AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 3

Intent of Question

The primary goals of this question are to assess a student’s ability to: (1) recognize the random variable of
interest, identify its probability distribution, and calculate a probability; (2) use basic probability rules to find a
different probability; and (3) use the sampling distribution of the sample mean to identify a characteristic of the
manufacturing process that will meet a given specification.

Solution
Part (a):

Let D represent the distance a randomly selected ball travels. Since D is normally distributed with a mean of
288 yards and a standard deviation of 2.8 yards, we find

P(D >291.2)=P(Z > % > P(Z >1.14) =1-0.8729 = 0.1271.
Part (b):

P (atleastonedistance >291.2) = 1 — P(allfivedistances < 291.2)
=1-(1-0.1271)

=1-(0.8729)
= 1-0.5068
= 0.4932

Part (c):
Since the 99" percentile for a standard normal distribution is 2.33, we can set the appropriate z-score equal to
2.33 and solve for the desired mean, say M. Thus,

291'22—8_M =233 or M =291.2 —2.33 X 2.8 = 284.676 . In order to be 99 percent certain that a randomly

selected ball does not exceed the maximum distance of 291.2 yards, the mean should be set to 284.676 yards.

Scoring

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

Part (a) is essentially correct (E) if the student clearly shows ALL three of the following:
Indicates the distribution is normal.
Specifies BOTH the mean, u, and the standard deviation, o .

Calculates the correct probability.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 3 (continued)

Part (a) is partially correct (P) if the student:

Calculates the correct probability but fails to specify BOTH u and o in the identification of the normal

the distribution.
OR
Completely identifies the distribution as normal with BOTH u and o correctly specified but fails to

calculate the correct probability, e.g., calculates the probability that the ball travels less than 291.2 yards.
OR
Completely identifies the distribution as normal with BOTH u and o correctly specified but uses the

empirical rule to provide an approximate answer.

Part (a) is incorrect (I) if the student:

Notes:

Reports a correct probability without showing any work.
OR
Calculates and incorrect probability using an inappropriate distribution.

Calculator solution is 0.1265. If this is the only information provided, the response is scored as incorrect
@.

If only the calculator command Normaledf (—eo, 291.2, 288, 2.8) is provided along with 0.1265, then the
response should be scored as partially correct (P).

If the calculator command Normalcdf (—eo, 291.2, 288, 2.8) is provided along with 0.1265 AND the
mean and standard deviation are clearly identified, then the response should be scored as essentially
correct (E).

If the calculator command Normalcdf (—o, 291.2, 288, 2.8) AND a shaded/labeled sketch of an
appropriate normal distribution are provided along with 0.1265, then the response should be scored as
essentially correct (E).

Minor arithmetic or transcription errors will not necessarily lower the score.

Part (b) is essentially correct (E) if the student calculates the correct probability and:

Clearly indicates the distribution is binomial AND specifies both n and p using the value obtained in part
(a)

OR
Correctly applies complement and probability rules using the value obtained in part (a).

Part (b) is partially correct (P) if the student:
Clearly indicates the distribution is binomial AND specifies both # and p using the value obtained in part
(a), but does not calculate the probability correctly.

OR
Calculates the correct probability using the value obtained in part (a) but fails to completely identify the
distribution as binomial with both n and p specified.

OR
Indicates a correct procedure for computing the probability but uses a value of p that is different from the

value obtained in part (a).
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 3 (continued)

Part (b) is incorrect (I) if the student
Provides a probability, but no work is shown.
OR

Obtains a probability with an incorrect solution strategy, e.g., P (atleastonedistance >291.2) =1— p
or P(atleastonedistance >291.2) = 1 — 5p, where p is the solution to part (a).

5

Notes:
Calculator solution is 0.4916. If the student uses calculator syntax, BOTH » and p AND the binomial
distribution must be identified to be scored essentially correct.
If only the calculator command 1 — binomedf(5, 0.1265, 0) is provided along with the probability 0.4915,

then the response should be scored as partially correct.
Alternative solutions using the binomial distribution with p =0.1265 are:

P (atleastone measurement > 291.2) = P(B=1)+ P(B=2)+ P(B=3)+ P(B=4)+ P(B=5)

5 5
= (1)0.12651 (1-0.1265)" + (2)0.12652 (1-0.1265)° +

5 5
(3)0.12653 (1-0.1265)" + (4)0.12654 (1-0.1265)" +0.1265°

= 0.368224 + 0.106652 + 0.015445 + 0.001118 + +0.00032
= 0.491472

P (atleast one measurement > 291.2) = 1 — P(allfivedistances > 291.2)

5
=1- (0)0.12650 (1-0.1265)°
=1-(1-0.1265)
=1-(0.8735)°
= 1-0.5085
= 0.4915

Part (¢) is essentially correct (E) if the student clearly shows ALL three of the following:
Identifies the 99™ percentile for the standard normal distribution
Sets up an appropriate equation
Solves for the desired mean

Part (c) is partially correct (P) if the student:
Recognizes that the 99™ percentile for the standard normal distribution must be used and sets up the
appropriate equation but does not solve the equation for the desired mean.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 3 (continued)

OR
Sets up an appropriate equation using the correct minimum distance but provides an incorrect mean
because an incorrect upper tail percentile (say the 99.5™ percentile) was used.

OR
Sets up an appropriate equation using the correct percentile of the standard normal distribution but
provides an incorrect mean because an incorrect minimum distance was used (say 288 yards) was used.

Part (c) is incorrect (I) if the student
Provides the correct mean, 284.676 yards, but no work is shown
OR
A lower tail percentile is used.
OR
An incorrect mean is calculated with an incorrect solution strategy.
Note: Calculator solution is 284.686 yards.
4 Complete Response
All three parts essentially correct

3 Substantial Response

Two parts essentially correct and one part partially correct

2 Developing Response
Two parts essentially correct and no parts partially correct
OR
One part essentially correct and two parts partially correct
OR
Three parts partially correct
1 Minimal Response
One part essentially correct and either zero or one part partially correct
OR

No parts essentially correct and two parts partially correct
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3. Golf balls must meet a set of five standards in order to be used in professional tournaments. One of these
standards is distance traveled. When a ball is hit by a mechanical device, Iron Byron, with a 10-degree angle of
launch, a backspin of 42 revolutions per second, and a ball velocity of 235 feet per second, the distance the ball
travels may not exceed 291.2 yards. Manufacturers want to develop balls that will travel as close to the 291.2
yards as possible without exceeding that distance. A particular manufacturer has determined that the-distances

traveled for the-balls-it-produces-are-normally distributed with a standard deviation of 2.8 ydrds. This
manufacturer has a new process that allows it to set the mean distance the ball will travel. -

(a) If the manufacturer sets the mean distance traveled to be equal to 288 yards, what is the probability that a
ball that is randomly selected for testing will travel too far?’

=288 In order that o ball  Is 4eSied 4o Hrpvet +oo -de'* Hre ball = Howeled distar
£=2.9 Showld €xteed -2 yards -
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POX Y 20V-D) | porance @ distanus kraveled ‘ore notmally distriutest .

:P(z>¥.:£4) @ o bl S vondomly Selected
=p(2> 20»0;.2—288 ' Thereore, the pwloabt(rl'y thet a. bedA
=P =) < ,mz that T randomly Gelected. & r desting will
Sp(2> L) = oAl N trael +vo far T o.1297.
AN~

) T .
(b) Assume the mean distance traveled is 288 yards.and that five balls are independently tested. What is.the
probability that at least one of the five balls will exceed the maximum distance of 291.2 yards?

In (1), we calewlote e prbnbitidy of a tell +o exceed the maximum distanct
o® ol Lyards 1S 0-12771, le+ p= o.ll’ll
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m‘;:\:b:c‘g%wts distance o6 001.2 yards Ts 0,493,

exceed 941.Qyard$s

(c) Ifthe mapufacturer wants to ba99pe;centcerta1n1hat arandomly selected ball will not exceed the.
maximum distance. of 391.2 yarss, what is-the Jargest mean that can-be-used-in the manufaeturing-process?
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GO ON TO THE NEXT PAGE.
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3. Golf balls must meet a set of five standards in order to be used in professional tournaments. One of these
standards is distance traveled. When a ball is hit by a mechanical device, Iron Byron, with a 10-degree angle of
launch, a backspin of 42 revolutions per second, and a ball velocity of 235 feet per second, the distance the ball
travels may not exceed 291.2 yards. Manufacturers want to develop balls that will travel as close to the 291.2
yards as possible without exceeding that distance. A particular manufacturer has determined that the distances
traveled for the balls it produces are normally distributed with a standard deviation of 2.8 yards. This
manufacturer has a new process that allows it to set the mean distance the ball will travel.

(a) If the manufacturer sets the mean distance traveled to be equal to 288 yards, what is the probability that a
ball that is randomly selected for testing will travel too far?
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(b) Assume the mean distance traveled is 288 yards and that five balls are independently tested. What is the
probability that at least one of the five balls will exceed the maximum distance of 291.2 yards?
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(c) If the manufacturer wants to be 99 percent certain that a randomly selected ball will not exceed the
maximum distance of 291.2 yards, what is the largest mean that can be used in the manufacturing process?

