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Statistics [nthis chapter we will give an introduction to the statistical
features of the TI-86. The tools available on the TI-86 will
allow us to calculate statistical results, perform regression
analyses, and graphically display statistical data.

Preliminaries

The baseball data below, taken during the second month of the 1996 season, will be used to illustrate
the statistical capabilities of the TI-86.

Team % of Games Won | Batting Average Slugging % Pitching ERA
Atlanta 66 0.277 0.450 2.75
San Diego 63 0.273 0.392 3.22
Montreal 57 0.275 0.426 3.95
Los Angeles 53 0.242 0.363 2.95
San Francisco 52 0.261 0.427 4.83
Colorado 51 0.283 0.460 5.90
Philadelphia 50 0.236 0.383 4.39
Florida 50 0.241 0.386 3.80
Houston 50 0.270 0.416 4.02
St. Louis 4+ 0.266 0.403 4.70
New York 42 0.265 0.406 4.40
Cincinnati 42 0.244 0.403 5.04
Chicago 41 0.247 0.396 4.60
Pittsburgh 38 0.252 0.400 4.69

Set the mode and graph format settings as shown in (2.0.1) and (2.0.2) of Chapter 2. Delete all

functions in the (y(x)=) graph editor by using the (DELf) selection. In addition, since statistical data
is stored in lists, it may be worthwhile to delete all possible existing lists from your calculator so that
you can name the lists created in this chapter the same as we have named them. Recall that to delete

lists from the calculator, press [MEM] and select (DELET). Then select (LIST). and press as
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Statistics (Continued)

many times as is necessary to delete all possible existing lists from your calculator. As indicated in
§25 of Chapter 1, the lists xStat, yStat, and fStat are system variables and cannot be deleted. However,
they can be reduced to empty lists as we will illustrate in §6.

§1 - Entering and Viewing Lists

On the TI-86, data for a one-variable statistical analysis is divided into an a-list and an optional f-list
that gives the frequency of each data point 2. For a two-variable statistical analysis, data is divided
into an x-list containing the independent variable sample points, a y-list containing the dependent
variable sample points, and an optional f-list that gives the frequency of each data pair (x, y). Of
course, the x- and y-lists are paired in the sense that the kth element of the y-list corresponds to the
kth element of the a-list. In both the one and two variable cases, the default frequency for each data
point is 1 on the TI-86. We will have no occasion to deviate from this default value, since if a data
point has a frequency of say 3, then we merely list this data point 3 times (with a frequency of 1 each
time).

In order to analyze the baseball data, we will need to store four lists in the calculator: (1) the list
of % of games won; (2) the list of batting averages; (3) the list of slugging percentages; and (4) the list
of pitching ERAs. We will store these lists under the names WL, BA, SA, and ERA, respectively. Of
course, we must store the data in sequential form,; i.e., the data for Atlanta must occupy the same list
position for each of the four lists.

The most convenient way to enter lists on the TI-86 is to use the LIST editor. A second option is to
enter a list directly from the home screen. The LIST editor can be accessed from either the LIST menu
or the STAT menu. To access the LIST editor from the LIST menu, press [LIsT], and select (EDIT).
To access the LIST editor from the STAT menu, press [STAT], and select (EDIT).

1. We first illustrate the home screen method by entering
the list WL from the home screen. From the home
screen, type in
{66, 63, 57, 53, 52, 51, 50, 50, 50, 44, 42, 42, 41, 38}
1 T INaMEsl EDIT | OFs
as shown in (9.1.1). The characters { and } can be (9.1.1)
accessed by pressing [LIsT].
5 i 166:63:57,53,52,51.58
2. Then press (ST08), type in WL, and press to .58, 50, 44, 42,42, 41,38
store this list under the name WL. See (9.1.2). >l
66 63 57 53 52 51 5.
1 T INAMEsl EDIT 1 OFs
(9.1.2)
3. To view the list WL in the LIST editor, press xstat ___[ustat fstat B
[LIsT], or [STAT], and select (EDIT) to obtain a
display similar to (9.1.3). Your display may be
different depending on your previous use of the
T1-86 KSEab(L) = =——_
: T T = TInamesl o T oFs ¢

(9.1.3)
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Statistics (Continued)

4. Use the [4] key to move the block cursor to the top
line as in (9.1.4), and then use the ] key to move
the block cursor until it is in an unnamed column as
in (9.1.5).

5. Press to obtain (9.1.6) in which the blinking G
cursor is after Name=.

6. Then select (WL) to obtain (9.1.7), and press
to obtain (9.1.8).

7. Use the up and down arrow keys to view the
elements of the list as illustrated in (9.1.9), where
we see that the 4th element of the list WL is 53.

(9.1.4)

(9.1.5)

(9.1.6)

(9.1.7)

(9.1.8)

(9.1.9)

fezbgt] wikat Fitat i

KEtak =

T T > TUnaresl v T ops »
pitak FStat | ——

Hame=
T T = Tearesl_© T oes

wikak FSkat |

Mame=[
[T _Testat Tactat I vstat

vitak Fikat -
Hame=LL I
(L _Trstat Txstat I vstatl 1
uStat FStat W Yy

66

63

g7

B3

Bz

31
WL={66:63:37:53:52,5..
[T T = Traeesl_ v T oFs b
ystat fStat WL Y

66

63

¥

=1
MWLy =53

| I P U T
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Statistics (Continued)

§2 — The LIST Editor Entry Method
In this step we use the LIST editor to enter the list ERA.

1.

With the display as in (9.1.9), use the [4] key to
obtain (9.1.8) again, press [»] to move to an
unnamed column, and press to obtain (9.2.1).

Type in ERA at the Name= prompt, and press
ENTER] to obtain (9.2.2).

At this point, we could enter the ERA list much as
we entered the WL list from the home screen in §1
by using the { and } characters. However, it is much
more convenient to proceed as follows. With the
display as in (9.2.2), press one more time to
obtain (9.2.3).

Type in 2.75 and press to obtain (9.2.4).

Type in 3.22 and press to obtain (9.2.5).

