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Chapter |

Data Collection

1.1 Types of Data

1. (3) a) quantitative
b) qualitative
c) qualitative
d) quantitative
3. (4) The numerical responses would (D
not be used arithmetically, and the
order of the categories is arbitrary.
5. (1)
6. Dbivariate: the two variables represent the sales quarter (Q1, Q2, Q3, or Q4) and the

region (East, West, North, and South); the data values are the sales figures.

1.2 Sampling

1. The population is all the bolts in the The population is all the mall
shipment. The sample is the 100 shoppers. The sample is every sixth
selected bolts. person within the 3-hour period.

3. a) Because the average of $350 is a) parameter
based on a sample, this is a statistic. b) statistic
b) Because the average of $425 is c) statistic
based on a population, this is a
parameter.

5. a)3 b) 2 c) 4 d)1

6. (3) cluster sampling: if each franchise is a heterogeneous cluster, we can limit the

number of stores to which we need to travel.

Incorrect responses explained:

(1) and (2) may require that we travel to many or all of the 200 franchises

(4) is only appropriate when there are notable groups in the population that need to

be accounted for




1.3 Methods

1. 4) 2. (2)
3. (2) 4. double-blinding
5. a) The control group of plants would receive the normal level of CO2 (300 ppm).

There should be two experimental groups, one which is exposed to 400 ppm and one

which is exposed to 500 ppm.
b) The independent variable is level of CO2 exposure.
The dependent variable is the rate of photosynthesis.

1.4 Bias

(3)
Seniors or physics students may be biased by aspects of class scheduling specific to

their groups. Selecting only students from the cafeteria would omit students who
have already chosen not to eat there.

(4)

Allowing subjects to self-select their participation can lead to bias. Honors calculus
students may tend to spend more (or less) time on homework due to the nature of
their courses. Surveying only teenagers at a movie theater would omit other age
groups as well as people who don’t like to go to movie theaters.

(4)
People who attend a football game are more likely to prefer an increase in the sports
budget since they are sports fans.

(2) 5. (1)




Chapter 2 Univariate Graphs

2.1 Categorical Data

1 2.
Pet | Frequency Relative
- Frequency
Rabbit 3 Player o Frequency
Cat 8 rf)
Dog 10 Able 13 0.19
Fish 3 Baker 18 0.26
Charlie 10 0.14
Daniels 10 0.14
Edwards 19 0.27
3. 4. Y f =973
250
Nobel | Relative
] Category .
200 [ Prizes | Frequency
1 Il [ Physics 219 0.23
soHH H H
— 1 H Chemistry | 186 0.19
wl H H H Medicine | 224 0.23
I e e e Literature | 118 0.12
o4 H H H H H
I B e O e Peace 137 0.14
ol AL LL 11 11 1] Economics | 89 0.09
< 3 8 IS
Q | Ity




Relative
Color | Frequency
Frequency Blue
Red 5 0.125 =
8 Red
Yellow 20 0.50 = % Yellow
Green 10 0.25 = % Green
1
Blue 5 0.125 =—
8
2.2 Quantitative Data
Relative Cumulative
Result | Frequency Result | Frequency
() P Frequency () P Frequency
(rf) (cf)
1 5 0.25 1 5 5
2 3 0.15 2 3 8
3 1 0.05 3 1 q
4 5 0.25 4 5 14
5 4 0.20 5 4 18
6 2 o0.10 6 2 20




L2
y
5
6
1
2
1
1

. Cumulative
Cumulative | Relative _
Bases | Frequency Relative
Frequency | Frequency
(x) H f) @ Frequency
(crf)
1 25,006 25,006 0.633 0.633
2 7,863 32,8609 0.199 0.832
3 671 33,540 0.017 0.8449
4 5,944 39,484 0.151 1.000
4,
Relative | Cumulative

Age Frequency

) & Frequency | Frequency

x

(rf) (cf)

26 4 0.20 4

27 5 0.25 9

28 6 0.30 15

29 1 0.05 16

30 2 0.10 18

31 1 0.05 19

32 1 0.05 20

5. L; = cumSum(L,)/sum(L;)

Ls=cumSum(L2)/sum(L2)




2.3 Graphs of Small Data Sets

1. a)40 b)E=4S% a) 50 b)1—5=30%
40 50
3,
Value | Frequency 419
0 3 5 | 2666
6 |77
1 3
7 | 239
2 7 § | 12779
3 6 9 |1
2 6 10 |3
5 3 Key: 4|9 =49
6 4
7 8
8 2
9 8
5,
0 12334 Before After
0 [555667778889 9888 | 6
1 1000112223344 8664110 | 7
119 8862 |8|6788
2 11223 60| 9/02245899
2 157 410|044
3 |1 0118
Key: 3|]1=31 12| 44
13
14| 6

Key: 2|8|6 represents a pulse of 82

before and a pulse of 86 after




2.4 Classes

25-18=7 2.
Field | Cumulative
Yards
Goals | Frequency
0-19 1 1
20-29 | 236 237
30-39 | 281 518
40-49 | 236 754
50-59 | 120 874
a) class widthis 7 -0 =7. 4. a)class widthis 23 — 15 = 8.
b) boundaries are 6.5 and 13.5, b) boundaries are 30.5 and 38.5,
. . . 7+13 . . . 31+38
midpoint is = 10. midpoint is = 34.5.
range = 135 —-17 = 118 6. range =94 —20 =74
class width = % =14.75- 15 class width = 7—74 ~ 10.6 - 11
classes: 17 - 31,32 - 46,47 - 61, classes: 20 -30,31-41,42-52,
62-76,77-91,92-106,107 - 121, 53-63,64-74,75-85,86-96
122 -136
range = 58 — 2 = 56 8. range=60—12 =48
class width = * ~ 9.3 > 10 class width = = = 9.6 > 10
classes: 2-11,12-21,22-31, classes: 12 -21,22-31,32-41,
32-41,42-51,52-61 42 -51,52-61
Yes, by subtracting 2 from each limit, We cannot shift the intervals. To do so
the new intervals would be would mean subtracting 2 from each
0-9,10-19,20- 29,30 - 39,40 - 49, limit (10 - 19, etc.), but this would
50-59 make the last class 50 — 59, which
(The last class includes the maximum.) would exclude the maximum of 60.

10




2.5 Histograms

1. Add the frequencies: 2. Add the frequencies:
2+4+5+4+1=16 7+10+3+5=25
3. 20 4, a)3 b)0 «¢)20
5.
6
5 i —
Mathematics Quiz Scores E‘ 41
Interval Tally Frequency % 3 1
50-59 THL | 6 £, |
60-69 [ 2 14—
70-79 [11] 4 & 14
80-89 TH 5 195 505 69.5 795 895 995
90-99 11 3 Quiz Scores
6.
c:f 10
5]
= |
o
e
rm
5
605 705 805 905  100.5
Scores

11




10

oy
=)
5]
o
o
5]
= 5
Interval Tally Frequency
si-60 | ] 2
61-70 ||| e
7-80 |l Y
B1-90 ___.ﬁ-’{ A 505 60.5 705 80.5 905 100.5
a1-100 | 1i1} f Scores
0.625
F Relative
requenc
Class ?f) y Frequency 0-500
/) 2
52 - 55 3 0.125 z
56 - 59 3 0.125 A
2 0250
60 -63 9 0.375 =
=
64 - 67 4 0.167 0,425
68-71 4 0.167
72-75 1 0.042 |
515 555 595 635 675 715 755

Age

12




Cumulative

Cumulative
Days Tally | Frequency
Frequency
o-1 |l 3 3
2-3 |t I 7 10
4-5 LW I 7 17
6-7 |l 3 20
20
15
>
=
S 10
=
5
1 T | |
0.5 25 45 6.5

Days Outside

13




2.6 Frequency Polygons

1. 2.
25 i 20
18
> 207 16
g 15_ 14
S Zn
o 107 g 10
(N =3
5 2 3
6
0 | — | I B — | B — -
234567 8 9101112 5
Amount 0
595 695 79.5 895 99.5
Score
3. a) 3 and 25 b) 100 )6 d)10-15
4., 5.
Score Frequency o
(x) D)
50 - 59 5 g0
60 - 69 10 g
e
70-79 30 g
o
80 -89 40 & 0.1
90 -99 15
0
445 545 645 745 84.5
Score
2.7 Ogives
1. (2)80 2. a)60 b) 40
3. (4)

14




o
Cumulative 45 i ™~
Frequency o) P
Class Frequency g 10 7
% = y
(cf) Z 30 7
135-139 6 6 g 7
E 2
140 - 144 4 10 E s //
[
145 - 149 11 21 b —
150-154| 15 36 T
134.5 139.5 1445 1495 154.5 159.5
155-159 8 44 Weight (in pounds)
10 100%

9 00%

8 BO%

7 70%

6 60%

5 50%

4 / 40%

3 / 30%

2 20%

1 ’—‘ 10%

0 0%

Dog Cat Fish Snake  Hamster Bird
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Chapter 3

3.1 Center

Descriptive Statistics

1. mode 2. median
3. (1) 4. mean =79, median =79, mode = 78
5. (2) mode = median=6 6. (1) mean =17, median = 18, mode =22
7. data values are: 8. data values are:
48, 63, 65,69, 71, 74,74,78, 82,83, 85, 0.8,1.5,1.6,1.8,2.1, 2.3, 2.4, 2.5, 3.0,
85, 89,90, 94, 96, 100 3.4,3.5,3.6,3.9,4.0,4.0
mean =~ 79.2, median = 82, mean =~ 2.7, median = 2.5, mode = 4.0
modes are 74 and 85 (bimodal)
9. (3) Enter into the calculator as L1 and L2 and find 1-Var Stats, or calculate as below.
Score | Frequency
(xf)
(x) H
96 2 192
92 5 460
88 3 264
84 2 168
78 4 312
60 1 60
> 17 1456
mean = Lxf _ 1456 85.6,
X 17
median is value at position % = 9, which is 88
mode is the value with the highest frequency, which is 92
10. mean = 5.625, median = 5, mode = 10
11. data values are 15, 25, 20, 20, 30 12. outlieris 2, mean = 23, trimmed mean
mean = 22, median = 20, mode = 20 (without 2 and 36) = 24.6
13. mean = $44.75, 14. mean = $14.25,

trimmed mean = $41.50

trimmed mean = $15.33

16




15. a) mean = $225,000, median = $175,000
b) the median because the mean is higher than all but one of the values (an outlier,
$700,000)
¢) trimmed mean ~ $186,100

16. 131 - 150; 17. 71-80;
There are 44 total scores, so the Out of 31 students, the 16t lowest
median would be the average of the value is the median, which is within
22nd and 234 highest scores. 71-80 interval.
18. 19.
Class | Midpt | Freq Class Midpt | Rel Freq
x) | () | (xf) (%) (rf) | x-rf)
13-22 | 17.5 6 105 25-29 | 27 0.15 4.05
23-32| 275 8 220 30-34| 32 0.25 8.0
33-42 | 37.5 7 | 262.5 35-39 | 37 0.30 11.1
43-52 | 47.5 5 | 2375 40-44 | 42 0.25 10.5
53-62 | 57.5 4 230 45-49 | 47 0.05 2.35
) 30 | 1055 ) 1.00 36.0
mean is 2 = 1955 _ 3517 mean is Y,(x - f) = 36.0
xf 30
20. 21.
X w xw Course | Gr | Pts | Creds
85 | 0.05 | 4.25 ) | w) | (xw)
80 | 0.35| 28 MAT 210 | A | 4 4 16
100 | 0.20 | 20 SOC150 | C | 2 3 6
90 | 0.15 | 135 BIO245 | B | 3 4 12
93 | 0.25 | 23.25 ENG110 | F | O 3
Y |1.00 | 89.0 GRK101 | D | 1 2
ART 205 | B | 3 1
weighted mean is ), xw = 89. ) 17 39
weighted mean is ZZLMV/V = % ~ 2.29.

17




3.2 Shape

1. skewed to the right 2. skewed to the left

3. symmetrical, but with outliers at 9.45 4. symmetrical, but bimodal

5. a)5 b)3 )1 d)6 e)2 4

6. (1) because the distribution is skewed right

3.3 Spread

1. City A (22) 2. anoutlier such as a very low score
could greatly affect the range without
affecting the median

3. (2) 4. (1)

5. The first set, as shown by the smaller 6. McCrane; alarger SD means more

SD. variability
7. Press[STAT]<CALC>(1] for 1-Var Stats to | 8. Press[STAT]<CALC>(1] for 1-Var Stats to

get u = 66 (listed as x) and o = 28.9.

NORMAL FLOAT AUTO REAL RADIAN MP n

x=66
2x=660
2x2=51898
Sx=30.43754991
ox=28.87559523
n=10
minX=22

1Q1=33

getx = 60.7and s = 15.1.

NORMAL FLOAT AUTO REAL RADIAN MP n

x=60.71428571
2x=425
2x2=27175
Sx=15.11857892
ox=13.99708424
n=7
minX=35

1Q1=50

18




9. u=78ando = 16.8

NORMAL FLOAT AUTO REAL RADIAN MP n

x=78
2x=1248
2x2=101562
Sx=16.76901905
ox=16.23653288
n=16
minX=42

1Q1=67

Press [VARS](5)[4)xZ[ENTER] to get 62 = 263.6

NORMAL FLOAT AUTO REAL RADIAN MP n

10. x = 9.1 and s =~ 0.88

NORMAL FLOAT AUTO REAL RADIAN MP n

x=9.1
2x=91
2x2=835
Sx=0.8755950358
ox=0.8306623863
n=10
minX=8

1Q1=8

Press [VARS][5](3]x2J[ENTER] to get s? ~ 0.77.

NORMAL FLOAT AUTO REAL RADIAN MP n

ox? Sx?
...................................... 263.625. e 0. 7666666667
11. ¥ = 9.46 and s ~ 3.85 12. u=2=9
-
x | x—p|(x—p?
%=9. 455555556 s 2 16
>x=170.2
>x2=1861.58
Sx=3. 852000584 7| -2 4
ﬁ:;g 743471684 7 -2 4
R 8] 1| 1
9 0 0
9 0 0
10 1 1
11 2 4
12 3 9
12 3 9
hX 48
0_2 — Z(x_”)z — 4‘_8 — 4 8
- n—1 10
oc=+vV48 = 2.2

19




= =44 14. ¥ == =="==610
x | x—Xx| (x —x)? x | x—%|(x—X)?
51 7 49 612 2 4
48 4 16 588 | -22 484
47 3 9 604 | -6 36
46 2 4 625 | 15 225
451 1 1 621 | 11 121
43| -1 1 )> 870
41| -3 9 g2 — LoD 870 _ o4
40| -4 16 S
20 ) 16 s=+v2175 =~ 14.7
39| -5 25
%=610
2 . 146 3x=3050
s _ 3x2=1861370
§2 = ZXTD7 146 _ 405 Sx=14.7478812
n-1 9 ox=13. 19090596
— =5
s =+16.2 ~ 4.0 ninX=588
101=596

1-Var Stats
x=44

2x=440
2x2=19506
Sx=4.027681991
ox=3.820994635
n=19@
minX=39

:Q1=40

20




__Xx _ 568

15. x = - —1—0=56.8
x |x—%X|(x—x)?
60| 3.2 10.24
62| 5.2 27.04
43 | -13.8 | 190.44
55| -1.8 3.24
56 | -0.8 0.64
61| 4.2 17.64
52 | -4.8 23.04
69| 12.2 | 148.84
64| 7.2 51.84
46 | -10.8 | 116.64
) 589.6
g2 = ZOTD _ 5996 _ 6557
n-1 9

s =4/65.51 ~ 8.1

NORMAL FLOAT AUTO REAL RADIAN MP []

x=56.8
3Ix=568
3x2=32852
Sx=8.093893446
ox=7.678541528
n=10
minX=43

1Q1=52

16. Use the midpoints of the classes as the x values.

NORMAL FLOAT AUTO REAL RADIAN MP

x=8.625

2x=276

3x2=2724

Sx=3.328760304

ox=3.276335606

n=32

minX=1.5
1Q1=5.5

u = 8.625 and o = 3.3, approximately.

