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STATISTICS
SECTION I
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
correctmess of your methods as well as on the accuracy of your results and explanation.

1. The goal of a nutritional study was to compare the caloric intake of adolescents living in rural areas of the United
States with the caloric intake of adolescents living in urban areas of the United States. A random sample of
ninth-grade students from one high school in a rural area was selected. Another random sample of ninth graders

from one high school in an urban area was also selected. Each student in each sample kept records of all the food
he or she consumed in one day. :

The back-to-back stemplot below displays the number of calories of food consumed per kilogram of body weight
for each student on that day. :
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(a) Write a few sentences comparing the distribution of the daily caloric intake of ninth-grade stndents in the
rural high school with the distribution of the daily caloric intake of ninth-grade students in the urban high
school.
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GO ON TO THE NEXT PAGE.
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(b) Isitreasonable to generalize the findings of this study to all rural and urban ninth-grade students in the
United States? Explain.
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(c) Researchers who want to conduct a similar study dre debating which of the following two plans to use.

Plan I: Have each student in the study record all the food he or she consumed in one day. Then
researchers would compute the number of calories of food consumed per kilogram of body
weight for each student for that day.

Plan II: Have each student in the study record all the food he or she consumed over the same 7-day

period. Then researchers would compute the average daily number of calories of food
consumed per kilogram of body weight for each student during that 7-day period.

Assuming that the students keep accurate records, which plan, I or II, would better meet the goal of the
study? Justify your answer., ’
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GO ON TO THE NEXT PAGE.
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STATISTICS
SECTION II
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 goal of a nutritional study was to compare the caloric intake of adolescents living in rural areas of the United
States with the caloric intake of adolescents living in urban areas of the United States. A random sample of
ninth-grade students from one high school in a rural area was selected. Another random sample of ninth graders
from one high school in an urban area was also selected. Each student in each sample kept records of all the food
he or she consumed in one day.

The back-to-back stemplot below displays the number of calories of food consumed per kilogram of body weight
for each student on that day.
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(a) Write a few sentences comparing the distribution of the daily caloric intake of ninth-grade students in the
rural high school with the distribution of the daily caloric intake of ninth-grade students in the urban high
school. :
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GO ON TO THE NEXT PAGE.
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(b) Is it reasonable to generalize the findings of this study to all rural and urban ninth-grade students in the
United States? Explain.
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(c) Researchers who want to conduct a similar study are dehating which of the following two plans to use

‘Plan I: Have each student in the study record all the food he or she consumed in one day. Then
researchers would compute the number of calories of food consumed per kilogram of body
weight for each student for that day.

Plan IT: Have each student in the study record all the food he or she consumed over the same 7-day

period. Then researchers would compute the average daily number of calories of food
consumed per kilogram of body weight for each student during that 7-day period.

Assuming that the students keep accurate records, which plan, I or II, would better meet the goal of the
study? Justify your answer.
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GO ON TO THE NEXT PAGE.
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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 Il 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 goal of a nutritional study was to compare the caloric intake of adolescents living in rural areas of the United
States with the caloric intake of adolescents living in urban areas of the United States. A random sample of
ninth-grade students from one high school in a rural area was selected. Another random sample of ninth graders
from one high school in an urban area was also selected. Each student in each sample kept records of all the food
he or she consumed in one day. :

The back-to-back stemplot below displays the number of calories of food consumed per kilogram of body weight
for each student on that day.

Urban Rural
99998876 | 2 4L
44310 | 3] 2334
97665 3| 56667
20|4]902224
4]56889
511
Stem: tens
Leaf: ones

(a) Write a few sentences comparing the distribution of the daily caloric intake of ninth-grade students in the
rural high school with the distribution of the daily caloric intake of ninth-grade students in the urban high
school.
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GO ON TO THE NEXT PAGE.
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(b) Is it reasonable to generalize the findings of this study to all rural and urban ninth-grade students in the
United States? Explain.
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(c) Researchers who want to conduct a similar study are debating which of the following two plans to use.

Plan I: Have each student in the study record all the food he or she consumed in one day. Then
researchers would compute the number of calories of food consumed per kilogram of body
weight for each student for that day.

Plan II: Have each student in the study record all the food he or she consumed over the same 7-day
_period. Then researchers would compute the average daily number of calories of food
consumed per kilogram of body weight for each student during that 7-day period.

Assuming that the students keep accurate records, which plan, I or II, would better meet the goal of the
study? Justify your answer.

