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1 Lists

There are six default lists: L1 through L6. Additional lists can be created, named
and saved.

1.1 Entering Data into a List
Example 1 Enter the values 5, 9, 2, 6, 1 into List 1.

1. Press STAT to display the EDIT menu.

i SorLAC

St SartD
driClrlist
S:SatlrEditor

2. Press ENTER or 1 (to select 1:Edit...)

L1 L Lz 1
—_— | -

L1 =

3. To enter data into list L1, type 5, press ENTER; type 9, press ENTER;
continue until the entire data set is entered.

L1 L Lz 1

=

Lilai=
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4. After all data values are entered, press STAT to get back to the EDIT menu
or 2nd MODE (for QUIT) to return to the Home Screen.

Restriction: At most 999 measurements can be entered into a list.

1.2 Editing Data
Correcting a data value

e To correct a data value before pressing ENTER, press the left arrow (<),
retype the value and press ENTER.

e To correct a data value in a list after pressing ENTER, move the cursor to

highlight the incorrect value in the list and then type in the correct value and
press ENTER.

e To delete a data value in a list, move cursor to highlight the value and press
DEL.

e To change a data value in a list, move cursor to highlight the value, type the
correct value and press ENTER.

Inserting a data value in a list

1. Move cursor to position where data value is to be inserted, then press 2nd DEL
(for INS).

2. Type data value and press ENTER.

1.3 Clearing a List
1. Press the up arrow (A) to highlight the list name.

Li Le L= 1
in e | mm———
ie
¢
0
|
£

Li={18,12:,2.H, 8.
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2. Press CLEAR, and then press either the down arrow (¥) or ENTER.

L1 L Lz 1
L |

Lt =

1.4 Sorting a List
1. Enter the data into list L1.

2. Press STAT 2 to select SortA( to sort list in ascending order or STAT 3 to
select SortD( to sort list in descending order.

i SorLAC

St SartOc
rClrlist
S:SaetlUrEditor

3. Press 2nd 1 ENTER (for L1). The calculator will display Done.

Sor-tHOL 4
|

Dons

4. Press STAT ENTER (or STAT 1) to display the sorted list.
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L1 L Lz 1
||

1.5 Creating a New List
1. Press STAT ENTER (or STAT 1).

2. Move the cursor to the top of a list to highlight the list name, (the new list will
be inserted to the left of highlighted list), then press 2nd DEL (to select INS).

W |L1 Le 1

Hane=[

3. Type in a name for the new list. (A maximum of 5 characters is allowed and
the first character must be a letter.)

Note: The calculator is locked in ALPHA mode. To exit from this mode, press
ALPHA.

4. Press ENTER twice.

HUE L1 Le 1
L |

RUEY =
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1.6 Storing a List
1. Move cursor to highlight list name.

2. Press DEL.

The name and the data are gone but they are stored in the TI-83 memory. To see
a display of list names, press 2nd [LIST].

1.7 Retrieving a List
1. Press STAT 5 to select SetUpEditor.

2. To retrieve a default list, press 2nd 1 (to select L1) or 2nd 2 (to select L2),
and so on.

3. To retrieve a user-created list, press 2nd STAT (to select LIST), use ¥ to
move the cursor to the list you wish to retrieve. Press ENTER. If you want to
retrieve more than one list, separate the list names with a comma.

FetlFEditor L1014
z, LRESIDON

4. Press ENTER.
5. Press STAT ENTER to view the list data.

1.8 Restoring the Default Lists
1. Press STAT 5 to select SetUpEditor.

2. Press ENTER.

This procedure restores the six default lists, and removes any user-created lists.
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1.9 Combining Two or More Lists into a Single List

To combine data in List 1 and List 2 and store results into List 3:

L1 LZ Lz s

1 L
c B
; —

2. Press 2nd STAT (to select LIST), arrow to OPS, and select 9:augment(.

ETcum;umE

rialistd

g Selectd
agIment. ¢

tListematro

E:Hatrhllgt{
L

3. Enter L1,L2), press STOp, and enter L3. Press ENTER.

Sudment clL1 2Lz 2=+L L1 Le Ls z
3 £ |
123456 73 : 1
3 7 =
y —
...... £
h
e
LEIZ1J=5

Note: If we had entered L2,L1) then the entries in List 2 would be listed first in
List 3.

This procedure can be useful if you have a large data set and several people need
to work with the same data set or a subset of this. Each person can store a part of
the data set in a different list in each calculator, and then link and transfer the data
and then combine the various lists into one list.



1. Lists 7

1.10 Applying Arithmetic Operations to Lists

Let’s say we have data value in List 1 and List 2 and we wish to add the corresponding
entries in these lists and then store these sums in List 3.

1. Enter the values in L1 and L2.

Note: the lists must contain the same number of data values, otherwise you
will get a dimension mismatch error message in step 3.

2. Move the cursor so that it highlights L3.

3. Press 2nd 1 (to select L1).

4. Press +.

5. Press 2nd 2 (to select L2), then press ENTER.

K| Lz = 3
1 N
3 Y
B i
! 3

Lz =1+ =

6. The sums appear in L3.

L1 L L kK
1 £ .
; Y 7
B 1 ?
| E i1

Lai=3




2 Graphs

2.1 Frequency Polygon

A frequency polygon is a graph that displays the data by using lines that connect
points plotted for the frequencies at the midpoints of the classes. The frequencies are

represented by the heights of the points.

Example 1 Generate a frequency polygon for the following frequency distribution.