/ / \\
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L Re papes? GO ON TO THE NEXT PAGE.
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. Golf balls must meet a set of five standards in order to be used in professional tournaments. One of these

standards is distance traveled. When a ball is hit by a mechanical device, Iron Byron, with a 10-degree angle of

launch, a backspin of 42 revolutions per second, and a ball velocity of 235 feet per second, the distance the ball

travels may not exceed 291.2 yards. Manufacturers want to develop balls that will travel as close to the 291.2

yards as possible without exceeding that distance. A particular manufacturer has determined that the distances

traveled for the balls it produces are normally distributed with a standard deviation of 2.8 yards. This

manufacturer has a new process that allows it to set the mean distance the ball will travel.

(a) If the manufacturer sets the mean distance traveled to be equal to 288 yards, what is the probability that a
ball that is randomly selected for testing will travel too far?

12

Pix==2)= p(Z;zgsj_%g._z_)z Plz=+11W=0.208 (20.8%)
v . 2.

(b) Assume the mean distance traveled is 288 yards and that five balls are independently tested. What is the
- probability that at least one of the five balls will exceed the maximum distance of 291.2 yards?

Plot Lagt sue Wil exeeed 23\.&\3»»«4&); I P (woame will exceed 281,2.)-

| - P§L¥<2.6\.2) 1= PP (= < 144)= |- 0.8¥=0.502 (50.2%)

(¢) If the manufacturer wants to be 99 percent certain that a randomly selected ball will not exceed the
maximum distance of 291.2 yards, what is the largest mean that can be used in the manufacturing process?

Plwc 224.2)= D (2 <y 22028

2.3

291, 2~ M-
2%

Yo =28 >.9%

;2.56
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AP® STATISTICS
2006 SCORING COMMENTARY (Form B)

Question 3

Sample: 3A
Score: 4

In part (a) the essay recognizes that the random variable of interest is the distance that the golf ball travels; it clearly
indicates the mean and standard deviation of the distribution and correctly computes the probability that a golf ball
will travel more than 291.2 yards using the appropriate normal distribution. The solution is supported by displaying
the steps in the probability calculations and providing a sketch of the standard normal density function with a shaded
area corresponding to the appropriate probability. The binomial distribution and the complement rule are correctly
applied in part (b) to obtain the probability that at least one of the five tested balls will travel farther than 291.2 yards.
The 99th percentile of the standard normal distribution is correctly identified in part (c) and used to compute the
desired mean of 284.676 yards. A sketch of the standard normal distribution is used to organize thinking and
illustrate the link between the probability that a ball travels less than 291.2 yards and the mean and standard deviation
of the desired normal distribution of distances.

Sample: 3B
Score: 3

In part (a) the essay recognizes that the random variable of interest is the distance that the golf ball travels; it clearly
indicates the mean and standard deviation of the distribution and correctly computes the probability that a golf ball
will travel more than 291.2 yards using the appropriate normal distribution. The steps in the probability calculation
are not displayed, but the solution is supported by a sketch of a normal density function with a shaded area
corresponding to the appropriate probability. The binomial distribution and the complement rule are correctly applied
in part (b) to obtain the probability that at least one of the five tested balls will travel farther than 291.2 yards. The
response to part (c) uses the 99.5th percentile of the normal distribution instead of the appropriate 99th percentile and
obtains a mean that is too small. This error was not uncommon.

Sample: 3C
Score: 2

In part (c) the correct probability formula is presented, but the essay uses the 99.5th percentile of the normal
distribution instead of the appropriate 99th percentile and obtains a mean that is too small. The response to part (a)
also sets up the correct probability formula but fails to obtain the correct probability. The solution to part (b) makes
appropriate use of probability rules, but the value of the probability that the ball will travel less than 291.2 yards,
0.87, is inconsistent with the solution to part (a), and no information is provided about how 0.87 is selected. This
response shows some understanding of use of probability rules and the binomial and normal distribution in each part,
but it fails to correctly apply that knowledge to obtain correct solutions.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 1

Intent of Question

The primary purpose of this question is to assess a student’s ability to read, interpret, and explain information
contained in a cumulative relative frequency plot for a real estate company.

Solution
Part (a):

This point indicates that 40 percent of the sales agents at this real estate company had sales volume of
$300,000 or less in the month shown.

Part (b):
Eighty percent of the sales agents had sales volume of $800,000 or less and 70 percent of the sales agents had
sales volume of $700,000 or less. Thus, 0.8 — 0.7 = 0.1 or 10 percent of the sales agents achieved monthly
sales volumes greater than $700,000 and not exceeding $800,000.

Part (¢):
There were no agents whose monthly sales volume was between $1,000,000 and $1,100,000.

Part (d):

The 80™ percentile for the distribution of monthly sales volume by these agents during the preceding month is
$800,000. Therefore, an agent making more than $800,000 will be in the top 20 percent.

Scoring

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

Part (a) is essentially correct (E) if both values are correctly identified and interpreted in the appropriate context.

Part (a) is partially correct (P) if incorrect values are read from the plot, but the interpretation is correct OR one of
the values is not interpreted correctly in the context of the question.

Part (a) is incorrect (1) if the student fails to recognize the cumulative nature of the graph, for example, the student
says 40 percent of the sales agents had a sales volume of $300,000.

Part (b) is essentially correct (E) if 0.1 (or 10 percent) is provided AND work is shown or an appropriate
explanation is provided.

Part (b) is incorrect (I) if an answer (0.1, 0.8, or anything else) is provided with no supporting work or
explanation.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 1 (continued)
Note: Probability statements are OK and work may be provided on the graph.

Alternative solution to Part (b):
Let X represent monthly sales volume (in hundreds of thousands of dollars)
P(7T<X<8)=P(X<8)-P(X<7)=08-0.7=0.1,500.1 (or 10 percent) of the sales agents achieved

monthly sales volumes greater than $700,000 and not exceeding $800,000.

Part (c¢) is essentially correct (E) if the student indicates that none of the sales agents had a monthly sales volume
between $1 million and $1.1 million.

Part (c) is partially correct (P) if the student recognizes that no events occurred between 10 and 11 but does not
provide a correct description in the context of this problem.

Part (c) is incorrect (I) otherwise, for example, if the student says the number of agents with $1 million in sales is
the same as the number of agents with $1.1 million in sales, or if the student says that the frequency of sales of $1
million is the same as the frequency of sales of $1.1 million.

Part (d) is essentially correct (E) if a minimum monthly sales volume above $800,000 is identified or the student
says anything above $800,000 will qualify the agent for a bonus AND justification for selecting that value is

provided using the complement rule or the graph.

Part (d) is partially correct (P) if the minimum monthly sales volume is specified as $800,000 with no
justification.

Part (d) is incorrect (I) if an incorrect minimum monthly sales volume is specified OR a value is specified without
context.

Each essentially correct response is worth 1 point; each partially correct answer is worth Y4 point,

4 Complete Response

3 Substantial Response
2 Developing Response
1 Minimal Response

If a response is between two scores (for example, 22 points), use a holistic approach to determine whether
to score up or down depending on the strength of the response and communication.
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1A

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

be graded on the

Directions: Show all your %
s-and explanations.

correctness of your methodl__,:

1. Alarge regional real estate company keeps records of home saleg; for each of its sales agents. Each month, the
company publishes the sales volume for each agent. Monthly sales volume is defined as the total sales price of
all homes sold by the agent during a2 month. The figure below displays the cumulative relative frequency plot of
the most recent monthly sales volume (in hundreds of thousands of dollars) for these agents.

t

0
8
6

e o =

" Cumulative
Relative Fequency

0l ' 123456789101112
Monthly Sales Volume * -
(in hundreds of thousands of dollars)

(a) In the context of this question, explain what information is conveyed by the circled point.

The circed POt is  coneying 4o Percentile of the
most recent monthly sales  vowme - This  4oth percmt"l&

means that the ag ent who @Gamned g 300,800 doltars ( hOrIZGl‘ﬂ'a]‘
coordinate for e Pbm-r) has. higher monthly Sales wlvme “fhon
about 407 of al #‘9@8”**3 of' the @mpgn7, AT +he A‘S‘a‘m@

Hime, [T means  that @bt g0/ ofr the 0gerts ud

mothly  soles olume greater than fhe g€

GO ON TO THE NEXT PAGE.
-6- .
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() What proportion of sales: agents ‘achieved monthly: sales volumes between. $700,000- and-$800,000. ?
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{(c) For. values béetween 10 and }l-on the honzontal axis, the cumulative relative frequency plot is ﬂat In the
context ‘of this quéstion, explam what this means. ,
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(d) A bonus is to be gxifen to 20 percent of the sales agents. Those who achieved the highest monthly sales

volume during the preceding month will receive a bonus. What is the minimum monthly sales volume an
agent must have achieved to qualify for the bomis?! .
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B!

STATISTICS
SECTION I
~ PartA
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 and completeness of your results and explanations.

1. A large regional real estate company keeps records of home sales for each of its sales agents. Each month, the
company publishes the sales volume for each agent. Monthly sales volume is defined as the total sales price of
all homes sold by the agent during a month. The figure below displays the cumulative relative frequency plot of
the most recent monthly sales volume (in hundreds of thousands of dollars) for these agents.

3
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Cumulative
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(in hundreds of thousands of dollars)
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(a) In the context of this question, explain what information is conveyed by the circled point.
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GO ON TO THE NEXT PAGE.
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(b) What proportion of sales agents achieved monthly sales volumes between $700,000 and $800,000 ?

0-3"’0—7 =0\ :
schatrtd macthl selan
behtrn 410000 and §E0080= u (]

(c) For values between 10 and 11 on the horizontal axis, the cumulative relative frequency plot is flat. In the
context of this question, explain what this means.