17. They are all divided by two as well.

18. The mean increased by five and the
range remained the same.

19. a) mean = 11.4, median = 12, mode = 7, range = 15, SD = 5.38
b) the mean, median and mode increase by 5; the range and SD remain the same.

21




3.4 Position

1. 75% of 40 = 30 students weigh below
150 pounds, so 40 — 30 = 10 students
weigh at least 150 pounds

95,000+0.5
125,000

percentile.

2. 100( ) = 76, so the 76

22+0.5
2 100 ( + ) _ 75,50 the 75t 4. 25,39,42,58,64,70 75,87,90,95
_ =2%% _ ° _ 0.55,50 70 is the 55
percentile. n 10
percentile.
5. second quartile = median = 35 - 40
6. 7.
5, 6@8, 12,@ 17, 17,@ 19,19 3,6,7,7, 8,9/9,9,10,/12, 13, 15
Q1=7,Q2=14,Q3=18 Q1=7,Q2=9,Q3=11
8. 0.
21,2828, 32,33, 41, 45,50, 53 71, 71,72, 74, 74,75, 78,79, 79, 83
Q1=28,Q2=33,Q3=47.5IQR=19.5 Q3=79and Q1=72,s0IQR=7
10. Q1=70,Q2=80,Q3=90 11. The corresponding frequency table

would show:

Minutes Used | Frequency
31-40 2
41-50 3
51-60 5
61-70 9
71-80 11

25% of 30 is 7.5, so the first quartile
would be between the 7th and 8th
smallest values out of 30. This falls
within the 51-60 interval.

12. 74+ 6 = 80

13. 85 — 2(4) = 77

_99.5-98.6

14. z = =145
0.62

2.67-3.0

15. z="—"—""=—1.65
0.2

22




1150 — 1000 95 — 80
16. Jason: z =——=1.50 17. East Point: z = = 1.5
100 10
26 — 22 95 — 84
Mary: z = = 2.00 West Point: z = = 2.75
Mary performed better. The temperature at West Point was
more unusual.
70 — 60 - 80
18. Lion: z = ~ 19. 1.5 =7
10 10
56 — 40 — _
Rhino: z = _ x =1.5(10) + 80 =95

The rhino is running relatively faster.

x—5.1
0.9
x =—0.5(0.9) + 5.1 = 4.65

20. —0.5 =

7.5—-u
0.5
3(0.5) — 7.5 = —u
u=-3(05)+75=6

21. 3 =

22. 2.78 =

1241 -1
23, —0.86 = 22171509

263
c=——= 312
0.86

3.5 Boxplots

1. 81 2. 75
3. 10 4. 84
5. 30 6. 4
7. 75-15=60 8. 25%
9. (4) 75-88

10. (a) = (2) right skewed; (b) = (3) no skew; (c) = (1) left skewed

11. Q1=77,Q2=87,Q3=91

— -

b ——————+——+——
65 70 75 80 85 20 95 100

12. Q1=70,Q2=82,Q3 =90

23




13.

95

&5

66

100

\J
95

14.

65

41

10
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Chapter 4

Bivariate Data

4.1 Contingency Tables

1. a) 11—153 ~ 13.3% of the students are undecided.

b) % ~ 51.7% of the 9th graders are watching.

2.
Fiction | Nonfiction | Total Fiction | Nonfiction | Total
Hardcover 28 52 80 Hardcover | 13.3% 24.8% 38.1%
Paperback | 94 36 130 Paperback | 44.8% 17.1% | 61.9%
Total 122 88 210 Total 58.1% 41.9% 100%
3. Given data in bold below.
Coca-Cola | Sprite | Total
Table 16 14 30
Garbage 34 8 42
Total 50 22 72
(48)(13) ) .
4, oo = 6.24 > 4; negative association
5.
In Favor | Opposed | Total
Liberal 74 74 148
Moderate 15 15 30
Conservative 11 11 22
Total 100 100 200

25




4.2 Bivariate Bar Graphs

P2P Payments in Billions of Dollars

Q1 Q2 Q3 Q4 Total
PayPal 27 30 33 36 126
Venmo 10 12 14 17 53
Zelle 21 25 28 32 106
Total 58 67 75 85 285
PlanA | PlanB | PlanC | PlanD Total
Year 1 3 8 6 4 21
Year 2 10 2 4 3 19
Total 13 10 10 7 40
Quarterly Sales by Region
inthousands of dollars
300
250
a5
200 45
54
150 32
100
50
0
a1 az a3 04
mEasx mWezx mMorth South

26




Math | English | Science
Seniors | 43% 47% 59%
Juniors | 57% 53% 41%
Total | 100% | 100% | 100%
Students Scheduled for Exams
100%
B0% 41%
579 53%
0%
5o
20% 43% S
- Math Englsh Scence
B Seniors OJuniors
a) b)
White | Blue | Total White | Blue | Total
Captured 15% [ 40% | 65% Captured 150 | 400 | 650
Not Captured | 5% |40% | 45% Not Captured | 50 | 400 | 450
Total 20% | 80% | 100% Total 200 | 800 | 1000

a) Calculate the area of each rectangle.

For example, for the captured white pigeons, 0.75 X 0.2 = 0.15 = 15%.

b) Multiply each percentage by 1000.

27




4.3 Scatter Plots

1. (2) 2. (2)
3. (3)
4, 5.
250 40
+
225 35
+
+
£ - + -+
2 200 g 30
= * w + +
+—9 +
+
175 + 25
+
150 20
60 65 70 75 80 24 29 34 39
Height Weight

28




4.4 Correlation

1. (3) 2. (2)
3. 4.
a) positive: children usually gain weight | a) positive, causal
as they age and grow b) positive, not causal; hot temperatures
b) negative: as the volume of water lead to higher sales and more fires
increases, the remaining space c) negative, causal
decreases d) positive, not causal; the size and
c) none: shoe size and hair length are severity of the fire, which results in
unrelated more firefighters being called
d) positive: more people go to the beach | e) negative, not causal; the degree of
when the temperature is higher civilization and industrialization
f) negative, not causal; higher
temperatures may lead to less demand
for snow shovels and may also lead to
more ocean swimmers, resulting in
more opportunity for shark attacks
5. (1)
6. positive correlation 7. negative correlation
8. negative correlation 9. positive correlation
10. no correlation 11. positive correlation

29




Chapter 5

Probability

5.1 Theoretical and Empirical Probability

1. = 2. —=2
4 22 11
23
3. - 4, —
29
13 1
5, —=— 6. —=-
20 10 52 4
30
7. 2 8. P(red) =5
i 31
P(white) = 50
29
P(blue) = 50
White is the most likely to be picked.
2,000 1 8 2
9. =— 10. —=-
80,000 40 20 5
11. The trials in this case are 100 products per month for 10 months, or 1,000.
The empirical probability of a faulty bulb is —— = —
e empirical probability of a faulty bulb is ———= = —.
4 4 1
s
14. a)4:1 b) = 15. 6+2+2+2+2+1=15
6 2

30




5.2 Simulation of Random Trials

1. 20% = 2 2. LetOrepresent “heads” and 1
' 0 represent “tails.” Then, enter the
There are 10 numbers from 0 to 9, so function randInt(0,1,50) — L, for the

any two numbers (such as 0 and 1) can
represent the event occurring.

results to be stored in list L1.

NORMAL FLOAT AUTO REAL RADIAN MP n

randInt(@,1,50)>L1
{0 2120100101 10»

The random numbers that are generated may include duplicates.

4. Leteach pair of digits represent one of our selected numbers.
For example, if the list contains 92794629649160176301...,
then our selected numbers are 92, 79, 46, 29, 64, 91, 60, 17, 63, 01, etc.

5. Fill L, using the test formula L; < 4. Then, calculate sum(L,), as shown below.

NORMAL FLOAT AUTO REAL RADIAN MP n

sum(L2)

L1
5
7
I.‘
8
1
?
y
(]
1
3
3

RRrRrRroorR ol

L2=L1<40 L21=0

31




5.3 Probability Involving And or Or

4
2. =
5

4. P(penorred) =
P(pen) + P(red) — P(red pen) =

5. a) P(Aand B) =P(ANB) =

1

P(5,8) ===~

b) P(Aor B) = P(AUB) =

7
P({2,3,4,5,7,8,9}) = =

6.

P(A or B) = P(A) + P(B) — P(A and B)

P(Aor B) + P(Aand B) = P(A) + P(B)
[add P(A and B) to both sides]

P(Aand B) = P(A) + P(B) — P(Aor B)
[subtract P(A or B) from both sides]

7. P(GorA)
= P(G) + P(A) — P(G and 4)
11 9 5 15 3

=20t20720° 20" 2

50

50 1

500 10

9. P(A) =0.05,P(B) =0.08,and
P(A and B) = 0.004

a) not mutually exclusive because
P(Aand B) # 0

b) P(A or B) = 0.05 + 0.08 — 0.004 =
0.126

10. a) P(C or B) = P(C) + P(B)

=20 420 _% _pg2
100 100 100
b) P(C or H)

=P(C)+ P(H)—P(Cand H)

56 58 38 76
=242 3 _ 7 _ 076
100 100 100 100
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5.4 Conditional Probability

Online TV Radio Total
Car Ads 18 16 11 45
Insurance Ads 16 25 14 55
Total 34 41 25 100
)= =21=02 b)2=2=-032 2=2_Y_(68
50 5 50 25 50 50 25
OR1-—~=20R1-032=068
25 25
72 3
a)P(F) = 0= 1003 [from the Total row]
b) P(C) = % = % =0.3 [from the Total column]
c) P(FIC) = g = % =03 [from the first row]
d) P(C|F) = % = § =0.3 [from the first column]
e) P(Cand F) = % = 1—10 =0.1 [from the one cell and the grand total]

[t is helpful to calculate the totals first:

Dogs Cats Rabbits Total
Girls 53 72 25 150
Boys 62 28 40 130
Total 115 100 65 280
25 _ 5
a) P(G|R) = =15~ 0385
25 1 =
b) P(R|G) = 50— ¢ = 016
¢) P(BID or €) = -2+28 - 20 _ 18 1 0419
115+ 100 215 43

[from the first two columns]
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Female Male Total
Positive 50 30 80
Negative 70 60 130
Total 120 90 210
50 5
60 2 —=
b) P(N|M) =% =3" 0.6
) P(M|P) =2 =2=0375
6. a)
Defective Not Defective Total
Machine A 10 190 200
Machine B 9 291 300
Machine C 5 495 500
Total 24 976 1000

b) Let C represent the item is produced by Machine C and let D represent the item is

5

defective. P(C|D) = = = 0.2083

24~

5.5 Sequence of Events

[EN
w | =
X
Nlw
Il
S

&) -2
2) 32

2.
3 §X1=§ 4, 0.95x%x0.93x098 ~87%
" 472 8
5. 6x20=120 6 4x2=8
7. a)2-2-2-2-2-2-2-2-2-2= 8. a)9x10x10x2=1,800

210 = 1,024
1

b) —

1,024

1
b) 1,800
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3
a) s (see check marks above)

7
b) s (all except the first leaf)

10.
4
a) 3 b) 4
11. a) dependent (due to genetics) b) dependent (due to growth with age)
c) independent d) dependent (without replacement) e) independent
12. P(at least one blue) = 13 i 1_1
©20 19 380
1 — P(red or white on all 5 picks) =
. (2)5 _q_zz 2o,
3/ 7 243 243 7
2 1 1
14. 2x2=2 15. =X -=~
76 21 3°°2 3
16 3.2 1 P(S and M) 3
A R an 0 15 1
473 2 17. PM|S) =————= =2 =—"==
P(S) = 30 2
18. P(H, and H,) = P(H,) - P(H,|H,) = 19. P(same suit) =
13 12 156 _ 1 P(2Hs or 2Ds or 2Cs or 2Ss) =
52751 2652 17 t,r . 1_4
17 17 17 17 17
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10 10 10 10 10 (10)5_ 32
"~ 3125

X — X —X—=
2525 257 25" 25 \25

10 9 8 7 6 6
b) =X —X—=X—-X—-=—77—
25 247 237 227 21 1265

21. P(4") = z P(B") = § and P(C") = % so P(A'and B'and C') = 2 x

D w
w N
X
N | =
Il
Il
[V

5.6 Bayes’ Theorem

1. LetA =the patient has arthritis and H = the patient has hay fever.
We want to find P(A|H).
P(A) = 0.10, P(H) = 0.05,and P(H|A) = 0.07
P(Aand H) P(A) x P(H|A) (0.10)(0.07)
= = = 0.14
P(H) P(H) (0.05)

P(A|H) =

2. Cards are RR, GG, and RG. There are 6 sides of the cards to choose from.
a) Let O; = the other side is green and T = this side is green.

P(O dTg) 6
P(0ITe) = ——pa=—==%=3
6

1

b) Either take the complement of the answer to parta), 1 — 2 =3

OR Let Oy = the other side is red and T = this side is green.
P(Ogr and Tg)

P(Og|T;) :Ta):%:
6

3. LetA =deGrom is the starting pitcher and B = the Mets win.
Given: P(A) = 0.20, P(B|A) = 0.60,and P(B|A") = 0.45
P(A)=1-P(A)=1-0.20=10.80
We want to find P(A|B).

P(A4) - P(B|A) _ (0.20)(0.60)

P(A|B) = = = 0.25
(AlB) P(A)-P(B|A) + P(A")-P(B|A")  (0.20)(0.60) + (0.80)(0.45)
4. Let D =the email is detected as spam and S = the email is spam.
We want to find P(S’|D).
P(S) =P(S") =0.5,P(D|S) = 0.99,and P(D|S') = 0.05
p(s’)-p(D|S’ 0.5)(0.05
P(S'ID) = (s")-P(DIS") _ (0.5)(0.05) _ 5 0048

P(S")-P(D|S") + P(S)-P(D|S) (0.5)(0.05) + (0.5)(0.99) 104
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P(MandT
PMandT) (D) ), where M is the event that you have the meta-gene and T is the

event that you test positive.

P(M|T) =

The numerator, P(M and T), is the probability that you have the meta-gene and test
positive, which can be written as P(M) - P(T|M).

The denominator, P(T), is the probability that you test positive, which can be broken
down into the probability that you test positive and have the meta-gene OR you test
positive and don’t have the meta-gene, which can be written as
P(M)-P(T|M)+ P(M")-P(T|M").