Midpoint

Class
5—-9
10— 14
15—-19
20 — 24
25 —29

W O U N Y%

7
12
17
22
27

1. Enter the class midpoints and frequencies into L1 and L2.

L1 LZ Lz s
7 A ——
i c
i? E
LL b
& h

LZigl =

2. Press 2nd Y= (to select STAT PLOT).

3. Press ENTER to turn on Plotl.

4. Use ¥ to move down to Type.

The cursor flashes on the first type, which is a Scatterplot. The other types
are: xyLine, Histogram, Modified Boxplot, Boxplot and Normal Prob-

ability plot.

5. Use » to highlight the xyLine symbol. Press ENTER.

6. Use ¥ to move down to Xlist. Set Xlist to L1 and Ylist to L2 (or whatever
lists contain your midpoints and frequencies).
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Note the order: Xlist: midpoints Ylist: frequencies.

Flokz  Flokz
ff

JFed - Bl dm
oLl = L Pl

lizt!L4

li=

tilz
ark: B -+

7. Press ZOOM 9. (This sets the window appropriately for the values in the lists.)

To obtain a graph that begins and finishes at the horizontal axis, subtract the
class width from the first midpoint and enter this value before the first midpoint in
List 1, and add the class width to the last midpoint and enter this value after the
last midpoint in List 1. Since the classes having these midpoints have a frequency of
zero, enter a frequency of 0 for both of these in List 2.

L1 L Lz &
iy 0
le c
iz E
L b
i
LzE =

Press GRAPH.
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Fi:LisLe

2.2 Histogram

To obtain the coordinates, press TRACE, followed by <« or » keys.

A histogram is a graph that displays the data by using contiguous vertical bars (unless
the frequency of a class is 0) of various heights to represent the frequencies of the

distribution.

Example 2 Generate a histogram for the following frequency distribution.

Midpoint

Class
5—-9
10—-14
15—19
20 — 24
25 —29

W O U N Y%

7
12
17
22
27

1. Enter the class midpoints and frequencies into L1 and L2.

2. Press 2nd Y= (to select STAT PLOT).

3. Press ENTER to turn on Plotl

4. Use ¥ to move down to Type.

5. Use » to highlight the histogram symbol. Press ENTER.
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6. Use ¥ to move down to Xlist. Set Xlist to L1 and Ylist to L2 (or whatever
lists contain your midpoints and frequencies).

Note the order: Xlist: midpoints Ylist: frequencies.

Flakz Flotz
i

dFes o = e
HB- e |

list:Llq

Frexyilz

7. Press WINDOW. Adjust the values in the window to be:
Xmin = lower limit of first class

Xmax = lower limit of last class plus class width (which would be the lower
limit of the next class if there were one)

Xscl = class width

Ymin = - Ymax/4!

Ymax = maximum frequency (or a little more) of distribution
Yscl =0

LI T HOICI
AMmin=a
amaEx=3E
wacl=5
Ymin=-2-410
Yram=2

Yo l=H
ares=1

8. Press GRAPH.

!The purpose of making Ymin = —Ymax/4 is to allow sufficient space below the histogram so that
the screen display is easily read.
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9. To obtain various coordinates, press TRACE, followed by <« or » keys.

Fi:LisLE

ran=1rt
LD | n=E




3 Measures of Central Tendency and Variation

3.1 Ungrouped Data

Example 1 The following are the hours per week worked by seven students: 17, 12,
15, 0, 10 and 24. Find the mean, median, standard deviation and variance.

1. Enter data into L1.

2. Press STAT. Arrow to CALC.

1= a3

i 2=War Stats
i Med—Med
tLinReal ax+kas
! QuadReg
rCubicked
LEuartEeg

3. Press 1 (or ENTER) to select 1-Var Stats. (If your data is in a list other
than List 1, you need to enter the list name; for example, if your data are in
List 2, enter 1-Var Stats L2.)

4. Press ENTER.

1-Var Stats
®=13

ZHTC G
Exe=1334

Sx=g
TH=7 . SHZ2Y98 7S 33
Ln=5

5. Press ¥ to scroll down to see more information.
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1-Var Stats

maxn=2d4

The mean is 13, the median is 13.5, the sample standard deviation is 8 and the
population standard deviation is 7.3.

To obtain the variance, perform the following. (This procedure avoids using a
rounded standard deviation value to obtain the variance.)

1. Press VARS, select 5:Statistics...

2. Select 3:S, (or 4:0,)
3. Press x?, then press ENTER.

e
W e

B}
25 33353335

The sample variance is 64 and the population variance is 53.3.

3.2 Grouped Data

Example 2 The following frequency distribution shows the number of minutes it
takes for seventeen students to drive from home to school.
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Time to drive from home | f | Midpoint
to school (in minutes)
5—9 1 7
10 — 14 2 12
15 —19 5 17
20— 24 6 22
25 —29 3 27

1. Enter the class midpoints into L1 and the frequencies into L2.

2. Press STAT. Select CALC.

3. Press 1 or ENTER for 1-Var Stats, enter the midpoint list and the class

frequency list separated by a comma.

1-Yar Stats Ly
z

4. Press ENTER.

1-Var Stats 1-Yar Stats
®=19,33294115 |Tnh=1¥
ZH=223 MinsE=r
Exi=ngrs =17

Sx=5. 822957145 || Med=22
ax=5. 4550597ET || Oz=22
lh=17 MaxeE=27

The mean time to drive from home to school to 19.4 minutes and the median is

22 minutes. The standard deviation is 5.6 minutes.



