AP® STATISTICS
2012 SCORING GUIDELINES

Question 6

Intent of Question

The primary goals of this question were to assess students’ ability to (1) implement simple random
sampling; (2) calculate an estimated standard deviation for a sample mean; (3) use properties of variances
to determine the estimated standard deviation for an estimator; (4) explain why stratification reduces a
standard error in a particular study.

Solution
Part (a):

Peter can number the students from 1 to 2,000 and then use a calculator or computer to generate 100
unique random numbers between 1 and 2,000 without replacement. If non-unique numbers are
generated, the repeated numbers are ignored until 100 unique numbers are obtained. The students
whose numbers correspond to the randomly generated numbers are then selected for the sample.

Part (b):

The estimated standard deviation of the sampling distribution of the sample mean is:
s 4183

s - 0.413.
9o % J100

Part (c):
2
S - S o
The variance of Rania’s estimator is (0.6)*Var(X,) + (0.4)*Var(X,,), where Var(X,) = n—f represents
f
the variance of the point estimator for females and Var (X m) = n_m represents the variance of the
m

point estimator for males.

The estimated standard deviation is the square root of the variance. Using the respective sample
standard deviations s; and s, for the population parameters, Rania’s estimate is calculated as:

2 2 2 2
5 57 5 S2 _\/ ,(1.80) 2 (222" _ _
\/(0.6) (047 72 = (06 S + (04 =5 < JOOTOA + 001972 = 0.198

Part (d):

The comparative dotplots from Rania’'s data reveal that the distribution of the number of soft drinks for
females appears to be quite different from that of males. In particular, the centers of the distributions
appear to be significantly different. Additionally, the variability of values around the center within
gender in each of Rania's dotplots appears to be considerably less than the variability displayed in the
dotplot of Peter's data. Rania’s estimator takes advantage of the decreased variability within gender
because her data were obtained by sampling the two genders separately. Peter's estimator has more
variability because his data were obtained from a simple random sample of all the high school
students.
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Question 6 (continued)

Scoring

Parts (a), (b), (c), and (d) are scored as essentially correct (E), partially correct (P), or incorrect (I).
Part (a) is scored as follows:

Essentially correct (E) if the response provides a correct sampling procedure to obtain a simple random
sample that includes sufficient information such that two knowledgeable statistics users would
implement equivalent methods.

Partially correct (P) if the response provides a plausible sampling procedure for obtaining a simple
random sample but does NOT include sufficient information as described for E.

Incorrect (1) if the response does not meet the criteria for E or P.

Notes

e [f computer-generated random numbers are used, an explicit statement about ignoring repeats is
needed for sufficient information. (Sampling until 100 students are obtained conveys the idea of
ignoring repeats.)

e If a table of random numbers is used without adequate specification of the numbers to be used (for
example, 0001 to 2,000 or a different set of 2,000 four-digit numbers), the response is scored as
incorrect (I).

e [f a table of random numbers is used with adequate specification of the numbers to be used, as
described above, a statement about ignoring repeats AND a statement about ignoring numbers not
in the specified range are both needed to earn an E. If either or both are missing, the response is
scored as partially correct (P). (The statement about ignoring repeats or the statement about
ignoring numbers not in the range of specification may be implicit. For example, “... continue this
procedure until 100 students are selected.”)

e The procedure of using names or numbers on slips of paper in a hat must indicate some
randomization in selection (for example, mixing the slips of papers or randomly choosing from the
hat).

e [f the sampling procedure does not produce a simple random sample, then the response is scored
as incorrect (D).

Part (b) is scored as follows:
Essentially correct (E) if the correct calculation is performed AND sufficient work is shown.
Partially correct (P) if the correct answer is provided but no work is shown.
Incorrect (I) if the response does not meet the criteria for E or P.

Notes

e The correct formula (either in symbols or with correct numerical substitutions) is sufficient for
shown work in either part (b) or part (c).

e A response with only the answer 0.413 with no work shown is scored as P (because dividing by the
square root of 100 can be done mentally).

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® STATISTICS
2012 SCORING GUIDELINES

Question 6 (continued)

e Sufficient shown work with no calculation is scored as partially correct (P). For example, showing
413
V100

e Minor calculation errors can be ignored in part (b) or part (c) and considered when determining
between two scores.

e The incorrect use of the notation ¢ instead of s is considered a minor error in the investigative
task and will not reduce the score in either part (b) or part (c).

with no calculation.