Continue in this fashion until all elements in the
ERA list have been entered as is indicated in (9.2.6).
We emphasize again that we need to store the lists
WL, BA, SA, and ERA in sequential form so that
we will be able to carry out pair-wise comparisons
of the four lists in question. The two remaining
lists, BA and SA, will be entered in §8 using the LIST
editor.

(9.2.1)

(9.2.2)

(9.2.3)

(9.2.4)

(9.2.5)

(9.2.6)

HL

| —

T
62
E7
£3
£z

£1

Hame=0

[THL Tvstar Txatat T ostat T 1

EFR =

i 1z

ERALZ) =

=1

¥ TNAMEST

v 1 OFs »

kL

ERA £

66
6%
E?
£:
EZ

Ei

275

ERALZ) =

|

TRAME:T

W L OFE b

Fitat

ERACLE) =

|! F N TR I T
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Statistics (Continued)

§3 - Plotting a Histogram Using STAT PLOT

In the next few sections, we will do a one-variable statistical investigation of the ERA data. We start
by using the STAT PLOT feature of the TI-86 to plot a histogram of the ERA data. The first step in
setting up a histogram plot is to define an appropriate viewing window and to either delete or
deselect all functions in the (y(x)=) graphing editor. At the beginning of this chapter, we deleted the
functions in the (y(x)=) graphing editor.

%

0o

::.'\

Thus, with the display as in (9.2.6), press and
select (WIND) to open up the viewing window. The
ERA’s range from 2.75 to 5.90. Thus, it is reasonable
to take xMin = 2 and xMax = 6.5. The xScl value
determines the width of the bars in the histogram.
We will take xScl = 0.5. The height of each bar gives
the number of a-values within the bar width. An
aw-value at a bar boundary is counted in the bar to
the right. We take yMin = 0, yMax = 5, and yScl = 1.
Enter these viewing window values as shown in
(9.3.1).

On the TI-86 up to three stat plots can be defined.
The TI-86 refers to them as Plot1, Plot2, and Plot3.
We will set-up a histogram plot for the ERA data in
Plotl. With the display as in (9.3.1), press [STAT],
and select (PLOT) to obtain (9.3.2).

Then select (PLOT1) to obtain (9.3.3) in which the
blinking block cursor is on On.

Press [ENTER] to select On and then [=] to obtain
(9.3.4) in which the blinking block cursor is after
Type=.

Select (HIST) and press [=] to obtain (9.3.5).

(9.3.1)

WIHOOL
*Min=2
#Max=5.5
®ool=.5
dMin=a
diax=5
JaScl=1
MoCo= T HIND T 2000 DTRACE TGRAFH b

Note: Later we will see how the
(ZDATA) selection within the ZOOM
submenu can be used to have the TI-56
automatically select an appropriate
viewing window for the ERA data.

(9.3.2)

(9.3.3)

(9.3.4)

(9.3.5)

STAT FLOTS

1:Plotl. 0OfFf

| xStat witat o
2:Plot2 Off

Lo

-t xskat wikak o

o xstat wstat o

#list Hame=xStat
Ylizt Hame=aStat
Mark=o

FLOTL [

qﬂEFWE=EiEfk

wlist MHame=xStat
Y1ist Hame=gStat
Mark=a

EAWEE FLOTZ FLOTZ FI10n
SCAT DewLIMEN MEODR | HIST | EOX

qq§F>E==£iE{~

#list Hame=0S5tat
Frea=1

EWEA FLOTZ PLOTZ FI0N
xstat D estat Destat B ERA 0 ML
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6. Then select (ERA), and press to save ERA as %PFKF
the new Xlist Name. The result is shown in (9.3.6) _
with the blinking cursor on the 1 in Freq=1. Since Er{éﬁglNam‘FERF‘
we want the default frequency of each ERA to be 1,
we do not change this parameter. Plot1 is now set FINTA PLOTZ PLOTZ Pin  PlOff

5 x3kat § witat B Fstat
up to graph the histogram of the ERA data in the (9.3.6) .

viewing window [2, 6.5, 0.5] x [0, 5, 1].

7. With the display as in (9.3.6), press and select
(GRAPH) to obtain (9.3.7).
WIND | Z00M I TRACE IGRAFH B
(9.3.7)
8. Press to obtain (9.3.8) in which the bottom
menu line has been removed. ’_’—ﬂi
(9.3.8)
9. Press to obtain (9.3.7) again, select (TRACE), £
and use the [{] and [3] arrow keys to trace along the i
histogram as is illustrated in (9.3.9). From (9.3.9), |
we deduce that there are three ERA’s in the interval | | |
[4, 4.5). Mascn.s =3
(9.3.9)
10. As mentioned earlier in this section, we can use
(ZDATA) to have the TI-86 automatically select an
appropriate viewing window. To illustrate, with the
bottom menu line as in (9.3.7), select (ZOOM), press
[MORE), and select (ZDATA) to obtain (9.3.10). [as Mt RS Thg Al
(9.3.10)
11. Then select (WIND) to obtain (9.3.11), the WINDOL
: ; . ; ®*Min=2.75
dimensions of the new viewing window. In most wMax=6.53
cases, we will choose our own customized viewing ﬁ?ﬁ'&‘: "?32@2?6
window rather than using the one forced on us by .LB ja>i:=£ll .68
. HoC 1=
choosing (ZDATA). 0= T iR T 2000 TTRACE TGRAFHE

(9.3.11)
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§4 — Using OneVar to Compute One-Variable Summary Statistics

The OneVar command is used to compute the summary statistics for one-variable data. This
command has the syntax

OneVar x-list, f-list.

The f-list is optional. If none is given, then the TI-86 assumes that each data point in 2-list has a
frequency of 1. If neither an a-list nor an f-list is specified then the TI-86 assumes by default that a-list
is xStat and that the frequency of each data point is 1.

1.

To compute the summary statistics for the ERA
data, return to a cleared home screen, press
[STAT] and select (CALC) to obtain (9.4.1).

Next select (OneVa) to obtain (9.4.2) and then type
in ERA to obtain (9.4.3).

Press [ENTER] to obtain (9.4.4). The down arrow
beside S_indicates that we should use the down
arrow key [+] to scroll for more values.