P(MandT) P(M)-P(T|M) 0.0001-0.99

P(MIT) = P(T)  P(M)-P(T|M)+P(M")-P(T|M7) _ 0.0001-0.99 + 0.9999 - 0.01

~ 0.01

Even though you tested positive, you have only a 1% chance of having the meta-gene.
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Chapter 6

Discrete Probability Distributions

6.1 Discrete Random Variables

1. P(x>4)=0.11+016+032=059 |2. P(7<x<9)
=0.09 +0.13 + 0.13 = 0.35
3. E(X)=YxP(x) =49 4. E(X) =X xP(x) =761

x | P(x) | xP(x)
2 (019 | 0.38
3 (011 0.33
4 1011 044
5 1011 | 0.55
6 | 016 | 096
7 | 032 2.24
Y [ 1.00| 490

x | P(x) | xP(x)
5 1030 | 1.50
6 | 0.09 | 054
7 |0.09 | 0.63
8 [ 013 | 1.04
9 1013 | 117
10 | 0.13 | 1.30
11 | 0.13 | 1.43
Y |1.00 | 7.61

5. 1—11 The sum of the probabilities must equal 1.

6.

P(x)

xP(x)

0.105

0.105

0.211

0.422

0.281

0.843

0.175

0.700

0.105

0.525

0.070

0.420

0.035

0.245

0.018

0.144

Ml O N vl | W N =R

1.000

3.404

E(X) =Y xP(x) = 3.4

7.

f | P(x)|xP(x)
6 0.03 | 0.00
12 | 0.06 | 0.06
29 | 0.15 | 0.30
0.30 | 0.90
42 1 0.22 | 0.88
30 | 0.16 | 0.80
16 | 0.08 | 0.48
192 | 1.00 | 3.42
E(X) =Y xP(x) = 3.4

M || D WIN| RO R
(&)1
<

38




8. E(X)=XxP(x)=-12 9. E(X)=ZxP(x)=—=~—053
You should expect a net loss of $1.20. You should expect to lose $0.53.
Prize Gain N
et
() ) P(x) xP(x) Result | (x) | P(x) | xP(x)
500 495 0.005 2.475
Wi 350 1 350
100 95 0.005 | 0.475 m 38 | 38
20 15 0.04 0.6 7 7
Loss -10 3— —ﬂ
0 -5 0.95 —4.75 38 38
3 ~1.2 5 _20
38
10. 11.
x |P(x)|xP(x)| x* |x2P(x) x |[P(x)|xP(x)| x* |x*P(x)
2 (019 | 0.38 4 0.76 5 (030]| 150 25 7.50
3 (011 0.33 9 0.99 6 | 0.09]| 0.54 36 3.24
4 | 011 | 0.44 16 1.76 7 |0.09| 0.63 49 4.41
5 (011 | 0.55 25 2.75 8 | 013 | 1.04 64 8.32
6 | 0.16 | 0.96 36 5.76 9 | 013 | 117 81 10.53
7 032 224 49 15.68 10 | 0.13 | 1.30 | 100 | 13.00
X |1.00| 4.90 27.70 11 | 0.13 | 143 | 121 | 15.73
02 =EX?) — E(X)? X |1.00| 7.61 62.73
= X x?P(x) — [XxP(x)]? 0% = E(X?) — E(X)?
=27.7 —4.9% = 3.69 =Y x2P(x) — [ xP(x)]?
o =1+3.69 = 1.92 = 62.73 — 7.61% = 4.8179 ~ 4.82
Check: o =+v4.8179 = 2.19
Check:
Sx=4.9
3x2=27.7 %=7.61
Sx= Ix=7.61
ox=1.920937271 3x2=62.73
n=1 Sx=
minX=2 ox=2.194971526
$Q1=3 n=1
minX=5
401=5
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12.
x [P(x)| xP(x) | x*2 | x*P(x)
22 ] 2
25 25 25
2| 2 B, 16
25 25 25
R B
25 25 25
e B |
25 25 25
T2 B | I
25 25 25
s | 1 (BT 335_67
25 5 25 5

02 = E(X?) — EX)? = £2°P(x) - [ExP P =2 - (Z)

Check:

NORMAL FLOAT AUTO REAL RADIAN MP n

[1-Var Stats]
x=3.4
2x=3.4
2x2=13.4
Sx=
ox=1.356465997
n=1
minX=1
1Q1=2

__ 46

5/ 25

o= |2~136
25
13.
x | 23456789 [t10]11]12 P
12 3|4 |5|6]5]4]3]2]1
PO | = | == | = |2 = |2 || == =
36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36
2 | 6 |12 20| 30|42 |40 | 36 | 30 | 22 | 12 | 252
PR | = | = ||| 2|2 =22 2oy
36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36
x2 | 4 | 9 [ 16| 25|36 |49 | 64 | 81 | 100] 121 | 144
2P | L | 1B | 48| 100180294 320 324300 | 242 | 144 | 1974 329
36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 _ 6
02 = E(X?) —E(X)? = Lx?P(x) — [ExP()2 =2 - 72 =22 222

35 ~ 2415
6

o =

Check:

NORMAL FLOAT AUTO REAL RADIAN MP n

[1-Var Stats|

x=7

Ix=7
3x2=54.83333333
Sx=
ox=2.415229458
n=1

minX=2

1Q1=5
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6.2 Binomial Distributions

1. P(X=7)=4C,(09)7(0.1)! = 0.383 2. P(X=1)=:,(0.85)(0.15)* = 0.002
OR binompdf (8,0.9,7) =~ 0.383 OR binompdf (5,0.85,1) = 0.002
3. PX<7)=1-P(X=8)= 4, PX=28)=1-PX<7)=
1-0.98 = 0.570 1 — binomcdf (10, 0.85,7) = 0.820
OR 1 — binompdf (8,0.9,8) = 0.570 OR binomcdf (10, 0.15,2) =~ 0.820
OR binomcdf (8,0.9,7) = 0.570
5. PX=213)=1-PX <12) = 6. PX=23)=1-PX<2)=
1 — binomcdf (20, 0.25,12) =~ 0.00018 1 — binomcdf (5,0.3,2) = 0.163
OR binomcdf (20, 0.75,7) =~ 0.00018 OR binomcdf (5,0.7,2) ~ 0.163
7. binomcdf (7,0.2,5) — 8. binomcdf (10,0.85,7) —
binomcdf (7,0.2,2) = 0.148 binomcdf (10, 0.85,3) = 0.180
9. u=np=100x 0.85=285 10. Forx =1, ,C, = ,C; =n.
o= \/npq = \/(100)(0.85)(0.15) = [Consider the 10 white/gray cards
12.75 ~ 3.571 example; there are 10 ways to have
exactly one card gray side up.]
So, forx =1, P = npq™ 1.
11. (2) p = 0.25. The graph is skewed right, so p < 0.5. Also, u = np. So, if p = 0.1, then

the mean would be (20)(0.1) = 2, which doesn’t match the graph. For p = 0.25, the
mean is (20)(0.25) = 5, which matches the graph.
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12. a)u = np = (25)(0.4) = 10, 13. To calculate each P(x), use

o? =npq = (25)(0.4)(0.6) = 6, binompdf (6, 0.63, x).
o =6 =~ 245 x| P(x)
b) u = (100)(0.75) = 75, 00.003
o2 = (100)(0.75)(0.25) = 18.75, 1]0.026
o =+18.75 ~ 4.33 210.112
) i = (320)(0.92) = 294.4, 310253
g% = (320)(0.92)(0.08) = 23.552, 4 10.323
o =+/23.552 ~ 4.85 5 |0.220
6| 0.063

u=(6)(0.63) =3.78
o2 = (6)(0.63)(0.37) = 1.3986

o =+v1.3986 ~ 1.18

6.3 Geometric Distributions

P =q¢*p = (0.25)1(0.75) = 0.1875 | 2. P =q* p = (0.55)%(0.45) ~ 0.04
OR  geometpdf(0.75,2) = 0.1875 OR  geometpdf(0.45,5) =~ 0.04

(1)P = (Z)4 (3)~ 00791  OR  geometpdf(1/4,5) ~ 0.0791

4

5\ (1
@ P=() (5)~0.0804 OR  geometpdf(1/6,5) ~ 0.0804

Answer is (2)

a) P = (0.3)2(0.7) = 0.063 OR  geometpdf(0.7,3) = 0.063

b) P = (0.3)°(0.7) + (0.3)1(0.7) + (0.3)%(0.7) = (1 + 0.3 + 0.3%)(0.7) = 0.973
OR  geometcdf(0.7,3) = 0.973

c)P=1-0.973 =0.027 [complement of the solution to part b]

a) P = (0.323)'(0.677) = 0.219 OR  geometpdf(0.677,2) = 0.219

b) P = (0.323)°(0.677) + (0.323)1(0.677) = (1 + 0.323)(0.677) = 0.896
OR  geometcdf(0.677,2) = 0.896

c)P=1-0.896 = 0.104 [complement of the solution to part b]

e l o L e 2 = l = 099 = = I~
) p=-=o-=100 0f =5 =705=9900  0=19900 ~ 995
b) 100
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6.4 Poisson Distributions

‘uxe—,u 623_6 ‘uxe—u 9.8103_9'8
1. P= = ~ 0.04 2. P= = ~ 0.12
x! 2! x! 10!
OR  poissonpdf(6,2) = 0.04 OR  poissonpdf(9.8,10) = 0.12

3. a) poissonpdf(8,7) = 0.140
b) poissoncdf(8,5) = 0.191
c)1-0.191 = 0.809

5%e~>
4, a)P = o= 0.175 OR  poissonpdf(5,4) = 0.175
5075 5lg™> 52¢75 53g75
b)P = 0! + 1 + 20 + 3 = 0.007 4+ 0.034 + 0.084 + 0.140 = 0.265

OR  poissoncdf(5,3) = 0.265
c) p=1-(0.265+ 0.175) = 0.560 [subtract the solutions to parts a and b from 1]
OR 1 — poissoncdf(5,4) = 0.560

8,—8
5. a)P = gl ~ 0.14 OR  poissonpdf(8,8) = 0.14
0,-8
b)P = o = e 8~ 0.00 OR  poissonpdf(8,0) ~ 0.00
87¢8 g88¢78 g% 8
)P = 7 + py + py =0.14+0.14 + 0.12 = 0.40

OR  poissonpdf(8,7) + poissonpdf(8, 8) + poissonpdf(8,9) = 0.40
OR  poissoncdf(8,9) — poissoncdf(8,6) = 0.40

6. a)o?=p =425 c=+425=65
b) poissonpdf(42.5,40) = 0.058
c) poissoncdf(42.5,39) = 0.330
d) 1 — poissoncdf(42.5,50) = 0.112
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Chapter 7 Normal Distributions

7.1 Continuous Random Variables

1. a)u=¥=11.5 2. a)u=¥=15.5
s = /—(23‘0)2 ~ 6.64 5= /—(23‘8)2 ~ 433
12 12
_ 1 -1
b)h=— b)h =
=(18-2)(=) =2~ —23-12) (L) =1 ~
) A=(18-2)(5) =12~ 0.69 ) A=(23-12)(3) =1 ~0733
3. A= (75-25) (g) =2=10625 4. A=(5-2) (;) =2=0429
5. a)0.10
b) 0.53

¢) 0.53 + 0.30 + 0.10 = 0.93
d) 0.30 + 0.10 = 0.40
e)1—0.93 =0.07

f o

7.2 Transform Random Variables

1. a)uy = a+ buy = 1000 + 1.05(65000) = $69.250
b) oy = |blay = 1.05(10000) = $10,500
¢) 62 = b2¢2 = (1.05)2(10000)2 = 110,250,000
OR (10500)% = 110,250,000
Adding $1,000 does not affect o or ¢.

2. Y=2X 3. Y =60X-20
ty = 2(1.7) = 3.4 iy = 60(1.8) — 20 = 88
oy = 2(0.67) = 1.34 oy = 60(1.08) = 64.8
o2 = 22(0.67)% = 1.34% = 1.7956 o2 = 60%(1.08)% = 64.82 = 4199.04
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4. The mean of Yis 30 and the standard deviation (width of the curve) remains at 10.

Since the curve is symmetric, the mean is at the center (or peak) of the curve.

0.06

0.05 -

0.04 -

0.03 [

0.02 -

0.01 -

0

0

20

40

60

80

100

5. Both the mean and standard deviation are multiplied by 2, so (a) the graph of Yis
centered on yy = 4, and (b) because gy = 4, the distribution is twice as wide (and
therefore half as tall) as X.

7.3 Normal Density Curves

1. 2.

3 2 4 o0 1 2 s |3 =2 4 o 1 2 s
70 80 90 100 770 720 130 700 725 750 175 200 225 250
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Use the normalpdf function: 4. a)0.4

a) normalpdf(0,0,1) = 0.399 b) 0.2

b) normalpdf(1,0,1) = 0.242 c) 0.1

c) normalpdf(2,0,1) = 0.054 d) 0.8

d) normalpdf(3,0,1) = 0.004 e) As o increases by a factor of k, the

e) 0.004 (symmetric, so same as x = 3) center height decreases by a factor of%.

(—1,0.242) and (1,0.242)

7.4 Empirical Rule

The interval from 115 to 125is 1 2. 95% of the data is within 2 standard
standard deviation from the mean, deviations from the mean, so this is
which is about 68% of the data. the interval between 66 — 2(4) = 58
and 66 + 2(4) = 74 inches.
%(80 —50) = 15 4, i(92 —78) =35
%(69—63)=1.5 6. SD=§(81—57)=8
57+ 8 =65
Mean = 65

(check: 81 — 2(8) = 65 V)

From 56 — 2(5) to 56 + 2(5), or 8. Interval is within 1 SD of the mean,
between 46 and 66. representing about 68% of the homes.
75 X 68% = 51 homes.
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7.5 Areas Under Normal Curves

1. normalcdf(—1E99,-1.35,0,1) = 0.089

2. normalcdf(1.48,1£99,0,1) = 0.069

3. a) normalcdf(0, 1.02,0,1) = 0.3461

b) normalcdf(1.02,1E99,0,1) =~ 0.1539
OR 0.50 — 0.3461 = 0.1539

c) normalcdf(—1E99,1.02,0,1) = 0.8461
OR 0.50 + 0.3461 = 0.8461
OR 1—-0.1539 = 0.8461

4. a) normalcdf(—-2.3,1.8,0,1) = 0.9533
b) normalcdf(—1E99,-2.3,0,1) = 0.0107
c) normalcdf(1.8,1£99,0,1) = 0.0359
The three areas above add up to 1.

