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STATISTICS
SECTION IT
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II grade—75

Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the
correctness of your methods as well as on the accuracy of your results and explanation.

1. The graph below displays the scores of 32 students on a recent exam. Scores on this exam ranged from
64 to 95 points.
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(a) Describe the shape of this distribution. bL\ Q5.
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(b) In order to motivate her students, the instructor of the class wants to report that, overall, the class’s
performance on the exam was high. Which summary statistic, the mean or the median, should the instructor
use to report that overall exam performance was high? Explain.
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maximum + minimum
2

(¢) The midrange is defined as . Compute this value using the data on the

preceding page.
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Is the midrange considered a measure of center or a measure of spread? Explain.
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2. A

. For an upcoming concert, each customer may purchase up to 3 child tickets and 3 adult tickets. Let C be the
number of child tickets purchased by a single customer. The probability distribution of the number of child
tickets purchased by a single customer is given in the table below.

< 0 1 2 3
plc) 104103]02]01

(a) Compute the mean and the standard deviation of C.
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(b) Suppose the mean and the standard deviation for the number of adult tickets purchased by a single customer
are 2 and 1.2, respectively. Assume that the numbers of child tickets and adult tickets purchased are
independent random variables. Compute the mean and the standard deviation of the total number of adult
and child tickets purchased by a single customer.
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(¢) Suppose each child ticket costs $15 and each adult ticket costs $25. Compute the mean and the standard
deviation of the total amount spent per purchase.
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2.6

2. For an upcoming concert, each customer may purchase up to 3 child tickets and 3 adult tickets. Let C be the

number of child tickets purchased by a smgle customer. The probability distribution of the number of child
tickets purchased by a single customer is given in the table below.

c 0 1 2 3
p(c) 040302101

(a) Compute the mean and the standard deviation of C.
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(b) Suppose the mean and the standard deviation for the number of adult tickets purchased by a single customer
are 2 and 1.2, respectively. Assume that the numbers of child tickets and adult tickets purchased are

independent random variables. Compute the mean and the standard deviation of the total number of adult
and child tickets purchased by a single customer
AN
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(c) Suppose each child ticket costs $15 and each adult ticket costs $25. Compute the mean and the standard
deviation of the total amount spent per purchase.

vean # child ¥ickets = 1
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2. For an upcoming concert, each customer may purchase up to 3 child tickets and 3 adult tickets. Let C be the
number of child tickets purchased by a smgle customer. The probability d15tr1but10n of the number of child
tickets purchased by a single customer is given in the table below.

01213
plc) 04030201

(a) Compute the mean and the standard deviation of C.
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(b) Suppose the mean and the standard deviation for the number of adult tickets purchased by a single customer
are 2 and 1.2, respectively. Assume that the numbers of child tickets and adult tickets purchased are

independent random variables. Compute the mean and the standard deviation of the total number of adult
and child tickets purchased by a single customer.
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(c) Suppose each child ticket costs $15 and each adult ticket costs $25. Compute the mean and the standard
deviation of the total amount spent per purchase.
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3. In search of a mosquito repellent that is safer than the ones that are currently on the market, scientists have
developed a new compound that is rated as less toxic than the current compound, thus making a repellent that
contains this new compound safer for human use. Scientists also believe that a repellent containing the new
compound will be more effective than the ones that contain the current compound. To test the effectiveness
of the new compound versus that of the current compound, scientists have randomly selected 100 people from
a state.

Up to 100 bins, with an equal number of mosquitoes in each bin, are available for use in the study. After
a compound is applied to a participant’s forearm, the participant will insert his or her forearm into a bin
for 1 minute, and the number of mosquito bites on the arm at the end of that time will be determined.

(a) Suppose this study is to be conducted using a completely randomized design. Describe a randomization
process and identify an inference procedure for the study.
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(b) Suppose this study is to be conducted using a matched-pairs design. Describe a randomization process and
identify an inference procedure for the study.
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(c) Which of the designs, the one in part (a) or the one in part (b), is better for testing the effectiveness of the
new compound versus that of the current compound? Justify your answer.
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3. In search of a mosquito repellent that is safer than the ones that are currently on the market, scientists have
developed a new compound that is rated as less toxic than the current compound, thus making a repellent that
contains this new compound safer for human use. Scientists also believe that a repellent containing the new
compound will be more effective than the ones that contain the current compound. To test the effectiveness

of the new compound versus that of the current compound, scientists have randomly selected 100 people from
a state.