However, we first press [EXIT] twice to remove the
two menu lines as in (9.4.5) so that we can view
more of the statistics at one time.

Then as in (9.4.6), we scroll to view the remaining
statistics.

(9.4.1)

(9.4.2)

(9.4.3)

(9.4.4)

(9.4.5)

(9.4.6)

I EDIT FLOT
OneYalTwolal Link

DRAK

Ohellar B

I EDIT  FLOT
OneWalTwolal Link

Onellar ERA

DEAK

T EDIT  FLOT  DRAW
OneValTwoVal Link

1-Uar Stats
®=4.23142857
Ex=59, 24
ExE=266, 255

+Sx=. 808673967

EDIT  FLOT
OneWalTwolal Link

DRAM

1-Uar Stats

1-Uar Stats
Th=14

Mminx=2.75
Artl11=3.8
Med=4, 395
Grtl13=4.7
Mmaxs=59.9
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§5 — More on OneVar and the LIST Editor

When we do a OneVar command, a duplicate of the a-list is copied to the xStat list, and a duplicate of
the f-list is copied to the fStat list. Thus, in a one-variable statistical analysis, the calculated statistical
results always match the data found in the xStat and fStat lists. We verify this fact for the present
data; and, at the same time, show how to choose the lists to be shown in the LIST editor as well as the
order in which they will be shown.

1. With the display as in (9.4.6), press [sTAT] and ”1""" HsLs
select (EDIT) to obtain what will probably will be 1 B2
(9.5.1). : &
i 1
ERR(L) =2, 75
1 > INAMEsE " T OFs b
(9.5.1)
2. We would like to remove the WL list from the editor FF:‘“ !:i‘s
and have the three lists fStat, ERA, and xStat be the - g; §§
ones in view. To remove the WL list from the editor, i 83 EE
move the block cursor to the top line of the WL Nt —7Z ;% = 5%-5 ==
column as shown in (9.5.2). S [T B )
(9.5.2)
3. Then press to obtain (9.5.3). The WL list has ‘51““ %s 4
been removed from the LIST editor, but it has not ! gisg
been removed from memory. It can be recalled to i Efgg
the LIST editor just as was done in §1. i 5.5
Effi ={2,70:3.22,3.95,..
T T = Thamesl " T oFs b
(9.5.3)
4. Then, as illustrated in (9.1.4)-(9.1.8) except select e '% 4
(xStat) rather than (WL}, place the xStat list in the E:EE §§§
LIST editor as shown in (9.5.4). E:EE Eég
xskat ={2,75,3,22,3.95...
= T INAMEsl " T OFz b
(9.5.4)
5. Press[¢] twice to obtain (9.5.5). You can then use “f“
the down arrow key [+] to scroll down the lists and 1
verify that the ERA and xStat lists are identical and 1
that all 14 entries of the fStat list are 1. Incidentally, i
. ST F3t
we can place a list between two existing lists by I!
using the [INS] key combination when the block (9.5.5)
cursor is on the top line and to the right of the list to
be added.
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§6 — Editing Lists Using the LIST Editor

In this section, we explore additional important features of the LIST editor. We begin by clearing the
fStat list; i.e., we reduce the fStat list to an empty list.

1. With the display as in (9.5.5), press [ENTER] to obtain 1 “:t;'s‘ Z
(9.6.1) in which the blinking rectangular cursor is 1 gigg
over the { to the right of fStat=. 1 238
1 €9 5
fSt"t=.1:1:1:1:.? ?IJ_:LA
1 T INAMEl v T OFs #
(9.6.1)
2. Press [CLEAR] to obtain (9.6.2), and then press ‘ﬁf“ x:'t;; -
to obtain (9.6.3). We have just reduced the fStat list 1 gigg
3 I -
to an empty list! 1 g%
i £.3
Note: Obviously, we must be very careful when |£ 5""{*=F o
using [CLEAR] in the LIST editor, since il is very (9.6.2)
easy to make an ill-advised press of the [CLEAR] key x5tat 2
and lose important data. EEE
2BE
NH]
£
F3tak(l) =
(T = Tnaresl v T or: b
(9.6.3)
d. Uset ' stat__4
3. L.se the same Iprocedure to reduce xStat to an empty
list as shown in (9.6.4).
u_ 1 ors »
(9.6.4)
4. Next, delete all existing lists from the LIST editor —— =3
using the key as explained in §5 to obtain the
display (9.6.5).
Hame=
T T =+ TNamesl_ v T oF: b
(9.6.5)
5. Then, obtain (9.6.6) by entering the list {1, 2, 4, 5} "‘Ei” ------- -
named RED. We will use the RED list to show how :
to delete, add, and change elements of a list. h
RED(E) =
[T T = TNaresl_ v T oF: »
(9.6.6)
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6. We begin by inserting the number 3 between 2 and 4 “1" 1
in the list. With the display as in (9.6.6), move the o
block cursor over 4 and then press [ins] to 4
obtain (9.6.7), in which 0 has been added by default. Ssmmsese
T T 5 Tuamesl_ " T oFs b
(9.6.7) _
7. Type in 3 and press to obtain (9.6.8). _!;“ -------- i
4
§—|
REDCH) =4
[T T > Tnaresl @ T oFs b
(9.6.8)
8. To delete the element 2 from the list in (9.6.8), move RED | P — ‘
the block cursor to 2 and press to obtain (9.6.9). ;_
£
RED(Z) =5
[T T = Tuaresl_ v T oFs b
(9.6.9)
9. To replace the element 5 with the element 7, move *_E:' aae 1
the block cursor to 5, type 7, and press to :
obtain (9.6.10). s
Incidentally, if after typing in 7 in the previous RED(E) =
operation, we decided not to change 5 to 7, we T T TNamesl v T oes b
would have pressed to cancel the (9.6.10)
change.
10. We want to remove all existing lists from the LIST SetLEdit

editor and place the default system lists xStat, yStat, Hone

and fStat back into the editor in columns 1 through

3, respectively. The SetLEdit command performs

this operation. From the home screen press M@m
[LIST] (OPS) [MORE] [MORE] [MORE] and select (SetLE) to (9.6.11)
paste the command SetLEdit on the home screen.