Part (c) is scored as follows:

Essentially correct (E) if the response includes the following three components:

1. Combining variances.

2. Using weights (0.6 for females and 0.4 for males).

3. Recognizing variability of sample means (variance divided by sample size),

AND
the response correctly combines these three components to produce the estimated standard deviation
for Rania's point estimator.

Partially correct (P) if the response has at least two of the three components AND a reasonable attempt
to combine these components to produce the (overall) estimated standard deviation for Rania's point
estimator.

Incorrect () if the response does not meet the criteria for E or P.

Notes

e When part (c) is scored partially correct (P), the reasonableness of the numerical result can be
considered in determining the overall score.

e The following are algebraically equal and provide the correct estimated standard deviation of
Rania’s point estimator of 0.198:

2 2 2 2 2 2 2 2
2 5¢ 25m _\/ 2 S¥ 2 Sm _\/ St S _\/(O.B)sf +(0.4)s;,
\/(0.6) y +(0.4) = (0.6) 7 +(0.4) a0 = (0.6) _100+(O'4) o0 = 00

e Aresponse that combines Sf and sfn to obtain a pooled standard deviation for Rania’s data, such
as

= 1.97786,

. J<nf—1)s§+<nm—1)s,2n ~ \/(59)(1_8)2+(39)(2.22)2
i _

N (ny =1 +(n, -1 59 + 39

contains two of the three components: combining variances and using weights

% =~ 0.6 and % = 0.4) for part (c). Because pooling is a reasonable attempt to combine the

components, the calculation of s, = 1.97786 is scored as partially correct (P). If the response
Sp _ 197786
vn 4100

partially correct, because the pooling is a reasonable, but not the correct, combination of the three
components to compute the sample standard deviation of the stratified sample mean.

includes the correct third component, [ = O.197786j, the response is still scored
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Question 6 (continued)
Part (d) is scored as follows:

Essentially correct (E) if a reasonable justification is provided based on BOTH of the following two
components:
1. Smaller variability in responses for each gender in comparison with the variability in responses
in Peter’s data, and
2. Linkage (either explicit or implicit) between the smaller variability in responses for each gender
and producing a smaller estimated standard deviation for Rania's combined point estimator
than Peter’s point estimator.

Partially correct (P) if the benefit of the smaller variability in responses for each gender with
stratification (homogeneity within each gender) for these samples is identified, but there is no
reference to how it affects the estimated standard error for Rania’s point estimator,

OR
if the benefit of different centers with stratification (heterogeneity between genders) for the samples is
identified, without reference to the resulting smaller variability in responses for each gender and how it
affects the estimated standard error for Rania’s point estimator,

OR
if the response identifies that Rania’s combined data for males and females has smaller variability than
Peter’s data.

Incorrect (1) if the response does not meet the criteria for E or P.

Notes
e Comments about shapes of the distributions are extraneous and can be ignored.

e General statements about the benefits of stratification without using the sample data in the
dotplots are not sufficient.

Each essentially correct (E) part counts as 1 point. Each partially correct (P) part counts as % point.

4 Complete Response

3 Substantial Response
2 Developing Response
1 Minimal Response

If a response is between two scores (for example, 2V2 points), use a holistic approach to decide whether to
score up or down, depending on the overall strength of the response and communication, especially in the
investigative parts—part (c) and part (d)—of the response.
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SECTION II
" PartB
Question 6 -
Spend about 25 minutes on this part of the exam.” '
Percent of Section II score—25 -

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

6. Two students at a large high school, Peter and Rania, wanted to estimate 4, the mean number of soft drinks that

a student at their school consumes in a week. A complete roster of the names and genders for the 2,000 students
at their school was available. Peter selected a simple random sample of 100 students. Rania, knowing that

60 percent of the students at the school are female, selected a simple random sample of 60 females and an
independent simple random sample of 40 males. Both asked all of the students in their samples how many soft
drinks they typically consume in a week.

(a) Describe a method Peter could have used to select a simple random sample of 100 students from the school.
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~Peter and Rania conducted their studies as described. Peter used the sample mean X asa point estimator for p.
‘Rania used Eovcrall = (0.6)-)-{-(3,,1313 + (0.4)X mate as a point estimator for u, where Erema]e is the mean of the

sample of 60 females and X male is the mean of the sample of 40 males.

Summary statistics for Peter’s data are shown in the table below.”