Up to 100 bins, with an equal number of mosquitoes in each bin, are available for use in the study. After
a compound is applied to a participant’s forearm, the participant will insert his or her forearm into a bin
for 1 minute, and the number of mosquito bites on the arm at the end of that time will be determined.

(a) Suppose this study is to be conducted using a completely randomized design. Describe a randomization
process and identify an inference procedure for the study.
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(b) Suppose this study is to be conducted using a matched-pairs design. Describe a randomization process and
identify an inference procedure for the study.
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(c) Which of the designs, the one in part (a) or the one in part (b), is better for testing the effectiveness of the
new compound versus that of the current compound? Justify your answer.
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3. In search of a mosquito repellent that is safer than the ones that are currently on the market, scientists have
developed a new compound that is rated as less toxic than the current compound, thus making a repellent that
contains this new compound safer for human use. Scientists also believe that a repellent containing the new
compound will be more effective than the ones that contain the current compound. To test the effectiveness

of the new compound versus that of the current compound, scientists have randomly selected 100 people from
a state.

Up to 100 bins, with an equal number of mosquitoes in each bin, are available for use in the study. After
a compound is applied to a participant’s forearm, the participant will insert his or her forearm into a bin
for 1 minute, and the number of mosquito bites on the arm at the end of that time will be determined.

(a) Suppose this study is to be conducted using a completely randomized design. Describe a randomization
process and identify an inference procedure for the study.
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(b) Suppose this study is to be conducted using a matched-pairs design. Describe a randomization process and
identify an inference procedure for the study.
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(c) Which of the designs, the one in part (a) or the one in part (b), is better for testing the effectiveness of the
new compound versus that of the current compound? Justify your answer.
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4. A researcher believes that treating seeds with certain additives before planting can enhance the growth of plants.
An experiment to investigate this is conducted in a greenhouse. From a large number of Roma tomato seeds,
24 seeds are randomly chosen and 2 are assigned to each of 12 containers. One of the 2 seeds is randomly
selected and treated with the additive. The other seed serves as a control. Both seeds are then planted in the same
container. The growth, in centimeters, of each of the 24 plants is measured after 30 days. These data were used

to generate the partial computer output shown below. Graphical displays indicate that the assumption of
normality is not unreasonable. ' '

N Mean StDev SE Mean
Control 12 15.989 1.098 0.317
Treatment 12 18.004 1.175 0.339
Difference 12 —2.015 1.163 0.336

(a) Construct a confidence interval for the mean difference in growth, in centimeters, of the plants from the
untreated and treated seeds. Be sure to interpret this interval.
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(b) Based only on the confidence interval in part (a), is there sufficient evidence to conclude that there is a
significant mean difference in growth of the plants from untreated seeds and the plants from treated seeds?

Justify your conclusion.
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/ A researcher believes that treating seeds with certain additives before planting can enhance the growth of plants.

An experiment to investigate this is conducted in a greenhouse. From a large number of Romaoinato seeds,

24 seeds are randomly chosen and 2 are assigned to each of 12 containers. One of the 2 seeds is randomly
selected and u\eife'd"@i—tﬁfeﬁ additive. The other seed serves as a control. Both seeds are then planted in the same
container. The growth, in centimeters, of each of the 24 plants is measured after 30 days. These data were used
to generate the partial computer output shown below. Graphical displays indicate that the assumption of
normality is not unreasonabie.

¥

N Mean StDev SE Mean
Control 12 15.989 1.098 0.317
Treatment 12 18.004 1.175 0.339
Difference 12 —-2.015 1.163 0.336

(a) Construct a confidence interval for the mean difference in growth, in centimeters, of the plants from the
untreated and treated seeds. Be sure to interpret this interval.
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(b) Based only on the confidence interval in part (a), is there sufficient evidence to conclude that there is a
significant mean difference in growth of the plants from untreated seeds and the plants from treated seeds?