Then press to execute the command and Tatat atat Fotat 1
obtain (9.6.11). Access the LIST editor to verify that | e
the command has accomplished the stated purpose
and has produced (9.6.12). Finally, before
proceeding to the next section, access MEMORY xEbabil) =

and delete the list RED from memory. — L S (TS S T
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§7 — Using sum to Compute Summary Statistics

In this section we will illustrate another method to compute the first five summary statistics shown in
(9.4.5), using the LIST arithmetic capabilities of the TI-86 and the sum command. Recall that the sum
command sums the elements of the specified list. For example, sum ERA sums the elements of the

ERA list.
1. To enter and compute this sum on the calculator, B
proceed in the following fashion. Return to the
home screen and clear it. Press [LIST] to obtain
(9.7.1).
[ T INaresl E0iT 1 OFs
(9.7.1)
2. Select (OPS) and press to obtain (9.7.2). &
[&m prod | sea | Tibuc L uchli b
9.7.2)
3. Select (sum) to paste the sum command onto the sum N
home screen as shown in (9.7.3).
Iim prod | sed B likbuc B uchkl !
(9.7.3)
4. Type in ERA as shown in (9.7.4). sum ERA
= e
sum prod 5eq Tikuc B uchkli b
(9.7.4)
5. Then press [ENTER] to obtain (9.7.5). From (9.7.5) we sum ERA
P 59.24
see that x = 59.24.
um prod &q Tikuc B uchkli b
(9.7.5)
. — o 9.7, (1-14%=um ERA
6. Procrfedl.nlg. 1n. a su’l’u]a}r manner, We see f_rom (9.7.6) .55 40857143
that X = 4.23142857143. Also, note from (9.7.6) that Ans+AUG
we have stored this value as AVG. 4.23142837143
sura L erod B seq 0 libuc Duckli b
(9.7.6)
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7. Display (9.7.7) shows that Zx’= 260.255. We note
that the new list ERA” is the list obtained by
squaring each element of the ERA list.

8. Figure (9.7.8) shows that S_= 0.858673907325. We
remark that the list (ERA — AVG)’ is obtained by
subtracting AVG from each element of the ERA list

to obtain an intermediate list and then squaring each

of the resulting entries in this intermediate list to
find the final list.

9. Finally, display (9.7.9) verifies that
o, = 0.827438881151. It should be noted that the
values for X, S, and ¢, found in this section display
more digits than those in (9.4.5). Later in §10, we
shall see how to use the VARS submenu of the STAT

menu to display the same number of digits as shown
in this section.

§8 — Scatter and xyLine Plots Using STAT PLOT

1. Use the LIST editor to enter the BA and SA lists as
indicated in (9.8.1). We are going to use the paired
BA, SA data to illustrate a two-variable statistical
analysis. We begin by plotting a scatter plot and an
xyLine plot for the data.

2. Set the viewing window as in (9.8.2). This is a
reasonable viewing window since the batting
averages range from 0.236 to 0.283, and the slugging
percentages range from 0.363 to 0.460.

3. Then access the PLOT1 editor to obtain what will
probably still be (9.3.6). Select scatter for the type
plot, and finish the set-up to obtain (9.8.3).

9.7.7)

(9.7.8)

(9.7.9)

(9.8.1)

(9.8.2)

(9.8.3)

=um ERAZ
268, 255

sum Frod i%q Tikuc B uckli b

{Eﬂlx’iS)SLm CERA-ALIG
« 838673987325

suri B prod | sea B likbuc B uckli bk

{gﬁifl-#)ﬁum CERA-AUG
. 827438881151

sura 8 prod seq Tikuc I uchkli b

FEkat ER SR 1
ZBb Moz
cht Hog
oYy Hoz
L .x88
e [ro—

SRLE) =

u T 1 7+ INamesl_ " T OF: b

WIHOOW
#Min=.23
*Max=.3
#xocl=,681
gMin=.35
gfax=.47

luScl=.4

I5055= T HIND T 2000 TTRACETGRAFA S

Phee-it

#wlist Name=BA

Y1ist Hame=5SH

Mark=a

IAWEEN FLOTZ FLOTZ F10n FIOFF

o +
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4. Press and select (GRAPH) to obtain the

scatter plot in (9.8.4).

S.‘,.Tl

indicated in (9.8.5).

6. An xyLine plot is a scatter plot in which the data
points are plotted and connected in order of their
appearance in Xlist and Ylist. We will set up an
xyLine plot for the BA, SA data. Access the PLOT2
editor, select xyLine for type, and finish the plot

setup as indicated in (9.8.6).

7. Press (y(x)=) to obtain (9.8.7). Observe in
(9.8.7) that both Plot1 and Plot2 are highlighted
indicating that they will both be graphed if we select
(GRAPH). We can use the PLOT1 editor to turn off

Plotl.

8. However, it is easier to turn off Plotl from the
graphing editor. With the display as in (9.8.7), use
the arrow keys to make Plot1 a blinking highlight.
Then select (SELCT) to turn off Plotl. Check that
Plot1 is turned off by pressing the down arrow key
to obtain (9.8.8). The (SELCT) selection used in this
context acts as a toggle between on and off, just as
it does in selecting and deselecting functions to

graph.

9. Then select (GRAPH) to obtain the xyLine plot in

9.8.9).

Then select (TRACE) to track the data pairs as

(9.8.4)

(9.8.5)

(9.8.6)

(9.8.7)

(9.8.8)

(9.8.9)

a Fi
o om
s, @ LI
‘x=.251" u=yz?
qﬁ off
e
#list Hame=EA
Ylist Mame=5SA
Mar k=«
FLOTL WA FLOTZ F10n  FI0FF

TRERCE GRAFH
SELCT R

Al Flotz
wdl=

200M TRACE GRAFH

lﬂou Flots

KIND § 200M I TRACE AGRAFH b
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10. In (9.8.10), we have showed the result of leaving
both Plotl and Plot2 turned on. Evidently the +
mark is just enough to fill in the open rectangle
mark!