5. 1-normalcdf(—-1.25,1.25,0,1) = 0.21
OR normalcdf(—1E99,—-1.25,0,1) +
normalcdf(1.25,1E99,0,1) = 0.21

6. The area below —z is also 12%.
So, the area between —z and z is
A=100% — 2(12%) = 76%.

7. normalcdf(60,73,65,5) = 0.787

8. normalcdf(620,1E99,500,100) ~ 0.115

9. normalcdf(54.3,63.5,54.3,4.6) ~ 48%

10. normalcdf(74,82,80,4) = 0.62

11. normalcdf(80,1E99,72,9) = 19%

12. normalcdf(12.5,1£99,11,1.5) = 0.16

13. normalcdf(3, 1E99, 2.75,0.42) = 0.28

14. a) normalcdf(90, 199, 75, 8) = 3.04%
b) normalcdf(80, 90, 75, 8) = 23.56%
c) normalcdf(—1E99, 60, 75, 8) = 3.04%

15. normalcdf (42,1£99, 35,2.8) = 0.62%

0.62% x 3000 =~ 19

16. normalcdf(550,1E99,510,110) ~ .358
0.358 x 1000 = 358

17. z =invNorm(0.11,0,1) =~ —1.23

18. z =invNorm(0.95,0,1) = 1.64

19. Py, = invNorm(0.9,65,10) = 77.8

20. a) P,5 =invNorm(0.25,60,12) = 52

b) P,5 = invNorm(0.75,60,12) ~ 68

€)IQR = Q3 — Q1 = P75 — Pys
=68—-52=16

21. a) invNorm(0.9,75,8) = 85
b) invNorm(0.65,75,8) = 78

22. P(z < 0.78) = P(z > 0.22)

z =invNorm(0.22,0,1) ~ —0.77

23. z =invNorm(0.25,0,1) =~ —0.6745
x =500+ (—0.6745)(24) ~ 484

47




24.

a) z =invNorm(0.85,0,1) = 1.04
b) x = 100 + (1.04)(15) = 116
c) x = invNorm(0.85,100,15) = 116

25.

a) 0.50 +2(0.80) - 0.1,0.9

invNorm(0.1,0,1) =~ —1.28
invNorm(0.9,0,1) ~ 1.28

b) x = 100 + (1.28)(15) ~ (80.8,119.2)

c) x =invNorm(0.1,100,15) = 80.8
x = invNorm(0.9,100,15) = 119.2

26. x =invNorm(0.05,71,7.9) = 58 27. x =invNorm(0.92,450,13.6) = 469
Yes, a score of 475 is high enough.
28. z =invNorm (0.1,0,1) = —1.282 29. z =invNorm (0.667,0,1) ~ 0.432

_x-u

g
1282 =2-¢#
2.5

—1.282(2.5) =40 = —u
pu = 1.282(2.5) + 40 = 43.2

X —
z=2"F
o
110 — 100
0432 =
10
g=——=23
0.432

30.

OR

a) z = invNorm (0.05,0,1) = —1.645

—1.645 = 12K
25.4

—1.645(254) - 12 =—u
u=1.645(25.4) + 1.2 = 43.0
b) x =invNorm(0.95,43,25.4) =~ 84.8
43 —-1.2=418and 43 +41.8 =84.8

31.

a) left and right tails are 12.5% each
z =invNorm (0.125,0,1) = —1.15

—1.15 = 50 —-100

o= 20 5 43.5
1.15

b) for left and right tails of 25% each,
invNorm(0.25,100,43.5) = 71 and
invNorm(0.75,100,43.5) = 129
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32. a) The area between Q; and Q5 represents the middle 50% of the data, from 25%
below to 25% above the mean. So, calculate invNorm(0.75,0,1) = 0.67.
The z-scores are -0.67 and 0.67 for Q; and Q5, respectively.
b) For a standard normal, IQR = Q; — Q; = 0.67 — (—0.67) = 1.34.
Q; + 1.5 X IQR = 0.67 + (1.5)(1.34) = 2.7.
z, = —2.7and z, = 2.7.

IQR

Q1 - 1.5 x IQR Q3 + 1.5 xIQR

| |
| |

i1 2 Tttt
2.7 Q1 Q2 Q3 2.7
-0.67 0 0.67

7.6 Sampling Distributions

1. a)normalcdf (—1E99,33,30,3) = 0.84

OR  z="*=22=100,and normalcdf (~1£99,1,0,1) ~ 0.84
or the Standard Normal CP table yields 0.8413
Y
o 3
b),u,z—,u—30and0'f—\/—ﬁ—ﬁ—0.5

normalcdf (—=1£E99, 31,30, 0.5) = 0.98
OR z=2E=2_700,and normalcdf (—1£99, 2,0, 1) ~ 0.98

7 0.5

[or the Standard Normal CP table yields 0.9772]
c) The probability that the sample mean of 36 students is less than 31 is greater than
the probability that a single student is less than 33. The larger the sample size, the

smaller the standard deviation of the sample mean, which means more of the data is
closer to the mean.
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2. a)normalcdf (80,1E99,67,7.9) = 0.05

b)us=u —67andax—\7_—\/_

2.5, and normalcdf (80, 1E99, 67, 2.5) = 0.00

c) While there is a 5% probability of a single student having a score of at least 80, it

would be very unusual for a random sample of 10 students to have a mean score of at

least 80, considering the given population parameters.

3, uf=400andaf=% E

normalcdf (—1E99, 385,400,E) = 0.016
OR z=3*C+ 21457

normalcdf (—=1£99,Z,0,1) = 0.016
[or Standard Normal CP table for —2.14]

=7 -

2.3
4. uz; =283;0; = N 0.727 - E
normalcdf (—1E99, 27,28.3,E) = 0.037
OR z=228~ 17957

normalcdf (—=1£99,Z,0,1) = 0.037
[or Standard Normal CP table for —1.79]

1600
?ﬁ?r == 2()0 g l;

normalcdf (24600, 199, 25000, F) = 0.977

24600-25000
OR z=——7—=-2>17

normalcdf (Z, 1£99,0,1) = 0.977
[On the Standard Normal CP table, —2 yields
0.0228, so calculate the area to the right as
1-0.0228 = 0.977.]

5. ug=25000;0; =

6. u;=302.8;0; = j’% ~ 1098 > E

normalcdf (—1e99,324,302.8,E) = 0.973
OR 7z =323928 _ 1937
normalcdf (—1E99,Z,0,1) = 0.973

6.9
7. Uz =94.7; 07 = N 1.220 > E

normalcdf (92,1e99,94.7,E) = 0.987
OR z=222"= 22157

normalcdf (Z, 1£99,0,1) = 0.987

e = 7.2; 05 = 2= = 0.606 > E

iz
normalcdf (6,8,7.2,F) = 0.883
OR z, =312~ -198> 4
z, =2~ 132-B

normalcdf (4,B,0,1) = 0.883
[On the Standard Normal CP table, —1.98
yields 0.0233 and 1.32 yields 0.9066, so the
area between is 0.9066 — 0.0233 ~ 0.883.]
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9. pu;=202; ax_j:_6=§—>E

202 + 4 =[198,206]
normalcdf (198,206,202,F) = 0.914
OR z, =222 - _171->4

206—202

Zp = =171-B

normalcdf (4,B,0,1) = 0.914
[On the Standard Normal CP table, —1.71
yields 0.0436 and 1.71 yields 0.9564, so the
area between is 0.9564 — 0.0436 = 0.913.
This difference is due to rounding z-scores.]

10. uf=68;af=%=1—>E
68+ 1=1[67,69]
normalcdf (67,69, 68,E) = 0.683

OR 2z, =" =_100-4

69-68

zZp = =1.00-B

normalcdf (4,B,0,1) = 0.683
[On the Standard Normal CP table, —1.00
yields 0.1587 and 1.00 yields 0.8413, so the
area between is 0.8413 — 0.1587 =~ 0.683.]

11. Even though the population is skewed,
CLT applies since n > 30, so the
distribution of x will be normal.

7
\/T_g_l

normalcdf (8,1E99,6,1) = 0.023

hz = 6; 05 =

12. Even though the population is skewed,
CLT applies since n > 30, so the
distribution of x will be normal.

He = 70, (4 =%= 1.25

normalcdf (65, 1E99, 70, 1.25) = 1.000

iz = 43.5; 03 =%= 144 > E

invNorm (0.94,43.5,F) = 45.7
94% should be less than 46 years old

13.

14, py = 111.9; 05 = 22 ~ 1.077 > E

NeT
normalcdf (110,1E99,111.9,E) = 0.961 —» A
A(200) = 192

15. CLT applies since (117)(0.043) > 5.
=p = 0.043 and

\F (0043)0957) _ 1 5188 s F
\/ 117

normalcdf (.09, 1E99,.043,E) =~ 0.006

OR z=2"2 _95,7
0.0188

normalcdf (Z,1£99,0,1) = 0.006

op =

16. CLT applies since (100)(0.23) > 5.
=p =0.77 and

\F /(077)(“3) 0.0421 > E
100

normalcdf (=199, 0.75,.77,E) = 0.317
OR z=27" = 0475 > Z
normalcdf (—=1£99,7,0,1) = 0.317

op =
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7.7 Normal Approximations

1. a)areato the right of 4.5
b) area to the left of 8.5
c) area between 4.5 and 8.5

2. a)areato the right of 5.5
b) area to the left of 7.5
c) area between 5.5 and 7.5

3. n=618andp =0.1
u=np=:618(0.1) = 61.8
o = /npq =./618(0.1)(0.9) = 7.5
P(x < 50) — left of 49.5

normalcdf(—1£99,49.5,61.8,7.5) ~ 0.051

OR z =222 - 164

normalcdf(—1£99, —1.64,0,1) ~ 0.051

4. n=600andp = 0.366
u =600(0.366) = 219.6

o =+/600(0.366)(0.634) = 11.8
P(x = 200) - right of 199.5
normalcdf(199.5, 1E99, 219.6,11.8) ~ 0.96

OR 7z = 199.5-219.6 = —1.70
11.8

normalcdf(—1.7,1E99,0,1) =~ 0.96

5. n=160andp =0.1

u=160(0.1) =16

o =./160(0.1)(0.9) = 3.795

P(x = 18) — between 17.5 and 18.5
normalcdf (17.5,18.5,16,3.795) = 0.09

6. n=120andp =0.8

u=120(0.8) =96

o =./120(0.8)(0.2) ~ 4.382
P(86 < x < 98) — between 85.5 and 98.5
normalcdf (85.5,98.5,96,4.382) = 0.71

1
6

u=np=180(:) =30

o= i = 10 () () =3
a) normalcdf (19.5,40.5,30,5) = 0.964

b) normalcdf (34.5,1£99,30,5) = 0.184
c) normalcdf (34.5,35.5,30,5) = 0.048

1\35 75\ 145
d) 180Css ° (g) (g) =

binompdf (180,1/6,35) = 0.046
The actual probability is about 0.002 less.

7. n=180andp =

8. n=100andp =0.8
U =np =100(0.8) = 80

o = /npq =/100(0.8)(0.2) = 4
a) normalcdf (90.5,1E99, 80,4) =~ 0.004
b) normalcdf (—1E99, 74.5,80,4) = 0.085
c) normalcdf (75.5,89.5,80,4) = 0.861
d) 0.004 + 0.085 + 0.861 = 0.95
No, it does not equal 1 because it does
not include P(x = 75) or P(x = 90).
normalcdf (74.5,75.5,80,4) = 0.046 and
normalcdf (89.5,90.5,80,4) =~ 0.004,
which add up to the other 0.05.

9. 0=+V425-3S

a) normalcdf(39.5,40.5,42.5,5) = 0.0568
b) normalcdf(—1E99, 39.5,42.5,S5) = 0.3226
c) normalcdf(50.5, 1E99,42.5,5) = 0.1099

poissonpdf(42.5,40) = 0.0584
poissoncdf(42.5,39) = 0.3300
1 — poissoncdf(42.5,50) = 0.1119
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Chapter 8

Confidence Intervals

8.1 Ciritical Value and Margin of Error

1. ME =CV-SE = (1.28)(5) = 6.4

2. 75425 - (72.5,77.5)

3. 50+8 - (42,58) 4. 15+1.2 - (13.8,16.2)
5. (2) higher confidence levels lead to 6. The point estimate is in the middle of
! 2 2 )
ME =315-27 =45
7. z*=1.96 8. z"=1.65
9. ZInterval(1,0,1,0.98) — 2.33 10. ZInterval(1,0,1,0.75) - 1.15
OR 98% + (*2) % = 99% OR 75% + (*222) % = 87.5%
invNorm (0.99,0,1) = 2.33 invNorm (0.875,0,1) = 1.15
8.2 CI for Proportions
A — 245 _ A 290 _
1. a)p= o0 = 0.7 2. a)p= 00 = 0.58
b)g=1-p=03 b)g=1—-p=0.42
Q) SE = |23 . 0,024 ¢) SE = /W ~ 0.022
350 500

32

3. a)ﬁ=5=0.4

b) SE = /% ~ 0.055

4. a)p ==~ 084

b) SE = |©80010 ¢ 933
121
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a)z" =1.96 6. a)z" =1.65
h = 2 5= 38 o
b)p = — = 0.141 b)p = =~ 0.225
¢) SE = /W ~ 0.044 ¢) SE = /W ~ 0.032
64 169
d) ME = (1.96)(0.044) =~ 0.085 d) ME = (1.65)(0.032) = 0.053
e) 0.141 — 0.085 < p < 0.141 + 0.085 e) 0.225 - 0.053 < p < 0.225 + 0.053
0.055 <p <0.226 0.172 <p < 0.278
f) f)
(0.05546, 0. 22579) (0.17203,0.27768)
$=0.140625 $=0.224852071
n=64 n=169
[
A~ 291
SE = /(O-i)o(gﬁ) ~ 0.049 8. p= a8 ~ 0.330

ME = (1.96)(0.049) ~ 0.096

NORMAL FLOAT AUTO REAL RADIAN MP n

0.4~>H

.............................................. 9.4
HC1-H)

J ~1e0  °E

............................ 0.0489897949.

1.96xE>M

............................ 0.0960199979.

0.4—-0.096 <p<0.4+0.096
Population proportion should fall

within the interval (0.304, 0.496).

NORMAL FLOAT AUTO REAL RADIAN MP n

[1-ProrpZInt]
(0.30398,0.49602)
$=0.4
n=100

_ [033)067) _
SE = ——aa3 ~ 0.0158

ME = (1.96)(0.0158) ~ 0.031

0.330 - 0.031 <p < 0.330+0.031

CI = (0.299,0.361)

291,883>H

............................ 0.3295583239.
JH(1-H)/883>E
............................ 0.0158185362.
1.96%E>M

............................ 0.0310043309.
H-M

.............................. 0298553993
H+M

N.36N5626548

NORMAL FLOAT AUTO REAL RADIAN MP n

(0.29855, 0.36056)
p=0.3295583239
n=883
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5 — 12 _ A _ 17 _
9, =10~ 0.632 10. p = T 0.654
For 99% C-level, z* = 2.58 For 90% C-level, z* = 1.65
SE = ’(0.632)(0.368) ~ 0111 SE = ’(0.654)(0.346) ~ 0.093
19 26
ME = (2.58)(0.111) ~ 0.285 ME = (1.65)(0.093) ~ 0.154
0.632 — 0.285 < p < 0.632 + 0.285 0.654 — 0.154 < p < 0.654 + 0.154
(0.35,0.92) (0.50,0.81)
(0.34653,0.91663) (0.50038,0.80731)
$=0.6315789474 p=0.6538461538
n=19 n=26
[] []
s _ 372 _ o _ 180 _
11. p = Tk 0.68 12. p = 300 = 0.6
For 99% C-level, z* = 2.58
° SE = |20 < 0.028
s = Q068032 1120
- 547 - ME = (1.96)(0.028) ~ 0.055
ME = (2.58)(0.020) ~ 0.05 0.6 —0.055 < p < 0.6 +0.055
0.68 — 0.05 < p < 0.68 + 0.05 (0.545,0.655)
(0.63,0.73) 54.5% % 1,800 = 981 and
65.7% % 1,800 = 1,179, so between
.
(0.6287 .8 45 981 and 1,179 students are estimated
$=0.6800731261
- to own a pet.
7+ 2 A 7+ 2 A
13. n2 () pg 14. n 2 (Z) pg
1.65)2 1.96)2
n > (32)" (0.58)(0.42) n> (32 (0.5)(0.5)
n=>736.9 n = 9604

The minimum sample size is 737.