4 Boxplots

There are two boxplots on the calculator: the Modified Boxplot and the Standard
Boxplot. The modified boxplot is the fourth symbol in Type (located in STAT
PLOT) and the standard boxplot is the fifth symbol in Type.

The Standard Boxplot represents the Five-Number Summary: Min, Q;, Median,
Q2, Max. The Modified Boxplot is more informative as it identifies possible out-
liers. Instead of extending the whiskers to the minimum and maximum value it
extends the whiskers to the smallest value and the largest value in the interval
(@1 — 1.5 x IQR,Q3+ 1.5 x IQR) , where IQR is the interquartile range (Q3 — Q1) .
Generally, values outside this range are considered outliers.

Example 1 Generate a Boxplot and a Modified Boxplot for the values: 1, 2, 3, 3, 4,
5,5,5,6,7,8,9, 25.

1. Enter the data values into L1.

2. Press 2nd Y= (to select STAT PLOT), then press ENTER.

3. Set the window as shown.

Flokz Flotz
O f

gFes B 1 din
L UL P

4. Press ZOOM 9.

5. Press TRACE and press » twice.
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Here the maximum value is shown to be 25. The Modified Boxplot for the same
data shows the right whisker now only extends to the value of 9; the value of 25
This is because 25 lies outside the interval
(—3.75,14.25) . The data value of 9 is the largest that lies inside this interval. So we

is shown separate from the boxplot.

have identified 25 as an outlier.

T ﬂ

igiiy

nxa=cs

n=9

Standard Boxplot

Modified Boxplot




5 Binomial Distribution
5.1 Probability for a Binomial Variable
Example 1 Find P (X = 3) where n =5 and p = 0.2.

1. Press 2nd VARS (to select DISTR)
2. Select O:binompdf(.
3. Enter 5, .2, 3), then press ENTER.

LhamFdt o s 52
LHD1E

5.2 Probabilities for Several Values of a Binomial Variable
Example 2 Find P (X = 1,2) where n =5 and p = 0.2.

1. Press 2nd VARS (to select DISTR)

2. Select O:binompdf(.

3. Enter 5, .2, {1,2}), then press ENTER.

MPdtCa. . E 11
A5 L Zad48%

Lho
2 23]
d
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5.3 Cumulative Probability for a Binomial Variable
Example 3 Find P (X < 3) where n =5 and p = 0.2.

1. Press 2nd VARS (to select DISTR)

2. Select A:binomecdf{(.

3. Enter 5, .2, 3), then press ENTER.

Lhomcdt o s 3
e s

Example 4 Find P(X > 3) where n =5 and p = 0.2.

1. Press 1 — 2nd VARS (to select DISTR)
2. Select A:binomcdf{(.
3. Enter 5, .2, 2), then press ENTER.

1-binomcdi (S, . s
I

« 82792
i

5.4 Constructing a Binomial Probability Distribution
Example 5 Construct a binomial probability distribution for n =5 and p = 0.2.

1. Press 2nd VARS (to select DISTR)

2. Select O:binompdf(.
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3. Enter 5, .2)

4. Press STO» 2nd 1 (to select L2), then press ENTER.

LhomPdt S0, 2+
z
T Y Y= B 1% LT

L1 L&

lﬂ!.rl.-.lr—.ll—k-:—
1 =t o
| e
i m
1 1
i £

Li7=

The calculator will store the probabilities in List 2. Type the values 0, 1, 2, 3,
4, 5 into List 1 and you have the binomial probability distribution. Another
method for entering a set of integers into a list is the following.

(a) Highlight L1.

(b)

(c)
)

Press 2nd STAT (to select LIST)
Arrow to OPS and select 5:seq(.

(d) Enter X,X,0,5.2 Press ENTER.

'y cUmS Ul

lalist s

L1 =seqi X maE. 5

5.5 Constructing a Binomial Probability Histogram

Example 6 Construct a binomial probability distribution for n =5 and p = 0.2.

1. Set up Plot1 for a Histogram as shown below.

2This instructs the calculator to generate the sequence of X with respect to the variable X starting
from 0 and finishing at 5 in increments of 1. The default increment is 1, if some other increment is
desired this would be entered as the fifth argument in seq(.
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Flokz Flab
B
T = H P el 11
R IR

dH W |
mlistild
FreatlL:

2. Set the window as shown, and press GRAPH.

L L HOICH)
amin=a
A=
wacl=1
ENIH='5125

Ma==.
o] =M 1
ares=]

3. Using TRACE we can read the probabilities. For example, P (X =1) =n =

0.4096.
Fi:Li.LE
——
]
ran=1
LT E n=.4094

4. Using 1-Var Stats L1,L2 we see that 4 =1 and o = .89.

1-Var Stats
}:\_‘:




6 Poisson Distribution

6.1 Probability of a Poisson Variable
Example 1 Find P (z = 4) where pu = 3.
1. Press 2nd VARS (to select DISTR)

2. Select B:poissonpdf(.

3. Enter 3,4), then press ENTER.

alssonfFdiCa.4)
 IESAS1353T

6.2 Probability for Several Values of a Poisson Variable
Example 2 Find P (x = 1,3) where p = 3.

1. Press 2nd VARS (to select DISTR)

2. Select B:poissonpdf(.

3. Enter 3, {1,3}), then press ENTER.
glssoncdt ©5: L1a

T.1991 64723

6.3 Cumulative Probability for a Poisson Variable

Example 3 Find P (x < 3) where p = 4.
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1. Press 2nd VARS (to select DISTR)
2. Select C:poissoncdff(.