(9.8.10)

The xyLine plot in (9.8.9) is not very useful. However, if we sorted the data points (x, y) according to
the ascending values of x before we did an xyLine plot, then a much more useful graphical
interpretation would result. This sorting can be accomplished by using the Sortx command of the
TI-86. However, if we sort the lists BA and SA in terms of ascending values of the BA list, then these
two lists would no longer mesh with the WL and ERA lists. Therefore, we postpone dealing any
further with this sorting problem until §11, when a very natural solution for the problem will be
evident.

§9 — Using TwoVar to Compute 2-Variable Summary Statistics

The TwoVar command is used to compute the summary statistics for two-variable data. This
command has the syntax
TwoVar x-list, y-list, f-list.

The f-list is optional. If none is given, then the TI-86 assumes that each data point (, ) has a
frequency of 1. If, in addition, neither an a-list nor a y-list is specified, then by default the TI-86 takes
a-list to be xStat and y-list to be yStat.

1. To compute the summary statistics for the paired Twollar N
BA, SA data, return to a cleared home screen, press
[sTAT] and select {CALC) to obtain (9.4.1). Next
select (TwoVa) to obtain (9.9.1).
BT EDIT  FLOT
OngtaiTwolal Link Exrk b
(9.9.1)
2. Complete the command shown in (9.9.2) by typing Twollar BA>5SA
in BA and SA.
EST EDIT  FLOT  DRAW
OneYalTwolal Link Exph b
(9.9.2)
3. . i .9.3). 2-lar Stats
3. Then press to obtain (9.9.3) e eBiaaE 1
Ex=3.
Exi=,945364
L5x=,815498515
(9.9.3)
ai i imi ; 2=Uar Stats
4. tham (9.9.4) by u.sm.g to eliminate the menu Zoabeakaks
lines as was done in §4. Ex=3.632
Exi=, 945364
Sx=.8154960515
ax=, 814927833
dhn=14
(9.9.4)
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5. Scrolling then displays the remainder of the

summary statistics shown in (9.9.5) and (9.9.6).

§10 — Recalling Summary Statistics

1.

o

The summary statistics computed in a OneVar or a
TwoVar command are stored in the calculator and
can be conveniently recalled by using the VARS
submenu of the STAT menu. With the display as in
(9.9.6), press to clear the home screen and
then [STAT] (VARS) to obtain (9.10.1).

Select (S,) and press to obtain S, as shown in
(9.10.2). Note that the TI-86 has computed S, much
more accurately than was suggested by (9.9.4). This
is true in general for the other summary statistics.
Press [MORE], select (£x*), and press to obtain
Z5,

In (9.10.3) we illustrate how these stored statistical
values may be used to do an arithmetic
computation. We recognize the computation in
(9.10.3) as the familiar short-cut method for
computing S,.

(9.9.5)

(9.9.6)

(9.10.1)

(9.10.2)

(9.10.3)

2=Uar Stats
Th=14
o=, 487928571

L 5% ¥ L

i

. 815496514645
. 945364

u I Ixe v vz b

TCC1A130 CExne—n#kxd) )
813498514645

Ty _F

i

X ix

=

A second, although not as convenient, way to access the statistics is through the CAT/VARS menu. We
illustrate this method to obtain S_again.

1;

With the display as in (9.10.3), press [CATLG-VARS]
(STAT) to obtain (9.10.4).

(9.10.4)

UARIABLES: STAT
Hiled

=
PRegC
Grtll
rtl3
RedE+
Sx
[FAGEL TPAGET TCUSTMIELANED 1
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2. Use the [+] key to move the triangular pointer to the
position shown in (9.10.5). Press to paste S,
on the home screen. Press again to display
the value of S, and obtain (9.10.6).

§11 — More on TwoVar, Sorting Lists, and xyLine Plots

When we do a TwoVar command, a duplicate of the
a-list is copied to the xStat list, a duplicate of the y-list
is copied to the yStat list, and a duplicate of the f-list is
copied to the fStat list. Thus, the calculated statistical
results match the data found in the xStat, yStat, and
fStat lists. Display (9.11.1), obtained by accessing the
LIST editor, verifies this for the present data.

(9.10.5)

(9.10.6)

(9.11.1)

VARIABLES:STAT
Med

]
FPRegaC
2rtl1
Grtl3
RegEo

FSx

[FRGELIFAGET ICUZTHIELANET 1

JOC1A130 (-2 ) )

- 015498514645
®
. 015498514645

xitat witat Fstat 3

z7? 4E e

273 382 1

2rE Hz6 i

24z A2 i

261 iz? i

2Bz 48 i
Fitabil) =1

£ 1 > UnaMest v T ofs »

In §8, we indicated that we would be able to solve the problem with the xyLine plot without sorting
the BA and SA lists. We will accomplish the desired objective by sorting the xStat and yStat lists and
then plotting the xyLine plot for the sorted xStat and yStat lists. The sorting will be done by using the

Sortx command which has the syntax

Sortx x-list, y-list.

This command sorts the data points (, ¥) in ascending order of the x-values.

1. Clear the home screen, and press [LISTI(OPS)
(Sortx) to paste Sortx on the home
screen. Then finish the command as illustrated in

(9.11.2).

oo

advertised.

After pressing [ENTER] to execute the command,
return to the LIST editor to obtain (9.11.3). We see
that the xStat and yStat lists have been sorted as

(9.11.2)

(9.11.3)

2|Sortx xStat.dStat

I Fill I qul IcSum ID-::'Il:u'IISv-:-rl:xl

xEkak witat FEkat 2
236 ZBE T———
.24l .2BB 1
242 363 i
.2hY I [k i
247 - i
252 4 i

Fatatidy =1

|! T T v UNamesl " T OF: b
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3. Set up Plot2 as indicated in (9.11.4). Make sure all
other plots are off, and that the viewing window is
still (9.8.2).