P/&m 1 W“\é’( beftes mmeet "f/«e,fjo@{ o the )"h’a’/ berose T
ﬁvd\) A fr)u‘"j ® 7[!‘”01 ot flo jewe/a»/ deon oF J#Wj I
Cor§um (i o Colovies o *&do/x@ﬁc@ betiee— tvbon o7
el aven. 2F vesecoclors 57%4;/7 7 wefg‘ﬁx pe,r,'aa’f o};

7[1700K he oo she oty e date ol éer pre V€ [iuble
o Vt#féwc%a«é w/j 5?2»0(7 one 0’&7 o He 74»0’{,

toy (o1 Got B foounl ke of #e Poswler of Cobricr,
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2. Let the random variable X represent the number of telephone lines in use by the technical support center of a
software manufacturer at noon each day. The probability distribution of X is shown in thetable below.

x |0 1] 2] 314715
p(x) | 035020015 | 0.15 | 0.10 | 0.05

(a) Calculate LZe e)%) cted value (the

S O A G {2 15) 46-9) 4410)+(545)

[

(b) Using past records, the staff at the technical support center randomly selected 20 days and found that an
average of 1.25 telephone lines were in use at noon on those days. The staff proposes to select another
random sample of 1,000 days and compute the average number of telephone lines that were in use at noon
on those days. How do you expect the average from this new sample to comp } to that of the first sample?

Justify your response.
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(c) The median of a random variable is defined as any value x such that P(X < x) 2 0.5 and P(X 2 x) 2 0.5.
For the probability distribution shown in the table above, determine the medxan of X

P+ (1) = -35- 1%,4), 35 < P(x&)=.
PUs P = o5 y W

(d) In a sentence or two, comment on the relationship between the mean and the median relative to the shape of
this distribution. k 4‘ ,
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GO ON TO THE NEXT PAGE.
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. Let the random variable X represent the number of telephone lines in use by the technical support center of a
software manufacturer at noon each day. The probability distribution of X is shown in the table below.

x 0 1 2 3 4 5
p(x) 103510201 0.15] 0.15 | 0.10 | 0.05

(a) Calculate the expected value (the mean) of X.

©E 3B OO+ 200+ (B2 + 1B (3) T LI0LAD + ,05(D)

e 16 |
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(b) Using past records, the staff at the technical support center randomly selected 20 days and found that an
average of 1.25 telephone lines were in use at noon on those days. The staff proposes to select another -
random sample of 1,000 days and compute the average number of telephone lines that were in use at noon

on those days. How do you expect the average from this new sample to compare to that of the first sample?
Justify your response.

n=720 Y= 125
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{c) The medmn of a random variable is defthed as any value x such that P(X € x) 2 0.5 and P(X = x) 2 0.5.

For the probability distribution shown in the table above, determine the median of X.

mediam = |

(d) In a sentence or two, comment on the relationship between the mean and the median relative to the shape of
this distribution.
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. Let the random variable X represent the number of telephone lines in use by the technical support center of a
software manufacturer at noon each day. The probability distribution of X is shown in the table below.

x 0 1 2 3 4 5
p(x) 1 035 (0.20|0.15| 0.15 | 0.10 | 0.05

(a) Calculate the expected value (the mean) of X.

(s e X2 (o)t LX)+ (as)) + L)z )+ (o)1) + Los)(s)

=

(b) Using past records, the staff at the technical support center randomly selected 20 days and found that an
average of 1.25 telephone lines were in use at noon on those days. The staff proposes to select another
random sample of 1,000 days and compute the average number of telephone lines that were in use at noon

on those days. How do you expect the average from this new sample to compare to that of the first sample?
Justify your response.
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(c) The median of a random variable is defined as any value x such that P(X < x) 2 0.5 and P(X 2 x) 2 0.5.
For the probability distribution shown in the table above, determine the median of X.

mdo & Xz P(XLw)3os + Plx2zx) 205
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(d) In a sentence or two, comment on the relationship between the mean and the median relative to the shape of
this distribution. '
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The regression equation is
Fuel Consumption = 10.7 + 2.15 Railcars

Predictor Coef StDev T P
Constant 10.677 5.157 2.07 0.072
Railcar 2.1495 0.1396 15.40 0.000

S =4.361 R-Sq=96.7% R-Sq(adj)=96.3%

(a) Is a linear model appropriate for modeling these data? Clearly explain your reasoning.