Justify your conclusion.
whh of
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»wig%d
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' Lo ::i e 15 e asove 1ol
Loy wre o cifberens f 25Dt > 2 E A
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T
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S
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GO ON TO THE NEXT PAGE.
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4. A researcher believes that treating seeds with certain additives before planting can enhance the growth of plants.
An experiment to investigate this is conducted in a greenhouse. From a large number of Roma tomato seeds,
24 seeds are randomly chosen and 2 are assigned to each of 12 containers. One of the 2 seeds is randomly

selected and treated with the additive. The other seed serves as a control. Both seeds are then planted in the same
container. The growth, in centimeters, of each of the 24 plants is measured after 30 days. These data were used
to generate the partial computer output shown below. Graphical displays indicate that the assumption of

normality is not unreasonable.

N Mean StDev SE Mean
Control 12 15.989 1.098 0.317
Treatment 12 18.004 1.175 0.339
Difference 12 - 2.015 1.163 0.336

(a) Construct a confidence interval for the mean difference in growth, in centimeters, of the plants from the

-C 1IeTVa
untreated and treated seeds. Be sure to mterpreg_tgl_s_lgt_cmal-

Comdhons © pardom(Sinted i sroblem)
Twrkonn (F - test )
ot TA) (Siated, implea 2
pired UWFWJ Y

g xitts
Bt
~2005 £ 195 (..’._‘.‘f’_.3>
1>
267 ,-].36)

Teres 957 confidehos that

free mwean ffereppe s boTweeh
the wlnee of —2.LF and ~1.36
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(b) Based only on the confidence interval in part (a), is there sufficient evidence to conclude that there is a
significant mean difference in growth of the plants from untreated seeds and the plants from treated seeds?
Justify your conclusion.

Yos  btawses o 15 pot incleded h the  pierva.
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GO ON TO THE NEXT PAGE.
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5. John believes that as he increases his walking speed, his pulse rate will increase. He wants to model this
relationship. John records his pulse rate, in beats per minute (bpm), while walking at each of seven different
speeds, in miles per hour (mph). A scatterplot and regression output are shown below.

140 + *
130 T ™
120 + .
21104 .
=
&~ 100 +
90 + .
80t .
70 3 : } : } } : } :
000510 1520 25 30354045
Speed
Regression Analysis: Pulse Versus Speed
Predictor Coef SE Coef T P
Constant 63.457 2.387 26.58 0.000
Speed 16.2809 0.8192 19.88 0.000
S =3.087 R-Sq=98.7% R-Sq (adj) = 98.5%
Analysis of Variance
Source DF SS MS F P
Regression 1 3763.2 3763.2 396.13 0.000
Residual 5 47.6 95
Total 6 3810.9

(a) Using the regression output, write the equation of the fitted regression line.

b= 63,451 +16,2809 x

g = estirnnoded *{DU&QQ. Talke, Cme.)
x = WAINg speed Cmen)

GO ON TO THE NEXT PAGE.
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(b) Do your estimates of the slope and intercept parameters have meaningful interpretations in the context
of this question? If so, provide interpretations in this context. If not, explain why not.

Yes, +oey do bave meaningul inerpretaitons o +oe conkst -
The Toterert prangtr s ©3, 45+ bpm , whiah
s when wQ\k‘m% speed = ©. Ths shouss o
e resting pulse tale wowld e expecied o'oe
clese +o 2457 bpm. The sbpe poameier o

(6. 3807, wihich mearms Hat Lov ewary Trease
Tn the unlking spead Ly e Tacement ot | mph,
the puke yald o expecicd to 1€ by (6. 22049 bpon.

(c) John wants to provide a 98 percent confidence interval for the slope parameter in his final report.
Compute the margin of error that John should use. Assume that conditions for inference are satisfied.

(Y\Qr%’\(\ of extor= £ &
= .l 35 Fven

£ M G890 Confrolante e
deqres of freedom = F-A .= 5

t= 13,265

Morgin ot eror= (2265 )(.3193)
| =), ¥5%

GO ON TO THE NEXT PAGE.
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5. John believes that as he increases his walking speed, his pulse rate will increase. He wants to model this
relationship. John records his pulse rate, in beats per minute (bpm), while walking at each of seven different
speeds, in miles per hour (mph). A scatterplot and regression output are shown below.