The minimum sample size is 9604.
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8.3 CI for Means (z-Scores)

s 12 _
SE = ===~ 0.848 2. v 15-96 e
ME = (1.96)(0.848) ~ 1.66 SE = =="5 ~0.018

ME = (1.96)(0.018) ~ 0.035

S 1.5 S 2.2
SE = ===~ 0212 4. SE===—=~022
ME = (1.96)(0.212) ~ 0.42 ME = (1.65)(0.22) ~ 0.36
12.3 +0.42 — (11.88,12.72) 10.5 + 0.36 — (10.14,10.86)

(11.884
S0
[ |

S 10.2 =
SE=S= 202 _ g 6. CV ];96 N
ME = (1.96)(1.02) ~ 2.00 SE === 725~ 0357
4425 — 2.00 < i < 44.25 + 2.00, or ME = (1.96)(0.357) ~ 0.7
(42.25,46.25) 12-07<pu<12+0.7,0r

(11.3,12.7)

CV = 1.65 8. CV =2.58
SE = ﬁ—% — 0.05 SE = \% ~ 0.343
ME = (1.65)(0.05) ~ 0.08 ME = (2.58)(0.343) ~ 0.88
3.55-0.08 < u <3.554+0.08, or 70.3 —-0.88 < u < 70.3+0.88, or
(3.47,3.63) (69.42,71.18)
CV = 1.65 10. CV = 2.58
SE = % ~ 7.386 SE = % ~ 0.776
ME = (1.65)(7.386) ~ 12.19 ME = (2.58)(0.776) ~ 2.00
307.5 — 12.19 < u < 307.5 + 12.19, or 1111 - 2.0 < < 111.1 + 2.0, or
(295.31,319.69) (109.1,113.1)
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11. n> (z* é)z

n> (1.96 : 185—1)2 son = 50.3

We need to sample at least 51 bags.

12. n > (z* é)z

n> (1.96 : 2)2 son > 34.6

We need to sample at least 35.

13. n > (2.58 : g)z son > 36.2

We need to sample at least 37.

2
14. n > (1.65 ?) son > 17.01

We need to sample at least 18.

8.4 t-Distributions

1.
Reriation o s lnown | SamPlesizen>30 | z-score or t-score?
Yes Yes Z-score
Yes No Z-score
No Yes Z-score
No No t-score

2. df=9-1=8
t* = 2.306

NORMAL FLOAT AUTO REAL RADIAN MP n

TInterval
(-2.306,2.306)
x=0
Sx=3
n=9

3. df=22-1=21
t* = 2.080

NORMAL FLOAT AUTO REAL RADIAN MP n

TInterval
(-2.08,2.0796)
x=0
Sx=4.69041576
n=22
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4, df =24—1=23
t*=1.714

NORMAL FLOAT AUTO REAL RADIAN MP n

TInterval
(-1.714,1.7139)
x=0
Sx=4.898979486
n=24

5.

df =25—-1=24
t* =2.797

NORMAL FLOAT AUTO REAL RADIAN MP n

TInterval
(-2.797,2.7969)
x=0
Sx=5
n=25

[ |

6. tpdf(1,10) ~ 0.230

7.

tpdf(0,20) ~ 0.394

8. tcdf(—1,1,16) ~ 0.668

0.

tedf(—1E99, —1,24) ~ 0.164

10. invT(0.4,20) ~ —0.26

11. 100% — 5% = 95%

invT(0.95,25) =~ 1.71

8.5 CI for Means (t-Scores)

1. df=15-1=14 2. df=17-1=16
CV = 2.145 CV =1.746
S 0.125 S 5.6
SE \/_ﬁ_ﬁ’v 0.032 SE \/_ﬁ_ﬁ’\d 1.358
ME = (2.145)(0.032) = 0.07 ME = (1.746)(1.358) ~ 2.37
3. df=20-1=19 4. df=14-1=13
CV = 2.093 cV =1.771
S 8.4 S 8.9
SE_\/_H_E~1'878 SE \/_ﬁ_\/ﬁ~2'379

ME = (2.093)(1.878) ~ 3.93
447 — 393 < u<44.7+ 3.93,or
(40.77,48.63)

ME = (1.771)(2.379) = 4.21
68.5 —4.21 < u < 68.5+4.21, or
(64.29,72.71)

5. df =24—-1=23
CV =2.807
S 8.18
SE \/_ﬁ_ﬁN 1.670

ME = (2.807)(1.670) ~ 4.69
14.75 + 4.69, or (10.06, 19.44)

df =10—-1=9
CV =1.833
S 0.5
SE \/_ﬁ \/ﬁ 0.158

ME = (1.833)(0.158) ~ 0.29
3.55+ 0.29, or (3.26,3.84)
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df =5-1=14

CV =1.778
S 4.5
SE=—=—== 2.012
N

ME = (1.778)(2.012) ~ 3.58
22.2 + 3.58, or (18.62, 25.78)

8. df =25-1=24

CV = 2.797
S 16
SE ;ﬁi—-VEE 3.2

ME = (2.979)(3.2) = 9.5

988 + 9.5, or (978.5,997.5)
No, the desired mean life span of 1,000
cycles is not within the interval.

8.6 Chi-Square Distributions

x2pdf(5,5) = 0.122

2. x?pdf(10,15) =~ 0.063

x2cdf(10,20,16) ~ 0.646

4. x2cdf(20,1E99,24) ~ 0.697

28.412 6. 100% — 10% = 90% to the right
SOLUTION 18 ramkeD - L 16.473

0=X2cdf (X,1£99,20)-0.10

= X=28.411980585093
bound={-1e99, 199}
=E1-E2=1e-13

NORMAL FLOAT AUTO REAL RADIAN MP n
SOLUTION IS MARKED =

B=%2cdf (X,1£99,25)-0.90

= X=16.473408002766
bound={-1e99, 1993
=E1-E2=1.2-13

SOL VE!
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8.7 CI for Variance

X? =2.167 and y3 = 14.067 2. Y2 =16.047 and y3 = 45.722
SOLUTTON 18 MagkED + o P ] SOLUTTON 18 MagkED + 1 o P ]
B=X2cdf(-1e99,X,7)-.05 B=X2cdf(-1e99,X,29)-.025

= X=2.167349909354 = X=16.047071701492
bound={-1e99, 1993} bound={-1e99, 1993}
="E1-E2=0 =E1-E2=5e-14

SOLUTTON 18 MaRKED + 1 o P SOLUTTON T8 MaRkED + o P
B=X2cdf(X,1e99,7)-.05 B=X2cdf(X,199,29)-.025

= X=14.067140450212 = X=45.,722285803946
bound={-1e99, 1993} bound={-1e99, 1993}
=E1-E2=0 =E1-E2=0

s? =352 = 1225 4, s?>=0.8%2=0.64

X =8.672and yg = 27.587 X7 = 1.735and x5 = 23.589
(n—1)s2 (n—1)s2 (n—1)s2 (n—1)s2

—z <0< = —z <0< =

XR X1 XR XL

(17)(1225) (17)(1225) (9)(0.64) (9)(0.64)

27587 ° 8.672 23589 ~° 1.735
755 < 0% < 2401 0.244 < 0% < 3.320
v0.244 < 0 <+/3.320
05<o< 18
a) s% = 1.432 = 2.04 6. a) s =23.62 =0556.96
X? =5.009 and y3 = 24.736 X? =5.892and y5 = 22.362
(13)(2.04) (13)(2.04) (13)(556.96) (13)(556.96)
24736 ° 5.009 22.362 ’ 5.892
1.07 < 6% < 5.29 324 < 0% < 1229
b) V1.07 < o < V/5.29 b) V324 < g < /1229
1.03 <0< 2.30 18 <o < 35
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Chapter 9

9.1 HT for Proportions

Hypothesis Testing

a) No; np = (15)(0.28) =4.2< 5 2. a)Hy:p=0.28,H,:p # 0.28
b) Yes; np = (14)(0.4) = 5.6 > 5 and two-tailed
nqg = (14)(0.6) =84 =5 b) Hy:p < 0.4,H,:p > 0.4
c) No; ng = (10)(0.35) =3.5<5 right-tailed
c) Hy:p = 0.65,Hy:p < 0.65
left-tailed
Hy:p = 0.08and H,: p < 0.08 4. Hy:p=0.65and H;:p # 0.65
Claim is H,,. Claim is H,,.
The claim is Hy:p = 0.015. 6. TheclaimisH,:p > 0.9.
a) There is sufficient evidence to reject a) There is sufficient evidence to
the claim that the percentage of hourly support the claim that more than 90%
paid workers earning at or below the of Texas students graduate high
minimum wage was 1.5% in 2020. school.
b) There is not enough evidence to b) There is not enough evidence to
reject the claim that the percentage of support the claim that more than 90%
hourly paid workers earning at or of Texas students graduate high
below the minimum wage was 1.5% in school.
2020.
a) p = - = 0.42 8. a)p=o=07
b) SE = /% = 0.0346 b) SE = /% = 0.0456
V7= = 058 )7 = Ggume = 110
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Hy: p < 0.32and Hy: p > 0.32

Claim is Hy; « = 0.05
350

ﬁ=m=035—>H
SE = /Wzo.oms—w
1000
=¥z2.03—>z

P-value = normalcdf (Z, 199,0,1) ~ 0.02

0.02 < 0.05, soreject H,

NORMAL FLOAT AUTO REAL RADIAN MP Ij

350/1000~H

............................................ 9.35.
32X.68

J 1000 E

............................ 0.0147512711

(H-0.32)/E~>Z

.............................. 2.033723042,

normalcdf(Z,199,0,1)

............................ 0.0209896951

[ |

There is sufficient evidence to reject the claim that at most 32% of Americans

watched the Super Bowl.

NORMAL FLOAT AUTO REAL RADIAN MP n

1-PropZTest

[check using 1-PropZTest below]

NORMAL FLOAT AUTO REAL RADIAN MP n

1-PropZTest

P0:90.32 Prop>0.32
x:350 z=2.033723042
n:1000 P=0.0209896951
Prop:#pe <pPe $=0.35
Color : DRI n=1000
Calculate Draw
10. Hy: p <£0.75and H,: p > 0.75 -
o
Claim is Ha; a =0.10 123/150-H
N 1230 o 0.82.
D= To0 = 0.82->H |'?i§625 >E
exrrer-u N IR 09353553391,
SE = /— ~ 0.0354 > E 52
150 1.979828987.
H—0.75 normalcdf(Z,1e99,0,1)
z = 5 ~198->72 e, 0.02385737.
P-value = normalcdf (Z,1£99,0,1) =~ 0.02

0.02 < 0.10, so reject H,

There is sufficient evidence to support the claim that more than 75% of U.S.

teenagers have iPhones.

NORMAL FLOAT AUTO REAL RADIAN MP Ij

P0:0.75

x:123

n:150

prop:#pe <Pe
Color: DEETEETENA

Calculate Draw

[check using 1-PropZTest below]

[

Pror>0.75
z=1.979898987
P=0.02385737
$=0.82

n=150
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11. Hy: p=0.30and H,: p # 0.30

Claim is Hy; « = 0.05 43/15@>H
N O 0..2866666667.
p=—=02867—->H {0.3%0.7/150-E
e B 0.0374165739.
(H=9.3)/E52
SE = |©30079 963745 0 oo -0. 3563483225,
150 2x¥normalcdf(-1e99,2,0,1)
2.7215798436
H — 0.30 .....................................................
Z=—F = —-036-> 27

P-value = 2 X normalcdf (—1£99,7,0,1) = 0.72

0.72 > 0.05, so do not reject H,

There is not enough evidence to reject the claim that 30% of households subscribe to
two or more streaming services. [check using 1-PropZTest below]

NURHﬁL FLOAT AUTO REAL RADIAN MP I NURHﬁL FLOAT AUTO REAL RADIAN MP I

P0:0.3

x:43

n:150

pror:EX] <pe DpPo
Color : DEETAEENA

Calculate Draw

1-Prop2Test -
2=-0.3563 pP=0.7216

9.2 HT for Means (z-Tests)
1. a)Hy:pu=50,H,:u <50 left-tailed
b) Hy:u =750, H,: u # 750  two-tailed
c) Hyp <12, H,:pu > 12 right-tailed
3. Hyop=12andH,: p # 12 4. Hy:p=>15andH,:u < 15
Claim is H,,. Claim is H,,.
5. Hyop=36andH,:p < 12 6. Hy:p<20and H,:u > 20
Claim is H,,. Claim is H,,.
7. aQ)SE=-=22%~01035E z =2t = P27 484
Vn 60 E E
_ s _ 9 _ f—po _ 3236-325
b)SE—ﬁ—m~0.822—>E z=—== ~ —1.70
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8. 0.
a) normalcdf(—1E99,—-1.47,0,1) = 0.071. | a) invNorm(0.10,0,1) = —1.28, so the
0.071 < 0.10, so reject Hy,. rejection region is to the left of —1.28.
b) normalcdf(2.22,1E99,0,1) = 0.013. —1.47 is in this region, so reject H,.
0.013 > 0.01, so fail to reject H,. b) invNorm(0.99,0,1) ~ 2.33, so the
c) 2 Xnormalcdf(1.8,1£99,0,1) = 0.072. rejection region is to the right of 2.33.
0.072 > 0.05, so fail to reject H,,. 2.22 is not in this region, so fail to
reject Hy.
c) Zlnterval(1,0,1,0.95) —» (—1.96,1.96),
so the rejection region is to the left of
—1.96 or to the right of 1.96. 1.80 is
not in this region, so fail to reject H,,.
10. Hy: u = 850 and H,: u < 850. Claimis H,. a = 0.05.

188

SE = N 34.324
_ 74747850 5 gg
METHOD 1

P-value = normalcdf (—1E99,-2.99,0,1) = 0.001

0.001 < 0.05, soreject H,
METHOD 2

CV =invNorm (0.05,0,1) =~ —1.65

NORMAL FLOAT AUTO REAL RADIAN MP n

188/{30-E

.............................. 34.32394694
(747.4-850)7E>2
............................. ~2.989166723.

normalcdf(-1e99,2,0,1)
0.0013987663

—2.99 is in the rejection region to the left of —1.65, so reject H,,

There is sufficient evidence to support the claim

NORMAL FLOAT AUTO REAL RADIAN MP n

H:ZEle DU
(ofe3NeTaH DARKGRAY

Calculate Draw

Inpt:Data <850
Mo : 850

0:188

x:747.4 x=747.4
n:30 n=30

NORMAL FLOAT AUTO REAL RADIAN MP n

z=-2.989166723
P=0.0013987663
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11. Hy:p < 15and H,: p > 15. Claim is Hy. a = 0.05.

