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Question b

Intent of Question

The primary goal of this questicn was to assess a student’s ability to identify, set up, perform, and interpret
the results of an appropriate hypothesis test to address a particular question. More specific goals were Lo
assess a student’s ahility to (1) state appropriate hypotheses: (2) identify the appropriate statistical test
procedure and check appropriate conditions for inference; (3} calculate the appropriate test statistic and
p-value; and (4) draw an appropriate conclusion, with justification, in the context of the study.

Solution
Step 1. State a correct pair of hypotheses.

The null hypothesis is that age group at diagnosis and gender are independent {that is, they are not
associated) for the population of pacple currently being treated for schizophrenia.

The alternative hypothesis is that age group at diagnosis and gender are not independent for the
population of people currently being treated for schizophrenia.

Step 2: Identify a correct test procedure (by name or formula) and check appropriate conditions.
The appropriate test is a chi-square test of independence.
The conditions for this test are satisfied because:
1. The questicn states that the sample was randomly selected.

2. The expectsd counts for the eight cells of the table are at least b, as seen in the following table,
with expected counts shown below observed counts.

Age at Diagnosis

20 to 29 30 to 39 40 to 49 50 to 59 Total

Women 46 40 21 12 119
56.91 36.22 17.25 8.62

Men 53 23 9 3 88
42.09 26.78 12.75 6.38

Step 3: Find the value of the test statistic and the p-value.

o 9_ (O- Ef*

The test statistic is calculated asy “ = Z e 014
E

2 %= 2.093+ 0.395+ 0.817+ 1.322

+ 2.830+ 0534+ 1105+ 1.788

= 10.884.

The p-value is Pl 2> 10.884)= 0.012, based on {4— 1)x (2— 1)= 3degress of freedom.

@ 2017 The College Board.
Vigit the College Board on the Web: www.collegeboard. org.



AP® STATISTICS
2017 SCORING GUIDELINES

Question b (continued)
Step 4: State the conclugicn in context, with linkage to the p-value.

Because the p-value is very small (for instance much smaller than o = 0.05}, we rgject the null
hypothesis and conclude that the sample data provide strong evidence that there is an association
between age group at diagnosis and gender for the population currently being treated for
schizophrenia.

Scoring

This question is scorad in three secticns. Secticn 1 consists of steps 1 and 2 (stating the correct
hypotheses, identifying the appropriate test procedure, and checking the technical conditions): section 2
consists of step 3 {performing the correct mechanics); and section 3 consists of step 4 (stating a correct
conclusion with justification). Sections 1, 2, and 3 are scored as essentially correct (B), partially correct (P),
or incorrect (I).

Section 1 is scored as follows:

Essentially correct (E) if the response correctly includes the following three components:
1. States BOTH hypotheses correctly with context included in at least one of them
2. Identifies a chi-equare test of independence by name or formula
3. Verifies appropriate conditions that minimally include the condition for the expected counts
and do not include any incorrect conditions {such as normality)

Partially correct (P} if the rasponse includes only two of the thres componeants.
Incorrect (I} if the response includes at most one of the three components.

Notes:
e Stating the expected count condition is not sufficient; the condition must be checked by
reporting the expected counts, or minimally by showing that the smallest expected count is at
least b.

e The randem sample condition was stated in the stem so nesd not be explicitly checked.
e [fthe null and alternative hypothesis are correctly stated in terms of population proportions,
component 1 is gatisfied. For example:

Hy : b1 = p2 = b3 = ps. where p; is the population proportion of women at each indicated

age group, 1, Z, 3, o1 4, who are currently being treated for schizophrenia.

H, : At least one of the population proportions, py, Pz, Bz, Py, differs from the other three.
OR

H, : The pepulation proportions for the four age groups are net all the same.

Section 2 is scored as follows.
Essentially correct (E) if the response correctly calculates the following two values:
1. The value of the chi-square test statistic

2. The p-value, critical value, or p-value range from chi-square table

Partially correct (P} if the response correctly calculates only one of the two values.
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Question 5 (continued)
Incorrect (T} if the response does not satisfy the criteria for E or P.

Notes:

e [f the response makes an errcr in one calculation, subsequent calculations are considered
correct if they follow correctly from the initial miscalculaticn.

e With 3 degrees of freedom, the correct critical value is 7.81 for a significance level of 0.05 and
11.34 for a significance level of 0.01.

o  Work does not have to be shown for calculations of test statistic or p-value. However, if
incorrect work {(other than minor arithmatic/transcription errors) is shown it is considered to be
an incorrect calculation of the respective component, even if the correct value is given.

e [faresponse provides a test statistic that is not a chi-square test statistic, section 2 is scored 1.

Section 3 is scored as follows.