Peell

nlist Mame=xStat
Y1ist Hame=aStat
Mark=«+

FLOTA EWEA FLOTZ F10n  PI0FF

(9.11.4)

4. Then graph to obtain the xyLine plot in (9.11.5).

HIND | Z200M A TRACE BGRAFH b

(9.11.5)

Note: In a two-variable analysis, it is important to remember that if you edit the xStat, yStat, or
[Stat lists, then all of the statistical results stored in the VARS submenu of the STAT menu are
cleared from the machine. Similarly, in a one-variable analysis if you edit the xStat or fStat lists
then the statistical results are cleared.

Since we edited the xStat and yStat lists when we sorted ERRORE 14 UNDEFINED
them, the summary statistics for the BA, SA data should

no longer be stored in the machine. To verify this, from

the home screen press [STAT] (VARS) (X) to

obtain (9.11.6). T
(9.11.6)

Before proceeding to the next step it is suggested that you execute the command
TwoVar xStat, yStat
and verify that the summary statistics are identical to those in (9.9.4)—(9.9.6).

§12 - Using LinR to Find a Linear Regression Line
In this section, we will determine the least squares linear regression line y = a + bx for the paired BA,
SA data and store this line as y1 in the graphing editor. We will also graph y1 with the scatter plot

given by (9.8.4) in the viewing window [0.23, 0.30, 0.01] x [0.35, 0.47, 0.01] in order to visually see how
well the regression line fits the data. The LinR command is the TI-86 command to find the least
squares regression line. It is located in the CALC submenu of the STAT menu and has the syntax

LinR x-list, y-list, f-list, y-function.
Except for the optional y-function argument the command has the same syntax as the TwoVar

command. The optional y-function argument is a function name chosen from y1, y2, ¥3, etc.; and, if
used, results in the regression line being stored under that name in the graphing editor.

Link BH:SA.91

1. To determine the least squares regression line and
store it as y1, enter the command shown in (9.12.1).

BT EDIT  FLOT DRAK VARS
Exrk B

(9.12.1)
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2. Execute the command and clear the menu lines to
obtain the display (9.12.2).

(9.12.2)
3. Then open the (y(x)=) graphing editor and note that
y1 is the regression line. Make the necessary
changes indicated in (9.12.3) so that only 1 and
Plot1 are selected for graphing. (Recall that the
Plot1 definition is given by (9.8.3).)
(9.12.3)
4. Finally, graph to obtain (9.12.4).
(9.12.4)

Linkeg

gY=a+bx
a=,B862091134
b=1.33387382
GGEE=.?95598?39
r"=

Flotz Flots
1B, 862091 133968731+,

\_ WING Z00M TRACE GRAPH

I50= THiNG T 2000 TTRACE TGRAFH B

Like the TwoVar command, the LinR command and the other regression equation commands place
duplicates of a-list, y-list, and f-list in xStat, yStat, and fStat, respectively. It is important to note that
LinR also stores the values for a, b, and corr as well as the same TwoVar summary statistics in
(9.9.4)-(9.9.6), except for the min and max values in (9.9.6). Unfortunately, some of the other
regression commands behave very differently as we will discover in §15.

§13 — Using sum to Compute SSD Values

Recall the least squares criterion given below.

minimizes the sum of the squares of the differences

sSD=Y[y; - f(@)] -
i=1

If S = {(x.y):i=1,.n}is a set of data points and f(x), a function depending on various
parameters, is the type of curve you wish to fit to the data, then the best fitting curve of this type

In §12 we asked the TI-86 to find the least squares regression line for the BA, SA data, and it

determined it to be

yl = 0062091133907 + 1.33307382304x .

Thus, if 2, is the ith element of the list BA and y, is the ith element of the list SA, then no matter how

we choose a and b in f(x)=a+ bx, we know that

I

i=l

> [y - S )]z 2 g{[y‘ - yl(; )]2 :
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The minimizing SSD sum on the right-hand side of the
previous inequality is easily computed on the TI-86 by
executing the command

sum (SA — y1(BA))’

as shown in (9.13.1) to give the minimal

SSD = 0.003325436298.

§14 - Forecasting

(9.13.1)

sum C(SHA-9ld(BRX»E
L BA3325436298

sura B prod | seq B Tikuc Huckli b

The (FCST) selection found in the STAT menu by pressing [sTAT] allows us to compute the
predicted y-value for a given x-value using the current regression curve. It can also be used to
compute the predicted x-value for a given y-value when the current regression curve is a linear,
logarithmic, exponential, or power regression curve.

1.

For example, with the display as in (9.13.1), press
[STAT] (FCST) to obtain (9.14.1) with the
blinking cursor on the x= line.

Type in .275 for & and move the blinking cursor
down to the y= line with the [=] key to obtain
(9.14.2).

Select (SOLVE) to obtain (9.14.3). The rectangular
mark to the left of y= indicates that
0.42868643524455 is the predicted value of y for the
given a-value 0.275.

With the display as in (9.14.3) and the blinking
cursor just after = on the y= line, type in 0.39 and
move the blinking cursor to the x= line with the [4]
key to obtain (9.14.4).

Select (SOLVE) to obtain (9.14.5). Thus,
0.24597952523275 is the predicted x-value for the
given y-value 0.39.

(9.14.1)

(9.14.2)

(9.14.3)

(9.14.4)

(9.14.5)

FORECAST:Linkeg
==l

H:

(T | T T TzoLvel

FORECAST:LinRea
¥=. 273

=M

T 1 T T T=oLvel

FORECAST:LinReg
H=.273
= y=, 428686435324455

(I T | | T=aLvel

FORECAST:Linkeg
%*=B273
u=, 39

L | | | TzoLvEl

FORECAST:LinReg

m =, 2459702523275
g=,39

| I— T I T=oLvel
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6. In (9.14.6) we see that we also could have used the 91,2730
home screen to predict the y-value for a given
x-value.