SE =2

&l

5
17-15

7Z =

METHOD
P-value =

5/{45-E
~2.68 e 9. 7453559925,
2.68 (17-15)/E>»Z
1 b 2.683281573.
normalcdf(Z,1e99,0,1)
normalcdf (2.68’ 1E99' 0'1) ~ 0.004 .............................. ®'803645226
0.004 < 0.05, soreject H
METHOD 2

~ 0745

CV =invNorm (0.95,0,1) = 1.65
2.68 is in rejection region to the right of 1.65 so reject H,

There is sufficient evidence to reject the claim
Z-Test| Z-Test|
Inpt:Data H>15
Ho:1S 2=2.683281573
0:5 p=0. 003645226
%:17 %=17
n:45 n=45

Hi#ue <{Ue
(ofe3NeTaH DARKGRAY

Calculate Draw

12.

Hy: p = 3250 and H,: u < 3250. Claimis H,. a = 0.05.

_ 1100 NORMAL FLOAT AUTO REAL RADIAN MP
SE = 7= ~ 155.56
3000—3250 1100/{S0-E
=——=-161 s 155.5634919.
E (300@—3250)/E+%1 corotosee
METHOD 1 s T2 607060866,
P-value = normalcdf (—1E99,—-1.61,0,1) = 0.054 . 0.054020504
0.054 > 0.05, so we fail to reject H,
METHOD 2

CV =invNorm (0.05,0,1) =~ —1.65
—1.61 is not in rejection region, so we fail to reject H,

There is not sufficient evidence to support the claim that the debt is less than $3,250.

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n

Inpt:Data <3250

He:3250 z=-1.607060866
c:1100 P=0.054020504
X:3000 x=3000

n:5@ n=5@

H:FEle Do |

Color : IDIERIEEREN

Calculate Draw
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9.3 HT for Means (t-Tests)

_ s _ 04 _ _ X—po __ 67.7-67.1 _
a)SE—\m—@~0.133—>E t=—"= = 2.25

_ s _ 5 _ _ ®-po _ 122.75-125
b)SE—ﬁ—m~1.443—>E t=——= - ~ —1.56
a) tcdf(—1E99,-1.47,19) = 0.079. 0.079 > 0.01, so fail to reject H,,.
b) tcdf(2.22,1E99, 24) = 0.018. 0.018 < 0.05, so reject H.

c) 2 X tcdf(1.8,1E99,15) = 0.092.  0.092 < 0.10, so reject H,.

a) invT(0.01,19) = —2.54, so the rejection region is to the left of —2.54.
—1.47 is not in this region, so fail to reject H,.
b) invT(0.95,0,1) = 1.71, so the rejection region is to the right of 1.71.
2.22 is in this region, so reject H,,.
c) TInterval(0, 4,16,0.9) —» (—1.75, 1.75), so the rejection region is to the left of
—1.75 or to the right of 1.75. 1.80 is in this region, so reject H.

Hy:p<71and H,: p > 71. Claimis H,. « = 0.01.

S5 = 25 ~ 2453

. 76f71 ~ 224 df =15—1=14 7. S/T9E 2.452889453
' creemyss o 1R2882458,
METHOD 1 I, 2 2o
P-value = tcdf (2.242,1E99, 14) =~ 0.021 | 0.0208288449,
0.021 > 0.01, so we do not reject H,
METHOD 2
1—a =099, CV = invT (0.99,13) ~ 2.624

2.24 is not in the rejection region, so we do not reject H,
There is not sufficient evidence to support the claim that u > 71.

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n

InPt:Data H>71

He:71 t=2.242253516
%x:76.5 P=0.0208288449
Sx:9.5 x=76.5

n: 15 Sx=9.5

H:ZHe <{Ho n=15
Color : DEETA:ENA

Calculate Draw
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62.2
SE = i 16.624

342.9-297
t=——7—

METHOD 1

~ 2.761,

P-value = 2 X tcdf (2.761,1E99,13) = 0.

0.016 < 0.05, soreject H,
METHOD 2

1-— % = 0.975,

df =14—1=13

Hy:p =297 and H,: p # 297. Claim is Hy. a = 0.05.

NORMAL FLOAT AUTO REAL RADIAN MP n

62.2/{14-E
16.62364925

(342.9-297)/E>T
2.761126592

2%tcdf(T,1e99,13)
0.0161898991

016

CV =invT (0.975,13) ~ 2.16

2.761 is in the rejection region to the right of 2.16, so reject H,

There is sufficient evidence to reject the

NORMAL FLOAT AUTO REAL RADIAN MP ﬂ

claim that the population mean is 297

NORMAL FLOAT AUTO REAL RADIAN MP ﬂ

Inpt:Data u=297
Mo :297 t=2.761126592
X:342.9 P=0.0161898991
Sx:62.2 x=342.9
n:14 Sx=62.2
L:ER <ue Due n=14
Color: DEETETENA L
Calculate Draw
9.4 HT for Variance
1. a)x%= (n-1)s? _ 50-29% 67.28
) X =" T O
2 _ (n—-1)s* _ 23-35%
b) x° = e e 17.609
2 _ (n=1s* _ 14-075%
DX ===~ 12.305
2. a) y*cdf (—1e99,37,27) ~ 0.90 3. a) xZ = 20.70; region is y* < 20.70

0.90 > 0.20, so fail to reject H,
b) x2cdf (28,1€99,17) =~ 0.045
0.045 < 0.05, so reject H
c) 2 X y?cdf (—1E99,22.75,34) ~ 0.142
0.142 > 0.10, so fail to reject H,

x?% > 20.70, so fail to reject H,
b) x4 = 27.59; region is 2 > 27.59
x? > 27.59, so reject H,
C) )(f = 21.66 and )(1% = 48.60; region is
the area outside (21.66, 48.60).
x? is inside the interval, so fail to reject H,
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Hy: 02 < 0.0004, H,: 02 > 0.0004 (claim), a = 0.05.

2 _ (n=1)s* _ (29)(0.0005) 4
X == neor 36.25,df =n—1=29

METHOD 1

P = y2cdf(36.25,1€99,29) = 0.166
P > 0.05, so we fail to reject H,
METHOD 2

X& = 42.56, so rejection region is y% > 42.56.

x? = 36.25 does not lie in the rejection region, so we
fail to reject H,.

There is not enough evidence to support the claim
that the variation is too high.

NORMAL FLOAT AUTO REAL RADIAN MP n

29%.0005
ooon  >C

RS IESY 5y T e
0.1663945048

NORMAL FLOAT AUTO REAL RADIAN MP n
SOLUTION IS MARKED =

0=X2cdf (X,1e99,29)-0.05

= X=42,556967803133
bound={-1e99, 1993}
=E1-E2=7.8e-14

SOLVE
0% =7.2%=51.84,s% = 3.52 = 12.25. 24%12.25
51.84
2 _ (n - 1)s? _ (24)(12.25) 5.671296296

— o~ 567,df =n—1=24
METHOD 1

P = y%cdf(—1e99,5.67,24) = 0.00004
P < 0.05, soreject H,

METHOD 2

)(Lz = 13.85, so rejection region is y? < 13.85.

x? = 5.67 lies in the rejection region, so reject H,,.
There is sufficient evidence to support the claim that
the variation in wait times has been reduced.

X2cdf(-1e99,C,24)
4.213272184E-5

NORMAL FLOAT AUTO REAL RADIAN MP n
SOLUTION IS MARKED *

0=X2cdf(-1e99,X,24)-0.05

= X=13.848425030748
bound={-1e99, 1993}
=E1-E2=0

SOL VE!
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9.5 Types of Errors

(2) 2. (1)
a) A Type I error occurs if the actual 4. a) ATypelerror occurs if the actual
proportion of patients who experience proportion of residents who approve
side effects is at most 3%, but the null of the mayor is 65%, but the null
hypothesis, Hy: p < 0.03, is rejected. hypothesis, Hy: p = 0.65, is rejected.
b) A Type Il error occurs if the actual b) A Type Il error occurs if the actual
proportion of patients who experience proportion of residents who approve
side effects is greater than 3%, but the of the mayor is not 65%, but the test
test fails to reject the null hypothesis, fails to reject the null hypothesis,
Hy:p < 0.03. Hy:p = 0.65.
a) A Type I error occurs if the actual 6. a)A Typelerror occurs if the actual
mean is 12 mg, but the null hypothesis, mean is at least 15 minutes, but the
Hy: u = 12, is rejected. null hypothesis, Hy: u > 15, is rejected.
b) A Type Il error occurs if the actual b) A Type Il error occurs if the actual
mean is not 12 mg, but the test fails to mean is less than 15 minutes, but the
reject the null hypothesis, Hy: u = 12. test fails to reject the null hypothesis,
Hy:p = 15.

69




Chapter 10 Two Samples

10.1 Combine Random Variables

1. Uysy = Uy + py and 62,y = 07 + o7 2. 0f=0f+0f=16+9=25
o, =V25=5
p | o?
X | 12 2
Y | 33 4
Z | 45 6

3. Let X = weight of chocolate per bar and let Y = weight of caramel per bar
Let B = X + Y = weight of each bar
Up = Ux +uy = 32+ 18 = 50g
op = \J0Z + 02 = V0.75% + 0.25% ~ 0.79g

4. py =ux+uy =10+10 =20
0 =o0f +of =152 +2%2=6.25
So, 0, =02 + 02 =V6.25 = 2.5
Z~N(20,2.5)
P(Z > 25) = normalcdf(25, 199, 20, 2.5) = 0.023

5. P(W>M)=P(M—-W <0)
LetD=M-W
Up = Uy — Hw =70 =67 =3
05 =o0f + 05 =322+242 =16
So, 0p = V16 = 4
D~N(3,4)
P(D < 0) =normalcdf(—1E99,0, 3,4) = 0.227
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10.2 Compare Proportions

By =2 =046andp, = = ~ 0.22
(B, — B,) = 0.46 — 0.22 = 0.24

For CL = 95%, z* = 1.96

(0.22)(0.78) _

R AN ’ﬁl‘% P24, _  [(0.46)(0.54)
SE(p, — P2) = y + iy —\/ 50 +

ME = (CV)(SE) = (1.96)(0.092) ~ 0.180

~ 0.092
50

NORMAL FLOAT AUTO REAL RADIAN MP n

0.24 -0.18< (pl - pZ) <0.24 +0.18 HEXEY 22K 78 o
) 50
006 < (py—p2) <042 2.0916515139.
e 0.1796369672.
0.24-M
f@_%w,@%) T — 00603630328
G 0,4196369672.
n1=50
n2=50
By =—=053and p, = -~ 0.336
Ql=1—ﬁ1=047andﬁz=1—ﬁ2=0664
(P, — P,) = 0.53 — 0.336 = 0.194
For CL = 95%, z* = 1.96
p, g p> g 0.53)(0.47 0.336)(0.664
SE(, —p,) = |PLls 4 Pl =\/< )(047) | (0336)(0.664) o
n1 nz 100

ME = (CV)(SE) = (1.96)(0.067) ~ 0.132
0.194 — 0.132 < (p; — p;) < 0.194 + 0.132
0.06 < (p; — p;) < 0.33

NORMAL FLOAT AUTO REAL RADIAN MP n

(0.06186,0.32541)
$1=0.53
p2=0.3363636364
n1=100

n2=110

110
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Hy: p1 < p,and Hy: p; > p,
pl———03andp2 ——015

_ 12+9
pooled proportionisp = 70160

=0.21andg=1-0.21=0.79

SE(p) = \/ﬁ_( ) J(0.21)(0.79) (= +2)=00831

_ (P1—P2)-(p1—p2) _ (0.3-0.15)-0
B SE "~ 0.0831
P-value is normalcdf (1.804, 1E99,0,1) = 0.036

0.036 > 0.01, so fail to reject H,

NORMAL FLOAT AUTO REAL RADIAN MP n

P1DP2
z=1.804154338
P=0.0356035033
$1=0.3

$2=0.15

$=0.21

n1=40

n2=60

= 1.804

Hy: p1 =pzand Hy: py ¢P2
P = 150—028andp2— 00 > = 0.375

pooled proportion isp = 12?):;; ~ 0.334and g =1 —0.334 = 0.666

150

SE(p) = \/ﬁg (— ni \/(0 334)(0.666) (— + —) = 0.05094

_ (01-P2)~(P1—p3) _ (0-28-0.375)-0
SE 0.05094
P-value is 2 X normalcdf (—1e99,—-1.86,0,1) = 0.06

0.06 > 0.05, so fail to reject H,

NORMAL FLOAT AUTO REAL RADIAN MP n

P1#P2
z=-1.864435499
P=0.0622604447
$1=0.28
$2=0.375
p=0.3342857143
n1=150

n2=200

= —1.86
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Hy: p1 =p,and Hy: py # p,

. _ 882 _ . 892 _
P1= 1500 = 0.882 and p, = 300 = 0.743

led tion is p = —22t2_ _ 08064 and § = 1 — 0.8064 = 0.1936
pooled proportionis p = ———— = 0. and q = . = 0.

— __ (1 1 1 1
SE(p) = Jpq (nT +o)= J(0.8064)(0.1936) (M + m) = 0.01692
, = B1=P2)=(1-p) _ (0882-0.743)-0
- SE - 0.01692
P-value is 2 X normalcdf (8.2,1£99,0,1) = 0.000

0.000 < 0.05, so there is sufficient evidence that the true proportion of Colorado

= 8.2

internet users differs from North Carolina internet users

NORMAL FLOAT AUTO REAL RADIAN MP n

P1ZP2
z=8.195820384
P=2.516451016€e-16
$1=0.882
p2=0.7433333333
p=0.8063636364
n1=1000

n2=1200

a) Hy: p1 —p2=0andHy: py —p, #0
Using the 2-PropZTest function, p = 0.315.
0.315 > 0.05, so there is not enough evidence to reject H,.
There is not sufficient evidence of a difference in the true free throw rates.
b) Using the 2-PropZInt function, CI = (—0.0473,0.1474).
We are 95% confident that the true difference is between —0.0473 and 0.1474.
c) Yes, they are consistent. A difference of zero is within the confidence interval,
which explains why we can’t conclude that their true free throw rates differ.
d) 88% of 400 is 352, 83% of 400 is 332. Using the 2-PropZTest function, p = 0.045.
0.045 < 0.05, so there is sufficient evidence of a difference in their rates.
Using the 2-PropZInt function, CI = (0.0013,0.0987), so we are 95% confident
that the true difference in their free throw rates is between 0.0013 and 0.0987.
This is also consistent: a difference of zero is not in the confidence interval,
so the evidence supports that their true free throw rates are different.
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10.3 Compare Means (z-Scores and z-Tests)

2 2
1. CI:(fl_fz)iZ* S_1+S_2

nq ny
9.52  10.52
= (123 -125)+1.96- 0 + S © —2+1.76 - (—3.76,—0.24)
Inpt:Data (-3.755, -0.2448)
01:9.5 x1=123
02:10.5 x2=125
x1:123 n1=250
nl:250 n2=250
x2:125
n2:250
C-Level:0.95
Calculate
2.72 2.52
2. a) (68.9—634)+1.96 |——+——~55+0.18 > (532,568)
33.82  34.62
b) (194.0 —157.7) £ 1.96 - |=——+—"~ 363 + 2.27 > (34.03,38.57)
4.62 5.92
c) (288 ~27.6) £1.96- |——+——~ 1.2+ 0.36 - (0.84,1.56)

d) (192.4 — 207.1) + 1.96 -

~ —14.7 + 2.45 > (—17.15,—12.25)

3 Hoi oy = o (caim), Hi 1 1

s? | s? 32 152
SE = \/—1 +2= |=—4+—=—=0.6124 H1#H2

n; Ny 30 30 z=3.265986324

i) -Gy (161920 2 4y B0, 0010909562
SE SE 0.6124 ) %2=14
P-value = 2 x normalcdf (3.27, 1899, 0,1) ~ 0.001 e
0.001 < 0.01, so reject H,,.
OR CV = +2.576 [ZInterval for CL = 0.99]

3.27 > 2.576 is in the rejection region, so reject H,,.
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4. Hy:pq = py, Hy: iy < py (claim)

SE = /7—52 + 109 15.866
40 90

(2325-2350) — 0 -25
zZ = = ~ —1.5757
SE 15.866

P-value = normalcdf (—1£99,—-1.5757,0,1) = 0.058
0.058 > 0.05, so fail to reject H,,.
OR CV = —1.645 [invNorm(0.05,0,1)]

NORMAL FLOAT AUTO REAL RADIAN MP n

H1<H2
z=-1.575677194
P=0.057550113
X1=2325
Xx2=2350

n1=40

n2=90

—1.5757 > —1.645 is not in the rejection region, so fail to reject H,.

