AP® STATISTICS
2007 SCORING GUIDELINES (Form B)

Question 6

Intent of Question

The primary intent of this question is to assess a student’s ability to: (1) make an inference about the difference in
two population proportions; (2) examine a regression model for a linear trend in proportions; and (3) construct a
confidence interval for a slope. The investigative part of this question requires a student to use a regression model
to estimate survival probabilities for two different situations and make an inference about the expected number of
surviving species that would be achieved.

Solution
Part (a):
Part 1: States a correct pair of hypotheses

H :p,—ps=0 versus H, :p —ps <0
OR

H,:ps—p, =0 versus H, :ps—p >0
OR

H :p . =ps versus H :p <pg

Where

p, 1is the proportion going extinct on large islands,

and
Dy 1s the proportion going extinct on small islands.

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

Two-sample test for proportions

A A

P.—Ps
Jp(l— p), P1-P)

n, Ng

Assumptions: independent observations and large sample sizes.

The problem states that whether one species becomes extinct is independent of whether another species
becomes extinct, and that the probability of extinction is the same for all species on large islands and for
all species on small islands, so it is reasonable to assume that observations are independent.
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Part 3:

Part 4:

AP® STATISTICS
2007 SCORING GUIDELINES (Form B)

Question 6 (continued)

p.=0.091 pg =0.221
NP =19 n (1-p)=189
ngPs =66 ng(1—pPg)=233

All are greater than 5 (or 10), so the sample sizes are large enough to proceed.
Correct mechanics, including the value of the test statistic and p-value (or rejection region).

19+66 85

= =0.168
208+299 507

p:

P — B _ 0.091-0.221 _—0.130 _
pA-p), p(I-P)  [(0.168)(0.832)  (0.168)(0.832)  0.034
n. Ng 208 299

p-value = 0.00006
(from table p-value =~ 0; graphing calculator: 7 = —3.836233478 , p-value = 0.00006)
Stating a correct conclusion in the context of the problem, using the result of the statistical test.

Because the p-value is less than the stated a (or because the p-value is so small, or because the test
statistic is in the rejection region), reject H . There is sufficient evidence that the proportion of species

becoming extinct is smaller for large islands than for small islands.

If both an @ and a p-value are given, the linkage 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 p-value in part 3 is incorrect but the conclusion is consistent with the computed p-value, part 4 can
be considered as correct.

Part (b):

Compute a 95 percent confidence interval for the slope of the regression line.

Part 1: Identifies appropriate confidence interval by name or by formula.

The confidence interval for the slope of the regression line is b £ts,.

Part 2: Checks appropriate assumptions.

Assumptions: The residual plot shows no unusual patterns that would suggest violation of the
assumptions, so it is reasonable to proceed.
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Question 6 (continued)
Part 3: Correct mechanics.

df=n-2=13-2=11
—0.05323+£2.20(0.00618)
—-0.05323+£0.013596

(~0.0668,-0.0396)

Part 4: Interpretation.

We are 95 percent confident that the mean proportion of species going extinct decreases by somewhere
between 0.03 and 0.06 with each increase of 1 unit in In(area). The proportion of species going extinct
decreases with increasing area.

Part (c):
From part (b) it appears that the proportion of species going extinct decreases with increasing area.
Therefore the proportion of species going extinct is related to the size of the island. Because the island

sizes differed within the large island group and within the small island group, the assumption is probably
not reasonable.

Scoring

Each part is scored as either essentially correct (E), partially correct (P), or incorrect (I).
Part (a) is essentially correct (E) if three or four parts of the hypothesis test are correct.
Part (a) is partially correct (P) if one or two parts of the hypothesis test are correct.

NOTE: For part 2 of (a), the independent observations assumption does not have to be addressed in the response
to get credit for this part, since this is given in the stem of the problem.

Part (b) is essentially correct (E) if three or four parts of the confidence interval are correct.
Part (b) is partially correct (P) if one or two parts of the confidence interval are correct.

Part (c) is essentially correct (E) if the response:
1. states the assumptions are not reasonable, AND
2. gives a justification based on the information in part (b);
OR
says that the assumptions are reasonable based on an incorrect conclusion in part (b) that island size
is not related to extinction proportion, with an appropriate explanation.
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Question 6 (continued)

Part (c) is partially correct (P) if:
it says that the assumption is not reasonable, but the explanation is weak or does not appeal to the
information in part (b);
OR
it says that the assumption is not reasonable because the negative estimate of the slope given in part (b) is
misinterpreted to suggest that survival rates decrease as area increases;
OR
it appeals to part (b) but says that the assumption is reasonable because within each group (large/small),
the island sizes don’t vary too much;
OR
it says the assumption is reasonable because the negative estimate of the slope given in part (b) is
misinterpreted,
OR
the justification appeals to the differing proportions in the original data table only.