140 1 )
130 N °
120 - .
2110 .
=
™ 100 ¢
90 + .
80 1 .
70 ¥ + 4 ¢ } } + + t
0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45
Speed
Regression Analysis: Pulse Versus Speed
Predictor Coef SE Coef T P
Constant 63.457 2.387 26.58 0.000
Speed 16.2809 0.8192 19.88 0.000
S =3.087 R-Sq=98.7% R-Sq (adj) =98.5%
Analysis of Variance
Source D SS MS F P
Regression 1 3763.2 3763.2 396.13 0.000
Residual 5 47.6 9.5
Total 6 3810.9
(a) Using the regression output, write the equation of the fitted regression line.
A ,
\; = G345 +\b Q04X
GO ON TO THE NEXT PAGE.
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(b) Do your estimates of the slope and intercept parameters have meaningful interpretations in the context
of this question? If so, provide interpretations in this context. If not, explain why not.

e Qg‘t\w\a'\-?s o ™MO (oPR gval \WERV(RDY PO mRTRF o wetning ful
e Slop@ o VP:2RB0 vedny AGt gy S9nn'G WAIKING SRR (TR by

‘ on ANV OO 4 .
ViR /gt s My RRa i YR indasesy Joy 16250 VRdXS WY TRURE -

The WMIRYEEET Or(urs Witk Johw's WOlKNn g (heed \§ 2ert . RladRiThus)
Rixgig o MRFAPY oF (3 153 weuhy Thid Yow's  resting
neark vorR S Growkd (3 4sY

(c) John wants to provide a 98 percent confidence interval for the slope parameter in his final report.
Compute the margin of error that John should use. Assume that conditions for inference are satisfied.

corfiden(L wmwnval

s S e o e

t‘x.b\’bg\; C\‘R:“—ll,‘;
X,.-0.8192

EFSBL = (3360) (0. 8191) - | 23566 \

GO ON TO THE NEXT PAGE.
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5. John believes that as he increases his walking speed, his pulse rate will increase. He wants to model this
relationship. John records his pulse rate, in beats per minute (bpm), while walking at each of seven different

speeds, in miles per hour (mph). A scatterplot and regression output are shown below.

5

140 1 ’
130 T ®
120 1
2 1 .
= 110
100 1
9 t .
80 1 .
T A
00 05 1.0 1.5 2.0 2.5 3.0 3.5 40 45
Speed
Regression Analysis: Pulse Versus Speed
Predictor Coef SE Coef T P
Constant 63.457 2.387 26.58 0.000
Speed 16.2809 0.8192 19.88 0.000
§ =3.087 R-Sq =98.7% R-Sq (adj) = 98.5%
Analysis of Variance
Source DF SS MS F P
Regression 1 3763.2 3763.2 396.13 0.000
Residual 5 47.6 9.5
Total 6 3810.9
~
(a) Using the regression output, write the equation of the fitted regression line.
P -~ (3.4 4 b, -
e PUSe = 03457 4 162809 (Speeq)
GO ON TO THE NEXT PAGE.
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(b) Do your estimates of the slope and intercept parameters have meaningful interpretations in the context
of this question? If so, provide interpretations in this context. If not, explain why not.

Yes, The Slofe Prmmetey LU Yo ho ek Fue Pulse Tte increaseg ag S Peed, R 28505
The tntoreePt Pamemeter” ABUS You ket fe PulSe rate 15 Detlout Yhe Sheed of wWhle.
Stundnes Shll,

(c) John wants to provide a 98 percent confidence interval for the slope parameter in his final report.
Compute the margin of error that John should use. Assume that conditions for inference are satisfied.

WM o0 errpys = P58 = 233 (Lfua) = 1905

GO ON TO THE NEXT PAGE.
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Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II grade—25

Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the
correctness of your methods as well as on the accuracy of your results and explanation.

6. Regulations require that product labels on containers of food that are available for sale to the public accurately
state the amount of food in those containers. Specifically, if milk containers are labeled to have 128 fluid ounces
and the mean number of fluid ounces of milk in the containers is at least 128, the milk processor is considered to
be in compliance with the regulations. The filling machines can be set to the labeled amount. Variability in the -
filling process causes the actual contents of milk containers to be normally distributed. A random sample of 12
containers of milk was drawn from the milk processing line in a plant, and the amount of milk it each contaifer
was recorded. R . S =

(a) The sample mean and standard deviation of this sample of 12 containers of milk were 127.2 ounces and
2.1 ounces, respectively. Is there sufficient evidence to conclude that the packaging plant is pot in
compliance with the regulations? Provide statistical justification for your answer.