3. Enter 4, 3), then press ENTER.
Folssoncdtid, 3)
ey

Example 4 Find P(z > 3) where pu = 4.
1. Press 1 — 2nd VARS (to select DISTR)

2. Select C:poissoncdff(.

3. Enter 4, 2), then press ENTER.
%—PDISSDHGdF{4:

1




7 Normal Probabilities
7.1 Probability Between Two Z Values
Example 1 Find P(0 < z < 1)

1. Press 2nd VARS (to select DISTR)
2. Select 2:normalcdf(

3. Enter 0, 1.75), then press ENTER.

armalcdt CHa12
« o1 5447 I

7.2 Probability Greater Than/Less Than a Z Value
Example 2 Find P (z > 1.75)

Method 1.
1. Press 2nd VARS (to select DISTR)
2. Select 2:normalcdf(

3. Enter 1.75, 1E9), then press ENTER.

hagmalchil.?Sal
E
 B4EES91 1 35
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Note: Since the interval is from 1.75 to oo, we represent co by a very large
number, namely 1,000, 000, 000 or, in scientific notation, 1 x 10°. This is entered
in the calculator as 1 2nd , 9 and is displayed as 1E9.

Method 2.
1. Enter .5 —
2. Press 2nd VARS (to select DISTR)
3. Select 2:normalcdf(

4. Enter 0,1.75), then press ENTER.

.SE?DPmalchiﬁal
) . B4ERSS] 141

Example 3 Find P (z < 1)

Method 1.
1. Press 2nd VARS (to select DISTR)
2. Select 2:normalcdf(

3. Enter -1E9,1), then press ENTER.

?Drmalch{'1E9:1
. 541 34474 a4
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Method 2.
1. Enter .5 +
2. Press 2nd VARS (to select DISTR)
3. Select 2:normalcdf(

4. Enter 0,1), then press ENTER.

EI5+r'u:-r*r-1.31-:-:l+“':EI=1
« 341 3447393

7.3 Probability Between Two X Values
Example 4 Find P (140 < z < 150) where y = 143 and o = 29
1. Press 2nd VARS (to select DISTR)
2. Select 2:normalcdf(

3. Enter 140,150,143,29), then press ENTER.

hormalcdf C14E, 1
A, 145, 292
. 1360605365

7.4 Probability Less Than an X Value
Example 5 Find P (z < 135) where y = 143 and o = 29.
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Method 1.
1. Press 2nd VARS (to select DISTR)
2. Select 2:normalcdf(

3. Enter —1E9, 135,143,29), then press ENTER.

tormalcdft "1E9.1
Ao 145,290
3 F2TVEGES

Method 2.
1. Enter .5 —
2. Press 2nd VARS (to select DISTR)
3. Select 2:normalcdf(

4. Enter 135,143,143,29), then press ENTER.

a—barmalcdt ol
2 1435 145,292
3L IZTEGEE

7.5 Finding a Z Value

Example 6 Find z such that 5% of the values are less than z.

1. Press 2nd VARS (to select DISTR)

2. Select 3:invNorm(
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3. Enter .05), then press ENTER.

1huHaorm . a2
-1l .64485350 26

Note: the area to the left of the unknown value must be entered.
Example 7 Find z such that 2.5% of the values are greater than z.
1. Press 2nd VARS (to select DISTR)

2. Select 3:invNorm(

3. Enter .975), then press ENTER.

1huHormd . 970l
1 . 9599535956

7.6 Finding an X Value

Example 8 Find z such that 25% of the values are less than z, where u = 65 and
o=38.

1. Press 2nd VARS (to select DISTR)

2. Select 3:invNorm(

3. Enter .25,65,8), then press ENTER.
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%hUHDFNﬁ.EE:EE:E
99, 6E4A5

Example 9 Find z such that 30% of the values are greater than x, where y = 65
and o = 8.

1. Press 2nd VARS (to select DISTR)

2. Select 3:invNorm(

3. Enter .70,65,8), then press ENTER.

%nuﬂnrm{.?ﬁsﬁﬁsﬂ
69. 13528405




8 Confidence Intervals

8.1 Confidence Interval for a Population Mean: ¢ Known

Example 1 Find a 95% confidence interval for the starting salaries of college gradu-
ates who have taken a statistics course where n = 28, T = $45, 678, 0 = $9,900, and
the population is normally distributed.

1. Press STAT
2. Arrow to TESTS

3. Select 7:ZInterval...

SamFeTest..
=SamrTTest...
-FProrZTest..
w—FrorsTest. .
Zlnterwal..

P
FT—
2—
s
|

4. Highlight Stats

5. Press ¥ and enter the values for o, X, n, and C-Level.

Ter Data
nFL: L3ta

HR= 10

L LTS

LS

Leual:, 95

[
[
T
=
2
C-
Calculate

6. Highlight Calculate, then press ENTER.
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e B

1
43545

We are 95% confident that the mean starting salary of college graduates that have
taken a statistics course is between $42,011 and $49,345. This means that if we were
to select many different samples of size 28 and construct 95% confidence intervals for

each sample, 95% of the constructed confidence intervals would contain p and 5%

would not contain p. It is incorrect to say that “there is a 95% chance that p will
fall between $42,011 and $49,345.” The population mean, x, is not a random variable,
it is a fixed, but unknown, constant. The probability that this interval contains p is

Oor 1.