Part (c) is incorrect if a choice is made but no justification is given.

Part (d) is essentially correct (E) if the large preserve is chosen and the decision is well supported based on the
expectation that a larger number of species will be preserved, in comparison to the expected number preserved on
the five small islands.

Part (d) is partially correct (P) if:
the large preserve is chosen based on the results from parts (a) and/or (b);
OR
the large preserve is chosen but the justification is weak;
OR
the five small preserves are chosen based on an incorrect computation of the number of species saved for
the two scenarios.

Part (d) is incorrect if:
a choice is made (large or five small) but no justification is given;
OR
five small preserves are chosen based only on the fact that there are 80 rather than 70 species at the
outset.
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Question 6 (continued)
4 Complete Response
All four parts essentially correct
3 Substantial Response

Three parts essentially correct and no parts partially correct

OR
Two parts essentially correct and two parts 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
Four parts partially correct
1 Minimal Response
One part essentially correct and no parts partially correct
OR

No parts essentially correct and two parts partially correct

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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6A1

(a) One scientist involved in the study believes that large islands (those with areas greater than 25 square
kilometers) are more effective than small islands (those with areas of no more than 25 square kilometers)
for protecting at-risk species. The scientist noted that for this study, a total of 19 of the 208 species on the
large islands became extinct, whereas a total of 66 of the 299 species on the small islands became extinct.
Assume that the probability of extinction is the same for all at-risk species on large islands and the same
for all at-risk species on small islands. Do these data support the scientist’s belief? Give appropriate
statistical justification for your answer.
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6A2

(b) Another scientist who worked on this study thinks that the proportion of species that become extinct is
more directly related to the size of the islands than simply to whether the islands are grouped as large or
small. This scientist investigated the relationship between the proportion of extinct birds and the area, in
square kilometers, of islands. A least squares analysis was conducted on the proportion extinct and In(area).
The regression analysis output, the scatterplot, and the residual plot are shown below.

Predictor Coef StDev T P
Constant 0.28996 0.01269 2285  0.000
In(area) -0.05323 0.00618 -8.61 0.000
$=0.02863 R-Sq=87.1%

a
03 4 = 0.05
o
=] .
‘g e a a
8 ] a =
c _ _g OO0 4 vovencencrcansacnacneccacananaascasanas e
] 0.2 3
o a 2
E b a
2
o
3 . 008
01 A - -
. 1 T T U
] 0.4 02 03
T T . .
0 1 2 3 4 Predicted proportion extinct
In(area)

Estimate the slope of the least squares regression line using a 95 percent confidence interval. Interpret your
answer in the context of this situation.
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6A3

(c) In part {a), the scientist assumed that the probability of a species becoming extinct is the same for each of the
large islands. Similarly, the scientist assurned that the probability is the same for each of the small islands.
Based on your answer in part {(b), do you think this is a reasonable assumption? Explain.
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(d) A conservation group with a long-term goal of preserving species believes that all at-risk species will
disappear whenever land inhabited by those species is developed. It has an opportunity to purchase land in
an area about to be developed. The group has a choice of creating one large nature preserve with an area
of 45 square kilometers and containing 70 at-risk species, or 5 small nature preserves, each with an area
of 3 square kilometers and each containing 16 at-risk species unique to that preserve. Which choice would
you recommend and why?

Besd  on s lestdy wr ot bt 008 b Ry
@7{9 R sk Pty = 'hi i"}t st b 17!1’90--( extimct
ch Wbt ogar b he B8 A Ak pao e s
Plscvey te be e extioct
&-5 resear e ;Hr"\“ b F,‘?'&:M o+ SPCetes  hy brest st
PP VR 7.7 100 S S e
praee etk 2 =5, 05313 (ln sne ) Foagral

Toss hbe  Sommres  Ackatlel  exdudi, et popettvey R sk P
[ $ng \ T-IJ_ 4 ik [ # i bl (S | it ped i 5_0 | # 5.0
La/)c 45 4 K e %S 6.3 gpetes P35 = § 1l e s Jo-frf)= &
. w(ae1g) = iz

