for a different plot, press [<] and ] to move the cursor onto the name in the top
line, and then press [ENTER]. The stat plot editor for the selected plot is displayed, and the
selected name remains highlighted.
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Flotz  Flot:
N
TaFes L= dhw

HH- HIH [T
alistilq
Wlistilz
Mark: B

+

Turning On and Turning Off Stat Plots

PlotsOn and PlotsOff allow you to turn on or turn off stat plots from the home screen or a
program. With no plot number, PlotsOn turns on all plots and PlotsOff turns off all plots.
With one or more plot numbers (1, 2, and 3), PlotsOn turns on specified plots, and
PlotsOff turns off specified plots.

PlotsOff [1,2,3]
PlotsOn [1,2,3]

Flot=0ff

Oone
Flot=0n 3
. Oone

Note: You also can turn on and turn off stat plots in the top line of the Y= editor

(Chapter 3).
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Defining the Viewing Window
Stat plots are displayed on the current graph. To define the viewing window, press

and enter values for the window variables. ZoomStat redefines the viewing
window to display all statistical data points.

Tracing a Stat Plot
When you trace a scatter plot or xyLine, tracing begins at the first element in the lists.

When you trace a histogram, the cursor moves from the top center of one column to the
top center of the next, starting at the first column.

When you trace a box plot, tracing begins at Med (the median). Press [{] to trace to Q1
and minX. Press D] to trace to Q3 and maxX.

When you press [4] or [+] to move to another plot or to another Y= function, tracing
moves to the current or beginning point on that plot (not the nearest pixel).

The ExprOn/ExprOff format setting applies to stat plots (Chapter 3). When ExprOn is
selected, the plot number and plotted data lists are displayed in the top-left corner.

Statistical Plotting in a Program

Defining a Stat Plot in a Program

To display a stat plot from a program, define the plot, and then display the graph.

Chapter 12: Statistics 326



To define a stat plot from a program, begin on a blank line in the program editor and
enter data into one or more lists; then, follow these steps.

1. Press [STAT PLOT] to display the STAT PLOTS menu.

3. Press [STAT PLOT] D] to display the STAT TYPE menu.

FLOTS 2 MARK

5&5&3’@ =l
fxaline

JiHistog9ram

4:ModBoxFlot

SiBoxFlot

& HormProbPlot

4. Select the type of plot, which pastes the name of the plot type to the cursor location.

FPROGEAM: PLOT

P12 3.4
{oaGa:va.8k3*Lz

PPlotZ2iScatterl
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5. Press []. Enter the list names, separated by commas.

6. Press[] [STAT PLOT] [{] to display the STAT PLOT MARK menu. (This step is not
necessary if you selected 3:Histogram or 5:Boxplot in step 4.)

FLOTS TYPE (G2

i+

KH

Select the type of mark (O or + or ¢) for each data point. The selected mark symbol is
pasted to the cursor location.

7. Press ENTER] to complete the command line.

ROGREAM
P12 3.4
P PR s e
tPlotZ2iScatterlL
IiLE: ol

Displaying a Stat Plot from a Program

To display a plot from a program, use the DispGraph instruction (Chapter 16) or any of
the ZOOM instructions (Chapter 3).

PRDERHH FLOT FPROGRAM: PLOT
P12 3.4 P12 3.4
P PR s e P PR s e
iPlotZ2cScatter.L iPlotZ2cScatter.L

1:|__2:ﬂ:' 1:Lzsm2)

EEISPEFEPH =Eonm5tat
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Chapter 13:
Inferential Statistics and Distributions

Getting Started: Mean Height of a Population

Getting Started is a fast-paced introduction. Read the chapter for details.

Suppose you want to estimate the mean height of a population of women given the
random sample below. Because heights among a biological population tend to be
normally distributed, a t distribution confidence interval can be used when estimating the
mean. The 10 height values below are the first 10 of 90 values, randomly generated from
a normally distributed population with an assumed mean of 165.1 centimeters and a
standard deviation of 6.35 centimeters (randNorm(165.1,6.35,90) with a seed of 789).

Height (in centimeters) of Each of 10 Women

169.43 168.33 159.55 169.97 159.79 181.42 171.17 162.04 167.15 159.53

1. Press to display the stat list editor. (L1 Iz 1

Press (<] to move the cursor onto L1, and then
press [INS]. The Name= prompt is displayed on
the bottom line. The @ cursor indicates that alpha-
lock is on. The existing list name columns shift to
the right.

Note: Your stat editor may not look like the one
pictured here, depending on the lists you have
already stored.

Hame=0
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Enter [H] [G] [H] [T] at the Name= prompt, and then
press [ENTER]. The list to which you will store the
women’s height data is created.

Press [+] to move the cursor onto the first row of
the list. HGHT(1)= is displayed on the bottom line.

Press 169 (-] 43 to enter the first height value. As
you enter it, it is displayed on the bottom line.

Press [ENTER]. The value is displayed in the first
row, and the rectangular cursor moves to the next
row.

Enter the other nine height values the same way.

Press [ to display the STAT TESTS menu,
and then press [+] until 8:Tinterval is highlighted.

Press to select 8:Tinterval. The inferential
stat editor for TInterval is displayed. If Data is not
selected for Inpt:, press [{] [ENTER] to select Data.

Press (] and [H] [G] [H] [T] at the List: prompt
(alpha-lock is on).

Press [] (][] 99 to enter a 99 percent confidence
level at the C-Level: prompt.

HGHT L1 Lz 1
| [ [

HGHT) =

HGHT L1 Lz K

HGHT (1 =

T_CALC pi==gE=
-Test..
-SanFeTest..
—SamFTTest..
-ProrZTest..
—ProrZTest..
Interual..
Interual..

=0

lEﬂmmemm
HNMHMMHH

TInterual

IrnFt: Stats
Lists

Fre«:il
C—Lewel:. 99
Calculate
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6. Press [+] to move the cursor onto Calculate, and TInterual
then press [ENTER]. The confidence interval is £159, 74, 173,945
. ®¥=166,338
calculated, and the Tinterval results are displayed Cuw=f . QEFEFO2ET
n=1@

on the home screen.