5. Hy:py < py, Hyt pqg > pp (claim)

SE = /ﬁ+£ ~ 0.5237
200 200

(14.4-13.7) - 0 0.7
zZ = = ~ 1.34
SE 0.5237

P-value = normalcdf (1.34,1£E99,0,1) = 0.09
0.09 < 0.1, so reject H,,.
OR CV =1.28 [invNorm(0.9,0,1)]
1.34 > 1.28 is in the rejection region, so reject H,.

NORMAL FLOAT AUTO REAL RADIAN MP n

HiDu2
z=1.336671603
P=0.0906649893
x1=14.4
x2=13.7

n1=200

n2=200

There is sufficient evidence to support the claim that men have a higher mean

concentration of the mineral.

10.4 Compare Variances

1. Hy:0f = 0% and H,: 0 # 02
dfl =n1_1 = 17anddf2 =n2_1 = 14‘
CV = 2.43; rejection region is where F > 2.43

s2 300
F:—ZI—:
S5 150

F < CV, so fail to reject Hy. There is not enough

evidence to reject the claim that 62 = .

NORMAL FLOAT AUTO REAL RADIAN MP n
SOLUTION IS MARKED *

‘0=chf(x.1s99,17.14)—.05

= X=2.4281790013404
bound={-1e99, 1993
=E1-E2=0

OR Using 2-SampFTest, p = 0.196 > 0.10, so fail to reject H,,.
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2. Hoiof = oy and Ho: of # 0 R
df1=n1—1=21anddf2=n2—1=28
CV = 2.22; rejection region is where F > 2.22

0=Fcdf (X,1e99,21,28)-.025

52 445 = X=2.2158237886709
F=2="Z2=234 bound={-1e99, 1993}
) .
55 190 =E1-E2=0

F > CV,soreject Hy. There is sufficient evidence to

reject the claim that ¢ = 2. SOLVE
OR Using 2-SampFTest, p = 0.036 < 0.05, so reject H,.

3. Hy:0f =0?and H,: 62 # o}

T e
df1=n1_1=9anddf2=n2_1=9
CV = 4.03; rejection region is where F > 4.03 ‘@=F°df(x'1599'9'9)‘-@25 |
s? =0.75% = 0.5625 and s = 0.6832 ~ 0.4665 *X=4.025994158188

2 0.5625 boundf( -1e99,1e993
F=2=222x121 "E1-E2=0

s? 04665
F < CV, so fail to reject Hy. There is not enough OTVE

evidence to reject the claim that 62 = .
OR Using 2-SampFTest, p = 0.785 > 0.05, so fail to reject H,,.

A2 — 2 . 2 2
4. HO' 01 = 02 and Ha' o1 F 03 NORMAL FLOAT AUTO REAL RADIAN MP n
SOLUTION IS MARKED =

Let s represent the larger variance, 89.9, and let s2
represent the smaller variance, 52.3. 0=Fcdf(X,1£99.9,9)-.05
dfy =ny—1=9anddf,=n,—1=9 = X=3.1788931039363
fi=m - f_z o2 bound={ -1£99, 1993
CV = 3.18; rejection region is where F > 3.18 "E1-E2=0
F=3=%9_172
S5 52.3 SOLVE
F < CV, so fail to reject Hy. There is not enough
evidence to reject the claim that 6 = .
OR Using 2-SampFTest, p = 0.432 > 0.1, so fail to reject H,,.
5. Hy:of =03 and Hy: 6 # 05 NORFAL FLOAT AUTO REAL RADIAN HF [
SOLUTION IS MARKED =

df1=n1—1=239anddf2=n2—1=239

CV = 1.29; rejection region is where F > 1.29 0=Fedf(X,1£99,239,239)-.0r

2 2 2 2 =
s; = 65.55% = 4297 and s; = 61.85° = 3825 = X=1.2893844015978
v 2 bound={ -1£99, 1£99}
— Si_ 4297 *E1-E2=-3.6e-14
F= sz 3825 1.12

F < CV, so fail to reject Hy. There is not enough

SOL VE|

evidence to reject the claim that o = o7.
OR Using 2-SampFTest, p = 0.370 > 0.05, so fail to reject H.
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10.5 Compare Means (t-Scores and t-Tests)

2 (m-Ds?2+(my—1s2 _ (24)(11.3)% + (31)(9.1)? = 102.394

A% = o Drm-D  @)+GeD
2 2

b) SE = \/s_p L5 J102.394 L 102394 o o0y
n o, 25 32

df=n;+n,—2=25+32-2=55

d) t* = TInterval (¥ = 0,5Sx = v/56,n = 56,CL = 0.95) ~ 2.004

e) CI = (71.5—82.6) £ (2.004)(2.701) = —11.1 £ 5.4

Estimated difference of population means is between —16.5 and —5.7.
f) The calculator’s 2-SampTInt function calculates the same interval.

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n

Inpt:Data (-16.51, -5.687)
x1:71.5 df=55
Sx1:11.3 x1=71.5
nl:25 x2=82.6
x2:82.6 Sx1=11.3
Sx2:9.1 Sx2=9.1
n2:32 Sxp=10.11899204
C-Level:2.95 Yn1=25
JPooled:No |
14)(45)? +(14)(30)? 45)? + (30)?
2 _ (D5 +ANGO)” _ 469 5 OR s2=U*C0" _ 14675
p (14)+(14) p 2
1462.5 = 1462.5 f 2
SE = " + T 13.964 OR SE =+1462.5 - = 13.964

df =15+15-2 =128

t* = TInterval (¥ = 0,Sx = v29,n = 29,CL = 0.90) ~ 1.701

Cl = (1275 —1250) £+ (1.701)(13.964) = 25 + 23.75

Estimated difference of population means is between 1.25 and 48.75.

NURHﬂL FLOAT AUTO REAL RADIAN MP I NURHﬂL FLOAT AUTO REAL RADIAN MP I

Inpt:Data (1.245,48.755)
x1:1275 df=28

Sx1:45 x1=1275

nl:1S x2=1250

x2:1250 Sx1=45

Sx2:30 Sx2=30

n2:1S SxpP=38.24264635
C-Level:0.9 Yn1=15
JPooled:No
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METHOD 1 (Using the smaller of n; — 1 or n, — 1 for df’)

_ st 0.602
s5= [d4slo oot

df =5-1=14
t* = TInterval (¥ = 0,Sx = V5,n = 5,CL = 0.95) = 2.776
ME = (CV)(SE) = (2.776)(0.207) = 0.57

Cl = (27 — 24) £ ME = 3 £ 0.57 = (2.43,3.57)

0.122
5

2
52 _

ns

+ + ~ 0.207

METHOD 2 (Using the long formula for df)

s5 0122

s 0.62
A===—=0.04and B = = 0.00288
nq 9 ny
SE =+vA+ B = 0.207
2
_(A+B)" _
Tt

t* = TInterval (¥ = 0,Sx = v/10,n = 10,CL = 0.95) ~ 2.26
ME = (CV)(SE) = (2.26)(0.207) = 0.47
CI = (27 — 24) + ME ~ 3 + 0.47 = (2.53,3.47)

NORHﬂL FLOAT AUTO REAL RADIAN MP I NORHﬂL FLOAT AUTO REAL RADIAN MP I

2-SampTInt 2-SampTInt

Inpt:Data (2.5323,3.4677)
x1:27 df=9.099132197
Sx1:0.6 x1=27

nl:9 x2=24

x2:24 Sx1=0.6

Sx2:0.12 Sx2=0.12

n2:5 ni=9

C-Level:0.95 n2=5
JPooled: {8 Yes |
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Hy: py = py, and Hy: gy # py. The claimis Hy. a = 0.1.
df =15+15-2=128

. s? + 53 452 +302

= |22 = |27 _ 35943
2 2

SE = 38.243 /% = 13.964

L (1275-1250)—0
13.964

TInterval(x = 0,s, = V29,n = 29,CL = 0.90) gives us (—1.70, 1.70).

t = 1.79 is outside this interval, so it lies in the rejection region and we reject H,.

There is sufficient evidence to reject the claim that the population means are equal.

NORHﬂL FLOAT AUTO REAL RADIAN MP I NORHﬂL FLOAT AUTO REAL RADIAN MP I

=1.79

2-SampTTest 2-SampTTest

Inpt:Data
x1:1275

Sx1:45

nl:1S

x2:1250

Sx2:30

n2:15

ul:E <u2 Hdu2
JPooled:No

(SEE_SP

t=1.790287185

P=0.0842277089

df=28

x1=1275

x2=1250

Sx1=45
1Sx2=30
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Hy: py < pyand Hy: gy > py. The claimis H,. a = 0.05.

METHOD 1 (Using the smaller of n; — 1 or n, — 1 for df’)

df =5-1=4
0.62 0.122
SE = |[—+ ~ 0.207
9 5
27—-24)—-0
_@772870 1 49
0.207

TInterval (0,5, 5,0.95) gives us (—2.776,2.776).
t = 14.49 is outside this interval, so we reject H,,.
There is enough evidence to reject the claim that the population means are equal.

METHOD 2 (Using the long formula for df)
2 2
St %8 _04andB =% =%
ny 9 n,
SE =vA+ B = 0.207
2
(A + B)

d = = 9

s

8 4

A= = 0.00288

_l_

0.207
TInterval (0,v10, 10, 0.95) gives us (—2.262,2.262).
t = 14.49 is outside this interval, so we reject H,,.
There is enough evidence to reject the claim that the population means are equal.

NORMAL FLOAT AUTO REAL RADIAN MP n NORHﬂL FLOAT AUTO REAL RADIAN MP I

2-SampTTest 2-SampTTest

Inpt:Data H1#H2

x1:27 t=14.48751392
Sx1:0.6 P=1.358964481e -7
ni:9 df=9.099132197
x2:24 x1=27

Sx2:0.12 x2=24

n2:5 Sx1=0.6

ul:E% <p2 >u2 ISx2=0.12
JPooled:[{l§ Yes
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10.6 Dependent Samples

1. Tinterval(0,/22,22,0.9) or the t-Distribution CV

table gives us t* = 1.721. (_0'315
3.586 x=1
SE =2£=>2=0.765 -

ME = (CV)(SE) = (1.721)(0.765) = 1.3
1+13=(-03,23)

2. a) TInterval(0,v15, 15, 0.95) or the t-Distribution CV

table gives us t* = 2.145. TInterval
sq 128 £-1§.g9, 1.7884)
= — == —= %x=-5.
SE == =330 Sx=12.8
n=15

ME = (CV)(SE) = (2.145)(3.305) = 7.1
—53+71=(-124,1.8)
b) No. The Cl includes zero, so a null hypothesis of

Ua = 0 would not be rejected.

3. Hy:pug <0(claim),H, =u; >0
p=2gt - 720 1 295 N
Vn Vie £=2.947368421
P-value = tcdf (2.95, 199, 15) ~ 0.005 P=0.0049933439
0.005 < 0.10, so reject H,. ﬁ:iz-s
OR CV =134 [invT(0.10,15)]
2.95 > 1.34 is in the rejection region, so reject H,.

4. Hy:pg =0 (claim),H, =pu; <0

d- -25-0
t="rt="0 % 312
7n Vi

P-value = tcdf (—1E99,—-3.12,13) = 0.004
0.004 < 0.01, so reject Hy,.
OR CV =-2.65 [invT(0.01,13)]
—3.12 < —2.65 is in the rejection region, so reject H,.
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5.

Patient 1 2 3 4 5 6 7 8 9 10 >
Before | 148 | 175 167 | 165 | 162 | 170 | 180 | 186 | 171 | 201
After 134 | 152 144 | 148 | 155 | 165 | 175 | 167 | 165 | 192
d 14 23 23 17 7 5 5 19 6 9 128
d—d 1.2 | 10.2 10.2 42 | -58|-78|-78]| 6.2 | -68 | -3.8
(d._.a)z 1.44 | 104.04 | 104.04 | 17.64 | 33.64 | 60.84 | 60.84 | 38.44 | 46.24 | 14.44 | 481.6
d= 24 _ 128 _ 128 s4 = /Z(d—&)z = /481'6 ~ 7.315
n 10 n-1 9
NORMAL FLOAT AUTO REAL RADIAN MP n
List:Ls x=12.8
FrealList: 2x=128
Calculate 2x2=2120

Sx=7.31512892
ox=6.939740629
n=10
minX=S5

1Q1=6

OR

Claim is that the mean difference is greater than 0, so
Hy: pg <0 (claim), H, = puz >0

128-0 ~ 553

7.315

N
P-value = tcdf (5.53,1£99,9) = 0.00018

0.00018 < 0.05, so reject H,.
CV =183 [invT(0.05,9)]
5.53 > 1.83 is in the rejection region, so reject H.

NORMAL FLOAT AUTO REAL RADIAN MP n

u>0

+=5.53334801
P=1.820788292e -4
x=12.8
Sx=7.31512892
n=10

There is sufficient evidence to support the claim that the drug reduces blood pressure.
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Chapter Il Regression

11.1 Correlation Coefficient

1. (1)0.89 2. (4)0.90
3. (2) There is a positive slope. 4. (3) There is a negative slope.
5 (4) 6. (2)—-0.24
[t is a weak correlation.
7. a.0.90 b. -0.40 c. 0.99 d.-0.85 e. 0.50 f. 0
8. (1) I only
[ is false because correlation does not imply causality.
I1 is false because this is a survey, not an experiment
9. =b(%)=175(;23) ~ 0.9 10. b = —4.3
g r=b (s—") = -43(22) ~ 078
Sy 12.48
11. r = 1; perfect positive correlation
12. r = 0.371; weak positive correlation
13. r = —0.860; strong negative correlation
14. r = 0.986; very strong positive correlation
15. r = —0.999; nearly perfect negative correlation
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11.2 HT for Correlation Coefficient

1. Hy:p=0andH,;:p+#0
df =13-2=11

r 0923

N

P = 2 X tcdf (7.955,1E99,11) = 0.000007
P < 0.01 soreject Hy

There is sufficient evidence to support that

t= ~ 7.955

a significant linear correlation exists.