Essentially correct (E) if the response includes the following three components:
1. A correct conclusion about the alternative hypothesis.
2. Jugtification of the conclusion based on linkage between the p-value and a reasonable alpha
(or linkage between test statistic and critical value).
3. The conclusion is stated in context.

Partially correct (P} if the response includes only two of the three components.
Incorrect (T} if the response includas at most one of the three compcenents.

Notes:

e If the response provides a correct declsion, in context, with linkage to the p-value, but the
decisicn is stated in terms of the null hypothasis with no conclusion about the alternative
hypothesis, component 1 is not satisfied.

e [ncorrect statistical statements are considered incorrect cenclusions for the hypothesis test and
do not satisfy component 1.

e [fthe conclusion is consgistent with the p-value from section 2, and also in context with
justification based on linkage to the p-value, section 3 is scered B,

e [fnc algha level 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. For
example, stating that because the p-value is small, we reject the null hypothesis cr stating that
because the p-value is large, we do not reject the null hypothesis.

e A decisicn about the null hypothesis (reject Hyy or fail to reject Hy ) is not required, but if such

a statement is given the scoring of the decision is considered in component 2.
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Question 5 (continued)

Complete Response

Three sections essentially correct
Substantial Response

Two sections essentially correct and one section partially correct
Developing Response

Two sections essentially correct and no sections partially correct
OR

One section essentially correct and one or two sections partially correct
OR

Three sections partially correct
Minimal Response

One section essentially correct
OR

No sections essentially correct and two sections partially correct

OR
Saction 1 partially correct and the other two sections incorrect
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5. The table and the bar chart below summarize the age at diagnosis, in years, for a random sample of 207 men and
women currently being treated for schizophrenia. :

Age-Group (years)

20 to 29 - 30to 39 40 to 49 50 to 59 Total
Women 46 40 21 12 119
Men 53 23 9 3 88
Total 99 63 30 15 207
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Do the data provide convincing statistical evidence of an association between age-group and gender in the ~
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20to 29 30to 39 40t0 49 50 to 59 Total
Women 46 40 21 12 119
Men 53 23 9 3 88
Total 99 63 30 15 207
100%
& 80%
8
A 60%
15)
§ 40%
& 20%

201029 301039 401049 50 t059
Age-Group (years)

[ Men K Women|

Do the data provide convincing statistical evidence of an association between age-group and gender in the
diagnosis of schizophrenia?

; o %S ofl g
‘ “{/\\Lof,r{#n"&.

| ’r\"nf‘ i

ke, & Ny
}\{' R (\oﬁ?t,u

h&‘ wﬂ»\r‘ix\g an c«SS?Cl&’Hm betuag€ !\““P i‘;foup NG qerdeyr i i
Fa | ¥ tvv Az
| Fo% O+ LN 65

hueewn ace S and 0endtY in T
J K “

{((w\ht W (c\. 5

F 5 e

. H { = - A% % [4
acdern’ dea Al b i 0 Vededen S S '
‘_‘?.l.réﬁ,é}{ vieee s '
—e gt foantt, & O ¢ WeEHe coonts D5 gn we faln e STV

";4:( (‘\:' !t\:

Fi()i e Counds __ | g
e} 20720 1 ! ho-ud | £o-31
2\‘ } ,‘_-:_ L7aY / ‘! L) - - f_“_c((';-’)c'—_ oy wn el
il 207 5:1 ("“D% 7 1@ ";(.."%.J??f 3 2073 ™
PV [ LY NP (1) & D88)
’\f{‘d\ E'il n“':‘-j‘ s Y rvl :\VJQ'
s Go7)” ()™ ST 8T . (26%) .
Unauthorized copying or reuse ofJ
any part of this page is illegal. GO ON TO THE NEXT PAGE
-12-

© 2017 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

$15]



If you need more room for your work in question 5, use the space below.

T)O : A( w /ﬁ' 6{ fO\IJQI l_)(?ﬁ \'X fﬂg[)mr}\ -] 3 ‘-.
0\‘( kq)(Q r\€.<‘ R of Cmtdcw =3
Z\ (003" ned — € f_&(cicd

T e vpeckd | |
, B Sk e
)(Z 2 4 ”Difzw Lol o Gl N (3-6)

5% b NS b

\1‘ if n V. 5 y
/ ~ ;O- L‘Z JNAM R 0o {L?‘;
&
@ Y -~ 5
(ot f‘\“é‘ s hERALE 4 g, Nalwe v 612y 6% e

X &=, 05, we P et AL _\'\o. T eg {",

SBZ

) Si P A '-"”_f-f"sf:"fl;{‘-, “1,-{"'" .."’.
sibenee o sppict @ olSaciedion efwen @
\’. ; 2 o~ ‘" Ao i N s 6
goa opndee A e diagnolS o Schizepnvenie
GO ON TO THE NEXT PAGE.
13-

© 2017 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



5C

5. The table and the bar chart below summarize the age at diagnosis, in years, for a random sample of 207 men and

women currently being treated for schizophrenia.
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Question b
Overview

The primary goal of this question was to assess a student’s ability to identify, set up, perform, and interpret
the results of an appropriate hypothesis test to address a particular question. More specific goals were to
assess a student’s ability to (1) state appropriate hypotheses; {2) identify the appropriate statistical tast
procedure and check appropriate conditions for inference; (3) calculate the appropriate test statistic and
p-value; and (4) draw an appropriate conclusion, with justification, in the context of the study.