\/25) o lineas MDch,] fé a,NraPNa;\'L beceuwse The a.r.‘jm {
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(b) Suppose the fuel consumption cost is $25 per unit. Give a point estimate (single value) for the change in
the average cost of fuel per mile for each additional railcar attached to a train. Show your work.
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(c) Interpret the value of r? in the context of this problem.
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(d) Would it be reasonable to use the fitted regression equation to predict the fuel consumption for a train on
this route if the train had 65 railcars? Explain.
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GO ON TO THE NEXT PAGE.
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The regression equation is
Fuel Consumption = 10.7 + 2.15 Railcars
Szl <) .05x

Predictor Coef StDev T P
Constant 10.677 5.157 2.07 0.072
Railcar 2.1495 0.13%6 15.40 0.000

S=4.361 R-Sq=96.7% R-Sq(adj) =96.3%

(a) Is a linear model appropriate for modeling these data? Clearly explain your reasoning, . Seoke
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(b) Suppose the fuel consumption cost is $25 per unit. Give a point estimate (single value) for the change in
the average cost of fuel per mile for each additional railcar attached to a train. Show your work.
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(c) Interpret the value of r? in the context of this problem.
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(d) Would it be reasonable to use the fitted regression equation to predict the fuel consumption for a train on
this route if the train had 65 railcars? Explain. i y N f §
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The regression equation is
Fuel Consumption = 10.7 + 2.15 Railcars

Predictor Coef StDev T P
Constant 10.677 5.157 2.07 0.072
Railcar 2.1495 0.1396 15.40 0.000

S=4361 R-Sq=96.7% R-Sq(adj) = 96.3%

(a) Is a linear model appropriate for modeling these data? Clearly explain your reasoning.
The Vineay wmodel g agp(fbpr(od{ becavce ¥he ¥vZ iy
\n'\gh (\fl: L9671 ctnd the vetlduwals oo net

inAicake any TNpe of patern.

(b) Suppose the fuel consumption cost is $25 per unit. Give a point estimate (single value) for the change in
the average cost of fuel per mile for each additional railcar attached to a train. Show your work.
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(d) Would it be reasonable to use the fitted regression equation to predict the fuel consumption for a train on
this route if the train had 65 railcars? Explain.
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4. Some boxes of a certain brand of breakfast cereal include a voucher for a free video rental inside the box. The
company that makes the cereal claims that a voucher can be found in 20 percent of the boxes. However, based
on their experiences eating this cereal at home, a group of students believes that the proportion of boxes with
vouchers is less than 0.2. This group of students purchased 65 boxes of the cereal to investigate the company’s
claim. The students found a total of 11 vouchers for free video rentals in the 65 boxes.

Suppose it is reasonable to assume that the 65 boxes purchased by the students are a random sample of all boxes
of this cereal. Based on this sample, is there support for the students’ belief that the proportion of boxes with
vouchers is less than 0.2 ? Provide statistical evidence to support your answer.

p= - -2; =.1692 o ‘»\&—&‘3{ =/j'ﬁ—ﬂg———*° 322 = oy96
spec: .20
I will do a proporfionztest
CondiTions |
ASSUME SaMple of baxee |§ unbiased esfimator of True propotrtion
Asune populaficn 2100 = pep 2 6850 PIop
np>107? n(1-p)>loz
65(,20) 10~ 65(1-, 20)>10¢
" :65' N 7\530 o * P =20

T HQ fp<,20

e Assume Ho forsampling distribuha

.-3 %') .z;m '
- stqi-paramefer 16392 —.20
z it stat= _ooote 200
at stfanQarderrorr = . G496 .6210

P(P <.1692)=p(2<-6210)= NOrMA|Cdf (0™ —.6210) =. 2673
ASSUMINg The proporticn Of vouchers found in boxes I§ .20, There ig
a .2673 chahCe of getting a yample with a proporitan more
exireme than .1692

Large P~ Fallto reject o, | |
There 1§ INSuRICient evidence 10 claim that the proportio
of boxes wWith vou chers 1§ tess ihap 20 percent,
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4. Some boxes of a certain brand of breakfast cereal include a voucher fo ee video rental inside the box. The
company that makes the cereal claims that a voucher can be found i @ ent of the boxes-However, based
on tlu:@ es eating this cereal at home, a_group of students believes that the proportion of boxes with
vouchers is %%Asﬁngfmdems purchased 65 boxes of the cereal to investigate th the company’s

claim. The stu ent} found a tota] of 11 V(Tﬁchers for fres Video tentals in the 65 boxes.