N=\=au ol > 2%
X=\27. 2 ¥ ‘ M .<l2g
s= .\ Ha: M <
< : oo n sandond daviadion T Linknasn,
we usge(\%\eﬁﬁ&;zs% for SeQreSam pO.Mean croa
ASsLOORONS ot mak, ST v quesfon siqdes g
Cotdrends ore tormaliy dstibuted ard hodtha
Compe was a mpla ranchm sompla-
t-,-. E__g_tL = \'&?3 ""»v\?/% - — L%\qbg
) =
Usngy the Qrowehing calcuiGlor, Lo alavrasn
+he "p-volug of 0.1067.
e P-Volug TS SUSERdenty ong; e oot
Nate evrdane agaitet He ond (ofduda +hod
“there Ts_nok SUESens Qﬁd&i\& ek "r\’\i packagitoy
Plant T5 0ot %A compPiad@ 3TN EEATeNs.

GO ON TO THE NEXT PAGE.
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Inspectors decide to study a particular filling machine within this plant further. For this machine, the amount
} of milk in the containers has a mean of 128.0 fluid ounces and a standard deviation of 2.0 fluid ounces.

(b) What is the probability that a randomly selected container filled by this machine contains at least 125 fluid

ounces? S
z= 125 —\2 -
Z < — = —|.B

P( =z >-1=D"

(c) An inspector will randomly select 12 containers filled by this machine and record the amount of milk in
each. What is the probability that the minimum (smallest amount of milk) recorded in the 12 containers
will be at least 125 fluid ounces? (Note: In order for the minimum to be at least 125 fluid ounces, each of
the 12 containers must contain at least 125 fluid ounces.)

- 2 A olaus
- e O tordon VO «\%
U&_éew\?od Ais v D ton UWSEN P= S22 ) 0=\

P(x=m)"(13) (o) (1-2e)
= éq?ﬁ}n "=D4%g

An analyst wants to use simulation to investigate the sampling distribution of the minimum. This analyst

randomly generates 150 samples, each consisting of 12 observations, from a normal distribution with mean 128

and standard deviation 2 and finds the minimum for each sample. The 150 minimums (sorted from smallest to ‘
largest) are shown on the next page. - - o :

GO ON TO THE NEXT PAGE.
-17- '
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Sample Minimum

MO 00 ] Oh LA B W DI e

121.45
122.51
122.53
122.72
122.75
122.89
122.93
122.99
123.04
123.08
123.09
123.10
123.31
123.34
123.39
123.40
123.41
123.41
123.46
123.49
123.51
123.57
123.58
123.59
123.60
123.66
123.67
123.72
123.75
123.77
123.78
123.84
123.91
123.93
123.95
123.95
123.98
123.99
124.05
124.05
124.06
124.12
124.14
124.15
124.16
124.19
124.23
124.27
124.28
124.28

Sample Minimum

51 124.28
52 124.29
53 124.30
54 124.31
55 124.34
56 124.36
57 124.37
58 124.37
59 124.39
60 124.39
61 124.41
62 124.44
63 124.53
64 124.53
65 124.54
66 124.55
67 124.55
68 124.55
69 124.55
70 124.58
71 124.67
72 124.69
73 124.73
74 124.77
75 124.78
76 124.78
77 124.80
78 124.80
79 124.81
80 124.85
81 124.91
82 124.92
83 124.92
.84 124.96
85 125.00
86 125.01
87 125.02
88 125.02
89 125.03
90 125.04
91 125.05
92 125.07
93 125.08
94 125.09
95 125.14
96 125.18
97 125.21
98 125.21
99 125.22
100 125.25
-18-
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©H

101 125.25
102 125.31
103 125.36
104 125.38
105 125.40
106 125.42
107 125.48
108 125.49
109 125.50
110 125.52
111 125.54
112 125.56
113 125.61
114 125.67
115 125.72
116 125.76
117 125.77
118 125.78
119 125.79
120 125.84
121 125.87
122 125.87
123 125.90
124 125.90
125 125.93
126 125.93
127 125.93
128 125.94
129 125.98
130 126.00
131 126.03
132 126.05
133 126.05
134 126.06
135 126.09
136 126.15
137 126.15
138 126.16
139 126.19
140 126.19
141 126.25
142 126.26
143 126.33
144 126.35
145 126.45
146 126.50
147 126.57
148 126.62
149 126.64
150 126.95
GO ON TO THE NEXT PAGE.
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(d) Use the simulation results to estimate the probability that was requested in part (c) and compare this estimate
with the theoretical value you calculated.