Interpret the results.

The first line, (159.74,173.94), shows that the 99 percent confidence interval for the
population mean is between about 159.74 centimeters and 173.94 centimeters. This is
about a 14.2 centimeters spread.

The .99 confidence level indicates that in a very large number of samples, we expect 99
percent of the intervals calculated to contain the population mean. The actual mean of
the population sampled is 165.1 centimeters, which is in the calculated interval.

The second line gives the mean height of the sample X used to compute this interval.
The third line gives the sample standard deviation Sx. The bottom line gives the sample
size n.

To obtain a more precise bound on the population mean p of women’s heights, increase
the sample size to 90. Use a sample mean X of 163.8 and sample standard deviation Sx
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of 7.1 calculated from the larger random sample. This time, use the Stats (summary
statistics) input option.

7. Press [d 8 to display the inferential stat Tinterval
editor for Tinterval. InFtiData EEE
it 166, 838
Press 7] to select Inpt:Stats. The editor Sl SAVErAZIT..
changes so that you can enter summary statistics | C-Lewel: .99
asin Calculate
put.
8. Press [+]163[]8 to store 163.8 to X. TIinterusl
Press7([]1 to store 7.1 to Sx. %?Tgi?gta R
Sxiv.l
Press 90 to store 90 to n. rit9E
C-Lewvel:.99
Calculate
9. Press [+] to move the cursor onto Calculate, and TInterual
then press to calculate the new 99 percent £1681.83, 165,772
. X . #=163.8
confidence interval. The results are displayed on Cw=7 01
the home screen. n=3a
[
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If the height distribution among a population of women is normally distributed with a
mean p of 165.1 centimeters and a standard deviation ¢ of 6.35 centimeters, what height
is exceeded by only 5 percent of the women (the 95th percentile)?

10. Press to clear the home screen. ORAN
. gynnrmalde(
Press [DISTR] to display the DISTR fhormalodf
(distributions) menu. E mw?r‘”ﬁ
Sitpdfc
5itodf
rdREpdf ]
11. Press 3 to paste invNorm( to the home screen. IrUHorme. 95, 165.
Press (3] 95 (1] 165 [ 1 [ 6 [ 35 (1) [ENTER). : **125. 5448285
.95 is the area, 165.1is u, and 6.35 is o.

The result is displayed on the home screen; it shows that five percent of the women are
taller than 175.5 centimeters.

Now graph and shade the top 5 percent of the population.

12. Press [WINDOW] and set the window variables to WIADOW
these values. Emin=143
§NET=%ES
in= in=- = scl=
Xmin=145 Ymin=-.02 Xres=1 Wmim=-. 8
Xmax=185 Ymax=.08 Vmax=.88
Xscl=5 Yscl=0 wscl=@
Ares=1
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13. Press [2nd] [DISTR] (] to display the DISTR DRAW OISTR
Shadekarmi
ment. R
JiShadek(
4:ShadeR<
14. Press to paste ShadeNorm( to the home IrHoFME . 55, 165.
1.
screen. 175, 5448285
Press [ANS] (] 1 [2nd] [EE] 99 (] 165 () 1 L] 6 (] %Q??EEDTTEH%HE
350)].
Ans (175.5448205 from step 11) is the lower

bound. 1E99 is the upper bound. The normal curve
is defined by a mean p of 165.1 and a standard
deviation ¢ of 6.35.

15. Press to plot and shade the normal curve.

Area is the area above the 95th percentile. low is
the lower bound. up is the upper bound.

Arga=.0g
Tow=17E.E4E up=1E99

Inferential Stat Editors

Displaying the Inferential Stat Editors

When you select a hypothesis test or confidence interval instruction from the home
screen, the appropriate inferential statistics editor is displayed. The editors vary
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according to each test or interval’s input requirements. Below is the inferential stat editor
for T-Test.

T-Te=st.

InFLIDELE Stat=
Ho:@

Listili

Fre=:l

TH L0 D
Calculate Draw

Note: When you select the ANOVA( instruction, it is pasted to the home screen. ANOVA(
does not have an editor screen.

Using an Inferential Stat Editor
To use an inferential stat editor, follow these steps.

1. Select a hypothesis test or confidence interval from the STAT TESTS menu. The
appropriate editor is displayed.

2. Select Data or Stats input, if the selection is available. The appropriate editor is
displayed.

3. Enter real numbers, list names, or expressions for each argument in the editor.

Select the alternative hypothesis (#, <, or >) against which to test, if the selection is
available.

Select No or Yes for the Pooled option, if the selection is available.

Select Calculate or Draw (when Draw is available) to execute the instruction.

* When you select Calculate, the results are displayed on the home screen.
*  When you select Draw, the results are displayed in a graph.
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This chapter describes the selections in the above steps for each hypothesis test and
confidence interval instruction.

Select Data or Z—Tezl Select an
Stats input [~ Ir'uF*’rl,é Stats alternative
A E

Tt hypothesis
Enter values List:DATA

- Fre=:l
for arguments Wi Lmg e Select
Calculate Draw Calculate or

Draw output

Selecting Data or Stats

Most inferential stat editors prompt you to select one of two types of input. (1-PropZint

and 2-PropZTest, 1-PropZint and 2-PropZint, xz-Test, XZGOF-Test, LinRegTInt, and
LinRegTTest do not.)

» Select Data to enter the data lists as input.

» Select Stats to enter summary statistics, such as X, Sx, and n, as input.

To select Data or Stats, move the cursor to either Data or Stats, and then press [ENTER].

Entering the Values for Arguments

Inferential stat editors require a value for every argument. If you do not know what a
particular argument symbol represents, see the Inferential Statistics Input Descriptions
tables.
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When you enter values in any inferential stat editor, the TI-84 Plus stores them in
memory so that you can run many tests or intervals without having to reenter every
value.

Selecting an Alternative Hypothesis (= < >)

Most of the inferential stat editors for the hypothesis tests prompt you to select one of
three alternative hypotheses.