8.2 Confidence Interval for a Population Mean, 0 Unknown

Example 2 Find a 95% confidence interval for the starting salaries of college grad-
uates who have taken a statistics course where n = 28, 7 = $45, 678, s = $9, 900, and

the population is normally distributed.

1. Press STAT
2. Arrow to TESTS

3. Select 8: TInterval...

TT-Test...

2 Interual
TInterval..

P 2=SamFETest..
1 2-SamrTTest...
t1-ProrsTest..
' 2—FroriTest..

4. Highlight Stats
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5. Press ¥ and enter the values for X, s,, n, and C-Level.

InEL: Data EAEE
nEt: Dat.s
%idaEa7E

e e b 15

s
C-Lewalt, 95
Calculate

6. Highlight Calculate, then press ENTER.

[hterual
(41833, 495172
x=40675
Sx=290E

n=2c

We are 95% confident that the mean starting salary of college graduates that have
taken a statistics course is between $42,011 and $49,345.

Note: The confidence interval using the ¢ statistic is wider than the interval
using the z statistic, even though the sample sizes are the same and the same
value for o and s is used. The reason for this is that the primary difference
between the sampling distribution of ¢ and z is that the t statistic is more
variable than the z, which seems obvious when you consider that ¢ contains two
random quantities (T and s), whereas z contains only one (Z). Thus, the ¢ value
will always be larger than a z value for the same sample size.

Example 3 The following random sample was selected from a normal distribution:
4,6, 3, 5,9, 3. Construct a 95% confidence interval for the population mean, .

1. Enter the data into L1.
2. Press STAT.
3. Arrow to TESTS.
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4. Select 8:TInterval...

TT-Test...
P 2=SamFETest..
1 2-SamrTTest...
t1-ProrsTest..
' 2—FroriTest..
2 Interual

TInterwal..

5. Highlight Data.

6. Press ¥ and enter the values for List, Freq, and C-Level.

[hterual
IHPLE Stat.s

C-Leweslz .35
Calculate

7. Highlight Calculate, then press ENTER.

[nterual
5256669:?.39313
}:::

Sx=r. 2EE35a35
n=g

We are 95% confident that the population mean, p, is between 2.6 and 7.4.

8.3 Confidence Interval for a Population Proportion

Example 4 Public opinion polls are conducted regularly to estimate the fraction of
U.S. citizens who trust the president. Suppose 1,000 people are randomly chosen and
637 answer that they trust the president. Compute a 95% confidence interval for the
population proportion of all U.S. citizens who trust the president.
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1. Press STAT
2. Arrow to TESTS
3. Select A:1-PropZlnt...

T1-FrorZTest..
i 2 FroFrsTest..
i Z2Interval..,

' TInterwal...

t2=SamrZInt...
VA=SamrT IRt
1-Prorslnt...

4. Enter the values for x, n, and C-Level.

1-Frorllnt
o =T

n: 1868
C-Lewvels,95
Calculate

5. Highlight Calculate, then press ENTER.

1-Frorllnt
(EEA7Z: . BEES)
F=.G3T

n=18848

We are 95% confident that the true percentage of all U.S. citizens who trust the
president is between 60.7% and 66.7%.



9 Hypothesis Tests

9.1 Test for a Mean: Large Sample

Example 1 A lightbulb manufacturer has established that the life of a bulb has mean
95.2 days with standard deviation 10.4 days. Following a change in the manufacturing
process which is intended to increase the life of a bulb, a random sample of 96 bulbs
has mean life 96.6 days. Test whether there is sufficient evidence, at the 1% level, of
an increase in life.

The hypotheses are:

Hy : p=952
Hy @ p>95.2

This is a right-tailed test with o = 0.01. The critical value is z = 2.326. (That is,
we will reject Hy if the test statistic z > 2.326).

1. Press STAT
2. Arrow to TESTS
3. Select 1:Z-Test...

c—Test...
i T-Te=t...
2—SamFr2Test..
t2-SamrTTest...
1-FroriTest..
Vv 2—FrorfTest. .
L2Interual...

4. Highlight Stats.

5. Enter the values

to (value of p under Hy)

e o (use s as estimate for n > 30)

(sample mean)

z
n (sample size)
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o L Fpy <y > pyg (form of Hy)

IretiData
nrt:Data
poEi3o.s

ailA, 4

"I9S, &

TR =

pEiFn <
Calculate Lraw

Since z = 1.32 does not fall in the critical region, we do not reject Hy. Or, since
p =0.09 > a = 0.01, we do not reject Hy.
There is not sufficient evidence, at the 1% level, to indicate that the new process has
led to an increase in the life of the bulbs. There is a 9.36% chance of observing a
sample mean at least as extreme as 96.6 if Hj is true.

9.2 Test for a Mean: Small Sample

Example 2 An employment information service claims that the mean annual pay
for full-time male workers over age 25 and without high school diplomas is less than
$24,600. The annual pay for a random sample of 10 full-time male workers without
high-school diplomas is given below. Test the claim at the 5% level of significance.
Assume that the income of full-time male workers without high-school diplomas is
normally distributed.

$22,954 $23438 $24,655 $23,695 $25,275
$19,212 $21,456 $25493 $26,480 $28,585
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The hypotheses are:

Hy
Hy

11 = 24,600
1 < 24,600

This is a left-tailed test with o = 0.05. The critical value is t = —1.833. (That is,
we will reject Hy if the test statistic ¢ < —1.833).

1.
2.
3.

Enter the data into L1.
Press STAT

Arrow to TESTS.
Select 2:T-Test...