LA286864 35245

(9.14.6)

§15 - An Introduction to Other Regression Models

In addition to the linear least squares regression line, the TI-86 will also Represented on the

perform: TI-86 as Menu Item:
Logarithmic regression y=a+bln(x) (LnR)
Exponential regression y=a(d") (ExpR)
Power regression y=a(x") (PwrR)
Sinusoidal regression y=asin(bx+c)+d (SinR)
Logistic regression Y= a/ (1 + hre™ ) +d (LgstR)
Quadratic polynomial regression y=ax +br+c (P2Reg)
Cubic polynomial regression y=ax' +bx’+cr+d (P3Reg)
Fourth degree polynomial regression y=ax' +bx'+cx’ +dx + e (P4Reg)

The polynomial regression models are least squares fits based on the original (x, y,) data. The
logarithmic, exponential, and power regression models are based on a least squares line using
transformed data (X, Y,). In the logarithmic case, the transformed data is given by X, = In(x,), and

Y, = y.. In the exponential case, the transformed data is given by X, = x,, and Y, = In(y,). In the power
regression case, the transformed data is given by X, = In(x,), and Y, = In(y,). The sinusoidal and
logistic regression models are iterative least-squares fits. The logistic regression model is used in
Exercise 3(b). The sinusoidal regression model will not be used in this book. All the regression model
commands, except for the sinusoidal command, have the same syntax as LinR.

When we select (LnR), (ExpR), or (PwrR) to determine a regression equation, it is important to
note that the corresponding statistics Zx, Ix', X, S, 0,, Zy, Zy’, ¥, S,, 0, ZxXy, and corr are the statistics
for the transformed (X, Y,) data rather than for the original (x, y,) data. In the cases (P2Reg),

(P3Reg), and (P4Reg), the statistics computed are the ones for the original (x, y,) data. It is
suggested that you use either the TwoVar or the LinR command if you want to compute the
two-variable statistics for the original (x, y,) data.
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1.

wn

We illustrate these points by using (PwrR) to
compute the power regression curve for the data in
the BA and SA lists. In (9.15.1) and (9.15.2) we give
the important displays in the process of finding the
power regression curve.

In (9.15.3) we use the STAT (VARS) selection to find
Ixy, and in (9.15.4) we show that the value of Zxy is
indeed based on the transformed data

(In(x), In(y,)).

In (9.15.5) we have graphed the scatter diagram, the
linear regression curve and the power regression
curve in the same viewing window. Graphically, it
appears that the linear and power regression curves
are almost identical.

In (9.15.6) we used the (FCST) selection to predict
the y-value for the given x-value 0.275 based on the
power regression curve. Comparing (9.15.6) and
(9.14.3), we see that the two models are in close
agreement for x-values within the [0.23, 0.30, 0.01] x
[0.35, 0.47, 0.01] viewing window.

In (9.15.7) we show the result of finding the cubic
polynomial regression curve y = ax’ + bx” + cx + d
for the BA, SA data. The list on the fifth line of
(9.15.7) gives the coefficients of the polynomial in
the form {a, b, ¢, d}. You can scroll through the list
to verify that it is given by

[2431.7238346, —1869.81297302, 479.678603882,
-40.6532167572}.

(9.15.1)

(9.15.2)

(9.15.3)

(9.15.4)

(9.15.5)

(9.15.6)

(9.15.7)

Purk BA:SH. 94

KT EDIT
Fuwrk | Sink T L3stk TFzRe3NFZRe b

FLOT DRAKW  YARS

Furkedg
u=a*x"b
a=1.25309224
h=.832127514
cnqg=.?8??23981
h:

T

17.8331167329

4

|_.Exv RE<3Eql cory g b

sum C(Cln BRXC1n SH
17.8331167

1)
829

| sury A prod B seq B Tibuc B uchkli b

FDRECH%T: PurReg
M=
mg=, 4279268683137

T T T T TzoLvel
CubicReg
u=axi+hxi+oxtd
n=14
PR=gaC=
{2431.7238346 -1869...
|_ EDIT FLOT DEAK VYAER:
Furk L3stk IFeRed IP2Red b
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6. In (9.15.8) we show the graph of the scatter diagram
and the cubic polynomial regression curve.

(9.15.8)

§16 — Selecting the Best Model Based on SSD Values

For the BA, SA data we stored six regression curves in the (y(x)=) graph editor, y1 is the linear
regression curve, y2 is the logarithmic regression curve, ¥3 is the exponential regression curve, y4 is
the power regression curve, ¥5 is the quadratic polynomial regression curve, and ¥6 is the cubic

polynomial regression curve.

1. In(9.16.1) and (9.16.2) we compute the SSD sum for
each of these six regression curves. From the SSD
values we deduce that the cubic polynomial
regression curve is the best fit of the six curves, and
that the logarithmic regression curve is the worst fit.

2. If we ask the TI-86 to find the fourth degree polynomial
regression curve and store it as y7 by executing the

command
P4Reg BA, SA, y7

we get the error display (9.16.3). This failure is due
to the accuracy limitations of the TI-86 as it
attempts to solve for the five polynomial
coefficients.

(9.16.1)

(9.16.2)

(9.16.3)

sum (SA-91CBAM2Z

. BAZZ2S5436298
sum (SA-92(BRM 2

B83382268427
sum (SA-93CBA) 2

. 83280987956
sum (SA-94C(BRX X E

BA33377oaTed
sum (SA-9SC(BRY 2

.BB3E19963752
sum (SA-9E(BRM 22

. BB2552854754

ERREOR 84 DOMAIM

(FEoTo 1 | T Teum 1
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3. We can still obtain the fourth degree polynomial
regression curve and the accompanying SSD sum if
we give the TI-86 a little help by scaling the BA, SA
data by a factor of 10. From (9.16.4)-(9.16.6) we see
that the TI-86 can handle the fourth degree
polynomial regression curve for the transformed
BAI, SAl data. A little thought and the SSD result
for the transformed data in (9.16.6) leads us to
conclude that the SSD sum for the original BA, SA
data would have been .00227561326263; and by
adjusting the decimal point for the polynomial
coefficients in (9.16.5), we could easily obtain the
fourth degree polynomial coefficients for the BA, SA

data.

§17 — Linear Correlation

1. In(9.17.1) and (9.17.2) we see the linear regression
resulis for the WL, ERA data.

2. In(9.17.3) and (9.17.4) we see the corresponding

results for the WL, BA data.