+ The firstis a # alternative hypothesis, such as u=u0 for the Z-Test.
* The second is a < alternative hypothesis, such as u1<u2 for the 2-SampTTest.
+ The third is a > alternative hypothesis, such as p1>p2 for the 2-PropZTest.

To select an alternative hypothesis, move the cursor to the appropriate alternative, and
then press [ENTER].

Selecting the Pooled Option

Pooled (2-SampTTest and 2-SampTInt only) specifies whether the variances are to be
pooled for the calculation.

» Select No if you do not want the variances pooled. Population variances can be
unequal.

» Select Yes if you want the variances pooled. Population variances are assumed to
be equal.

To select the Pooled option, move the cursor to Yes, and then press [ENTER].
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Selecting Calculate or Draw for a Hypothesis Test

After you have entered all arguments in an inferential stat editor for a hypothesis test,
you must select whether you want to see the calculated results on the home screen
(Calculate) or on the graph screen (Draw).

* Calculate calculates the test results and displays the outputs on the home screen.

» Draw draws a graph of the test results and displays the test statistic and p-value with
the graph. The window variables are adjusted automatically to fit the graph.

To select Calculate or Draw, move the cursor to either Calculate or Draw, and then press
ENTER]. The instruction is immediately executed.

Selecting Calculate for a Confidence Interval

After you have entered all arguments in an inferential stat editor for a confidence interval,
select Calculate to display the results. The Draw option is not available.

When you press [ENTER], Calculate calculates the confidence interval results and displays
the outputs on the home screen.

Bypassing the Inferential Stat Editors

To paste a hypothesis test or confidence interval instruction to the home screen without
displaying the corresponding inferential stat editor, select the instruction you want from
the CATALOG menu. Appendix A describes the input syntax for each hypothesis test and
confidence interval instruction.

[2-SamrZTest( |
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Note: You can paste a hypothesis test or confidence interval instruction to a command
line in a program. From within the program editor, select the instruction from either the
CATALOG (Chapter 15) or the STAT TESTS menu.

STAT TESTS Menu

STAT TESTS Menu

To display the STAT TESTS menu, press (d. When you select an inferential
statistics instruction, the appropriate inferential stat editor is displayed.

Most STAT TESTS instructions store some output variables to memory. For a list of these
variables, see the Test and Interval Output Variables table.

EDIT CALC TESTS

1l: Z-Test... Test for 1 u, known o

2: T-Test... Test for 1 u, unknown ¢

3: 2-SampZTest... Test comparing 2 u’s, known 6’s

4: 2-SampTTest... Test comparing 2 u’s, unknown G’s

5: 1-PropZTest... Test for 1 proportion

6: 2-PropZTest... Test comparing 2 proportions

7: ZInterval... Confidence interval for 1 y, known ¢

8: TInterval... Confidence interval for 1 u, unknown ¢

9: 2-SampZInt... Confidence interval for difference of 2 u’s, known ¢’s
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EDIT CALC TESTS

0:
A:

B:

o

=R T s I ]

2-SampTInt... Confidence interval for difference of 2 u’s, unknown c’s
1-PropZInt... Confidence interval for 1 proportion

2-PropZInt... Confidence interval for difference of 2 proportions
xz—Test. .. Chi-square test for 2-way tables

XZ—GOF Test . .. Chi-square Goodness of Fit test

2-SampFTest. .. Test comparing 2 ¢’s

LinRegTTest. .. t test for regression slope and p

LinRegTInt... Confidence interval for linear regression slope coefficient b
ANOVA ( One-way analysis of variance

Note: When a new test or interval is computed, all previous output variables are
invalidated.

Inferential Stat Editors for the STAT TESTS Instructions

In this chapter, the description of each STAT TESTS instruction shows the unique
inferential stat editor for that instruction with example arguments.

Descriptions of instructions that offer the Data/Stats input choice show both types of
input screens.

Descriptions of instructions that do not offer the Data/Stats input choice show only
one input screen.
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The description then shows the unique output screen for that instruction with the
example results.

» Descriptions of instructions that offer the Calculate/Draw output choice show both
types of screens: calculated and graphic results.

» Descriptions of instructions that offer only the Calculate output choice show the
calculated results on the home screen.

Z-Test

Z-Test (one-sample z test; item 1) performs a hypothesis test for a single unknown
population mean u when the population standard deviation o is known. It tests the null
hypothesis Hg: u=pq against one of the alternatives below.

* Hap#ug (w:#00)

* Harp<ug (n:<u0)

* Hg u>pg (u>p0)

In the example:

Chapter 13: Inferential Statistics and Distributions 342



L1={299.4 297.7 301 298.9 300.2 297}

Data

Input: F=Te=t
InFt: Stats
ug%SE

Ts

Listili

Fre-:il

TR TN | Y|
Calculate DOraw

Calculated S ey
results: | w4 38E. BREA

Drawn
results:

.21t

Stats

Z=Te=st
InFLiData EFEE

ug:SEB

LR

H¥E299, @333

A H =

TR TN | Y|
Calculate DOraw

v
Z-Test

bl B

< 306, BEEE
z="-, 893
F=, 2156
%=299, B333
=5, BEEE

z=-.7B8z P21k

Chapter 13: Inferential Statistics and Distributions

343



Note: All STAT TESTS examples assume a fixed-decimal mode setting of 4 (Chapter 1). If
you set the decimal mode to Float or a different fixed-decimal setting, your output may
differ from the output in the examples.

T-Test
T-Test (one-sample ¢ test; item 2) performs a hypothesis test for a single unknown

population mean p when the population standard deviation ¢ is unknown. It tests the null
hypothesis Hy: u=pg against one of the alternatives below.