Sample: bA
Score: 4

The response states the correct hypotheses in the context of the problem, which satisfies component 1 of
section 1. The appropriate test procedure “chi-square test for independence” is stated; therefcre, the
response satisfies component 2 of section 1. The expected value condition is verified, and the expected
counts are provided and clearly labeled; therefore, the response satisfies component 3 of section 1. Because
the response includes the three components, section 1 was scored as essentially correct. The correct test
statistic value is stated and, although work for calculating the test statistic is not required, the correct work is
shown; therefore, the response satisfies component 1 of section 2. The correct p-value is stated in the
response satisfying component 2 of section 2. Because the respense includes both components, section 2
was scored as essentially correct. For a conclusion the responss correctly compares the p-value to an
appropriately chosen alpha level and, although not required, the response states the correct decision for the
null hypothesis; therefore, the response satisfies component 2 of section 3. The correct conclusion about the
alternative hypothesis in the context of the question is stated; therefore, cornponents 1 and 3 of section 3 are
satisfied. Because the response includes all three compenents, section 3 was scored as essentially correct.
Because three sections were scored as essentially correct, the response earned a sceore of 4.

Sample: 5B
Score: 3

In secticn 1 the response states the appropriate hypotheses within the context of the question; therefore, the
response satisfies component 1. The appropriate formula for the chi-square test of independence is stated;
therefore, the response satisfies compenent 2 of section 1. Although the expacted count condition is stated
and the expected counts are listed and labeled, the response indicates the condition results in “normality,”
which is incorrect. The expected count condition verifies that a chi-square test statistic is appropriate. If the
conditicn is met, it does not imply ncrmality. The response does not satisly compenent 3 of section 1.
Because the response includes only two of the three compeonents, section 1 wag scored ag partially correct.
The response provides the correct test statistic and p-value. Although work was not required, the supperting
work for the test statistic is carrect; therefore, the response satisfies both components 1 and 2 of section 2.
Because the response includes both cf the components, section 2 was scored as essentially correct. The
p-value and an appropriately chosen alpha level are cerrectly compared and, although it is not required, a
correct decision about the null hypothesis is provided; therefore, the response satisfies component 2 of
section 3. The correct conclusion about the alternative hypothesis within the context of the question is
stated; therefore, the response satisfies component 1 and 3 of section 3. Because the response includes all
three compecnents, section 3 was scored as essentially correct. Because two sections were scored as
essentially correct, and one section was scored as partially correct, the response earned a score of 3.
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Question b (continued)

Sample: bC
Score: 2

The response states the correct hypotheses within the context of the question; therefore, the response
satisfies compecnent 1 of section 1. The respense incorrectly states the name of the test as a chi-square test of
homogeneity. Because the question states that cnly cne random sample is taken the appropriate hypothesis
test is a chi-square test for independence. A chi-square test for homogeneity requires that within the data
table either the rows or the columns are fixed, that is to say, that multiple samples are selected. The response
does not satisfy component 2 of section 1. The response does verify the expected count condition by stating
the lowest expected count 6.4 is greater than 5. This is enough to verify the condition; therefore, the responss
satisfies component 3 of section 1. Because the response includes only two of the three components,

gaction 1 was scored as partially correct. The response states both the chi-square test statistic and the
correct p-value. Although supporting work is not required, the supporting work provided in this response is
correct. The response satisfies both components 1 and 2 of section 2. Because the response includes both
components, section 2 was scored as essentially correct. Although the response indicates a comparison of
the p-value and an appropriately chosen alpha level, the two values are never compared. The response should
provide a correct compariscn of those values to demonstrate a complete understanding of the justification for
the conclusion to satisfy component 2. Although a decision about the null hypothesis is not required, the
response provides an incorrect decision (“fail to reject the Hy "). The response does not satisfy component 2.

Based on the decision stated about the null hypothesis, a correct conclusion about the alternative hypothesis
is stated in the context of the question; therefore, the response satisfies component 1 and 3 of section 3.
Because the response includes only two of the three compconents, section 3 was scored as partially correct.
Because one section was scored as essentially correct, and two sections were scored as partially correct, the
response earned a score of 2.
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