T Propelion 7 emali s wld o s f
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$ oo b M same.

(d) A bonus is to be given to 20 percent of the sales agents. Those who achieved the highest monthly sales
volume during the preceding month will receive a bonus. What is the minimum monthly sales volume
agent must have achieved to qualify for the bonus? :
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GO ON TO THE NEXT PAGE.
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|C |
STATISTICS
SECTION I
Part A
Questions 1-5
Spend about 65 minutes on this paft 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 and completeness of your results and explanations.

1. A large regional real estate company keeps records of home sales for each of its sales agents. Each month, the
company publishes the sales volume for each agent. Monthly sales volume is defined as the total sales price of
all homes sold by the agent during a month. The figure below displays the cumulative relative frequency plot of
the most recent monthly sales volume (in hundreds of thousands of dollars) for these agents.
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(a) In the context of this question, explain what information is conveyed by the circled point.
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1 C 2
(b) What proportion of sales agents achieved monthly sales volumes between $700,000 and $800,000 ?

0.05 PYgPDYﬁ\UV\ 0{' Yales WHQMS }/\CLC‘ womﬂ/}%g
Sales velumes wetween $3g0,000 and § §og 000

(c) For values between 10 and 11 on the horizontal axis, the cumulative relative frequency plot is flat. In the
context of this question, explain what this means.

Monthly sales volumes of a8 1,000,000
and  § 1100, 000 looth indi@i® the sdjes agent

v peers, |

(d) A bonus is to be given to 20 percent of the sales agents. Those who achieved the highest monthly sales
volume during the preceding month will receive a bonus. What is the minimum monthly sales volume an
agent must have achieved to qualify for the bonus?

fop 07 01 SdieS g @ents (T Jeyms
f v;?x’rh\g‘ -m%es \fq}\(uw@)i‘s mdicated Yy
4 tumuladine velatine frequency sf 0.8 Tha
Cuploukive netative er?MM% ot 0g'e Corv:‘eSF?ncé
monthly saled volun Y R g0, 000 Tinol ietin
that 112 gt wonthly  salen volume UA
aaent munst have *wc{mwfcj civ A bonUs

VS 8 go0g, 000
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AP® STATISTICS
2006 SCORING COMMENTARY (Form B)

Question 1

Sample: 1A
Score: 4

This is a complete essay in which values on the horizontal axis of the graph are correctly interpreted as sales
volumes for agents, and values on the vertical axis are interpreted as cumulative relative frequencies. In part (a)
the circled point is interpreted as the 40th percentile of the most recent monthly sales volumes for the agents who
work for the real estate company; the essay goes on to say that this means that 40 percent of all agents had
monthly sales volumes at or below $300,000, and about 60 percent of sales agents had monthly sales volumes
above $300,000. In part (b) the essay correctly reports that 10 percent of the agents had monthly sales volumes
between $700,000 and $800,000, and it shows how the solution is obtained. Although part (c) explains that the
flat line between 10 and 11 on the graph indicates that no agent had monthly sales between $1,000,000 and
$11,000,000, instead of between $1,000,000 and $1,100,000, this was considered a minor error; this part was
scored as essentially correct because correct units are used in the other parts of the response. In part (d) the
connection between the sales agents with the top 20 percent of sales and the 80th percentile (or 0.8 relative
frequency) on the vertical axis of the graph is clearly developed, and the corresponding value of $800,000 on the
horizontal axis as the monthly sales volume that must be exceeded to qualify for the bonus is then identified.

Sample: 1B
Score: 3

This essay demonstrates a substantial understanding of the concepts of cumulative relative frequency and percentiles
and the ability to use those concepts in the context of a practical application. The circled point on the plot is correctly
interpreted as indicating that 40 percent of the agents achieved monthly sales of $300,000 or less. The plot is also
used correctly in parts (b) and (d). The explanation in part (b) could have been improved by including a statement
that 70 percent of the agents had monthly sales of $700,000 or less, and 80 percent of agents had monthly sales of
$800,000 or less. The equal probability response to part (c) is incorrect. If 5 percent of the agents have monthly sales
of $1,000,000, and 5 percent have monthly sales of $1,100,000, for example, the response that is provided in part (c)
would be true, but the cumulative frequency plot would increase between 10 and 11.

Sample: 1C
Score: 2

This essay displays some understanding of cumulative relative frequencies and how to use the graph to find
percentiles of the distribution of monthly sales volumes for the real estate sales agents in parts (a) and (d), but the
responses to the parts that require an interpretation of the relationship between two points on the graph, parts (b)
and (c), are incorrect. Although the lines that are drawn on the graph correspond to the correct solution to part (b),
this does not provide a clear explanation of how the incorrect value of 0.05 for the proportion is obtained. While
the response to part (c) is a correct statement, it does not completely describe the information provided by the flat
line between 10 and 11 on the cumulative frequency plot. It is true that sales agents with monthly sales of
$1,000,000 had sales greater than or equal to 90 percent of the population of agents, but an agent with sales of
$1,150,000 also exceeded the sales of 90 percent of the agents. The response that is provided to part (c) is not
equivalent to the statement that no agents had sales between $1,000,000 and $1,100,000 during the month.

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 2

Intent of Question

The primary goals of this question are to evaluate a student’s ability to: (1) identify and compute an appropriate
confidence interval, after checking the necessary conditions; (2) interpret the interval in the context of the
question; and (3) use the confidence interval to conduct an appropriate test of significance.

Solution

Part (a):

Step 1: Identifies the appropriate confidence interval by name or formula and checks appropriate conditions.

Two sample z confidence interval for p,, — p, , the difference in the proportions of parts meeting

Po0=bp)  Pu(=hy)
np ny '

specifications for the two shifts OR (p, — py) £ Z*\/

Conditions: 1. Independent random samples from two separate populations
2. Large samples, so normal approximation can be used

The problem states that random samples of parts were selected from the two different shifts. We need to
assume that these parts were produced independently. That is, each employee works the day shift or night
shift, but not both, and the machine quality does not vary over time. Since the sample sizes are both 200 and
the number of successes (188 and 180) and the number of failures (12 and 20) for each shift are larger than
10, it is reasonable to use the large sample procedures.

Step 2: Correct mechanics

. 188 _ . 180 _
bp =35 = 0.94 and py = 555 = 0.90
0.94 X 0.06 _ 0.9X0.1
- +
(0.94 — 0.9) + 2.0537\/ 50— 300

0.04 + 2.0537 X 0.0271
0.04 + 0.0556
(~0.0156, 0.0956)

Step 3: Interpretation

Based on these samples, we can be 96 percent confident that the difference in the proportions of parts meeting
specifications for the two shifts is between —0.0156 and 0.0956.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 2 (continued)
Part (b):

Since zero is in the 96 percent confidence interval, zero is a plausible value for the difference p, — py , and

we do not have evidence to support the manager’s belief. In other words, there does not appear to be a
statistically significant difference between the proportions of parts meeting specifications for the two shifts at
the o = 0.04 level.

Scoring

Part (a) is scored according to the number of correct steps. Each of the first three steps is scored as essentially
correct (E) or incorrect (I). Part (b) is scored as essentially correct (E) or incorrect (I).

Notes for Step 1:
The student must identify an appropriate confidence interval and comment on both independence and
large sample sizes in order to get this step essentially correct.
Minimum amount of information on independence and large sample sizes needed for an essentially
correct response: independence with a check mark AND an indication that the number of successes and
the number of failures is larger than 10 (or larger than 5) for both samples.
The student does not need to restate the fact that these are random samples.

Notes for Step 2: An identifiable minor arithmetic error in Step 2 will not necessarily change a score from
essentially correct to incorrect.

Alternative Solutions for Step 2

Procedure 96% Confidence Interval

Calculator (-0.0155652, 0.0955652)

Wilson Estimator (—0.0169858, 0.0961937)

Part (b) is essentially correct (E) if the student comments on the fact that zero is contained in the confidence
interval and the justification links this outcome to a 96 percent confidence level, or a 0.04 significance level, and
includes a statement indicating that the data do not support the manager’s belief that there is a difference in the
proportion of parts that meet specifications produced by the two shifts.

Part (b) is incorrect (I) if the student says no because zero is in the confidence interval OR simply says no without
providing relevant justification.

Note: If a 95 percent confidence interval is used, then the maximum score is 3.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 2 (continued)

Complete Response

All three steps of the confidence interval in part (a) are essentially correct, and part (b) is essentially
correct.

Substantial Response
All three steps of the confidence interval in part (a) are essentially correct, and part (b) is incorrect.

ox Two steps of the confidence interval in part (a) are essentially correct and part (b) is essentially correct.
Developing Response
Two steps of the confidence interval in part (a) are essentially correct, and part (b) is incorrect.

OROne step of the confidence interval in part (a) is essentially correct, and part (b) is essentially correct.
Minimal Response
One step of the confidence interval in part (a) is essentially correct, and part (b) is incorrect.

OR
Part (b) is essentially correct.
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" 2. Alarge company has two shifts—a day shift and a night shift. Parts produced by the two shifts must meet the .
‘ same specifications. The manager of the company believes that there is a difference in the proportions of parts
produced within specifications by the two shifts. To mves&gat&t}m bchef random samples of parts that were_

produced on each of these shifts were selected. For the day shift, 188 of i 1ts 200 sc]ectcd parts met spcmﬁcatxons
-For-the night shift, 180 of its 200 selected parts et specifications—-

(a) Use a 96 percent confidence interval to estimate the difference in the. proportlons of parts produced w1thm ,
" specifications by the two shifts.