* Hapzug (w#00)
* Harp<ug (n:<u0)
* Haiu>pg (u:>po)

In the example:

TEST=({91.9 97.8 111.4 122.3 105.4 95}

Data Stats
Input: =Tzt T-Teszt.
InFt: Stats InFtiData EFEE
ro:lA Kot
List:TEST #1183, 9667
Fre=:l Sxill. 459
T L0 D [ H =
Calculate Draw T L0 D
Calculate Draw

v v
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Data Stats

Calculated =T T-Test
results: | w165, BEEE v#1B5, Baae
=-,Z t=-, 2267
F=, 5348 F=, 5348
==163. 9667 ==163. 9667
Sw=11, 665 Sw=11, 665
g5 Bas g5 Bas

Drawn
results:

2-SampZTest

2-SampZTest (two-sample z test; item 3) tests the equality of the means of two
populations (u4 and u,) based on independent samples when both population standard

deviations (o4 and o5) are known. The null hypothesis Hg: nq=p, is tested against one of
the alternatives below.

© Hapqzup (u1:2u2)
© Halpq<po (n1:<p2)
* Haipg>pp (n1>p2)
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In the example:

LISTA={154 109 137
LISTB={108 115 126

Input:

Calculated
results:

115 140}
92 146}

Data

2-SamFrZTest
InFt: Stats

pleigdps <pZ2 EmE
Calculate Oraw

v

2-SamFrZTest

Sxez=28.1941
ni =5, BEEE
.nz=5.EBEE

Stats

2-SamFrZTest
InFt.iData

pleigdps <pZ2 EmE
Calculate Oraw

v

2-SamFrZTest
TR TR
231.4?95

ne=5. BEEE
[ |
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Data Stats

Drawn
results:

Z=1.478E F=.068E Z=1.478E F=.068E

2-SampTTest

2-SampTTest (two-sample ¢ test; item 4) tests the equality of the means of two
populations (14 and u,) based on independent samples when neither population

standard deviation (o4 or 65) is known. The null hypothesis Hy: nq=p, is tested against
one of the alternatives below.

© Hatpg#up (n1:#u2)

© Halpq<upp (n1:<u2)

© Hal o (p1:>p2)

In the example:
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SAMP1={12.207 16.869 25.05 22.429 8.456 10.589}
SAMP2={11.074 9.686 12.064 9.351 8.182 6.642}

Input:

Calculated
results:

Data

2-SamFrTTest

InFt: I% Stats
Listl:
List2: SHHPE

Frexl: 1
Frqu

{u2 T
¢PDD BE Ye=

| Calculate Oraw |

v

2-SamFTTest
B FRE
t=2. 2579
F=.H&

Stats

EESaQPETEEt

nrt.: Dat.a EETE
#¥1:15.933
Sxlib.7Ald

nl:g

®2:9,4992

Sw2il.9301
Ihie

piz IR
Fooleds: Ves
Calculate DOraw

v

2-SamFTTest
B FRE
t=2. 2579
F=.Hd5
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Data
Drawn
results:
L=z.zE79 F=.05ED
1-PropZTest

Stats

k=Z.zE78

F=.0650

1-PropZTest (one-proportion z test; item 5) computes a test for an unknown proportion of
successes (prop). It takes as input the count of successes in the sample x and the count

of observations in the sample n. 1-PropZTest tests the null hypothesis Hp: prop=pg

against one of the alternatives below.
* Ha: prop#pg (prop:#p0)

*  Hj: prop<pg (prop:<p0)
*  Ha: prop>pg (prop:>p0)

Input: T FrorzTest
FO:.S

wi2E42

n: 4848

FHo “FO0 *FO

Calculate Draw
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Calculated M-FropzTest
results: | FroF#.SE8EE
z=.22818

F=.ar03
=.2H59
n=4E848, BEAA
[ |
I
v
Drawn
results:
z=.BA1 F= 7B
2-PropZTest

2-PropZTest (two-proportion z test; item 6) computes a test to compare the proportion of
successes (p41 and p,) from two populations. It takes as input the count of successes in

each sample (x4 and x,) and the count of observations in each sample (n4 and ny).
2-PropZTest tests the null hypothesis Hy: p4=p, (using the pooled sample proportion p)
against one of the alternatives below.

*  Ha py#p2 (p1:#p2)
* Hai p1<p2 (p1:<p2)
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* Ha p1>p2 (p1:>p2)

Input:

Calculated
results:

Drawn
results:

2-ProrsTest
%1

Calculate Draw

v

E—P;DPETESt

ok B F=.1286
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Zlinterval

Zinterval (one-sample z confidence interval; item 7) computes a confidence interval for
an unknown population mean p when the population standard deviation ¢ is known. The
computed confidence interval depends on the user-specified confidence level.

In the example:

L1={299.4 297.7 301 298.9 300.2 297}

Input:

Calculated
results:

Data

Zlnterual
InFt:
oi3
Listili
Fre«:il

C-Lewesl:.9
Calculate

LipEIE Stats

v

£

[l [ I a T
. Q]
= w0

Stats

Zlnterual

Inpt:Data AL
al

s
C-Lewesl:.9
Calculate

v
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Tinterval

Tinterval (one-sample r confidence interval; item 8) computes a confidence interval for an
unknown population mean p when the population standard deviation ¢ is unknown. The
computed confidence interval depends on the user-specified confidence level.

In the example:

L6={1.6 1.7 1.8 1.9}

Input:

Calculated
results:

Data

TInterual
IrnFt:
Listils
Fre«:il
C—Lewel:. 95
Calculate

Stats

T

Stats

TInteTual

xf. 129

alculate

leuvel:.as
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2-SampZint

2-SampZint (two-sample z confidence interval; item 9) computes a confidence interval for
the difference between two population means (u1-u) when both population standard

deviations (o4 and c5) are known. The computed confidence interval depends on the
user-specified confidence level.

In the example:

LISTC={154 109 137 115 140}
LISTD={108 115 126 92 146}

Input:

Data

2=SamrZlnt

C—Lewel:. 99
Calculate

v

Stats

2=SamrZInt
InFt:0ata AL

UIE .

e ey L]

[ g Ll

[l Ll [ S
L [ )|
- e
- nen
I

£

C—Lewel:. 99
Calculate

v
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Data Stats

Calculated F=EzmrzInt T CamFZInk
results: | £-10, B3, 37, 2750 (10, B, 37, 2780
%1=131. BEDE %1=131. BEDE
Ge=117. 4660 Ge=117. 4660
Sw1=18.6145 H1=5, BEEER
Swz=2A, 1941 =5, GEAER
LA1=5, GAEEA
N N
nez=5. 3884
N
2-SampTint

2-SampTInt (two-sample r confidence interval; item 0) computes a confidence interval for
the difference between two population means (u4-u) when both population standard

deviations (o4 and o5) are unknown. The computed confidence interval depends on the
user-specified confidence level.