Afler sample. 8h,  irlimea 2 (125 |
Henca nummber of saumplas  GSTEN mMintonuen vaue-
of or eosy 125 25 n-Sk= SO SYT &8,

o frazpency of
P Mfimum e [2aomcRneTs G \eost (25) = w%@m
| 2 !
Toral ofF
IOJ&”‘.??%I‘{;}&@(
- = &£ . A -1

This prokaks Pt TS C‘J\c;se)ﬁ e ‘H“@V@%CN vaug.
T colculoded S0 oo () o, 435,

Ths & teo.orabla, STh@ e Soumpte stze Ci)

fofcly longR. By +he el longe numbers ;

Os the sofn e\l stze. Tnaeoses, +he cbserved

: =EEA progor3ton approoches e
expeckd prokoksithi (thearessca) es—‘ﬁmo&@),

END OF EXAMINATION

THE FOLLOWING INSTRUCTIONS APPLY TO THE BACK COVER OF THE
SECTION Il BOOKLET.

¢ MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE BACK OF THE SECTION Il
BOOKLET.

e CHECKTO SEE THAT YOUR AP NUMBER APPEARS IN THE BOX(ES) ON
THE BACK COVER.

e MAKE SURE YOU HAVE USED THE SAME SET OF AP NUMBER LABELS
ON ALL AP EXAMINATIONS YOU HAVE TAKEN THIS YEAR.

GO ON TO THE NEXT PAGE.
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Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II grade—25

Directions: Show all your work. Indicate clearly the methods you xise, because you will be graded on the
correctness of your methods as well as on the accuracy of your results and explanation.

6. Regulations require that product labels on containers of food that are available for sale to the public accurately
state the amount of food in those containers. Specifically, if milk containers are labeled to have 128 fluid ounces
and the mean number of fluid ounces of milk in the containers is at least 128, the milk processor is considered to
be in compliance with the regulations. The filling machines can be set to the labeled amount. Variability in the
filling process causes the actual contents of milk containers to be normally distributed. A random sample of 12

containers of milk was drawn from the milk processing line in a plant, and the amount of milk in each container
was recorded.

(a) The sample mean and standard deviation of this sample of 12 containers of milk were 127.2 ounces and
2.1 ounces, respectively. Is there sufficient evidence to conclude that the packaging plant is not in
compliance with the regulations? Provide statistical justification for your answer.

ONe  Somple - ~vest Do & SRSV (oMeviness o€ (odepandent v

w%a, M =128 Yo M#£ 128
ST X= 27, 2-\2%0 % ‘
Ny " . 6062 —
12

t=-1.397 $=.0935 gt=ll

We s keep Yoo Vece Vs MY SuECiciot @uidoice 4o
Condude "H‘O«’*‘ He P\O\f\*‘ TN a5 'a R A a \‘\e_guu,‘.‘bn <
e 6 o tu We p-vell ob .0a3s ot eeiny

c:.“qn;-&‘a:mL’ o He a=.65 level,

GO ON TO THE NEXT PAGE.
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Inspectors decide to study a particular filling machine within this plant further. For this machine, the amount
of milk in the containers has a mean of 128.0 fluid ounces and a standard deviation of 2.0 fluid ounces.

(b) What is the probability that a randomly selected container filled by this machine contains at least 125 fluid
ounces? ;
2g= \z?) e (2> " L5)=.9332
2

?(_x‘7\2$) = P& —\:_jk z

QQ('?\ZS) = ,9332

(c) An inspector will randomly select 12 containers filled by this machine and record the amount of milk in
each. What is the probability that the minimum (smallest amount of milk) recorded in the 12 containers
will be at least 125 fluid ounces? (Note: In order for the minimum to be at least 125 fluid ounces, each of
the 12 containers must contain at least 125 fluid ounces.)