= Kol of PartSprduced  wirhin e dad s
ey m gn of parts produced witmrine qum: St
}Pf—"-'— [QQ]»OQLF 'P:.'-«Lg"‘ =049 |

200 200
T wonld yse difference 11 ODOU\@T(ON PYDW“O‘(\S 2-ew

COM\H = all cordmms are.
pes avetaken

msam %mmenlg( 2 degendeptty V' satiFied . B

C) r?%mpmaozy eo%q.) 5(667\5\/ MPa= :.oo(o a)= ‘QO 7

= Vv
M=) = Q_Oou -0qu) = \’1'777\/ naa—m =200 0.1) = 2077
ALE et | |

L ook e Pa(\-%.l ',_,”
P P tz My a7

= (o Q4 - oq>+2mﬂ6ﬂ%09@ 4@3;.4"0"” = (5,06 0. 056)

We ate GRY% confident Q’” at =he vpe dx%@ﬂ(‘@ i¥1ne progrth
& parts pdiced vl Spec‘ﬁmms ¥ 4he tuag Snifs 16 between - biband 0.0%

(b) Based only on this confidence interval, do you think that the difference in the proportions of parts produced
thhm specifications by the two shifts is significantly different from 0 ? Justify your answer.

I do ndr Hink Hhot ine cm:? ence \N+Hhe propurtins of
ParyS produ ped wikhin s cmoﬂs bY) the U0

£1S Sgnificatty d fom 28r0. zZero
c%\\(e“s \r§ Hr?e 6/°HC<X\'P\C\€HC€ irerial ond both the

ower Limif and Wpper Wit of the  ARY. Corfidence
nerual ote ey close £ 0.
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‘2. A large company has two shifts—a day shift and a night shift. Parts produced by the two shifts must meet the .
same specifications. The manager of the company belieyes that there is a differepce-in-the roportions>of parts
produced within specifications by the two shifts. To investigate this b mﬂ of parts that were
roduced on each of these shifts were selected. For the day sk 3% 00 selected parts met specitications.
‘%or the night shift, T80 of its 200 selected parts met specifications="—"

(a) Use a 96 percent confidence interval to estimate the difference in the proportions of parts produced within
specifications by the two shifts. ' ’ o

Ny (semple stze & day sh%f'v) = 200 | | .

b (propovsion of selecked parté met spectlosttons) = L
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(b) Based only on this confidence interval, do you think that the difference in the proportions of parts produced
within specifications by the two shifts is significantly different from 0 ? Justify your answer.

Mot Tipgt =0
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AC
. A large company has two shifts—a day shift and a night shift. Parts produced by the two shifts must meet the

same specifications. The manager of the company believes that there is a difference in the proportions of parts
produced within specifications by the two shifts. To investigate this belief, random samplés of parts that were -
produced on each of these shifts were selected. For the day shift, 188 of its 200 selected parts met specifications.
For the night shift, 180 of its 200 selected parts met specifications.

(a) Use a 96 percent confidence interval to estimate the difference in the proportions of parts produced within
specifications by the two shifts.

0. DK £ 0.56

-0.0\56 o 0.096 " Conflidence. level 9467

Cohﬂrc\moé ierval S P =P~ where P i the propo-tiow ’P"." e a’xm)/
s ond P> twe vight SWitt .

(b) Based only on this confidence interval, do you think that the difference in the proportions of parts produced
within specifications by the two shifts is significantly different from 0 ? Justify your answer. .
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AP® STATISTICS
2006 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 4

This essay identifies and computes a 96 percent confidence interval for the difference in two population

proportions, uses the confidence interval to test the null hypothesis that the proportions are equal, and reaches

appropriate conclusions. A correct formula for the confidence interval is provided and correct numerical

substitutions into the formula are made. The assumption of independent samples is checked. The quantity

\/pl(l - Pl) " Pl(l - Pl)
n n

may not provide an appropriate standard error if the samples are not independent. The

essay also shows that the sample sizes are large enough to accurately use the 98th percentile of the standard
normal distribution in constructing the 96 percent confidence interval. The essay provides a good interpretation of
the confidence interval with respect to estimating the difference in the proportions of parts that meet specifications
for the two shifts. Part (b) clearly indicates that there is not sufficient evidence to support the manager’s belief
that the proportions are different, because the 96 percent confidence interval for the difference in the proportions
contains zero. Although this essay lacks a direct connection to a significance level in part (b), and it switches to a
95 percent confidence level, it was scored as essentially correct.

Sample: 2B
Score: 3

In part (a) the essay clearly identifies the two proportions and corresponding sample sizes. A two-sample Z
confidence is specified, and the lower and upper limits are correctly evaluated. Further, the essay presents the
assumption that the day shift and night shift results are independent, and it explicitly checks for sufficiently large
sample sizes. However, it fails to provide any interpretation of the confidence interval in part (a). The appropriate
null and alternative hypotheses are stated in part (b), and an appropriate conclusion is reached by noting that the
confidence interval includes zero. This essay also would have been stronger if it had made a connection between the
96 percent level of confidence and the o = 0.04 level of significance.

Sample: 2C
Score: 2

This essay provides a good response to part (b) that uses the result that the confidence interval contains zeros to
conclude that at the o = 0.04 level of significance there is not enough evidence to conclude there is a difference
between proportions of parts that meet specifications for the two shifts. In part (a) a correct 96 percent confidence
interval is provided, but the essay does not identify the procedure for constructing the confidence, either by formula
or in words; it does not address the assumptions of independent samples and large sample sizes; and it does not
provide any interpretation of the confidence interval.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 4

Intent of Question

The primary goal of this question is to assess a student’s ability to conduct a test of significance by stating the
hypotheses of interest, checking the necessary conditions, calculating the test statistic and p-value, and making a
conclusion in context.

Solution
Step 1: States a correct pair of hypotheses.

Let u;, denote the mean difference (after — before) in dexterity scores for the population of individuals
enrolled in the program.
Hy:up =0versus H, : up >0

Step 2: Identifies a correct test (by name or formula) and checks appropriate conditions.

*p

sp/Nn

One sample #-test or paired ¢-test or ¢ =

We are told that the 12 people are a random sample. Assume that the differences (after — before) are
approximately normal. This check may be done with a histogram, dotplot, stem-and-leaf display, or normal
probability plot. The student should note that the normal assumption is not unreasonable because the plot
displays no obvious skewness or outliers.

Step 3: Correct mechanics, including the value of the test statistic and the p-value (or rejection region).

X, =0.375,s, = 0.367

Degrees of freedom = 12 -1=11
_ 0.375 _

t = 0.367 =354

J12
p-value = 0.002

Step 4: States a correct conclusion in the context of the problem.
Since the p-value is less than 0.05, we can reject the null hypothesis of no difference in favor of the

alternative and conclude that, on average, people who completed the program have significantly increased
manual dexterity.

Scoring

Each of the four steps is scored as essentially correct (E) or incorrect (I).
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 4 (continued)

Notes for Step 2:
Although it is not recommended, a one sample confidence interval for u;, could be used to test the

hypotheses in Step 1. An appropriate adjustment to the confidence level must be made since we are
conducting a one-sided test. The correct formula is
0367
Jﬁ 9
The null hypothesis of no change in mean dexterity scores is rejected at the 0.05 level of significance
because the right end of this 95 percent one sided confidence interval is above zero. If the #-value used to
constructing the confidence interval does not match the significance level given in the conclusion, then
the maximum score for Step 4 is partially correct (P).
If an incorrect two sample procedure is used, then Step 2 is scored as incorrect. The maximum score for a
two sample ¢ procedure is 3.

()_CD—I:_M%, w) = [0.375-1.796 X = (0.1847, co).

Incorrect Solutions for Step 2

Procedure df Test Statistic p-value
Two sample #-test 21.98 t =1.05 0.153
Pooled #-test 22 t =1.05 0.152

A response using separate confidence intervals for the two means is also scored as incorrect for Step 2.

Notes for Step 3:
An identifiable minor arithmetic error is Step 3 will not necessarily change a score from essentially
correct to incorrect.
If the student argues that the normal distribution is not reasonable, then they may use hypothesis tests for

the median.
Other Solutions for Step 3
Procedure Test Statistic p-value
Sign Test B=28 0.0547
Wilcoxon Signed Rank Test W =52 0.007

If the p-value is incorrect but the conclusion in Step 4 is consistent with the computed p-value, Step 4 can
be considered essentially correct.

Notes for Step 4:
If both an & and a p-value are given, the linkage in Step 4 is implied. If no ¢ is given, the solution must be
explicit about the linkage by giving a correct interpretation of the p-value or explaining how the
conclusion follows from the p-value.
If the hypotheses are reversed in Step 1 (i.e., H : up > Oversus H, : u, = 0), then the conclusion also

needs to be reversed. Otherwise, both parts should be scored as incorrect (I).

Question 4 (continued)
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4. The developers of a training program designed to improve manual dexterity claim that people who complete the
6-week program will increase their manual dexterity. A random sample of 12 people enrolled in the training
-program was selected. A measure of each person’s dexterity on a scale from 1 (lowest) to 9 (highest) was
recorded just before the start of and just after the completion of the 6-week program. The data are shown in the

table below.