In the example:
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SAMP1={12.207 16.869 25.05 22.429 8.456 10.589}
SAMP2={11.074 9.686 12.064 9.351 8.182 6.642}

Data Stats
Input: EISaEPTInt et Z-5aneTTnt
nF MEEE ats nrt.: Dat.a EETE
Listl: #¥1:15.933
List2: SHHPE Sxlib.7Ald
Frexl:sl nl:g
Freaz:l ®2:9,4992
C-Level:.95 Sx2il.9581
JPooled:fE Ye= LnZig
| Calculate | C-Lewel:,35
Fooleds: Ves
Calculate

v v

Calculated F-EneTInt, T CamETInt
results: | € -.52458,13.452> [-.08d49, 13,452
di=5.84A8 di=5.84A8
H1=15.9333 H1=15.9333
Xe=9.49393 Xe=9.49393
Sxi=h.7Ald Sxi=h.7Ald
LExz=1.93681 LExz=1.93681
[ | [ |
ni =6, BEEE ni =6, BEEE
.nz—E.EBEE nz=6G. BEEE
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1-PropZint

1-PropZint (one-proportion z confidence interval; item A) computes a confidence interval
for an unknown proportion of successes. It takes as input the count of successes in the
sample x and the count of observations in the sample n. The computed confidence
interval depends on the user-specified confidence level.

Input: T—Frgrzint.
wi2048

ns 4648

C-Levwsl:,99

Calculate

v

Calculated 1-FProrFzlnt
results: '::486?= -T2V

=.5
n=4840. BE0E

2-PropZint

2-PropZint (two-proportion z confidence interval; item B) computes a confidence interval
for the difference between the proportion of successes in two populations (p1-p5). It
takes as input the count of successes in each sample (x4 and x,) and the count of
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observations in each sample (n4 and n,). The computed confidence interval depends on
the user-specified confidence level.

Input: [FFropzint.
x1:49

nl:gl

w2133

nz2: 62

C—Lewel:. 95

Calculate

v

Calculated *—Prorzlnt
results: CLEE34, 34740
Fi1=,8833
Fz=.656129
ni=61. BEEA
nz=62. BEEA
[ |

y2-Test

xz-Test (chi-square test; item C) computes a chi-square test for association on the two-
way table of counts in the specified Observed matrix. The null hypothesis H0 for a two-way

table is: no association exists between row variables and column variables. The
alternative hypothesis is: the variables are related.

Before computing a y2-Test, enter the observed counts in a matrix. Enter that matrix
variable name at the Observed: prompt in the xz-Test editor; default=[A]. At the
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Expected: prompt, enter the matrix variable name to which you want the computed

expected counts to be stored; default=[B].

Matrix
editor:

Input:

Calculated
results:

MATRIXIAD 3 x2

[ E0ogn 18,000
[ B.o0g0  1g.000
[ii.000  1z000

Xi-Test
Obserwved: [A]
ExPected=[E]

I

Calculate A

v

Note: Press DIDRR
select 1:[A] from the MATRX EDIT
menu.

Note: Press [MATRX] [+] (ENTER] to
display matrix [B].

t—Test
¥e=3,3708
F=. 158568
df =2. 86868
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Drawn results: I

=T r=.1B5

v2GOF-Test

XZGOF-Test (Chi Square Goodness of Fit; item D) performs a test to confirm that sample

data is from a population that conforms to a specified distribution. For example, xz GOF
can confirm that the sample data came from a normal distribution.

In the example:
list 1={16,25,22,8,10}
list 2={16.2,21.6,16.2,14.4,12.6}

The Chi-square IEOF—Te=t

Goodness of Fit DbSE'r'“'-.-'E'dE B4
input screen: | ExFectedilz

dfsd
Calculate Draw

Note: Press DI]to
select TESTS. Press [+]
several times to select
D:X?GOF-Test... Press
(ENTER]. To enter data for
df (degree of freedom),

press [v] [+] [+]. Type 4.
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Calculated ®EGOF—T

est
results: | X&=5,995149912
F=. 1995187739

df=4
CHTRE={. 082459

Drawn results:

Ha=E.09E1 F=.198E

2-SampFTest

2-SampF Test (two-sample F-test; item E) computes an F-test to compare two normal
population standard deviations (o4 and o5). The population means and standard

deviations are all unknown. 2-SampF Test, which uses the ratio of sample variances
Sx12/Sx22, tests the null hypothesis Hy: 61=c, against one of the alternatives below.

*  Hai 04205 (01:#02)
*  Hai 04<0; (01:<02)

*  Hj04>05 (01:>02)
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In the example:

SAMP4={ 7 -4
SAMP5={ -1 12
Input:

Calculated
results:

18 17 -3 -5
-1 -3 3 -5
Data
2-SamFFTest
InFt: Stats
Listl: P4
ListZ2: SAMPS
Frexl:sl
Frexz2:l
gl o2 rad
Eal ulate Oraw

v

2-SamFrFTest
T1E0;
F=2.19355
F=. 2365
Sx1=28. 7433

Suwp=0. 9807
#E1=5.EEEE

1 -2}
-1 -1 -3}

Stats

2-SamFFTest
InFt.iData
Sxlig. 743

nil:i@
SKE 5. 96867
nz2:=11

gl o2 rad
Eal ulate Oraw

v

2-SamFrFTest
T1E0;
F=2.1956&
F=. 2364
Sx1=2. 7433

Swp=3.9807
I =18, aREE

nez=11.8804
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Data Stats

Drawn results:

F=g.19EC F=.Z36E F=z.1955 F.E3E4

LinRegTTest

LinRegTTest (linear regression ¢ test; item F) computes a linear regression on the given
data and a ¢ test on the value of slope B and the correlation coefficient p for the equation
y=a+Bx. It tests the null hypothesis Hg: B=0 (equivalently, p=0) against one of the

alternatives below.