Variable N Mean Star.adgrd
. Deviation
Number of '
. 100 5.32 4.13
soft drinks

(b) Based on the summary statistics, calculate the estimated standard deviation of the sampling distribution
(sometimes called the standard error) of Peter’s point estimator X.

413

MERSLEEE-

100

T LAl3

Summary statistics for Rania’s data are shown in the table below.

Variable Gender N Mean Star;da_rd

. Deviation
Number of Female 60 2.90 1.80
soft drinks Male 40 7.45 2.22

(c) Based on the summary statistics, calculate the estimated standard deviation of the sampling distribution of
Rania’s point estimator Xoverall = (0.6)X female + (0.4)Xmale.

—_—

[ (52) + o ()" - p
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A dotplot of Peter’s sample data is given below.
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Comparative dotplots of Rania’s sample data are given below.
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(d) Using the dotplots above, explain why Rania’s point estimator has a smaller estimated standard deviation
than the estimated standard deviation of Peter’s point estimator.
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SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Two students at a large high school, Peter and Rania, wanted to estimate 4, the mean number of soft drinks that

a student at their school consumes in a week. A complete roster of the names and genders for the 2,000 students
at their school was available. Peter selected a simple random sample of 100 students. Rania, knowing that

60 percent of the students at the school are female, selected a simple random sample of 60 females and an
independent simple random sample of 40 males, Both asked all of the students in their samples how many soft
drinks they typically consume in a week.

(a) Describe a method Peter could have used to select a simple random sample of 100 students from the school.
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|, Peter and Rania conducted their studies as described. Peter used the sample mean X asa point estimator for p.
Rania used Xoverall = (O.G)Efgmm + (0.4)ﬂX-mak as a point estimator for g, where Xremate is the mean of the

sample of 60 females and Xmate is the mean of the sample of 40 males.

Summary statistics for Peter’s data are shown in the table below.

Variable N Mean Standard
Deviation
Number of
100 5.32 413
soft drinks

(b) Based on the sumimary statistics, calculate the estimated standard deviation of the sampling distribution
(sometimes called the standard error) of Peter’s point estimator X.

413
(o113

o

Summary statistics for Rania’s data are shown in the table below.

Variable Gender N Mean Staqda_rd
Deviation
Number of Female 60 2.90 1.80
soft drinks Male 40 7.45 2.22

(c) Based on the summary statistics, calculate the est:imateg standard deviation of the sampling distribution of
Rania’s point estimator Xoverall = (0.6)X femate + (0.4)X male.

e 0.6 (s.232) v (4371)

.21 @

1
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66 A dotplot of Peter’s sample data is given below.
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Comparative dotplots of Rania’s sample data are given below.
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(d) Using the dotplots above, explain why Rania’s point estimator has a smaller estimated standard deviation
than the estimated standard deviation of Peter’s point estimator.
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SECTIONII
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section IT score—25

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

6. Two students at a large high school, Peter and Rania, wanted to estimate y, the mean number of soft drinks that

a student at their school consumes in a week. A complete roster of the names and genders for the 2,000 students
at their school was available. Peter selected a simple random sample of 100 students. Rania, knowing that

60 percent of the students at the school are female, selected a simple random sample of 60 females and an
independent simple random sa.mple of 40 males. Both asked all of the students in their samples how many soft
drinks they typically consume in a week.

(a) Descnbc a method Peter could have used to select a simple random sample of 100 students from the school.
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| Peter and Rania conducted their studies as described. Peter used the sample mean X asa point estimator for p.

Rania used fovemll = (O.G)Eremle + (0.4)§m1= as a point estimator for u, where Efema]g is the mean of the
sample of 60 females and Xmale is the mean of the sample of 40 males.

Summary statistics for Peter’s data are shown in the table below.

Variable N Mean S;ﬁ:&i
Number of
100 5.32 4.13
soft drinks

(b) Based on the summary statistics, calculate the estunatcd standard deviation of the sampling distribution
— e T
(sometimes called the standard error) of Peter’s pomt estimator X

.S (%
56 = [FrT—‘ - ‘f‘ i”'s "!b.ﬂ

Summary statistics for Rania’s data are shown in the table below.