Person . Before Program After Program
A 6.7 7.8
B 54 5.9
C 7.0 7.6
D 6.6 6.6
E 6.9 7.6
F 7.2 7.7
G 5.5 , 6.0
H 7.1 7.0
I 7.9 7.8
J 5.9 6.4
K 8.4 8.7
L 6.5 6.5

Total 81.1 85.6

Can one conclude that the mean manual dexterity for people who have comﬁleted the 6-week training program
has significantly increased? Support your conclusion with appropriate statistical evidence.

OV\Q"SCW«?\Q %’Tcz}( (;'w Meon DTWumu

u i )t Py \ e \ ?M,G‘T&.»w
© < O J\ 5 = WAL oin VWMMO-& é\-” r’&r’ﬂ‘@ O‘Q‘{"ﬂﬁ" d

fﬂrn"ﬂ-m

CondBrens = A ondiown gmm?\& oQ— At emcas W ’lv'\awmo\\ chrl—en‘ e Gove
d«“”’\» e (“&_hu\\mw frraw ‘;\Ag ‘o&cu\ ZQKRAH@“ F‘/‘V\-\’hﬂz W(“T\M

DQ ok’i"z;furmu.m (_ N_QM % c P . S%EU ;-Q eobqk.\ e,umika& n "ﬁ\,(& {""’W
Wes Nemn g"}‘"“’\"—'k /\,—-L uto\-\!\h U&, c\¢‘\:f.r‘~vu3 Gn L \e-t °‘€f""x‘”‘°‘*€\"]
nsmc‘\\ﬂ C\ LR \'tt}\ [ S -} \m ‘rbe\,c,w_ .J( g.mLQ_ {"vtr—wut (L \ >
daes ‘MS( CDQ\O»\ -ex—\rw ‘“\ﬁfmwas o~ ou\h\\egs

g-Fom m0BAS -0 L vl PG 5E) 000237

So o 'o.%'%\- TT3537 NAR I L 2-\ =\

e dn
Stree. e \}on»L(P’Q O/ \) Cg&‘ia ij(' eyre«&\ VR3S ecitA H\wd:aﬂu
\ewe\ Lc“— = Q. D\\ W Caun. \rtj eck e il \f\jweﬂs*‘&\‘k\f\ﬁa ‘hf“!-"e o
Su&fﬂi\mk | \,\-z-‘-ys\q@\\ 1\3\/\'{'\ ccu»\ eufk&uu "(‘0 C-WGQM&D. nj\' A(\r& VAL D,

NWW\ &r el an progle v e o we& 42GO ON TO THE NEXT PAGE.
O’U\\&Q‘é\ h"'\‘“{\l\/’y 05T Phrnn. A/\r_\ 3 S’;'I*W - (“CM' ﬂV\CwCGﬁAT&,

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



| | B}
4. The devel()pers of a training program designed to improve manual dexterity claim that people who complete the 4
6-week program will increase their manual dextcn'ty. A random sample of 12 people enrolled in the training

* program was selected. A measure of each person’s dexterity on a scale from 1 (lowest) to 9 (highest) was
recorded just before the start of and just after the completlon of the 6-week program. The data are shown in the

table below.
Person Before Program After Proggm
A v 6.7 7.8
B 5.4 59
C 7.0 7.6
D 6.6 6.6
E 6.9 7.6 -
- F 72 7.7-
G 5.5 6.0
H 7.1 7.0
1 7.9 7.8
J 5.9 6.4
K 8.4 8.7
L 6.5 6.5
Total 81.1 85.6

Can one conclude that the mean manual dexterity for people who have completed the 6-week training program
has significantly increased? Support your conclusion with appropriate statistical evidence.
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Hc
4. The developers of a training program designed to improve manual dexterity claim that people who complete the
6-week program will increase their manual dextenty A random sample of 12 people enrolled in the training

program was selected. A measure of each person’s dexterity on a scale from 1 (lowest) to 9 (highest) was
recorded just before the start of and just after the complehon of the 6—week program. The data are shown in the

table below.

Person Before Program After Program
A - 6.7 7.8

"B 5.4 5.9
C 7.0 7.6
D 6.6 6.6
E 6.9 : 1.6
F 7.2 7.7
G 5.5 6.0
H 7.1 7.0
I 7.9 7.8
J 5.9 6.4
K 8.4 8.7
L 6.5 6.5

Total 81.1 85.6

Can one conclude that the mean manual dexterity for people who have completed the 6-week training program
has significantly increased? Support your conclusion with appropriate statistical evidence.
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AP® STATISTICS
2006 SCORING COMMENTARY (Form B)

Question 4

Sample: 4A
Score: 4

This essay recognizes the paired nature of the data and correctly specifies a one-sample #-test for the mean
difference. The null hypothesis and appropriate one-sided alternative hypotheses are clearly stated with notation
for the population means clearly defined. This enables one to know that the symbol for the mean difference refers
to the mean manual dexterity before entering the program minus the mean manual dexterity after completing the
program. It is important that the direction of this difference is well defined. This essay addresses the model
assumptions underlying the use of the one-sample #-test by presenting a histogram of the observed differences to
check for outliers and the shape of the distribution of differences and concludes that the data in this small sample
present no strong reason to doubt the assumption of a normal distribution for differences. The essay also notes
that a simple random sample of subjects was provided in the stem of the question. Simple random sampling could
be used to help justify the assumption that the subjects respond independently of each other and are representative
of the population from which they were selected. The value of the test statistic, degrees of freedom, and the p-
values are correctly calculated. A correct conclusion is reached in the context of the problem and justified by
comparing the p-value to a .01 significance level.

Sample: 4B
Score: 3

A one-sample #-test for the mean difference is identified by statement and by formula. However, the null
hypothesis and one-sided alternative hypotheses are in the wrong direction. A histogram of the observed
differences is used to check for outliers and the shape of the distribution of differences. The standard deviation for
the differences is not computed correctly, but the #-statistic is correctly evaluated from the incorrect standard
deviation. The p-value is very large, but it is consistent with the stated null and alternative hypotheses, and the
conclusion that is reached is also consistent with the p-value and reversed hypotheses. This essay recognizes the
paired nature of the data and shows a good understanding of computing a ¢-statistic and reaching a conclusion, but
there is some confusion in determining the appropriate null and alternative hypothesis from the context of the
problem.

Sample: 4C
Score: 2

This essay fails to recognize that before and after responses should be treated as paired data instead of independent
samples. Appropriate null and alternative hypotheses are stated, but a #-test for two independent samples is specified.
There are no checks of the assumptions of normality and independent samples. The two-sample #-test is correctly
evaluated, but it yields a p-value that is larger than the p-value for the correct paired #-test because the strong positive
correlation between the before and after measurements on these 12 subjects is ignored by the two-sample test. While
the conclusion is consistent with the large p-value for the two-sample #-test, it appears to accept the null hypothesis
instead of indicating that the two-sample #-test does not provide sufficient evidence to conclude that the training
increased mean dexterity.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 5

Intent of Question

The primary goals of this question are to assess a student’s ability to: (1) identify the response variable,
treatments, and experimental units in a study; (2) critique the use of randomization and replication; (3) recognize
and explain why a particular variable is a confounding variable.

Solution

Part (a):

The response variable was the amount of draft. The two treatments were the standard hitch and the new hitch.
The experimental units were the two large plots of land.

Part (b):
Yes, the two hitches (treatments) were randomly assigned to the two plots (experimental units).

Part (c):
No, each treatment (type of hitch) was applied to only one experimental unit (plot of land). Replication is
used to repeat the treatments on different experimental units so general patterns can be observed. There is no
replication in this study.

Part (d):
Although 25 measurements were taken at different locations in the two plots, each hitch was used in one plot
(experimental unit) only. Thus, if a difference in the draft is observed we will not know whether the

difference is due to the hitch or the plot. In statistical language, the treatments (hitches) are confounded with
the plots.

Scoring

Parts (a), (b), (c), and (d) are scored as essentially correct (E), partially correct (P), or incorrect (I). Each
essentially correct response is worth 1 point; each partially correct answer is worth 5 point.

Part (a) is essentially correct (E) if the response variable, treatments, and experimental units are correctly
identified.

Part (a) is partially correct (P) if two of the three components of the experiment are correctly identified.
Part (a) is incorrect (I) if one or less of the three components of the experiment is correctly identified.
Note:

Responses to parts (b), (c) and (d) must be considered with respect to the experimental units identified

in part (a).
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 5 (continued)

Part (b) is essentially correct (E) if the student correctly discusses the use of randomization in this experiment
with respect to assignment of the two hitches for use in the two plots OR with respect to the experimental units
identified in part (a).

Part (b) is partially correct (P) if the student recognizes the use of randomization in the experiment but provides
an incomplete or unclear discussion.

Part (b) is incorrect (I) if the student
Recognizes that randomization was used properly but does not provide a justification. That is, a naked
answer of “YES” is scored as incorrect.
OR
Provides a discussion that does not address the issue of randomization, e.g., the student indicates that the
plots should be more alike.

Part (c) is essentially correct (E) if the student recognizes that replication was not used properly and provides a
correct justification.

Part (c) is partially correct (P) if the student recognizes that replication was not used properly but provides an
incomplete justification that reveals some understanding of replication.

Part (c) is incorrect (I) if the student
Recognizes that replication was not used properly but does not provide a justification.
OR
Fails to recognize that replication was not properly used, e.g., incorrectly argues that the 25 measurements
taken on each experimental unit (plot) provide proper replication.

Part (d) is essentially correct (E) if the student provides a valid explanation of confounding in this experiment.