*  Hji: B0 and p=0 (B & p: #0)

*  Ha:B<0and p<0 (B & p:<0)

*+ Hi:B>0and p>0 (B & p:>0)

The regression equation is automatically stored to RegEQ (VARS Statistics EQ secondary
menu). If you enter a Y= variable name at the RegEQ: prompt, the calculated regression

equation is automatically stored to the specified Y= equation. In the example below, the
regression equation is stored to Y1, which is then selected (turned on).

In the example:

L3={ 38 56 59 64 74}
La={ 41 63 70 72 84}
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Input: [CirREeaTTest.
alistilz
WMlistily
Fre=:il
B & P:EE <@ A
EegER: Yy
Calculate
I
v
Calculated [TrEeaTTest Flotl Flotz Flots
results: | g9=a+bx MiE-3.6595+1 .19
B#8 and p#A 59
t=15.94A5 Me=
F=5. 3684 -4 M=
df =3. 86808 “Hy=
Ja=-3.6596 wMe=
M=
Th=1.139&9
==1.922A
re=, 92883
r=.9941

When LinRegTTest is executed, the list of residuals is created and stored to the list name
RESID automatically. RESID is placed on the LIST NAMES menu.

Note: For the regression equation, you can use the fix-decimal mode setting to control
the number of digits stored after the decimal point (Chapter 1). However, limiting the
number of digits to a small number could affect the accuracy of the fit.
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LinRegTIint

LinRegTInt computes a linear regression T confidence interval for the slope coefficient b.
If the confidence interval contains 0, this is insufficient evidence to indicate that the data
exhibits a linear relationship.

In the example:
list 1={4, 5, 6, 7, 8}
list 2={1, 2, 3, 3.5, 4.5}

LinRegTInt input
screen:

LinkeaTInt

wlistili
VMlistilz
Fre«:il
C—Lewel:. 95
RegEL:
Calculate

v

Calculated
results:

LinReaTInt

a=gth
(L EQESE,1.8689]1)
b=.85

odf=3
==.158113333

la=-2.

Tdf=3
5=, 155113883

a=-2.
rE=, 9997V 2eE2 T4
r=.3943497512

Note: Press DI0]to
select TESTS. Press [+]
several times to select
G:LinRegTint... Press
(ENTER]. Press [+] several

times to select Calculate.

Press [ENTER].
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Xlist, Ylist is the list of independent and dependent variables. The list containing the Freq
(frequency) values for the data is stored in List. The default is 1. All elements must be
real numbers. Each element in the Freq list is the frequency of occurence for each
corresponding data point in the input list specified in the List fields. RegEQ (optional) is
the designated Yn variable for storing the regression equation. StoreRegEqn (optional)
is the designated variable for storing the regression equation. The C level is the
Confidence level probability with default = .95.

ANOVA(

ANOVA( (one-way analysis of variance; item H) computes a one-way analysis of variance
for comparing the means of two to 20 populations. The ANOVA procedure for comparing
these means involves analysis of the variation in the sample data. The null hypothesis
Hp: nq=uo=...=py is tested against the alternative H,: not all p4...ux are equal.

ANOVA(list1,list2],...,list20])

In the example:

Input: EHAVATL Lz L3 W
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Note: SS is sum of squares and MS is mean square.
Inferential Statistics Input Descriptions

The tables in this section describe the inferential statistics inputs discussed in this
chapter. You enter values for these inputs in the inferential stat editors. The tables
present the inputs in the same order that they appear in this chapter.

Calculated
results:

v

Input Description
Uo Hypothesized value of the population mean that you are testing.
c The known population standard deviation; must be a real number

> 0.
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Input Description
List The name of the list containing the data you are testing.
Freq The name of the list containing the frequency values for the data

in List. Default=1. All elements must be integers > 0.

Calculate/Draw

Determines the type of output to generate for tests and intervals.
Calculate displays the output on the home screen. In tests, Draw
draws a graph of the results.

X, Sx, n Summary statistics (mean, standard deviation, and sample size)
for the one-sample tests and intervals.

ol The known population standard deviation from the first population
for the two-sample tests and intervals. Must be a real number > 0.

c2 The known population standard deviation from the second
population for the two-sample tests and intervals. Must be a real
number > 0.

List1, List2 The names of the lists containing the data you are testing for the

two-sample tests and intervals. Defaults are L1 and L2,
respectively.

Freql, Freq2

The names of the lists containing the frequencies for the data in
List1 and List2 for the two-sample tests and intervals.
Defaults=1. All elements must be integers > 0.

X1, Sx1, n1, X2, Sx2, n2

Summary statistics (mean, standard deviation, and sample size)
for sample one and sample two in the two-sample tests and
intervals.

Pooled

Specifies whether variances are to be pooled for 2-SampTTest
and 2-SampTInt. No instructs the TI-84 Plus not to pool the
variances. Yes instructs the TI-84 Plus to pool the variances.
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Input

Description

Po The expected sample proportion for 1-PropZTest. Must be a real
number, such that 0 < pg < 1.

X The count of successes in the sample for the 1-PropZTest and
1-PropZint. Must be an integer > 0.

n The count of observations in the sample for the 1-PropZTest and
1-PropZint. Must be an integer > 0.

x1 The count of successes from sample one for the 2-PropZTest
and 2-PropZint. Must be an integer > 0.

x2 The count of successes from sample two for the 2-PropZTest
and 2-PropZint. Must be an integer > 0.

ni The count of observations in sample one for the 2-PropZTest and
2-PropZint. Must be an integer > 0.

n2 The count of observations in sample two for the 2-PropZTest and
2-PropZint. Must be an integer > 0.

C-Level The confidence level for the interval instructions. Must be > 0 and

<100. Ifitis > 1, it is assumed to be given as a percent and is
divided by 100. Default=0.95.