—Test...
T-Tes=t...
t2-—Samr2Test..
t2=SamrTTest..
1-FProriTest..
' 2=FrorfTest. .
L2 Interual...

Highlight Data.

Enter the values:

o (value of p under Hy)

Freq: (enter 1)

List : (list containing the sample data)

o L Fpy < py > pg (form of Hy)

-Test

[hFt.: Stats
pos2d

LizstilLq

Frexqil

TR TN plIN
Calculate Oraw
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7. Highlight Calculate, then press ENTER.

1
£In

5
22AVZ210
bl b
4.3

2. 23421

nl obin 1) [n Ty

5
I
)
2
2

|
m=unnin-~—

S NEIm e
== || k=
(] o L

Since t = —.57 does not fall in the critical region, we do not reject Hy. Or, since
p=10.29 > a = 0.05, we do not reject Hy.

There is not sufficient evidence, at the 1% level, to support the claim that the
mean annual pay for full-time male workers over age 25 and without high school
diplomas is less than $24,600. There is a 29% chance of observing a sample mean at
least as extreme as $24,600 if H, is true.

9.3 Test for a Proportion

Example 3 A medical researcher claims that less than 20\% of adults in the US are
allergic to a medication. In a random sample of 100 adults, 13 say they have such an
allergy. Test the researcher’s claim at the 5% level of significance.

The hypotheses are:

Hy : p=02
H : p<02

This is a left-tailed test with o = 0.05. The critical value is z = —1.645. (That is,
we will reject Hy if the test statistic z < —1.645).

1. Press STAT

2. Arrow to TESTS

3. Select 5:1-PropZTest...
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—Test...
—Samrslest...
t2-SamrTTest...
1-ProriTe=st..
 2=FrorfTest..

L2 Interual..

4. Enter the values:

testing)

n (sample size)

po (value of p under Hy)

e prop #po <po > po (form of Hy)

1-FrorlTest
FOi.Z
=il
ntl18A
FroOFEED

Calculate Lraw

PO

5. Highlight Calculate, then press ENTER.

1-FrordTest
FIOF « &
z=-1.75

B4
13
a1

ﬁ'ﬁ"ﬂ
[y ]

Ba3211.35

x (number in the sample that have the particular characteristic we are

Since z = 1.75 falls in the critical region, we reject Hy. Or, alternatively, since
p=0.04 < a=0.05, we reject Hy.
There is sufficient evidence, at the 5% level, to support the claim that less than
20% of adults in the US are allergic to this medication. There is only a 4% chance of

observing a sample proportion at least as extreme as .13 if Hj is true.



10 Two-Sample Hypothesis Tests

10.1 Test for a Difference Between Means (Large Indepen-
dent Samples)

Example 1 Two machines are used to fill 50-1b bags of dog food. The sample infor-
mation is given below. Test at the 5% level whether there is a significant difference

in the amounts dispensed by the two machines.

‘ Machine 1 Machine 2

Sample size 81 64
Mean (1b) 51 48
Standard deviation 4 3.5

The hypotheses are:

Ho @ piy = po
Hy ooy # pg

This is a two-tailed test with o = 0.05. The critical values are z = £1.96. (That
is, we will reject Hy if the test statistic z < —1.96 or z > 1.96).

1. Press STAT
2. Arrow to TESTS
3. Select 3:2-SampZTest...

1i2-Tes=t..
i T-Test...
2—SamFr2Test..
r2-SamrTTest...
1-FroriTest..
Vv 2—FrorfTest. .
L2Interual...

4. Enter the values as shown.
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F=SamFlTest =SamErl Test

InFtiData SHEVERTTZ:5, 5

olid x1:51

T2835. 5 hl:igl

71151 H214g

nilzgl hZt! &4

wreda ni: S TR TT R,
2 sed Calculate Oraw

5. Highlight Calculate, then press ENTER.

F=SamFlTest
(IR E- TR
z=4. 5184841
F SHSZ21Z2EG

=

=
q
=

Tt N

1
rl
1

3 ==

-

Since z = 4.8 falls in the critical region, we reject Hy. There is sufficient evidence,
at the 5% level, to conclude that there is a difference in the amounts dispensed by
the two machines.

10.2 Test for a Difference Between Means (Dependent Sam-
ples)

Example 2 To test whether a fuel additive improves gas mileage, the gas mileage
of nine cars was measured with and without the fuel additive. The results are given
below. At a 5% level of significance, is there sufficient evidence to conclude that the
fuel additive improved gas mileage?

Car 1 2 3 4 5 6 7 8 9
Mileage without additive | 34.5 | 36.7 | 34.4 | 39.8 | 33.6 | 35.4 | 38.4 | 35.3 | 37.9
Mileage with additive 36.4 | 38.8 | 36.1 | 40.1 | 34.7 | 38.3 | 40.2 | 37.2 | 38.7

The hypotheses are:

H1 . :u’d>0
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This is a right-tailed test with o = 0.05. The critical value is z = 1.645. (That is,
we will reject Hy if the test statistic ¢ > 1.645).

1. Enter data in L1 and L2.

2. Highlight L3 and enter L2 — L1. Press ENTER. The differences are now
shown in L3.

3. Press STAT
4. Arrow to TESTS
5. Select 2:TTest...

1:2-Te=t...

z
T-Te=t...
o
2

1 2SamF2Test..
t2-SamrTTest...
1-FroriTest..
Vv 2—FrorfTest. .
L2Interual...