Suppose it is reasonable to assume that the 65 boxes purchased by the students are a random sample of all boxes

of this cereal. Based on this Ie support for the students’ belief that mﬂpjgmmg_ n of boxes with
vouchers is less than 0.2 ? Provide statistical evidence to support your answer.
”
| - proportion test A9 2 P=.067
65

/’/o" P:Z,,
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. /. Randem S‘a.m[7k..
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P=. 26876

Ne fail + reject Ho
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Therefore Students’ Eel?ef LGS wr’o‘fﬁ.
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4. Some boxes of a certain brand of breakfast cereal include a voucher for a free video rental inside the box. The
company that makes the cereal claims that a voucher can be found in 20 percent of the boxes. However, based
on their experiences eating this cereal at home, a group of students believes that the proportion of boxes with
vouchers is less than 0.2. This group of students purchased 65 boxes of the cereal to investigate the company’s
claim. The students found a total of 11 vouchers for free video rentals in the 65 boxes.

Suppose it is reasonable to assume that the 65 boxes purchased by the students are a random sample of all boxes
of this cereal. Based on this sample, is there support for the students’ belief that the proportion of boxes with
vouchers is less than 0.2 ? Provide statistical evidence to support your answer.
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5. A survey will be conducted to examine the educational level of adult heads of households in the United States.

Each respondent in the survey will be placed into one of the following two categories:

e Does not have a high school diploma
¢ Has a high school diploma

The survey will be conducted using a telephone interview. Random-digit dialing will be used to select the
sample.

(a) For this survey, state one potential source of bias and describe how it might affect the estimate of the
proportion of adult heads of households in the United States who do not have a high school diploma.

Trere covld ke s0me opley  blos becase of fa oy I whih

the /

' Sarple U5 oblaiey  Nop oy households i the US  foe flepboces, s,
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He ‘aéfﬂla.ﬁén of Aaufé{,fgb— w it f%/'/e«q

Sthce PPl it less educotion are Ief; /;;&,_/ %

b heady ol Lo
do kol howe « ok g I df;" Sehold, Ia e U}’ theo
Prorw

(b) A pilot survey indicated that about 22 percent of the population of adult heads of households do not have
a high school diploma. Using this information, how many respondents should be obtained if the goal of the
survey is to estimate the proportion of the population who do not have a high school diploma to within
0.03 with 95 percent confidence? Justify your answer.

: [
Morgin of Error = Z*Jf%ﬂ_

03 2 [ as17é J2LA

732, 1384
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If you need more room for your work for part (b), use the space below.

(c) Since education is largely the responsibility of each state, the agency wants to be sure that estimates are
available for each state as well as for the nation. Identify a sampling method that will achieve this additional
goal and briefly describe a way to select the survey sample using this method.
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5. A survey will be conducted to examine the educational level of adult heads of households in the United States.
Each respondent in the survey will be placed into one of the following two categories:

¢ Does not have a high school diploma
¢ Has a high school diploma

The survey will be conducted using a telephone interview. Random-digit dialing will be used to select the
sample.

- (a) For this survey, state one potential source of bias and describe how it might affect the estimate of the
proportion of adult heads of households in the United States who do not have a high school diploma.
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(b) A pilot survey indicated that about 22 percent of the population of adult heads of households do not have Je}
a high school diploma. Using this information, how many respondents should be obtained if the goal of the
survey is to estimate the proportion of the population who do not have a high school diploma to within
0.03 with 95 percent confidence? Justify your answer.
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If you need more room for your work for part (b), use the space below.
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(c) Since education is largely the responsibility of each state, the agency wants to be sure that estimates are
available for each state as well as for the nation. Identify a sampling method that will achieve this additional
goal and briefly describe a way to select the survey sample using this method. Td (4 (h (EVve m IS
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5. A survey will be conducted to examine the educational level of adult heads of households in the United States.
Each respondent in the survey will be placed into one of the following two categories:

e Does not have a high school diploma
e Has a high school diploma

The survey will be conducted using a telephone interview. Random-digit dialing will be used to select the
sample.