Observed (Matrix)

The matrix name that represents the columns and rows for the
observed values of a two-way table of counts for the X2-Test and

XZGOF-Test. Observed must contain all integers > 0. Matrix
dimensions must be at least 2x2.

Expected (Matrix)

The matrix name that specifies where the expected values should
be stored. Expected is created upon successful completion of

the xz-Test and XZGOF-Test.
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Input Description

df df (degree of freedom) represents (number of sample categories)
- (number of estimated parameters for the selected distribution +

1).
Xlist, Ylist The names of the lists containing the data for LinRegTTest and

LinRegTInt. Defaults are L1 and L2, respectively. The
dimensions of Xlist and Ylist must be the same.

RegEQ The prompt for the name of the Y= variable where the calculated
regression equation is to be stored. If a Y= variable is specified,
that equation is automatically selected (turned on). The default is
to store the regression equation to the RegEQ variable only.

Test and Interval Output Variables

The inferential statistics variables are calculated as indicated below. To access these

variables for use in expressions, press 5 (5:Statistics), and then select the VARS

menu listed in the last column below.

LinRegTTest, VARS

Variables Tests Intervals ANOVA Menu
p-value p p TEST
test statistics 2,1, XZ, F t, F TEST
degrees of freedom df df df TEST
sample mean of x values for X1, X2 X1, X2 TEST
sample 1 and sample 2

sample standard deviation of x for Sx1, Sx1, TEST
sample 1 and sample 2 Sx2 Sx2
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LinRegTTest,

VARS

Variables Tests Intervals ANOVA Menu
number of data points for sample 1 n1, n2 n1, n2 TEST
and sample 2
pooled standard deviation SxP SxP SxP TEST
estimated sample proportion Jij il TEST
estimated sample proportion for p1 p1 TEST
population 1
estimated sample proportion for p2 p2 TEST
population 2
confidence interval pair lower, TEST
upper
mean of x values X X XY
sample standard deviation of x Sx Sx XY
number of data points n n XY
standard error about the line s TEST
regression/fit coefficients a,b EQ
correlation coefficient r EQ
coefficient of determination r2 EQ
regression equation RegEQ EQ

Note: The variables listed above cannot be archived.

Chapter 13: Inferential Statistics and Distributions

371



Distribution Functions

DISTR menu

To display the DISTR menu, press [DISTR].

DISTR DRAW

1:

Bw N

1

normalpdf (
normalcdf (
invNorm (
invT(
tpdf (
tcdf (
X2pdf (
¥x2cdf
Fpdf (
Fecdf (
binompdf (

nn probability density function

nn cumulative distribution function
Inverse cumulative normal distribution
Inverse cumulative Student-z distribution
Student-¢ probability density

Student- distribution probability
Chi-square probability density
Chi-square distribution probability
Fprobability density

Fdistribution probability

Binomial probability
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DISTR DRAW

B:

C
D:
E
F

binomecdf (

poissonpdf (
poissoncdf (
geometpdf (

geometcdf (

Binomial cumulative density
Poisson probability

Poisson cumulative density
Geometric probability

Geometric cumulative density

Note: -1E99 and 1E99 specify infinity. If you want to view the area left of upperbound, for
example, specify lowerbound=-1E99.

normalpdf(

normalpdf( computes the probability density function (pdf) for the normal distribution at a
specified x value. The defaults are mean u=0 and standard deviation 6=1. To plot the
normal distribution, paste normalpdf( to the Y= editor. The probability density function
(pdf) is:

flx) =

21O

(=W
2
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normalpdf(x[,u,c])

Flotl Flotz Flofs Note: For this example,
~M1BEnormal Fd CEs Xmin =28
Sa: 20 Xmax = 42
Ymin=0
Ymax =.2
Xscl =1
Yscl = .1

Note: For plotting the normal distribution, you can set window variables Xmin and Xmax
so that the mean y falls between them, and then select 0:ZoomFit from the ZOOM menu.
normalcdf(

normalcdf( computes the normal distribution probability between lowerbound and
upperbound for the specified mean p and standard deviation . The defaults are u=0 and

o=1.

normalcdf(lowerbound,upperbound],1,6])

narmalE?Fi'lEggp
Tl ES1dezdETE
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invNorm(

invNorm( computes the inverse cumulative normal distribution function for a given area
under the normal distribution curve specified by mean p and standard deviation o. It
calculates the x value associated with an area to the left of the x value. 0 < area < 1 must
be true. The defaults are p=0 and o=1.

invNorm(areal[,|1,G])

invHorme . 6914624
B8, 30.2)
J6. BABEAEEY

invT(

invT( computes the inverse cumulative Student-t probability function specified by Degree
of Freedom, df for a given Area under the curve.

invT(area,df)

irTC, 95, 240
1.710822023
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tpdf(

tpdf( computes the probability density function (pdf) for the Student-: distribution at a
specified x value. df (degrees of freedom) must be > 0. To plot the Student-: distribution,
paste tpdf( to the Y= editor. The probability density function (pdf) is:

2 —(df+1)2
_Tldf+ 2] (A +x7/df)
flx) =
Ir'(df/2) /ndf
tpdf(x,df)
Flotl Flokz Flets | Note: For this example,
M RLEdf G 22 Xmin =-4.5
Xmax = 4.5
Ymin=0
Ymax = .4
tedf(

tcdf( computes the Student-t distribution probability between lowerbound and upperbound for
the specified df (degrees of freedom), which must be > 0.

tedf(lowerbound,upperbound,df)
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todf o -2, 3,185
L FESY4ES644
x2pdf(

szdf( computes the probability density function (pdf) for the xz (chi-square) distribution
at a specified x value. df (degrees of freedom) must be an integer > 0. To plot the xz
distribution, paste szdf( to the Y= editor. The probability density function (pdf) is:

dfi2 df/2-1 2

= 1/2 >0
fx) = FWm( ) x

2
X pdf(x,df)

Flotl Flotz Flofs Note: For this example,
SMENERAE (RS Xmin=0
xﬁzEHEPdFtHJ} Xmax = 30
. =
x3i= Ymin =-.02
wrE= -
p= Ymax =.132
M=
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y2cdf(

xzcdf( computes the x2 (chi-square) distribution probability between lowerbound and
upperbound for the specified df (degrees of freedom), which must be an integer > 0.