Variable Gender N Mean Star'ldgrd

: Deviation
Number of Female _ 60 . 2.90 _ 1.80
soft drinks Male 40 7.45 2.22

(c) Based on the summary statistics, calculate the estimated standard deviation of the sampling distribution of
Rania’s point estimator Xoverall = (0.6)X female + (0.4) X male.
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A dotplot of Peter’s sample data is given below.
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Comparative dotplots of Rania’s sample data are given below.
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(d) Using the dotplots above, explain why Rania’s point estimator has a smaller estimated standard deviation
than the estimated standard deviation of Peter’s pomt estimator.
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Question 6
Overview

The primary goals of this question were to assess students’ ability to (1) implement simple random
sampling; (2) calculate an estimated standard deviation for a sample mean; (3) use properties of variances
to determine the estimated standard deviation for an estimator; (4) explain why stratification reduces a
standard error in a particular study.

Sample: 6A
Score: 4

In part (a) the 2,000 students in the high school are assigned numbers from 0000 to 1,999. A random
selection of 100 unique numbers from a random integers table is clearly described by ignoring repeated
four-digit numbers and by ignoring the four-digit numbers greater than 1,999. The 100 unique random
numbers are used to select the 100 students with the corresponding numbers. Thus, part (a) was scored as
essentially correct. In part (b) the formula for the standard deviation of the sample mean is correctly
identified by the appropriate statistics from the sample, and these statistics are used to calculate the
correct standard error of Peter's point estimator. Thus, part (b) was scored as essentially correct. The
variances, weights, and sample sizes for female responses and male responses in Rania's samples are
correctly combined in part (c) to produce the correct estimated standard deviation of the stratified sample
mean. Thus, part (c) was scored as essentially correct. In part (d) the standard deviations for each gender
are identified as being smaller in Rania’'s sample data than the standard deviation in Peter’s sample data.
The two smaller variances for each gender are explicitly linked to the smaller sample standard deviation for
Rania’s point estimator with the phrase “the rule for variances needed to calculate Rania’s.” Hence,

part (d) was scored as essentially correct. With all four parts scored as essentially correct, the response
earned a score of 4.

Sample: 6B
Score: 3

In part (a) the response implicitly identifies each student with a number from 1 to 2,000. A random number
generator is used to produce 100 unique numbers, and the students corresponding to the 100 unique
numbers are selected for the simple random sample. Thus, part (a) was scored as essentially correct. In
part (b) the formula for the standard deviation of the sample mean is correctly identified by use of the
appropriate sample statistics, and the correct standard error of Peter's point estimator is calculated. Thus,
part (b) was scored as essentially correct. In part (c) the standard errors for the sample means for the
female responses and male responses are correctly calculated, but the attempt to combine the standard
deviations rather than the variances produces an incorrect estimate for the standard deviation of Rania’s
point estimator. Thus, part (c) was scored as partially correct. The response in part (d) identifies the
difference in sample means for the female and male responses, but the linkage of the reduced variability in
the stratified sample to a smaller estimated standard deviation of the estimator for the mean is insufficient.
Thus, part (d) was scored as partially correct. With two parts scored as essentially correct and two parts
scored as partially correct, the response earned a score of 3.
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Question 6 (continued)

Sample: 6C
Score: 2

There are parallel solutions in the response for part (a). First, each name is randomly assigned a number
from 1 to 2,000. Then 100 students are selected by choosing every 20th person on the randomized list.
Because the list is randomized, any selection of 100 students results in a simple random sample. However,
insufficient information is provided on the randomization of the list, so the solution was scored as partially
correct. The second procedure of putting the names of the 2,000 students into a hat and randomly
selecting 100 names from the hat is an essentially correct response. However, considering both responses,
part (a) was scored as partially correct. In part (b) the formula for the standard deviation of the sample
mean is correctly stated, and the appropriate sample statistics are used to calculate the correct standard
error of Peter’s point estimator. Thus, part (b) was scored as essentially correct. In part (c) the standard
errors for the sample means for the female responses and male responses are correctly calculated, but there
is no attempt to combine the quantities to produce a single estimate for the standard deviation of Rania’s
point estimator. Thus, part (c) was scored as incorrect. The response in part (d) identifies the difference in
means for the female and male responses (heterogeneity between genders) but does not identify the
variability for each gender being smaller in Rania’s sample data than the variability in Peter's sample data.
Moreover, the smaller sample sizes do not necessarily lead to smaller standard errors. Thus, part (d) was
scored as partially correct. With one part scored as essentially correct, two parts scored as partially correct,
and one part scored as incorrect, the response earned a score of 2.
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