(9.16.4)

(9.16.5)

(9.16.6)

(9.17.1)

(9.17.2)

(9.17.3)

(9.17.4)

18+BH+EA1

12,77 2.73 2.72 2.42..
1845A25A1

4.5 3.92 4,26 J.63 ..
FP4Rega BAL1.SA1.97

BuarticReg
9=?§“+bxa+cx3+dx+e
r‘|=

FRedaC=
{147.99268429:8 -1518..

sum (SA1-97CBAR1
561

1z
L 22VE561326263

Link WL.ERA

IS E0IT FLOT  DRAM
OneValTwoVal Link I Lok N ExeR b

LinReg
g=g+bx
a=v.60472944
b=-.086756374
doorr=-.64624297

I EDIT  FLOT DRAM
OneValTwolal Link Lnk | ExpR »

Link WL.EA

EDIT FLOT DRAK
OneValTwebal Link | Lnk I Expk b

[LinRed

g=a+hx

a=, 214937363
b=8.91837E-4
Joorr=.4724650813

BTN ELT  FLOT  DRAK
OneYalTwolal Link

Exrk k
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3.

Finally, in (9.17.5) and (9.17.6) we see the Link WL-5SA
corresponding results for the WL, SA data.

BT EDIT  PLOT  DREAMW YARE
OneYalTwolal Link | Lok 0 ExeR »

(9.17.5)

Linkega

g=a+hx

a=, 360391381
b=9.52106E -4
Joorr=.299386161

EDIT FLOT DRAKW  VARS

(9.17.6)

From the correlation results, we deduce that the highest correlation is between the won-lost
percentage and pitching ERA. This is no surprise to baseball enthusiasts since it is a widely held view
that good pitching is more important to a team’s success than good hitting. It is perhaps surprising
that the slugging percentage has such a low correlation with the won-lost percentage.

§18 — A Note on the Cumulative Distribution Programs

In Appendix B you will find cumulative distribution function programs for the Binomial, Poisson,
Normal, and Student-¢ distributions.

Exercises

1.

The course grades and ACT scores for 24 students taking a precalculus course at the University of
South Alabama are tabulated below. The grade coding is the standard A=4,B=3,C=2,D =1,
F=0.

Course Grade 2 1 3 2 4 4 4 0 2 1 0

[RV]

ACT Score 22 (19 (29 | 17 | 28 [ 256 | 32 | 19 | 18 | 23 | 18 | 22

Course Grade 4 1 3 4 1 4 3 0 2 2 2 0

ACT Score 24 (21 |19 |25 (21 |23 |26 |20 |26 |22 ( 18 | 19

(a) Plot a histogram for the ACT scores using the viewing window [15, 35, 4] x [0, 12, 2]. Then use
(TRACE) to find the number of scores in each of the five intervals [15, 19), [19, 23), [23, 27),
[27, 31), [31, 35).

(b) Use OneVar to find the summary statistics for the ACT data.

(¢) If the x and y variables are the course grades and ACT scores, respectively, then find the
linear regression line ¥ = a + bx and the correlation coefficient.

(d) Graph the scatter diagram and the linear regression line in the viewing window [-1, 5, 1] x
[15, 35, 4].

(e) Use the linear regression line to find the forecasted ACT score for each of the course grades
A B,C,D,and F.
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2. Inthe table below, T'is the number of decades since 1790, and P is the population (in millions) of
the United States in the indicated year as reported by the U. S. Bureau of the Census.

Year | 1790 | 1800 | 1810 | 1820 | 1830 | 1840 | 1850 | 1860 | 1870 | 1880 | 1890 [ 1900

| ol 1| 2|3 |al|5 |6 | 7| 8| 9| 10] 11

P 3.9 5.3 7.2 96 | 129 | 17.1 | 23.2 | 31.4 | 38.6 | 50.2 | 63.0 | 76.2

Graph the scatter diagram for the (7, P) data in the viewing window [—1, 12, 1] x [0, 90, 10]. The
scatter diagram indicates that an exponential fit may be an appropriate model. Compare, both
graphically and by SSD values, the exponential and linear regression models and deduce that the
exponential model is the better fit. Forecast the population in 1990 (7' = 20) using the exponential
model and compare it with the known population of 249 million in 1990 to conclude that the
population demographics for the United States have changed since 1900. (Also, see Exercise 3.)

3. (A continuation of Exercise 2) The population data for the United States from 1910 to 1990 is
given in the table below.

Year || 1910 | 1920 | 1930 | 1940 | 1950 | 1960 | 1970 | 1980 | 1990

T 12 13 14 15 16 17 18 19 20

P 922 | 106.0 | 123.2 | 132.2 | 1561.3 | 179.3 | 203.3 | 226.5 | 248.7

(a) Graph the scatter diagram for the 21 (7, P) data points given in Exercises 2 and 3 using the
viewing window [-1, 21, 1] x [0, 260, 10]. Compare, both graphically and by SSD values, the
exponential and linear regression models and deduce that the linear regression model is the
better fit.

(b) From (a) it appears that neither linear regression nor exponential regression is a very good
model to describe the population of the United States from 1790 to 1990. The logistic

regression model y = a,/ (1 + by e""’) +d is frequently used to model population growth. Use this
model (LgstR) on the 21 (7, P) data points. Graph the logistic regression curve and the scatter
diagram in the viewing window specified in (a), and compute the SSD value for this

regression curve to conclude that the logistic model does a good job of modeling the
population of the United States from 1790 to 1990.
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4. (a) The nine points in the table below all lie on the curve y =16 —x°.

X

—4

-3

-2

~1

0

2

y

0

7

12

15

16

15

12

Show that P2Reg, P3Reg, and P4Reg all yield (within round-off error) the same regression

curve; namely, ¥ = 16 —x”. Is this to be expected?

(b) If y1, y2, y3, and y4 are the linear, quadratic, cubic, and fourth degree polynomial regression

curves for a set of n data points (x, y,) and

fork = 1,2, 3, 4, then explain why SSD4 < SSD3 < SSD2 < SSD1.

SSDk = g[y - yk(x; )]

(¢) For each of the regression algorithms LinR, LnR, ExpR, PwrR, P2Reg, P3Reg, and P4Reg
give the minimum number of data points (x,, y,) required for the algorithm.
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