chdf(lowerbound,upperbound,dj)

l':'liac,df“':Eh 19.823.9
- 973EE19E0]

Fpdf(

Fpdf( computes the probability density function (pdf) for the F distribution at a specified x
value. numerator df (degrees of freedom) and denominator df must be integers > 0. To plot
the F distribution, paste Fpdf( to the Y= editor. The probability density function (pdf) is:

—(n+d)/2
( X

>0

f(x) =

n/2
F_[(Ld)ﬁ(’z) 27N 4 nvla)

C(n/i2)T(di2)\d

where  n = numerator degrees of freedom
d = denominator degrees of freedom
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Fpdf(x,numerator df,denominator df)

Flotl Flotz Flot: Note: For this example,
SMEFRAE R 24, 19 Xmin=0
' Xmax =5
Ymin=0
Ymax =1
Fedf(

Fedf( computes the F distribution probability between lowerbound and upperbound for the
specified numerator df (degrees of freedom) and denominator df. numerator df and denominator
df must be integers > 0.

Fedf(lowerbound,upperbound,numerator df,denominator df)

Fodfim: 2. 4523, 24
’ . ST49989576

binompdf

binompdf( computes a probability at x for the discrete binomial distribution with the
specified numtrials and probability of success (p) on each trial. x can be an integer or a list
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of integers. 0<p<1 must be true. numtrials must be an integer > 0. If you do not specify x, a
list of probabilities from 0 to numtrials is returned. The probability density function (pdf) is:

fo) = (M)p" 1 -p)" = 0l

where n = numtrials

binompdf(numtrials,p[,x])

22333
£.34568 2592 8.

bianPdFiﬁp.Ep{S‘

binomcdf(

binomcdf( computes a cumulative probability at x for the discrete binomial distribution
with the specified numtrials and probability of success (p) on each trial. x can be a real
number or a list of real numbers. 0<p<1 must be true. numtrials must be an integer > 0. If
you do not specify x, a list of cumulative probabilities is returned.

binomedf(numtrials,p[,x])

binomcdf (S, .6 £3
24,532
L.EE384 92224 .
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poissonpdf(
poissonpdf( computes a probability at x for the discrete Poisson distribution with the

specified mean u, which must be a real number > 0. x can be an integer or a list of
integers. The probability density function (pdf) is:

f(x) = e "u'/xlx = 0,12....

poissonpdf(yL,x)

FoissonFdf (6. 162
8413830934

poissoncdf(

poissoncdf( computes a cumulative probability at x for the discrete Poisson distribution
with the specified mean pu, which must be a real number > 0. x can be a real number or a
list of real numbers.

poissoncdf(,x)

C.126,
62 .9

Ll
oo
Ly

geometpdf(

geometpdf( computes a probability at x, the number of the trial on which the first success
occurs, for the discrete geometric distribution with the specified probability of success p.
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0<p<1 must be true. x can be an integer or a list of integers. The probability density
function (pdf) is:

fx) = p(=p) 'x = 12...

geometpdf(p,x)

genmethFi.4i?

2
LB31104

geometcdf(

geometcdf( computes a cumulative probability at x, the number of the trial on which the
first success occurs, for the discrete geometric distribution with the specified probability
of success p. 0<p<1 must be true. x can be a real number or a list of real numbers.

geometcdf(p,x)

gen??tchi.Sp{lp
"Tils .75 .avsy

Distribution Shading

DISTR DRAW Menu

To display the DISTR DRAW menu, press [DISTR] (). DISTR DRAW instructions draw
various types of density functions, shade the area specified by lowerbound and upperbound,
and display the computed area value.
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To clear the drawings, select 1:ClrDraw from the DRAW menu (Chapter 8).

Note: Before you execute a DISTR DRAW instruction, you must set the window variables
so that the desired distribution fits the screen.

DISTR DRAW

1:

2:

3:

4.

ShadeNorm (
Shade t(
Shadey? (

ShadeF (

Shades normal distribution.

Shades Student-z distribution.

Shades %2 distribution.
Shades Fdistribution.

Note: -1E99 and 1E99 specify infinity. If you want to view the area left of upperbound, for
example, specify lowerbound="1E99.

ShadeNorm(

ShadeNorm( draws the normal density function specified by mean p and standard
deviation ¢ and shades the area between lowerbound and upperbound. The defaults are u=0
and o=1.
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ShadeNorm(lowerbound,upperbound[,1,6])

Note: For this example,

ShadeHormi&d. 66,

63.6:2.501 Xmin =55
Xmax =72
Ymin=-.05
Ymax =.2

Area=.rEEEZD
Tow=g0 UF=E6B

Shade_t(

Shade_t( draws the density function for the Student-: distribution specified by df (degrees
of freedom) and shades the area between lowerbound and upperbound.

Shade_t(lowerbound,upperbound,dy)

Note: For this example,

Shade_t¢-1,1g99,

420 Xmin=-3
Xmax =3
Ymin=-.15
Ymax =.5

ArFea=.B1z05 |dF=Y
Tow=-1 ur=1E99
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Shadey?(

Shadexz( draws the density function for the xz (chi-square) distribution specified by df
(degrees of freedom) and shades the area between lowerbound and upperbound.

Shadexz(lowerbound,upperbound,df)

|Shade}i3 =PER la:,il Not.e: For this example,
Xmin =0

Xmax = 35

Ymin =-.025

Ymax = .1

AFea=.0EZEEF dF=1il
Ta=0 UF=Yy

ShadeF(

ShadeF( draws the density function for the F distribution specified by numerator df
(degrees of freedom) and denominator df and shades the area between lowerbound and
upperbound.
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ShadeF (lowerbound,upperbound,numerator df,denominator df)

ShadeFl.2.108.15
i |

AFed=.27EEY
Tow=1 UF=g

Note: For this example,
Xmin=0

Xmax =5
Ymin=-.25
Ymax =.9
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