R 2 e 7= B O =128)'S = (st Lascar o

An analyst wants to use simulation to investigate the sampling distribution of the minimum. This analyst
randomly generates 150 samples, each consisting of 12 observations, from a normal distribution with mean 128
and standard deviation 2 and finds the minimum for each sample. The 150 minimums (sorted from smallest to
largest) are shown on the next page.

GO ON TO THE NEXT PAGE.
RYe
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Sample Minimum
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121.45
122.51
122.53
122.72
122.75
122.89
122.93
122.99
123.04
123.08
123.09
123.10
123.31
123.34
123.39
123.40
123.41
123.41
123.46
123.49
123.51
123.57
123.58
123.59
123.60
123.66
123.67
123.72
123.75
123.77
123.78
123.84
123.91
123.93
123.95
123.95
123.98
123.99
124.05
124.05
124.06
124.12
124.14
124.15
124.16
124.19
124.23
124.27
124.28
124.28

Sample Minimum

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
%
97
98
99
100
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124.28
124.29
124.30
124.31
124.34
124.36
124.37
124.37
124.39
124.39
124.41
124.44
124.53
124.53
124.54
124.55
124.55
12455
124.55
124.58
124.67
124.69
124.73
124.77
124.78
124.78
124.80
124.80
124.81
124.85
124.91
124.92
124.92
124.96
125.00
125.01
125.02
125.02
125.03
125.04
125.05
125.07
125.08
125.09
125.14
125.18
125.21
125.21
125.22
125.25

-18-

Sample Minimum

B

101 125.25
102 125.31
103 125.36
104 125.38
105 125.40
106 125.42
107 125.48
108 125.49
109 125.50
110 125.52
111 125.54
112 125.56
113 125.61
114 125.67
115 125.72
116 125.76
117 125.77
118 125.78
119 125.79
120 125.84
121 125.87
122 125.87
123 125.90
124 125.90
125 125.93
126 125.93
127 125.93
128 12594
129 125.98
130 126.00
131 126.03
132 126.05
133 126.05
134 126.06
135 126.09
136 126.15
137 126.15
138 126.16
139 126.19
140 126.19
141 126.25
142 126.26
143 126.33
144 126.35
145 126.45
146 126.50
147 126.57
148 126.62
149 126.64
150 126.95
GO ON TO THE NEXT PAGE.
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:Qé (d) Use the simulation results to estimate the probability that was requested in part (c) and compare this estimate
with the theoretical value you calculated.

¥ ovec V25 b6 4y
- ‘So - |§b“’

cindetd vale s .99

Aed Jowe s L YW2 Wik
pred {+te bhigrer, bt

Tle & muated P@P*’C*‘"@f‘ ‘e A .
5")‘?” l/vel( Vv;‘”’\\ gamph\@ \f@(’{‘(ﬁg‘_ﬂt.f\(y;

END OF EXAMINATION

THE FOLLOWING INSTRUCTIONS APPLY TO THE BACK COVER OF THE
SECTION Il BOOKLET.

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE BACK OF THE SECTION i
BOOKLET.

e CHECK TO SEE THAT YOUR AP NUMBER APPEARS IN THE BOX(ES) ON
THE BACK COVER.

e MAKE SURE YOU HAVE USED THE SAME SET OF AP NUMBER LABELS
ON ALL AP EXAMINATIONS YOU HAVE TAKEN THIS YEAR.

GO ON TO THE NEXT PAGE.
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Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II grade—25 '

Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the
correctness of your methods as well as on the accuracy of your results and explanation.

6.

Regulations require that product labels on containers of food that are available for sale to the public accurately
state the amount of food in those containers. Specifically, if milk containers are labeled to have 128 fluid ounces
and the mean number of fluid ounces of milk in the containers is at least 128, the milk processor is considered to
be in compliance with the regulations. The filling machines can be set to the labeled amount. Variability in the
filling process causes the actual contents of milk containers to be normally distributed. A random sample of 12
containers of milk was drawn from the milk processing line in a plant, and the amount of milk in each container
was recorded.

(a) The sample mean and standard deviation of this sample of 12 containers of milk were 127.2 ounces and
2.1 ounces, respectively. Is there sufficient evidence to conclude that the packaging plant is pot in
complianqe with the regulations? Provide statistical justification for your answer.

| = Guph. Ttk (X=0T)

_O,y_g Ve=tz .