(a) For this survey, state one potential source of bias and describe how it might affect the estimate of the
proportion of adult heads of households in the United States who do not have a high school diploma.
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(b) A pilot survey indicated that about 22 percent of the population of adult heads of households do not have
a high school diploma. Using this information, how many respondents should be obtained if the goal of the
survey is to estimate the proportion of the population who do not have a high school diploma to within
0.03 with 95 percent confidence? Justify your answer.
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If you need more room for your work for part (b), use the space below.
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(c) Since education is largely the responsibility of each state, the agency wants to be sure that estimates are
available for each state as well as for the nation. Identify a sampling method that will achieve this additional
goal and briefly describe a way to select the survey sample using this method.
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(a) Use a 95 percent confidence interval to estimate the difference in the mean amount of lead on a child’s
dominant hand after an hour of play inside versus an hour of play outside at urban day-care centers in this
city. Be sure to interpret our interval. wside o outside
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(b) On the figure below, .

MQC&M A Mo ‘\f

o Using the vertical axis for the mean amount of lead, plot the mean for the amounts of lead on the -
dominant hand of children who played inside at the suburban day-care center and then plot the mean for
the amounts of lead on the dominant hand of children who played inside at the urban day-care center.

o Connect these two points with a line segment.

¢ Plot the two means (suburban and urban) for the children who played outside at the two types of day-care
centers.

o Connect these two points with a second line segment.
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(c) From the study, what conclusions can be drawn about the impact of setting (inside, ‘outside), environment

(suburban, urban), and the relationship between the two on the amount of lead on the dominant hand of
children after play in this city? Justify your answer.
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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. Lead, found in some paints, is a neurotoxin that can be especially harmful to the developing brain and nervous
system of children. Children frequently put their hands in their mouth after touching painted surfaces, and this is
the most common type of exposure to lead.

A study was conducted to investigate whether there were differences in children’s exposure to lead between
suburban day-care centers and urban day-care centers in one large city. For this study, researchers used a random
sample of 20 children in suburban day-care centers. Ten of these 20 children were randomly selected to play
outside; the remaining 10 children played inside. All children had their hands wiped clean before beginning their
assigned one-hour play period either outside or inside. After the play period ended, the amount of lead in
micrograms (mcg) on each child’s dominant hand was recorded. i

The mean amount of lead on the dominant hand for the children playing inside was 3.75 mcg, and the mean
amount of lead for the children playing outside was 5.65 mcg. A 95 percent confidence interval for the
difference in the mean amount of lead after one hour inside versus one hour outside was calculated to be

- (-2.46, -1.34).

A random sample of 18 children in urban day-care centers in the same large city was selected. For this sample,
the same process was used, including randomly assigning children to play inside or outside. The data for the
amount (in mcg) of lead on each child’s dominant hand are shown in the table below.

Urban Day-Care Centers

Inside | 6 | 5 |4 |4]45[5(45]|3 |5
Outside | 15,25 18 414 20 } 13§ 11 § 22 k20
-

Dftowe . 20 q't"fﬁcv-«?"‘?-*nvis
=) -1 18],
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(a) Use a 95 percent confidence interval to estimate the difference in the mean amount of lead on a child’s

dominant hand after an hour of play inside versus an hour of play outside at urban day-care centers in this
city. Be sure to interpret your interval.
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(b) On the figure below,
¢ Using the vertical axis for the mean amount of lead, plot the mean for the amounts of lead on the
dominant hand of children who played inside at the suburban day-care center and then plot the mean for
the amounts of lead on the dominant hand of children who played inside at the urban day-care center.

e Connect these two points with a line segment.
¢ "Plot the two means (suburban and urban) for the children who played outside at the two types of day-care

centers.
¢ Connect these two points with a second line segment.
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(c) From the study, what conclusions can be drawn about the impact of setting (inside, outside), environment
(suburban, urban), and the relationship between the two on the amount of lead on the dominant hand of
children after play in this city? Justify your answer.
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(a) Use a 95 percent confidence interval to estimate the difference in the mean amount of lead on a child’s

dominant hand after an hour of play inside versus an hour of play outside at urban day-care centers in this
city. Be sure to interpret your interval.
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{b) On the figure below,
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M

Using the vertical axis for the mean amount of lead, plot the mean for the amounts of lead on the

L

dominant hand of children who played inside at the suburban day-care center and then plot the mean for
the amounts of lead on the dominant hand of children who played inside at the urban day-care center.

Connect these two points with a line segment.

Plot the two means (suburban and urban) for the children who played outside at the two types of day-care

centers.

Connect these two points with a second line segment.
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(c) From the study, what conclusions can be drawn about the impact of setting (inside, outside), environment
(suburban, urban), and the relationship between the two on the amount of lead on the dominant hand of
children after play in this city? Justify your answer.
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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 I
BOOKLET.

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

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