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Question 1

Intent of Question

The primary goals of this question were to assess a student’s ability to (1) explain statistical terms used
when describing the relationship between two variables; (2) interpret the slope of a linear regression
equation; and (3) calculate a value of ¥ when given a regression equation, a value of x, and & residual.
Solution

Part (a):

In the context of a scatterplot in which v represents weight and x represents length, the following are
defined.

A positive relationship means that wolves with higher values of length also tend to have higher
weights.

A linear relationship means that as length increases by cne meter, weight tends to change by a
constant amount, on average.

A gtrong relationship means that the data points fall close to a ling (or curve).
Part (b):

The slope of 35.02 indicates that two wolves that differ by one meter in length are predicted to differ by
35.02 kilograms in weight, with the longer wolf having the greater weight.

Part (c):
In general, a residual is equal to actual weight minus predicted weight, or equivalently,
actual weight = predicted weight + residual.
For the wolf with length 1.4 meters and residual of —9.67, the predicted weight is
—156.46 + 36.02(1.4) = 32668 kilograms.
Therefore, the actual weight of the wolf is 32.568 + (—8.67) = 22.898 kilograms.
Scoring
Parts (a), (I), and (c) are scored as essentially correct (E), partially correct (P), or incorract (I).
Part (a) is scored as follows:
Essentially correct (E) if the response includes the following four components:
1. A reasonable definition of positive
2. Areascnable definition of linear

3. A reascnable definition of strong
4. At least one definition in context
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Question 1 (continued}

Partially correct {P} if the response includas only three of the four components.
Incorrect, (I) if the response does not meet the conditions for B or P

Notes:

e The description of a positive relaticnship should clearly indicate that relatively low values of
one variable tend to appear with relatively low values of the other variable, and relatively high
values of the first variable tend to appear with relatively high values of the other variable.

o Examples of acceptable responses:

= Aslength increases, so does welght.

* Tongsr wolves weigh more.

*  The points on the graph go up as you move from laft to right.
o Examples of unacceptable responses:

= Aslength goes up, weight changes.

= Both length and welght get biggsr.

= The correlation is greater than 0.

o The description of a linear relationship can take one of two approaches: the data pattern {data
points exhibit the pattern of a ling in the graph) or the constant rate of change (as the
explanatory variable changes, the response variable exhibits a constant rate of change).

o kExamples of acceptable responses:
® The points generzally follow a straight line.
®* The relationship between x and y is straight.
®* Length and width have s constant slope.
o Examples of unacceptable rasponses:
=  The points all line up.
®  You can draw a straight line through the points.
=  There is a pogitive correlation.
=  Hveryincrease in x yields a 35.02 increase in v.
e The descripticn of strong should indicate how close points are to a line.
o Examples of acceptable responses:
=  Observed values are close to predicted values.
= Deviations from the least-squares regressicn line are small.
= The correlation ceefficient is close to 1.
o Examples of unacceptable responses:
=  All the points are close together.
= The scatterplots are clustered together.
= Thereis a high positive correlation.

e (Context can be shown by referring to length and welght or by using meters and kilograms.

e Sketches and graphs can be used to help clarify definitions, but a sketch alone cannot satisiy a
definition component.

Part (b} is scored as follows:

Essentially correct (E) if the 1espense includes the following three components:
1. The ccrrect value of 35.02 for the slope.
2. An interpretation that includes an increase of a specified amournt of weight for each unit
increase in length.
3. Anindication that the relationship is not exact by uging words such as “on average” or
“predicted weight.”
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Question 1 (continued)

Partially correct (P if the response includes only two of the three components.

Note: If the response identifies the slope as —18.46 (the intercept value), the second component, ig
satisfied only I the respcnse states that for each one-meter increase in length there is a decrease
in predicted or average weight of 16.48 kilograms.

Incorrect (I} if the response does not meet the criteria for E or P,

Part (c) is scored as follows:

Essentially correct (E) if the response includes the following two components:
1. A correct computation for the predicted value 32.568 kilograms.
2. A correct computation for the actual weight 22.9 kilograms using the given rasidual and the
predicted value.

Partially correct (P) if the response provides a correct computation for the predicted value but is not
able to complete the correct calculation of the gactual weight, including if the residual is defined in the
wrong direction as (predicted weight} — (actual weight) to give an answer of 42.24 kilograms;

OR
if the response provides an incorrect value for the predicted weight, but then uses that value correctly

to determine the actual weight as (predicted weight) + residual = (predicted weight) +(—8.67) ;

OR
if the response provides a correct answer for the actual weight but does not give sufficient information
to determine how it was calculated.

Incorrect (I} if the response does not meat the criteria for E or P.

Notes:
e The expression —16.46 35.02(1.4} is encugh to satisfy the first component.
o The equaticn —16.46 + 35.02(1.4) — .67 = 22.9 satisfies both components.

e Arithmetic mistakes are overlcoked if they do not lead to an unreasonable answer (such as a
negative value). For example, 32.668 + (—=9.67) = 21.9 satisfies the second component.
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Question 1 (continued)

Complete Response

Three parts essentially correct
Substantial Response

Two parts essentially correct and one part partially correct
Developing Response

Two parts essentially correct and no parts partially correct
OR

Cne part essentially correct and one or two parts partially corract
OR

Three parts partially correct
Minimal Response

Cne part essentially correct

OR
No parts essentially correct and two parts partially correct
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Question 2

Intent of Question

The primary goals of this question were to assess a student’s ability to (1} construct and interpret a
confidence interval for a populaticn proportion and (2) use a confidence interval for a proportion to find a
confidence interval for a dollar amount that can be calculated using that proportion.