— NGWMM IR dTon

- G CLQ'?V‘V/’
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GO ON TO THE NEXT PAGE.
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Inspectors decide to study a particular filling machine within this plant further. For this machine, the amount
- of milk in the containers has a mean of 128.0 fluid ounces and a standard deviation of 2.0 fluid ounces.

(b) What is the probability that a randomly selected container filled by this machine contains at least 125 fluid
ounces? '

P x 2158
3= R -0 D
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(c) An inspector will randomly select 12 containers filled by this machine and record the amount of milk in
each. What is the probability that the minimum (smallest amount of milk) recorded in the 12 containers
will be at least 125 fluid ounces? (Note: In order for the minimum to be at least 125 fluid ounces, each of
the 12 containérs must contain at least 125 fluid ounces.)
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An analyst wants to use simulation to investigate the sampling diS&l%l\lﬁon of the minimum. This analyst
randomly generates 150 samples, each consisting of 12 observations, from a normal distribution with mean 128
and standard deviation 2 and finds the minimum for each sample. The 150 minimums (sorted from smallest to
largest) are shown on the next page.

GO ON TO THE NEXT PAGE.
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Sample Minimum Sample Minimum Sample Minimum
1 121.45 51 124.28 101 125.25
2 122.51 52 124.29 102 125.31
3 122.53 53 124.30 103 125.36
4 122.72 54 124.31 104 125.38
5 122.75 55 124.34 105 125.40
6 122.89 56 124.36 106 125.42
7 122.93 57 124.37 107 125.48
8 122.99 58 124.37 108 125.49
9 123.04 59 124.39 109 125.50

10 123.08 60 124.39 110 125.52
11 123.09 61 124.41 111 125.54
12 123.10 62 124.44 112 125.56
13 123.31 63 124.53 113 125.61
14 123.34 64 124.53 114 125.67
15 123.39 65 124.54 115 125.72
16 123.40 66 124.55 116 125.76
17 123.41 67 124.55 117 125.77
18 123.41 68 124.55 118 125.78
19 123.46 69 124.55 119 125.79
20 123.49 70 124.58 120 125.84
21 123.51 71 124.67 121 125.87
22 123.57 72 124.69 122 125.87
23 123.58 73 124.73 123 125.90
24 123.59 74 124.77 124 125.90
25 123.60 75 124.78 125 125.93
26 123.66 76 124.78 126 125.93
27 123.67 77 124.80 127 125.93
28 123.72 78 124.80 128 125.94
29 123.75 79 124.81 129 125.98
30 123.77 80 124.85 . 130 126.00
31 123.78 81 124.91 131 126.03
32 123.84 82 124.92 132 126.05
33 123.91 83 124.92 133 126.05
34 123.93 84 124.96 134 126.06
35 123.95 85 125.00 135 126.09
36 123.95 86 125.01 136 126.15
37 123.98 87 125.02 137 126.15
38 123.99 88 125.02 138 126.16
39 124.05 89 125.03 - 139 126.19
40 124.05 90 125.04 140 126.19
41 124.06 91 125.05 141 126.25
42 124.12 92 125.07 142 126.26
43 124.14 93 125.08 143 126.33
44 124.15 94 125.09 144 126.35
45 124.16 95 125.14 145 126.45
46 124.19 96 125.18 146 126.50
47 124.23 97 125.21 147 126.57
48 124.27 o8 125.21 148 126.62
49 124.28 99 125.22 149 126.64
50 124.28 100 125.25 150 126.95
GO ON TO THE NEXT PAGE.
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(d) Use the simulation results to estimate the probability that was requested in part (c) and compare this estimate
with the theoretical value you calculated.

N
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END OF EXAMINATION

THE FOLLOWING INSTRUCTIONS APPLY TO THE BACK COVER OF THE
SECTION Il BOOKLET.

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE BACK OF THE SECTION I
BOOKLET.

e CHECK TO SEE THAT YOUR AP NUMBER APPEARS IN THE BOX(ES) ON
THE BACK COVER.

e MAKE SURE YOU HAVE USED THE SAME SET OF AP NUMBER LABELS
ON ALL AP EXAMINATIONS YOU HAVE TAKEN THIS YEAR.

GO ON TO THE NEXT PAGE.
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