6. Highlight Data.

7. Enter the values as shown.

-Test

[nFLipEE Stats
posE

Listilz

Frexqidl

pigpng <pa
Calculate Draw

8. Highlight Calculate, then press ENTER.

-Test

KA

L=G. 2732923749

F=1.19726535E -4
¥=1.611111111

SKE.??E4615221
|‘|=
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Since t = 6.27 falls in the critical region, we reject Hy. There is sufficient evidence,
at the 5% level, to conclude that the fuel additive improved gas mileage. There is
only a 0.012% chance of observing these differences if Hj is true.

10.3 Test for a Difference Between Proportions

Example 3 A gardener sows two varieties of runner bean seeds. 152 seeds of Variety
A yield 82 healthy plants. 100 seeds of Variety B yield 59 healthy plants. At a 5%
level of significance, test whether there is a difference between the proportions of
healthy plants that can be expected from the two varieties.

The hypotheses are:

Hy : pi=ps
Hy : p1#po

This is a two-tailed test with av = 0.05. The critical values are z = £1.96. (That
is, we will reject Hy if the test statistic z < —1.96 or z > 1.96).

1. Press STAT
2. Arrow to TESTS
3. Select 6:2-PropZTest...

—ProezTest..
Zlnterual..

4. Enter the values as shown.

E=-FroriTest
w1i82

nl:152

woE5g

hat 1EE

Fl: LRpZ 2
Calculate Oraw




10. Two-Sample Hypothesis Tests 44

5. Highlight Calculate, then press ENTER.

-FPrarlTest
Fi#F:2
= ". FIE439529
F=.4292739985
By=, 5239473242

Fz=.59
B=. 03295238695

Since z = —.79 does not fall in the critical region, we do not reject Hy. There is
not sufficient evidence, at the 5% level, to conclude that there is a difference between
the proportions of healthy plants that can be expected from the two varieties. There
is a 42.9% chance of observing these differences if Hy is true.



11 Linear Correlation and Regression

11.1 Scatterplot

Example 1 The number of hours 13 students spent studying for a test and their
scores on that test are given below.

Hours studying, 2| 0 1 2 4 4 5 5 5 6 6 7 7 8
Test score, y |40 41 51 48 64 69 73 75 68 93 84 90 95

1. Enter the paired data in L1 and L2.
2. Press 2nd Y= 1 (or 2nd Y= ENTER) to enter STAT PLOT menu.

3. Press ENTER to turn on Plot 1.

4. Press ¥ to move down to Type and » to move the cursor over the scatterplot
symbol (the first symbol). Press ENTER to highlight the symbol.

5. Set Xlist to L1 and Ylist to L2.

Flotz Floks
(I

gJre: B L Jim

HB. N |
list:Lq

list:Lz
ark: B +

6. Press ZOOM 9.

This scatterplot indicates a positive linear association.
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11.2 Linear Correlation Coefficient, r

1. Press STAT.
2. Arrow to CALC.
3. Select 4:LinReg(ax+Db). Press ENTER.

LinkK=9
J=5x+h
a=r . 34500324
b=34, 6153255
FEi=, 8512827703
F=. 92264 9855

[ |

The correlation coeflicient is » = 0.923.

11.3 Regression Line

The regression line is § = 34.6169 + 7.3497x valid for 0 < x < 8. The slope of 7.3
indicates that for each additional hour spent studying, the test result will increase by
7.3.

Graph the regression line on the scatterplot.

1. Press Y= (Clear Y, if necessary)

2. Press VARS.

3. Select 5:Statistics...

4. Arrow to EQ

5. Press ENTER (or 1) to select RegEQ.
6. Press GRAPH



12 Chi-Square Analysis

12.1 Goodness-of-Fit Test

Example 1 Mars, Inc. claims that its M&M plain candies are distributed with the
following color percentages: 30% brown, 20% yellow, 20% red, 10% orange, 10%
green and 10% blue. A sample of M&Ms were collected with the following observed
frequencies. At the 5% level of significance, test the claim that the color distribution
is as claimed by Mars, Inc.

Brown | Yellow | Red | Orange | Green | Blue
33 26 21 8 7 5

The hypotheses are:

Hy : The percentages are as claimed by Mars, Inc.

H; : At least one percentage is different from the claimed value.
The critical value is x? = 11.071, where the degrees of freedom are (k — 1) = 5.

1. Enter the observed frequencies into List 1, and the expected frequencies into
List 2.

2. Highlight L3, and enter (L;-Ly)?/Ls.

Lz =0l 1-Lzre~Lz;
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3. Press ENTER.

4. Press 2nd MODE to return to the Home Screen.
5. Press 2nd STAT, arrow to MATH, select 5:sum(

6. Press 2nd 3 (to select L3). Press ENTER.
sumtl s

a. 93

The test statistic is 2 = 5.95. Since x? = 5.95 does not fall in the critical region,
we do not reject Hy.

There is sufficient evidence, at the 5% level, to support the claim that the distri-
bution of colors is as claimed by Mars, Inc.

12.2 Test for Independence

Example 2 At the 5% level of significance, use the data below to test the claim that
when the Titanic sank, whether someone survived or died is independent of whether
the person was a man, woman, boy or girl.

Gender/Age
Men Women Boys Girls
Survived | 332 318 29 27
Died 1360 104 35 18
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The hypotheses are:

Hy, : Whether a person survived is independent of gender and age.

H; : Whether a person survived is not independent of gender and age.