Part (d) is partially correct (P) if the student provides an incomplete explanation that indicates an understanding of
confounding in this experiment. For example, the student indicates that differences in plot conditions can affect
draft but fails to link this to the inability to distinguish between plots differences and hitch effects.

Part (d) is incorrect (I) if the student
Provides a textbook definition of confounding with no attempt to describe the confounding variable in
this experiment.
OR
Fails to address the issue of confounding.

Alternative solutions for part (d):

Each treatment was used in only one plot. Therefore, any differences caused by the differences in plots (e.g.,
soil hardness, moisture level, etc.) cannot be separated from differences in the two treatments.

Because only one plot of land is assigned to each hitch, if no difference is found it could be due to a superior hitch
in a poor field (highly compacted) being compared with an inferior hitch in a good field. The effect of the hitch is
masked by the differences in the plot
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 5 (continued)

4 Complete Response

3 Substantial Response
2 Developing Response
1 Minimal Response

If a response is between two scores (for example, 2'; points), use a holistic approach to determine whether
to score up or down depending on the strength of the response and communication.
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5. When a tractor pulls a plow through an agricultural field, the energy needed to pull that plow is called the draft.
The draft is affected by environmental conditions such as soil type, terrain, and moisture.

A study was conducted to determine whether a newly developed hitch would be able to reduce draft compared to
the standard hitch. (A hitch is used to connect the plow to the tractor.) Two large plots of land were used in this
study. It was randomly determined which plot was to be plowed using the standard hitch. As the tractor plowed

that plot, a measurement device on the tractor automatically recorded the draft at 25 randomly selected points in
the plot.

After the plot was. plowed the hitch was changcd from the standard one to the new one, a process that takes a

substantial amount of time. Then the second plot was plowed using the new hitch. Twenty-five measurements of
draft were also recorded at randomly selected points in this plot.

(2) What was the response variable in this study?
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What were the experimental units?
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(b) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
the standard hitch, was randomization used properly in thw study? Justify your answer.
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(c) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
' the standard hitch, was replication used properly in this study? Justify your answer.
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5. When a tractor pulls a plow through an agricultural field, the energy needed to pull that plow is called the draft.
The draft is affected by environmental conditions such as soil type, terrain, and moisture.

A study was conducted to determine whether a newly developéd hitch would be able to reduce draft compared to
the standard hitch. (A hitch is used to connect the plow to the tractor.) Two large plots of land were used in this
study. It was randomly determined which plot was to be plowed using the standard hitch. As the tractor plowed

that plot, a measurement device on the tractor automatically recorded the draft at 25 randomly selected points in
the plot. : ‘

After the plot was plowed, the hitch was changed from the standard one to the new one, a process that takes a

substantial amount of time. Then the second plot was plowed using the new hitch. Twenty-five measurements of
draft were also recorded at randomly selected points in this plot.

(a) What was the response variable in this study?

SrofY

Identify the treatments.
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Treowment 2 - standard hireh

What were the experimental units?
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b) Gi&en that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
the standard hitch, was randomization used properly in this study? Justify your answer.
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(c) Given that the goal of the study is to determine whether a ﬁewly developed hitch reduces draft compared to
the standard hitch, was replication used properly in this study? Justify your answer.
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(d) Plot of land is a confounding variable in this experiment. Explain why.
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Scl

. When a tractor pulls a plow through an agricultural field, the energy needed to pull that plow is called the draft.
The draft is affected by environmental conditions such as soil type, terrain, and moisture.

A study was conducted to determine whether a newly developed hitch would be able to reduce draft compared to
the standard hitch. (A hitch is used to connect the plow to the tractor.) Two large plots of Jand were used in this
study. It was randomly determined which plot was to be plowed using the standard hitch. As the tractor plowed
that plot, a measurement device on the tractor automatically recorded the draft at 25 randomly selected points in
the plot.

After the plot was plowed, the hitch was changed from the standard one to the new one, a process that takes a

substantial amount of time. Then the second plot was plowed using the new hltCh Twenty-five measurements of
draft were also recorded at randomly selected points in this plot

(a) What was the response variable in this study?

the drofr measured by the device

Identify the treatments.
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What were the experimental units? -
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(b) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
the standard hitch, was randomization used properly in this study? Justify your answer.
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(c) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
the standard hitch, was replication used properly in this study? Justify your answer. :
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(d) Plot of land is a confounding variable in this experiment. Explain why.
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AP® STATISTICS
2006 SCORING COMMENTARY (Form B)

Question 5

Sample: 5A
Score: 4

This essay correctly identifies the basic parts of the experiment. The response variable is the draft, or energy
required to pull the plow. The treatments are the two types of hitches, and the experimental units are the two large
plots of land. Part (b) clearly recognizes that the two large plots of land (experimental units) were randomly
assigned to be plowed with one of the two hitches (treatments). The essay goes on to discuss the random selection
of 25 points in each large plot at which measurements were made. This is random sampling, which should not be
confused with randomization, the act of randomly assigning experimental units to treatments. Randomly selecting
the points is a good thing to do, however, because it helps to avoid bias, and this discussion does not contradict
the first sentence in which the appropriate use of randomization is recognized. A weakness in this response is that
it indicates that randomization reduces variability. This is not correct. Since random assignment of experimental
units to treatments converts potential sources of bias into random variation, randomization reduces bias but it does
not reduce variability. Part (c) clearly recognizes that there is no replication in this study because each hitch was
used to plow only one plot. Each hitch must be used in more than one plot to have replication. (The draft
measurements taken at the 25 randomly selected points in each plot would be averaged to obtain a single average
draft measurement for the plot, but taking several measurements on the same experimental unit is not true
replication). Since each hitch is used on only one plot, and varying conditions across plots can affect the energy
needed to pull the plow, any difference in draft due to the different hitches cannot be distinguished from the
difference in the conditions in the two plots. The overall strength of responses and level of communication
provided by this essay more than compensate for the weakness in the response to part (b), so this essay was scored
as essentially correct.

Sample: 5B
Score: 3

This essay incorrectly identifies the experimental units as the randomly selected points within the plots but goes on to
correctly discuss randomization in part (b) in the context of randomly assigning the large plots to the hitches. Part (b)
includes another good suggestion that the order in which the hitches were used should also have been randomized.
Part (c) correctly recognizes the lack of replication in the study. Part (d) is only partially complete in the sense that it
recalls the information given in the question that varying conditions between plots could affect draft, but it fails to
make a connection with the inability to distinguish between treatment effects (how the hitches affect draft) and the
difference between the two plots.

Sample: 5C
Score: 2

This essay correctly identifies the draft as the response variable and plowing with the two different hitches as the
treatments, but it incorrectly identifies the hitches as the experimental units. Part (b) recognizes the random
assignment of plots to hitches. Part (¢) states that there was no replication in the study but does not clearly explain
the basis for that conclusion. In part (d) the essay indicates that changing conditions in the plots can affect draft,
as stated in the first paragraph of the question, but does not make a clear connection to the inability to distinguish
between treatment effects (how the hitches affect draft) and the difference between the two plots. The phrase “hinder
the results of the study” does not provide sufficient clarity. This essay indicates some confusion about the treatments
and experimental units, and the level of communication is not strong.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 6

Intent of Question

The primary goals of this question are to evaluate a student’s ability to apply the concepts of significance testing
to a new situation, in particular to: (1) state hypotheses for a parameter of interest given a research question; (2)
recognize that a large sample test should not be used in this setting; (3) identify the possible values of a new test
statistic and calculate the probability distribution for this new test statistic, assuming the null hypothesis is true;
(4) use the probability distribution of the test statistic under the null hypothesis to identify possible significance
levels; (5) conduct a significance test for a small set of data from an initial study; and (6) make a recommendation
to improve on the initial study.
Solution
Part (a):

Hy:p=05versus H, : p# 0.5

Part (b):
The conditions for the large sample one-proportion z-test are not satisfied. np = n(1 — p) =8 X 05=4<5.
Part (c):

X will follow a binomial distribution with n = 8 and p = 0.5. The possible values of X and their
corresponding probabilities are given in the table below.

X Probability
0 0.00391
1 0.03125
2 0.10937
3 0.21875
4 0.27344
5 0.21875
6 0.10937
7 0.03125
8 0.00391

Part (d):
No, there is no possible test with a p-value of exactly 0.05.

The probability that none of the individuals (X = 0)or all of the individuals (X = 8) prefer Citrus Fresh
182 X 0.003906 = 0.0078 , which is less than 0.05.

The probability that one or fewer of the individuals (X < 1) or seven or more of the individuals (X > 7)
prefer Citrus Fresh is 2 X (0.003906 + 0.031250) = 0.070312, which is greater than 0.05.
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AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

Question 6 (continued)
Part (e):

For the preference data provided, X = 2. From the table of binomial probabilities computed in part (c), the
probability that two or fewer of the individuals (X < 2) or six or more of the individuals (X > 6) prefer
Citrus Fresh when p = 0.5 is2 X (0.003906 + 0.031250 + 0.109375) = 0.289062 . Because the p-value of
0.289062 is greater than any reasonable significance level, say 0.070312, we would not reject the null
hypothesis that p = 0.5. That is, we do not have statistically significant evidence for a consumer preference
between Citrus Fresh and Tropical Taste.

Part (f):

Increase the number of consumers involved in the preference test. More consumers will give you more data,
and you will be better able to detect a difference between the population proportion of consumers who prefer
Citrus Fresh and 0.5. The sample proportion in the initial study was only 0.25 (2/8), but we were not able to

reject the null hypothesis that p = % By increasing the number of consumers, a difference of that magnitude

would allow the null hypothesis to be rejected. For example, with n = 80 and X = 20 the large sample
z-statistic would be z = % = —4.47 and the p-value would be approximately zero.