2. Hy:p=0andHg;:p#0
df =8—-2=6

r 0623
\/171—_r22 N J1—0:232
P =2 X tcdf (1.951, 199, 6) =~ 0.099

P > 0.01 so fail to reject H,
There is not enough evidence to conclude

t= ~ 1.951

that a significant linear correlation exists.

3. Hy:p=0andH,;:p#0
df =50—-2=48

r 0405
R
P = 2 X tcdf (3.069, 1E99, 48) =~ 0.0035

P < 0.05 soreject H,
There is sufficient evidence to support that

t= ~ 3.069

a significant linear correlation exists.

4, Hy:p=0andH,:p#0
df =10—-2=28

r _ -0.15
\/1n—_r22 - J1 —(—:3).15)2
P =2 X tcdf (—1E99,—-0.429,8) ~ 0.340

P > 0.05 so fail to reject H,
There is not enough evidence to conclude

~ —0.429

t =

that a significant linear correlation exists.

3. r=0.818and P = 0.001 < 0.01 soreject H,
There is sufficient evidence to conclude that a significant linear correlation exists.

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n

Xlist:L1 g=a+bx y=a+bx

Ylist:Lz2 B#0 and p#0 BZ0 and r#0

Frea:1 t=4,.505141426 1rdf=10

B & r:EH <0 D0 P=0.0011340609 a=-0.6348092539

RegEQ: Y1 df=10 b=0.4103722997

Calculate a=-0.6348092539 5=0.4248795105
b=0.4103722997 r2=0.6699266827
=s=0.4248795105 r=0.8184924903
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11.3 Linear Regression

1. Line A. Most of the points are closer to Line A than to Line B.
2. a) 80 wpm b) 9 wpm 3. y=514+2x
4. 9 =057x+2.32 5.
P 500
20 S — 450 x@l-‘j”,
18 AR = oS
E 16 I | o el
5 | 5 =m0
= 14 —— : E 250 -~
'E l--l-l-lhl-"-l-l—l"--—hlrri—l-'-l—hl- 1 o ‘/
@ 12 | E 200 o
c Im 150
10 T
g i F i 100
£ B [ 1 1 i 50
€ g EEEERREN 0
E - |- 1 ] 50 100 150 200 250 300 350 400 450 500
E 4 T i_ Seconds
2 L
| SR 9 = 0.56x + 162.79
0 2 4 6 8 10 12 14 16 18 20 '
Number of Months
No, the line crosses near (18,13)
y =0.57(18) + 2.32 = 12.58
6. a)y =-0.112x + 23.448 7. a)y = —35.5x +457.5
b) ¥ = —0.112(255) + 23.448 = —5°C b) y = —35.5(10) + 457.5 = 103
_nZooBemy
8. =y 0.410 T
a=y—bx~—0635 N 9. 4103722997.
Yy-B%3A
y=-0.635+0410x | ... -0.6348092539.
_ (Y _ 1135\ _
9. b=r (S) = 0.755 (—13_66) = 0.627
a=y—bx =784—-0.627(74.7) = 31.5
y=3154+0.627x
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11.4 Residuals

1. Actual value - Predicted value = 12,550 - 14,050 = -1,500
2.
Study Time | Test Score Predicted Residual
in Hours (x) (v) Test Score
0.5 63 62.8 0.2
1 67 67.2 -0.2
1.5 72 71.6 0.4
2 76 76.0 0
2.5 80 80.4 -0.4
3 85 84.8 0.2
3.5 89 89.2 -0.2
3.

a) y=0.75(22) — 0.25 = 16.25. (Scores cannot be fractional, so 16 is a valid answer.)

b) y =0.75(34) — 0.25 = 25.25 Residual =32 - 25.25=6.75

¢) y=0.75(28) — 0.25 = 20.75 p — 20.75 = —0.75

p =20 They scored 20 points.
4.

5 3

X y | Predicted | Residual :
Value 2 o

1
5 | 3 2.5 0.5 Lo o 4
10 | 4 5.0 -1 1 o

2
15 | 9 7.5 1.5 3 o
20 | 7 10.0 3 !
25 13 12 5 0 5 0 5 10 15 20 25 30
30 | 15 15.0 0

Yes. There is no clear pattern in the residual plot.

86




X y | Predicted | Residual
Value
2 5 15.5 -10.5
4 | 15 14.7 0.3
6 | 26 13.9 12.1
8 | 23 13.1 9.9
10 | 11 12.3 -1.3
12 | 3 11.5 -8.5

No. There appears to be a parabola-like pattern in the residual plot.

e
wn

L9 T ST o T« RO T B VS R < Vo I )

e

{
\

10

12

6. a)y=0.117x + 83.267
b) and c)
Distance | Airfare | Predicted | Residual
(miles) (%) Price ($)

576 178 150.7 27.3
370 138 126.6 11.4
612 94 154.9 -60.9
1,216 278 225.5 52.5
409 158 131.1 26.9
1,502 258 259.0 -1.0
946 198 193.9 4.1
998 188 200.0 -12.0
189 98 105.4 -7.4
787 179 175.3 3.7
210 138 107.8 30.2
737 98 169.5 -71.5

d)

100
80
60
40
20

-20
-40
-60
-80
-100

D) O

O |o

(0]

80

130

180

230

280
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11.5 Variation

Forx; = 20,9; = 52 + 4(20) = 132 2. a) The point (X, ¥) is on the regression
explained deviation: line,so ¥y = 18 + 2.5(312) = 798.
yi—y=132-100 =32 b) For x; = 300, ¥; = 18 + 2.5(300) = 768
unexplained deviation: explained deviation:
yi—¥;=150—-132=18 yi—y=768—-798 =-30
total deviation: 32 + 18 = 50 unexplained deviation:
OR y;,—y=150-100=50 yi— 9, =725—-768 = —43
total deviation: (—30) + (—43) = —73
OR y;—y=725-798=-73

total variation = 2.64829 + 0.08004 = 2.72833
, _ explained variation  2.64829
= total variation  2.72833

Since the slope is positive, r is positive, so r = v0.97066 = 0.985

= 0.97066

a)b=r(2) =09 (ﬁ) =030
Every month, a child’s weight is expected to increase by 0.30 kg.
b) r? = (0.9)? = 0.81 = 81%

(4) 72 = (0.718)% ~ 0.516 = 51.6%

11.6 Prediction Intervals

2
SE _\/231 —aYy—bXxy

~ 10.335 IZ»z-azv-bzxy SE
n—2 n-
10.33500817
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2. df=10—-2=38

t* =1.397
9 =49.78 4+ 6.27x
s =10.335
$ =49.78 + 6.27(4) = 74.9
1 n(4-x)2
ME=ts |[1+—-4+—>—=151
\/ + n + nyx?—(Xx)?
749 -151 <9y <749+ 15.1
(59.8,90.0)
TInterval Y1(4)
(-1.397,1.3968) g=a+tbx ) 74.87266553.
%=0 B#@ and p#0 -%)2
Sx=3 t=4.658498618 1-397*10'335’*]1*%*%"
— GGy R RN,
a=49.77928693
b=6- 273344652 74_9+M .................. 59'75613454
3. n=6,s0df =6—-2=4
t*=2.776
y = 0.0298 + 0.9894x
s =0.199
$ = 0.0298 + 0.9894(3.15) ~ 3.1465
1 11(3.15—3?)2
ME=ts [1+—-4+——"—==0.7715
\/ n nyx?-(Xx)?
3.1465 — 0.7715 < y < 3.1465 + 0.7715
(2.375,3.918)
TInterval Y1(3.15)->E
(-2.776,2.7764) g=a+bx 3:.146476284.
x=0 B#Z@ and ,#0 —232
Sx=2.236067977 t=10.73814526 2.776%0.199% |1+%+% ’
n=5 Z?4a263173386E -4 0.7714828646
- gy R R AT IRERRIR,
a=0.0298036403
b=0- 989419887 E+M .......................... 2'3..7499342
=S=0. 1986285128 3.917959149
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Chapter 12 Chi-Square Tests

12.1 Goodness-of-Fit

1. H,: The distribution of games played fits the expected proportions. (claim)
H;: The distribution of games played differs from the expected proportions.

games played 4 5 6 7
observed (0;) 9 10 13 18
expected (E;) | 6.25 12.5 | 15.625 | 15.625
0. — E)?
(0= B 1.21 0.5 0.441 | 0.361
E;
df =4-1=3
2w (0;-E)?
xX° = ZT = 2.512 [the sum of the last row above]

P-value = y?cdf (2.512,1E99, 3) ~ 0.47
P-value > 0.05, so fail to reject H,,.
There is not enough evidence to reject the claim that the distribution fits.
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H,: the distribution fits a normal distribution with u = 7 and ¢ = 2.415

H,: the distribution does not fit a normal distribution with ¢ = 7 and 0 = 2.415
Calculate the expected frequencies using E; = n X normalcdf (lb, ub, u, o), where the
(Ib, ub) for each are (—1£99, 2.5), (2.5, 3.5), (3.5,4.5), ... (11.5, 1E99).

(If done correctly, ). E; = n = 500.)

_E:)2
Then calculate 222 for each using the formula as shown in the screenshot below.

4

roll observed | expected | (0; — E;)?
(%) (0y) (Ep) E;
2 16 15.60 0.010
3 32 21.21 5.486
4 48 38.33 2.440 :
5 62 58.49 0.211 b= (La-L3)*/Ls
6 67 75.36 0.928
7 84 82.01 0.048
8 59 75.36 3.553
9 55 58.49 0.208
10 38 38.33 0.003
11 30 21.21 3.641 x2=19.32330005
p=0. 0363433098
df=10
12 7 1560 2.794 CNTRB={0.0100967468 5.48..

—F:)2
)(2=Z%z19.32anddf:11—1:10

4

P-value = y?cdf (19.32,1e99,10) ~ 0.036
0.036 > 0.01, so there is not enough evidence to reject claim (H,) of a normal
distribution with y = 7 and o = 2.415.
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H,: LeBron James’ free throw successes, when awarded two shots, follows a binomial
distribution with p = 0.75.

H,: The distribution does not follow a binomial distribution with p = 0.75.

Using P = ,Cy " p*q"™%,

P(X =0) = ,C,(0.75%)(0.25%) = 0.0625 E = (0.0625)(200) = 12.5

PX=1)= 261(0.751)(0.251) = 0.375 E =(0.375)(200) = 75

P(X=2)= 262(0.752)(0.250) = 0.5625 E = (0.5625)(200) = 112.5
successes 0 1 2

observed (0;) | 10 60 130
expected (E;) | 125 | 75 | 112.5

0; — E;)?
OB | o5 | 30 | 2722
E;
df =3-1=2
)2
=39 = 622

P-value = y?cdf (6.22,1E99, 2) ~ 0.045
P-value < 0.05, so reject H,.

There is sufficient evidence to reject the claim that the distribution fits.
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12.2 Independence

1. H,: Children’s gender and attendance at the event are independent.
H,: Children’s gender and attendance at the event are dependent.

EXPECTED | did not attend | attended
boys 40.97 76.03
girls 42.03 77.97

All expected frequencies are at least 5, so the y? test may be used.

)2
x* =59 < 1873

df =(r-Dc-D=DD) =1
P-value = y?cdf (1.873,1E99,1) ~ 0.17
P-value > 0.05, so fail to reject H,. There is not enough evidence to reject independence.

NORMAL FLOAT AUTO REAL RADIAN MP n NURHﬁL FLOAT AUTO REAL RADIAN MP I NORMAL FLOAT AUTO REAL RADIAN MP n

MATRIXLA1 2 %2 round([B1,2)
] u x2=1,873294025 [40.97 76.03
P=0.1710982838 ...k 42.93.77.971.

df=1

[AICL, 1= 46

2. Hj: Students’ residence and their opinion on the proposal are independent.
H,: Students’ residence and their opinion on the proposal are dependent.

EXPECTED approve | undecided | disapprove
on-campus residents | 115.14 85.5 84.36
off-campus residents | 86.86 64.5 63.64

)2
w2 =Y OE 92152

df =(r-1D(-1=1)(2) =2
P-value = y?cdf (22.152,1E99, 2) ~ 0.000015
P-value < 0.05, so reject Hy. There is sufficient evidence of dependence.

NORMAL FLOAT AUTO REAL RADIAN MP n NIJRNﬁL FLOAT AUTO REAL RADIAN MP I NORHﬂL FLOAT AUTO REAL RADIAN MP I

MATRIXLA] 2 %3 round([B1,2)
gs :3 g: ] X2=22.15246865 [115.14 85.5 84.36
p=1.547578021e-5 [ |.......L 86.86..64.5.63.64..
df=2

AL, 1= 138
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3. Hy: Level of education is independent of neighborhood.
H,: Level of education is dependent on neighborhood.

EXPECTED A B C D
never attended college | 80.54 | 80.54 | 107.38 | 80.54
some college 34.85 | 34.85 | 46.46 | 34.85
college graduate 34.62 | 34.62 | 46.15 | 34.62

df =B-1)4-1)=6
P-value = y?cdf (24.571,1E99, 6) ~ 0.0004
P-value < 0.1, so reject Hy. There is sufficient evidence of dependence.

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n

)2
2 =35 ~ 24571

MATRIXLA1 3 x4 round([B1,2)
X2=24,57120286 % 60 104 95 80.54 80.54 107.38 80.54
P=4,098425861E -4 2 e ] 34.85 34.85 46.46 34.85]
df=6 34.62 34.62 46.15 34.62

12.3 Homogeneity

1. H,: The population proportions of those in favor of instituting an estate tax are the
same among the three political affiliations.
H,: At least one of the populations has a different proportion than the others.
x? =~ 19973, df =3 —1 =2, P-value = y?cdf (19.973, 199, 2) ~ 0.000046
P-value < 0.05, so reject Hy. There is sufficient evidence to reject the claim that the
population proportions among the three political affiliations are the same.

NORMAL FLOAT AUTO REAL RADIAN MP n NIJRMﬁL FLOAT AUTO REAL RADIAN MP I NURHHL FLOAT AUTO REAL RADIAN MP I

MATRIXLA] 3 X2 round([B1,2)
§° ;g x2=19.97313206 13.11 16.89
20 18 P=4.601394607€ -5 15.29 19.71
df=2 AL 16.6...21.41.
Al D= 20
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2. Hj: The distributions of technology use are the same for high school and college
students.
H,: The distributions of technology use are not the same for high school and college
students.
x?=~5423, df = (2-1)(3—1) =2, P-value = y*cdf (5.423,1E99, 2) ~ 0.066
P-value > 0.05, so fail to reject H,.
There is not enough evidence to reject the claim that the distributions of technology

use are the same for high school and college students.

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n

MATRIXLA] 2 %3 round([B1,2)

-Zig gg 33 ] X2=5, 422859739 [47. 33 82.67 70
P=0.0664417357 | f..........1L 23.67.41.33.35).
df=2 [ |

[ |
[AN(1,2)= 92
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