1. The critical value is x* = 7.815, where the degrees of freedom are (r — 1) (¢ — 1) =
2-1)(4-1)=3.

2. Enter the data from the contingency table into Matrix A as a 2 X 4 matrix.

ATEILAIHI ¥ =4

L :1i8 c3 ]
- 1Y i ﬁ;-]

z:4=18

3. Press STAT, arrow to TESTS and select C:y2-Test...

ETE—SENPTIH%m

H: 1-FProrZInt...
B:Z2Prorllnt..
Yi-Te=t.,.

1 2-SamrR Test ..
E:LinkEedTTest. .
F:AHOVYAL

4. Select Calculate.

c—Test
Obh=erved: [H]
ExFrected: [B]
Calculate DOraw
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5. Press ENTER.

ct=Test
KEe=DAY . BT84
F=K

df=3

The test statistic is x? = 507.08. Since x? = 507.08 falls in the critical region, we
reject H.

There is not sufficient evidence, at the 5% level, to support the claim that whether
someone survived or died is independent of whether the person was a man, woman,
boy or girl. It appears that whether a person survived the sinking of the Titanic and
whether that person was a man, woman, boy or girl are dependent variables.

The expected values are stored in Matrix B. To see the major differences, compare
the observed and expected values for each category of the variables.

Category Observed Expected (O}EF
Survived/Man 332 537.4 78.5
Survived/Woman 318 134 252.7
Survived /Boy 29 20.3 3.7
Survived/Girl 27 14.3 11.3
Died/Man 1360 1154.6 36.5
Died/Woman 104 288 117.6
Died,/Boy 35 43.7 1.7
Died/Girl 18 30.7 5.3

We see that 318 women actually survived, although we would have expected only

134 if survivability is independent of gender/age. The other major differences are
that fewer woman died (104) than expected (288), and fewer men survived (332)
than expected (537).



13 Analysis of Variance (ANOVA)

Example 1 Do different age groups have different mean body temperatures? The
table below lists the body temperatures of five randomly selected subjects from each
of the three different age groups. At the 5% level of significance, test whether the
three age-group populations have the same mean body temperature.

18 —20 21 —29 30 and older

98.0 99.6 98.6
98.4 98.2 98.6
97.7 99.0 97.0
98.5 98.2 97.5
97.1 97.9 97.3

The hypotheses are:

Ho = py = pg = i3
H, : Not all the means are equal.

The critical value is F' = 3.8853, read with (k — 1) = 2 df in the numerator and
N — k =12 df in the denominator.

1. Enter the data into List 1, List 2 and List 3.

2. Press STAT, arrow to TESTS and select F:ANOVA (

T2=5amrFTIht...
i 1-FrorFrZlnt..

1 2 FPror2lnt..

tX¥e=Teszt..

P 2-SampR Test..
tLinkedTTest. .
AHOYAY

3. Press ENTER, and enter the list labels.
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AHOYACL1-LzaLz0 |

4. Press ENTER.

Ohe—wae AHOVH One—wae AHDVH
F=1.87v9718145 | M5=. 354666567
F=. 194315353 Ertroar
Factor dif=12

=2 So=5.52

co=1. 72933333 MS=. &
ﬁ M5=. BedeBBRRT || SxP=. 67232998

The pooled standard deviation is 0.678, which is the best estimate of the popu-
lation standard deviation o. This is the square root of the Mean Square Error. The
calculator output corresponds to the following ANOVA table.

Source Sum Degrees Mean
of Variation of Squares of Freedom Square F
Factor 1.729 2 0.865 1.88
Error 5.520 12 0.460
Total 7.249 14

Since F' = 1.88 does not fall in the critical region, we do not reject Hy. There is not
sufficient evidence, at the 5% level, to conclude that the three age-group populations
have different mean body temperatures.

Example 2 National Computer Products, Inc. (NCP) manufactures printers and fax
machines at plants located in Charlotte, Houston and San Diego. To measure how
much employees at these plants know about total quality management, a random
sample of six employees was selected from each plant and given a quality-awareness
examination. The examination scores are shown below. Management would like to
test the hypothesis that the mean examination score is the same at each plant.
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Plant 1 Plant 2 Plant 3
Observation Charlotte Houston San Diego

1 85 71 29
2 75 75 64
3 82 73 62
4 76 74 69
) 71 69 [6)
6 85 82 67

The hypotheses are:

Ho @ py =g = pg
H, : Not all the means are equal.

The critical value is F' = 3.6823, read with (k — 1) = 2 df in the numerator and
N — k =15 df in the denominator.
The calculator output is shown below.

One—was ANOYA One—-was HHOVAH
F=2 T MS=Z255
F=.HAZFVHRZSI35 Error
Factor di=15

=2 So=43Q
So=515 MS=28. 658867
. MS=255 .5xp=5.35412613

Since F' =9 falls in the critical region, we reject Hy. There is sufficient evidence,
at the 5% level, to conclude that at least one mean is different.

13.1 Scheffé Test

A Scheffé Test can be performed to find which means have a significant difference.
The means are compared pair-wise. For each comparison, calculate

e
ST [

where Z, and 7, are the means being compared and n, and n; are the corresponding
sample sizes. Then compare the value to the critical value obtained in the one-way
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ANOVA multiplied by £ — 1,which gives C'Vscpef e = 7.3646. To compare Plant 1 and
Plant 2:

_ —\2 2
(Za—2) (9T 663

Sow |1 1) 43071 1

N—k|n, ng 15 |6 6

That is,

(1,2) — 2.6163 — No difference

(1,3) — 17.686 — Significance difference
(2,3) — 6.698 — No difference

Thus, there is a significance difference between the mean examination scores at
the Charlotte and San Diego plants.