Sl Vg g Kl gy 2251 126 {peces a1y, 176 sy [FO

TL; ConStarts 5hop Syl d ek ane f(,f)z. prsers. BB

_ILC IYIAN OE‘ I’?"*\’\ 5"!‘?‘"}:” ¢ s“f)esh ﬂh—d "L‘d' 6 j}w(:t
b berame exdicd the fvfc;c [/ ve weries o Tl
7 speces ia Ne  cmils paseces (refin ot ‘w,t- presecse
WK bae P gaddet ek oF gpev Fomm ¢ybintar, Tt =pht %
wde fud he s presats o oa Caxbia Fo o 5K Sfties iy

remgemama ] 7, 1 Ry ke wrsem booteg te ks AT s

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



6B1

(a) One scientist involved in the study believes that large islands (those with areas greater than 25 square
kilometers) are more effective than small islands (those with areas of no more than 25 square kilometers)
for protecting at-risk species. The scientist noted that for this study, a total of 19 of the 208 species on the
large islands became extinct, whereas a total of 66 of the 299 species on the small islands became extinct.
Assume that the probability of extinction is the same for all at-risk species on large islands and the same
for all at-risk species on small islands. Do these data support the scientist’s belief? Give appropriate
statistical justification for your answer.

Assumptio s s
n p = 19210
- nlepRiga2I0 Since d/ arve /"%%8/‘ f‘hd” /f
N Ps=bf =10 ystributions al’l’/ normy/ éy

he(I-pe)= 2322(0) Lt

_ Ratdowy solcted lnde slate

.Z[L:[Dop, p/vpanha/// oF  extinction 6h /ﬂ"?é lgh/k/S
7t =pe. rgpOrten OF extigtion op swall Shnds

HJ"]TL'FS;D d:O‘O)) because 7"}1@ SC/\M‘f?‘S?%
Hat T o< don't  want tike sugort for thels

_ Pl (751.‘7(_) ‘/"}'leé res

Pel-po) y o lipe, pg(l',bb
e ns

Boosb Because  p-valaescl, T will
e w'(,_z;i s ( ) V“%S\éc'// Hs /s Htpy of Ha
T “ﬂ and  conclude the  sclentisit
= bebet s correct  Hhat
=-4.1 5@
=onlils rclands  are My pe @Q@cﬁrbe Hhn
p-m)ue‘O sgll Islinds | ér/mf&./.,'ﬂy

af-risk specles,

Unauthorized copying or reuse of

any pert of ths page s liogal 5. GO ON TO THE NEXT PAGE.

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



6B2

(b) Another scientist who worked on this study thinks that the proportion of species that become extinct is
more directly related to the size of the islands than simply to whether the islands are grouped as large or
small. This scientist investigated the relationship between the proportion of extinct birds and the area, in
square kilometers, of islands. A least squares analysis was conducted on the proportion extinct and In(area).
The regression analysis output, the scatterplot, and the residual plot are shown below.

Predictor Coef StDev T P

Constant 0.28996 0.01269 22.85 0.000
In(area) -0.05323 0.00618 -8.61 0.000
S$=0.02863 R-Sq=87.1%
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Estimate the slope of the least squares regression line using a 95 percent confidence interval. Interpret your
- answer in the context of this situation.
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6B3

(c) In part (a), the scientist assumed that the probability of a species becoming extinct is the same for each of the
large islands. Similarly, the scientist assumed that the probability is the same for each of the small islands.
Based on your answer in part (b), do you think this is a reasonable assumption? Explain.
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(d) A conservation group with a long-term goal of preserving species believes that all at-risk species will
disappear whenever land inhabited by those species is developed. It has an opportunity to purchase land in
an area about to be developed. The group has a choice of creating one large nature preserve with an area
of 45 square kilometers and containing:70 at-risk species, or 5 small nature preserves, eac/z'h with an area
of 3 square kilometers and each containing 16 at-risk species unique to that preserve. Which choice would
you recommend and why? /
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6Cl1

(a) One scientist involved in the study believes that large islands (those with areas greater than 25 square
kilometers) are more effective than small islands (those with areas of no more than 25 square kilometers)
for protecting at-risk species. The scientist noted that for this study, a total of 19 of the 208 species on the
large 1slands became extinct, whereas a total of 66 of the 299 species on the small islands became extinct.
Assume that the probability of extinction is the same for all at-risk species on large islands and the same
for all at-risk species on small islands. Do these data support the scientist’s belief? Give appropriate
statistical justification for your answer.
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6C2

(b) Another scientist who worked on this study thinks that the proportion of species that become extinct is
more directly related to the size of the islands than simply to whether the islands are grouped as large or
small. This scientist investigated the relationship between the proportion of extinct birds and the area, in
square kilometers, of islands. A least squares analysis was conducted on the proportion extinct and In(area).
The regression analysis output, the scatterplot, and the residual plot are shown below.

