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) =8X 0.5=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
0.00391
0.03125
0.10937
0.21875
0.27344
0.21875
0.10937
0.03125
0.00391

(N[OOI |W|IN | |O

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
is2 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 is2 X (0.003906 + 0.031250) = 0.070312, which is greater than 0.05.
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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
1
2
would allow the null hypothesis to be rejected. For example, with » = 80 and X = 20 the large sample

z-statistic would be z = 025-05 _ —4.47 and the p-value would be approximately zero.

0.5)(05)
80

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

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

a difference and identify the preferred juice.

p—0.5

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

0.5

Scoring

Parts (a) and (b) are combined and scored as essentially correct (E), partially correct (P), or incorrect (). Parts (c)
and (d) are combined and scored as essentially correct (E), partially correct (P), or incorrect (). Part (e) contains
two parts, correct mechanics and conclusion, and is scored essentially correct (E), partially correct (P), or
incorrect (1). Part (f) is scored as essentially correct (E), partially correct (P), or incorrect (1).

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.

0 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 (1).

Parts (c) and (d) are essentially correct (E) if both parts are correct.
Parts (c) 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:
0 The student states that a 0.05 level test is not possible.
0 The justification includes a correct description of the test with significance level 0.00782.
0 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 If alarge sample z-test, or a t-test, is presented, the mechanics are scored as incorrect.

0 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 .

o0 If the student refers to the rejection region identified in part (d), they do not need to restate the
significance level from part (e).

0 If the 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 Il 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

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

19



AP® STATISTICS
2006 SCORING GUIDELINES (Form B)

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 (1) 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 % point.

4

3

2

1

Complete Response
Substantial Response
Developing Response

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.

© 2006 The College Board. All rights reserved.

Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).

20



6h)

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.
-14-
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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

~ GO ON TO THE NEXT PAGE.
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(e) The preference data for the 8 randomly selected consumers are given in the table below.

Individual | Juice Preference
Tropical Taste
Citrus Fresh
Tropical Taste
Tropical Taste --
Tropical Taste
Citrus Fresh
Tropical Taste
Tropical Taste

[ AR e NV Y 2= AVR R E oo R L

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

P L Cimms Freshy, s X= 2. TThe
— ole  gre >
¥ ?w valme a¥ least as

9,.,\,“!;,;1-'-‘.—-\ shat  one obsuves A
. . . "
cwhﬂ as -{'L;s ) Q%guum‘ns . "'l'LL P\w“ L-lg.o’r“‘-c s (& Awe i e’_ﬁkq a5

e(x=o)+ Px=0~ p(x=2) = 445

. o~ e 3 : : value -t
%cmu.gc .@..n s Q —iwe'-"\‘,ﬁﬁf—i s, 1 s <
a.w&‘\'ﬂ.' o
o 2(u4s)z 2890

3 “'t'"l':nnu \-CV"'\
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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.

GO ON TO THE NEXT PAGE.
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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.

GO ON TO THE NEXT PAGE.
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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
k&ge Q:xmg\s’z SzZe u\xi\\\}a_\\okm 3?98’1(@6(8
Lo Use.  poportion 2—est and feduce
e Confidene Wrewas.
BecodSe. Sndard diaTion 61 proprtitn
s g?n.(i”\?t) ot ger somple 5T28 witll redui e
e |owaer SAMPL

o .
Hg Wrevua! . CurAHner o€ wﬂ\. "
gqéwsﬁ?sm Towns can et fhe condifions
\' X j 3

S ush porhion 2-test . NP Y5
s | N(-prps.

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

2 {%W?#M Tot. ¥ ve we o oa A e .

\ri Vive. ot Gl b\b_)g AT TN pp\bt ‘\‘ﬂ

fred ey

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. 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

GO ON TO THE NEXT PAGE.
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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
'@2 0,045)

gnce. e peualy, ‘s Ve ny yvﬂ; Thy

anelr WA et b BT g,
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omY np |\ ('\\W‘pﬂtégjs' & 45 felcen
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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.

h(chﬁc the >"YM N2C.
Wo'n 4 U geople o Jo 9 gour redt b oy FSenalie
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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 (2). 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(1 — 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(1 — 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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