80
OR

p-05
(0.5)(0.5)
n
for the same p . Thus, by using more consumers it would eventually be possible to reject H, if there really is

p—0.5

The large sample test statistic isz = =vn ( ), which would get larger as n is increased,

0.5

a difference and identify the preferred juice.

Scoring

Parts (a) and (b) are combined and scored as essentially correct (E), partially correct (P), or incorrect (I). Parts (c)
and (d) are combined and scored as essentially correct (E), partially correct (P), or incorrect (I). Part (e) contains
two parts, correct mechanics and conclusion, and is scored essentially correct (E), partially correct (P), or
incorrect (I). Part (f) is scored as essentially correct (E), partially correct (P), or incorrect (I).

Parts (a) and (b) are essentially correct (E) if both parts are correct.
Parts (a) and (b) are partially correct (P) if one of the two parts is correct.
Notes for parts (a) and (b):

If a one-sided alternative is used in part (a), then the maximum score for the AB component is partially
correct (P).
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Question 6 (continued)

Other reasonable statements about the conditions for inference not being met are acceptable. Some
examples are:

o Since n = 8, the number of successes and the number of failures will both be less than 10.

o The sample size is too small to use the large-sample inference procedure.

A response in part (b) about a test for comparing proportions from two independent samples (one for
Tropical Taste and one for Citrus Fresh) should be scored as incorrect (I).

Parts (¢) and (d) are essentially correct (E) if both parts are correct.
Parts (¢) and (d) are partially correct (P) if one of the two parts is correct.

Notes for parts (c) and (d):
Part (c) is correct if binomial probabilities are correctly calculated for each of the nine possible outcomes
using n = 8 and p = 0.5.
Part (d) is correct if the response includes all three of the following:
o The student states that a 0.05 level test is not possible.
o The justification includes a correct description of the test with significance level 0.00782.
o The justification includes a correct description of the test with significance level 0.07032.

Part (e) is essentially correct (E) if both parts are correct.
Part (e) is partially correct (P) if one part is correct.

Notes for part (e):

The mechanics are essentially correct if the student uses the information from the response to part (c) to

compute the appropriate p-value.

o Ifalarge sample z-test, or a ¢-test, is presented, the mechanics are scored as incorrect.

o Using only 0.10937, the probability that X is 2 from the table in part (c), is incorrect.

To be essentially correct, a correct conclusion must be stated in the context of the problem with linkage

between a p-value and a level of significance « .

o Ifthe student refers to the rejection region identified in part (d), they do not need to restate the
significance level from part (e).

o Ifthe student conducts an @ = 0.05 level test by comparing the correct p-value to 0.05, even though
they just said in part (d) that a 0.05 level test is not possible, the response should be scored as
essentially correct.

Part (f) is essentially correct (E) if the provides a reasonable recommendation in the context of comparing
preferences for the two juices with an appropriate statistical justification. For example, the student describes the
impact of a larger sample size on the hypothesis testing procedure used in the initial study by saying that
increasing the sample size will reduce the chance of making a Type II error, increasing the sample size will
increase the power of the test used to detect a difference in juice preferences in part (d), or increasing the sample
size will reduce the standard error for the estimated proportion of people who prefer Citrus Fresh.

Part (f) is partially correct (P) if the student provides a reasonable recommendation in the context of comparing

preferences for the two juices but does not provides sufficient statistical justification that refers to the initial
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Question 6 (continued)

study, e.g., a larger sample is needed to meet the conditions for using a z-test, larger samples are more

representative of the population, or increasing the sample size makes the sample or population more normal
OR

Gives a weak recommendation and provides a good statistical justification, for example, providing the subjects

with a cracker between juices to reduce possible carryover effects.

Incorrect (I) if the student fails to provide a reasonable recommendation in the context of comparing preferences
for the two juices.

Each essentially correct response is worth 1 point; each partially correct response is worth %2 point.

4 Complete Response

3 Substantial Response
2 Developing Response
1 Minimal Response

If a response is between two scores (for example, 2%z points), use a holistic approach to determine whether
to score up or down depending on the strength of the response and communication.
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STATISTICS
SECTION IT
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section IT 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 and completeness of your results and explanations.

6. Sunshine Farms wants to know whether there is a difference in consumer preference for two new juice products
—Citrus Fresh and Tropical Taste. In an initial blind taste test, 8 randomly selected consumers were given
unmarked samples of the two juices. The product that each consumer tasted first was randomly decided by the
flip of a coin. After tasting the two juices, each consumer was asked to choose which juice he or she preferred,
and the results were recorded.

(a) Let p represent the population proportion of consumers who prefer Citrus Fresh. In terms of p, staté the
hypotheses that Sunshine Farms is interested in testing.

“o" ?1"5
Yo ?16,5

(b) One might consider using a one-proportion z-test to test the hypotheses in part (a). Explain why this would
not be a reasonable procedure for this sample.

A mc—?ﬁ?ar—\w@n ’L"k?" wnu‘l f»:.;’(' \DC A,e?m?m‘ ate. bLecosmsc
-—)Anc sm@t‘a\c size & oo small  and e s-'»m«iwé- &wdﬁm

‘5 IARKAB WA,

GO ON TO THE NEXT PAGE.
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(c) Let X represent the number.of consumers in the sample who prefer Citrus Fresh. Assuming there is no

difference in consumer preference, find the probability for each possible value of X.’R'EE&%'&‘E x-values
and the corresponding probabilities in the table below.

p(x)

. 0033 3625
o328

A0937S

21818

2734315

21818

RO EEEY

A

‘Qgsﬂb{vzs

0 4 AL WN -0

(d) When testing the hypotheses in paﬁ (2), Sunshine Farms will conclude that there is a consumer preference if
too many or too few individuals prefer Citrus Fresh. Based on your probabilities in part (c), is it possible for
the significance level (probability of rejecting the null hypothesis when it is true) for this test to be exactly
0.05 ? Justify your answer. -

No  lecause A & a discele m“"" variale,  qa srder
- for e S‘Pﬁn:—ﬁ‘camcc \ed s Yoe C"“‘*“g 0.0§ . ("‘c“""‘t"“j +»
e Aable aber) dhe  valwe of AU wedd  have oo be
!
) } ere.  ArC nNe v o.‘uc s \ag—kyc‘cn
between T and ¢ an A ,

'/, GY\—A % s
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(e) The preference data for the 8 randomly selected consumers are given in the table below.

Individual | Juice Preference
1 Tropical Taste
2 Citrus Fresh
3 Tropical Taste
4 Tropical Taste -
-5 Tropical Taste
6 Citrus Fresh
7 Tropical Taste
8 Tropical Taste

Based on these preferences and your previous work, test the hypotheses in part (a).

}% ?@Q\t ?r-vG-f C{Ms ;“3“‘)- 4)9w~3 X"’ . —Tk
valne ay least as

2 \aswcs 3
LA ;J-q&— owe ©
()ro\aﬂ | 5

. me - G Wdoethesis 3 4vne, € wels
cwk‘w‘ as ‘A"s' QU 5 ‘—“\Y' L ﬁe ] ﬁ

Q(xzb)+ px=1)~ p(x=2) = 44§

%C &« .\1.«‘; Y Q . '*W'Ae'-")".d.&f"’ e Xt Z -PLc. fr' vcz\u.c is
cRw

.aw\o\t, ’ 4“‘“‘ -
o 2(u4s)= 2890

A sia)v\'n(w‘cqnu leved " -
bt —rL.ac exishs A Qﬂ““ﬂ“— Hor cidher juucb pre .

A 2860 s wwenfliciear de condude
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(f) Sunshine Farms plans to add one of these two new Julces—Cltrus Fresh or Tropical Taste—to its
production schedule. A follow-up study will be conducted to decide which of the two juices to produce.
Make one recommendation for the follow-up study that would make it better than the initial study. Provide a
statistical justification for your recommendation in the context of the problem.

0"5 5"*‘53!-’:.“”«‘” w="‘~‘*<g Le 4~ jar@aﬁw& wneremte b
Aumber of  cughemers samqled. (R '3‘0 Mm@

2 <dest PY S ¥ wscd, A iartjg’—f' 50.%-?&, <iz¢ veeuld alsy

L ARG Phe gowes of Jhe e »Jr' wereasing he Qm\aa‘a \w-3
Peod el hgpetbesis Wl e eeyech 3 when W s Lol
Havs allawing Sundine  Farms A reach o cenclusion

as Ao whih Jaies 4o ch\wu:."

STOP

END OF EXAM

THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE
SECTION I BOOKLET. '

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE FRONT AND BACK
COVERS OF THE SECTION Il BOOKLET.

® CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS IN
THE BOX(ES) ON THE COVER(S).

e MAKE SURE YOU HAVE USED THE SAME SET OF AP
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
THIS YEAR.
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STATISTICS ~ !
SECTION I
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section IT 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 and completen‘ess of your results and explanations.

6. Sunshine Farms wants to know.whether there i5.a adifferences
—Citrus Fresh and Tropical Taste. In an initial blind taste test, 8 tandomly seje on given
unmarked mple.s.oﬁ.the two J_ulces.,The > product that each consumer tasted -d first was,randomly decxdg_djx,ﬂxe
_flip of a coin:’ I After tastmg the two juices, ¢ each consumer was, asked to choose which juice he or she preferred,

_and the e restilts were regorded.