Predictor Coef StDev T P
Constant 0.28996 0.01269 22.85 0.000
In(area) -0.05323 0.00618 -8.61 0.000
S=0.02863 R-Sq=87.1%
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Estimate the slope of the least squares regression line using a 95 percent confidence interval. Interpret your
answer in the context of this situation.
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6C3

(c) In part (a), the scientist assumed that the probability of a species becoming extinct is the same for each of the
large islands. Similarly, the scientist assumed that the probability is the same for each of the small islands.
Based on your answer in part (b), do you think this is a reasonable assumption? Explain.
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(d) A conservation group with a long-term goal of preserving species believes that all at-risk species will
disappear whenever land inhabited by those species is developed. It has an opportunity to purchase land in
an area about to be developed. The group has a choice of creating one large nature preserve with an area
of 45 square kilometers and containing 70 at-risk species, or 5 small nature preserves, each with an area
of 3 square kilometers and each containing 16 at-risk species unique to that preserve. Which choice would
you recommend and why?
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AP® STATISTICS
2007 SCORING COMMENTARY (Form B)

Question 6

Sample: 6A
Score: 4

This is a complete response that provides an appropriate test of the null hypothesis that large and small islands
have the same probability of species extinction. It also constructs and interprets a confidence interval for the slope
of a regression line, uses the information provided in part (b) to determine that an assumption used in part (a) is
inappropriate, and makes appropriate use of information provided in the problem to determine which of two
situations would be expected to preserve more species. An essentially complete response is given in part (a). It
provides the appropriate null and alternative hypotheses with good labeling of notation. A two-sample z-test is
identified and justified by noting that all observed counts are sufficiently large. The test statistic and p-value are
correctly evaluated, and an appropriate conclusion is reached about the scientist’s belief. An essentially complete
response is also provided for part (b). A formula is provided for a confidence interval for a slope, and it is
evaluated with the appropriate standard error. The confidence interval is a bit too narrow because the 97.5-th
percentile of the standard normal distribution is used instead of a more appropriate percentile of a t-distribution
with 13 — 2 =11 degrees of freedom, but this does not seriously detract from the overall strength of the response.
Use of the method for constructing the confidence interval is justified by appealing to the random pattern in the
residual plot. The appropriate conclusion that probability of extinction decreases as land area increases is
expressed with 95 percent confidence. The response to part (c) appeals to the result in part (b) to conclude that the
assumption of homogeneous extinction probabilities across small islands is unreasonable because extinction
probabilities decrease as island area increases. The response to part (d) computes expected numbers of species that
would become extinct and survive for the two situations under consideration. This is done using the estimated
extinction probabilities from the models in part (a) and part (b), although only the calculations for the regression
model in part (b) are needed for a complete response. The response shows that the expected number of surviving
species would be greater if 70 at-risk species are accommodated in a 45 square kilometer area than if 16 at-risk
species are accommodated in each of five 3 square kilometer areas.

Sample: 6B
Score: 3

This is a substantial response that also provides an essentially complete test of the null hypothesis that large and
small islands have the same probability of species extinction in part (a). It differs from the previous response in
that the pooled estimate of the overall probability of extinction is not used to evaluate a two-sample z-test. Given
the moderately large expected counts, the two tests are nearly equivalent and lead to the same conclusion. The test
statistic and p-value are correctly evaluated, and an appropriate conclusion is reached about the scientist’s belief.
An incorrect standard error is used in the construction of the confidence interval in part (b). While a general
statement is made about construction of confidence intervals, no conclusion is stated about the slope of the
regression line fit to the species extinction data. Other errors include incorrect degrees of freedom and failure to
use the information in the residual plot to help justify the method used to construct the confidence interval. An
appropriate response is made to part (c) that uses the estimated regression line from part (b) to conclude that the
assumption of homogeneous extinction probabilities across small islands is unreasonable. The response to part (d)
is essentially correct, although the expected number of surviving species in the 5 smaller areas is incorrectly
reported as 51 instead of 61.
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Question 6 (continued)

Sample: 6C
Score: 2

This is a developing response that provides an essentially complete response to part (a). A formula is provided in
part (b) for a confidence interval for a slope, and it is evaluated with the appropriate standard error; but the
confidence interval is a bit too narrow because the 97.5-th percentile of the standard normal distribution is used
instead of a more appropriate percentile of a t-distribution with 13 — 2 = 11 degrees of freedom. This response
does not refer to the uniformly random pattern in the residual plot to justify the method for constructing the
confidence interval. The response to part (c) incorrectly concludes that the assumption of homogeneous extinction
probabilities is reasonable based on a contradictory statement that extinction probabilities decrease as land area
increases. The response to part (d) simply concludes that a larger land area should be used because it was shown
in a previous part of this response that extinction probabilities are smaller in larger areas. The response to part (d)
is not complete, because it does not consider that only 70 at-risk species can be accommodated in the 45 square
kilometer area, while 80 species can be accommodated in the five smaller 3 square kilometer areas.
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