(2) _Let p represent the population, propomon of consumers who prefer Citrus Fresh. In terms of p, sta state the
hypotheses that Sunshme  Farms is. mterested 1in te_s:tmg

e s e Tk b

Ho'- P:&E.
Ha:. b x0.5.

(b) One might consider using a one-proportion z-test to test the-hypotheses in part (a). Explain why this would
Dot be a reasonable procedure for this sample.

BerouR e SapR Size is not lacge
VVEOUQ i

NP =(3)(0H)=4 <7 LX)

GO ON TO THE NEXT PAGE.
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(c) Let X represent the number of consumers in the sarnple who prefer Citrus Fresh. Assuming there i 1spo

_difference in consumer preference _ﬁnd the probability for each possible value of X. Record the x-values
“and the corresponding probabilities in the table below. W\d us@,

() Binomial Fheofen

0.0 039 COUSE
Cm . anereare o s

@ (@ U0
0, \9%0, % ﬂa&gﬁl otﬁ"f‘m@
0. 2034138 ‘(G\Wﬂ &§ ot
0. 21875
10.10935 |
0.03V25 |

0.0039

N || o] N w] P~ w

(d) When testmg the hypotheses i in part, (a), Sunshme Earms will. l.conclude that there is a consu_r__ng_rgr_eig;:me if -
> few individuals prefer Citrus Fresh.. Based on your probaBﬂrnes in part (c), is it possible for
_the s s1gmﬁcance level (probability of rejecting the full hypothesis when it is true) f for this tesf to be exactly

? Justny your answer
0?5\\0 o qums of Hhe praviliries of

consumens orefemng  parncutar  PrRACr
elther. exceeds Or deeS ot eacth 0.05

Thowefire € connat e exacHY, 0.05.
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(e) The preference data for the 8 randomly selected consumers are given in the table below.

Individual | Juice Preference
1 <L Tropical Taste
2 ( Citrus Freiﬁ
3 Tropical Taste
4 - Tropical Taste
5 Trogic%flg_:
6 < Citrus Fr
C 7 Tropical Taste |
~ 8 . | Tropical Taste

Based on these prcferencés and your previous work, test the hypotheses in part (a).

The. probanlify that 2 consumers wasld
P@P@gb CitTuS Fregn when there iSne coNA ey
preferen@ 1S ¢ |093TH.

Beaause +he p-value | S greater +han ol }
Thete is nut €nough €vidente to reject

thg UL hyputhesl S hd+ +here 1SN0

C ourRAmer preferen(a.
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(f) Sunshine Farms plans to add one of theée two new juices—Citrus Fresh or Tropical Taste—to its é L{
production schedule. A follow-up study will be conducted to decide which of the two juices to produce. -
Make one recommendation for the follow-up study that would make it better than the initial study. Provide a

statistical justification for your recommendation in the context of the problem.
o. SaMple with  larcer cample Size
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Lo Uuse.  poportion 2—est and feduce
e Confidene Wrewas.
BecodSe.  Sndard diaTion 61 proprtioN
s g?n.(i”\?t) ot ger somple 528 witll redu e
e |owaer SAMPL

o .
Mg Wrevua! . CupAHner mue wﬂ\. ™
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STOP

END OF EXAM

. THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE
SECTION Il BOOKLET. 4

. MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE FRONT AND BACK
COVERS OF THE SECTION Il BOOKLET. :

- o CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS IN
THE BOX(ES) ON THE COVER(S). '

e MAKE SURE YOU HAVE USED THE SAME SET OF AP
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
THIS YEAR.
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STATISTICS
SECTION I
PartB
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 and completeness of your results and explanations.

6. Sunshine Farms wants to know whether there is a difference in consumer preference for two new juice products
—Citrus Fresh and Tropical Taste. In an initial blind taste test, 8 randomly selected consumers were given
" unmarked samples of the two juices. The product that each consumer tasted first was randomly decided by the
flip of a coin. After tasting the two juices, each consumer was asked to choose which juice he or she preferred,
and the results were recorded. )

(a) Let p represent the popuiation proportion of consumers who prefer Citrus Fresh. In terms of p, state the
hypotheses that Sunshine Farms is interested in testing.

1.1, ,\ | | :
Mo 7 et e g w A redocne o
W 00 05 e b e e gy, e B
Ve i | o MU ug
ch ("fﬂV\(Q ,{' ‘6\’( L\w.’

Y/"d'é‘s
N oy, jl\";(@ (}r‘(((,\é'y,‘

(b) One might consider using a one-propbrtion z-test to test the hypotheses in part (a). Explain why this would
not be a reasonable procedure for this sample.

s wowh W be venlle  hecx Wy Yy
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(c) Let X represent the number of consumers in the sample who prefer Citrus Fresh. Assuming there is no
difference in consumer preference, find the probability for each possible value of X. Record the x-values

and the corresponding probabilities in the table below.

0‘5(;)30\
O .ov(25%
0 loql+
0,1187%¢
0,137
D.219%s
O loyzd
0. 03179

30.00 ;41

of I e g

(d) When testing the hypotheses in part (a), Sunshine Farms will conclude that there is a consumer preference if
too many or too few individuals prefer Citrus Fresh. Based on your probabilities in part (c), is it possible for
the significance level (probability of rejecting the null hypothesis when it is true) for this test to be exactly

0.05 ? Justify your answer.

(es bl vy unllely
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(e) The preference data for the 8 randomly selected consumers aie given in the table below.

Individual | Juice Preference
Tropical Taste
Citrus Fresh
Tropical Taste | i ,() 7
™ &

Tropical Taste -
Tropical Taste
Citrus Fresh .
Tropical Taste
Tropical Taste

ool | fwirol—

Based on these preferences and your previous Work, test the hypotheses in part (a).
Zz L
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(f) Sunshine Farms plans to add one of these two new juices—Citrus Fresh or Tropical Taste—to its
production schedule. A follow-up study will be conducted to decide which of the two juices to produce.
Make one recommendation for the follow-up study that would make it better than the initial study. Provide a
statistical justification for. your recommendation in the context of the problem.
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 STOP

END OF EXAM

THE FOLLOWINGIINSTRUCTIONS APPLY TO THE COVERS OF THE
SECTION Il BOOKLET.

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE FRONT AND BACK
COVERS OF THE SECTION Il BOOKLET.

¢ CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS IN
THE BOX(ES) ON THE COVER(S).

¢ MAKE SURE YOU HAVE USED THE SAME SET OF AP
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
THIS YEAR. :
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AP® STATISTICS
2006 SCORING COMMENTARY (Form B)

Question 6

Sample: 6A
Score: 4

This essay recognizes that a sample of eight subjects is too small to use a z-test and accurately applies the small
sample binomial test suggested in the question. The appropriate null and alternative hypotheses are identified in
part (a). Part (b) is correct, but it would be strengthened by including a statement that for p = 0.5 and n = 8§,

both np and n(l — p) are too small to use a one-sample z-test. Binomial probabilities with p = 0.5 and n = 8

are accurately computed for the nine possible outcomes in part (c), and part (d) recognizes that a significance
level of 0.05 cannot be achieved. This essay uses the table of probabilities computed in part (c) to obtain the
correct p-value and provides an appropriate conclusion in the context of the juice-tasting study. Increasing the
number of consumers randomly selected for the study is the improvement discussed in part (d); and the resulting
increase in the power of the test to reject the null hypothesis of equal preference, when it is false, provides the
requested statistical justification. The additional note that a larger sample size would justify the use of a z-test is
also a valid point, but it is not as important as the increase in the power of the test (or the decrease in the standard
error of the estimated proportion) provided by the increased sample size.

Sample: 6B
Score: 3

In parts (a) and (b) this essay correctly identifies the null and alternative hypotheses and shows that the sample size is
too small to use a z-test. Binomial probabilities are correctly computed in part (c), but in part (d) it is not clear if the
student is thinking about the sums of tail probabilities that correspond to possible type I error levels of 0.0079 and
0.0703. Realizing that the sample size is too small to apply a z-test from the previous parts of the problem, this essay
refers to the table of binomial probabilities in part (c) but fails to present the appropriate p-value. The essay only
displays the probability that exactly two consumers would prefer Citrus Fresh instead of the sum of the appropriate
tail probabilities. An appropriate conclusion is reached, however, in the context of the problem. Part (d) provides
statistical justification for increasing the sample size by addressing the issue of reducing the standard error of the
estimated proportion and decreasing confidence interval width. It also addresses the issue raised in part (b) of
obtaining a large enough sample size to use a large sample z-test. Since p = 0.5 for the null hypothesis, a sample

size of n = 20 is needed to satisfy the common rule that both np and n(l1 — p) are larger than 10.

Sample: 6C
Score: 2

This essay correctly identifies the appropriate null and alternative hypotheses in part (a) but inappropriately
suggests a two-sample z-test in part (b). Binomial probabilities are correctly computed in part (c), but an incorrect
answer with no explanation is given in part (d). Although no work is shown, the value of an inappropriate two-
sample z-test is presented in part (e) along with the p-value for that test. The conclusion is incorrect for the given
data, but it is consistent with the p-value for the inappropriate two-sample z-test, and it is stated in the context of the
juice-tasting study. Although it could be communicated better, the response to part (f) addresses the concept that
increasing the sample size will decrease the standard deviation of the estimated proportion and lead to more precise
inference about the proportion of the population that prefers Citrus Fresh.
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