Solution

Part (a):

Step 1: Identify the appropriate confidence interval by name or formula and check appropriate conditions.

The appropriate procedure is a cne-sample z-interval for a population proportion p. In this case, the
population is all customers of the restaurant who ask for a water cup, and p is the proportion of that

population who will fill the cup with a soft drink. The appropriate formula is D+ 7 @

Conditions:
1. Random sample
2. Large sample (number of successss np > 10 and number of failures n(1— p) > 10}

For condition 1 the stem of the problem states that a random sample of customers whe asked for a
water cup was used.

For condition 2 the number of successes (filled cup with soft drink) is 23 and the number of failures is
b7, both of which are greater than 10.

Step 2: Correct mechanics

The sample proportion is p = % = (0.287b. The confidence interval is

0.2875(1 0.2875)
80
0.2876 + 1.95(0.0506) or 0.1883 to 0.3867.

= 0.2876+ 0.0952

0.287b+ 1.96

Step 3: Interpretation

We can be 95 percent confidant that in the population of all customers of the restaurant who ask for a
water cup, the proportion who will fill it with a soft drink is between 0.1883 and 0.3867.

Part (b):

Using the confidence interval in part {a), a 95 percent interval estimate for the number of customers in
June who asked for a water cup but then filled it with a soft drink is 3,000 x 0.1883 to 3,000 x 0.3857,
or 565 to 1,160. At a cost of $0.25 per customer, a 95 percent interval estimate for the cost to the
restaurant in June is $141.25 to $290.00.
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Question 2 (continued)

Scoring

This guestion is scored in four sections. Section 1 consists of step 1 in part {(a), section 2 consists of step 2
in part (a), section 3 consists of step 3 in part (a), and section 4 consists of part {b}. Each secticn is scored
as essentially correct (E), partially correct (P), or incorrest (I).

Section 1 is scored as follows:

Egsentially correct (E) if the one-sample z-interval for a proportion is identified (either by name or
formula) AND both conditions (random sampling and large sample) are adeguately addressed.

Partially correct (P} if the response identifies the correct precedure BUT adequately addresses only one
of the two required conditions;

OR
if the response does nict identify the correct procedure BUT adequately addresses both required
conditions.

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

Notes:
e Stating the large sample condition without verifying it is not sufficient. The response must use
specific numerical values to adequately address the condition.
e [f the response includes additional inapprepriate conditions, such as n 2 30 or requiring a
normal population, then the response earns at most P for saction 1.

e Stating and checking a condition akout the size of the sample relative to the size of the
population is appropriate but not required.

e Any statement of hypotheses, description of the population, or definition of the parameter
should be consgidered extraneous. However, if such statements are included and incorrect,
they are considered as poor communication in terms of holistic scoring.

Section 2 is scored as follows:

Essentially correct (E) if the 1espense gives the correct 95 percent confidence interval. Supporting work
ig not required, but if included, it must be correct.

Partially correct (P) if the response gives a correct confidence interval with incorrect (but appropriata)
supporting work shown;

OR
if the response gives an incorrect but reasonable confidence interval with appropriate supporting work

shown — for instance, if a value other than 1.96 is used for the critical value or a value other than %

isusedfor p.
Incorrect (I} if the response does not meet the criteria for E or P.

Notes:
e Appropriate supporting working must have the form:
proportion * (critical value){SE/SD cf proportion).
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Question 2 (continued)

e A confidence interval that has both endpeints outside the interval from 0 to 1 is considered
unreasonable.

Section 3 is scored as follows:

Essentially correct () if the response provides an appropriate interpretation of the interval that
includes the following three components:
1. Conveys inference about a population proporticn
2. Demonstrates a clear understanding that the parameter is the proportion of the water cup
population that fills the cup with a soft drink
3. Mentions 95 percent confidence and interprats it correctly using words such as “We can be 95
percent confident” or “With 9b percent confidence”

Partially correct (P) if the response provides an appropriate interpretation of the interval that includes
the first component AND only one of the other two components;

OR
if the response provides a correct interpretation of the confidence level in context without interpreting
the specific interval.

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

Notes:

e (lear indication of an inference to the random sample of 80 customers rather than to the
population does not satisty the first component and 1s scored L

e Stating values that are unrealistic as proportions or percentages (including blanks) in the
interpretation lowers the score one level (from E to P, or from P to ).

e When both the interpretation and the level of the interval are given, only the interpretation is
scored. If the interpretation of the confidence level is incerrect, it is considered as poor
communication in terms of holistic scoring.

e Any interpretation that implies the interval has a 95 percent chance (or possibility or
probability) of capturing the population proportion is scored I

Section 4 is scored ag follows:

Essentially correct (E) if the 1esponse gives a correct interval estimate for the cost to the restaurant
AND shows enough work to indicate how the interval was found.

Partially correct (P) if the response gives the correct interval estimate for the number of customers
(b6b to 1,160) who would fill the water cup with soda, including showing work, but does not multiply
by $0.25 to find the interval for the cost;

OR
if the response gives the correct interval estimate for the expected cost tc the restaurant for an
individual who asked for a water cup ($0.05 to $0.10), including showing work, but does not multiply by
3,000 to find the interval for the total cost:

OR
if the response makes a reasonable attempt to find the endpoints of the interval as (0.1883)(3,000)0.25)
and {0.38673(3,000)(0.25), but makes an arror such as using the sample size of 80 instead of the

population size of 3,000,

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



AP® STATISTICS
2017 SCORING GUIDELINES

Question 2 (continued)

OR
if the response gives the correct interval without showing how it was found.

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

Notas:

e The response in section 4 earns an B if it follows correctly from an incorrect interval found in
part (a), even if the interval is unreasonable.

o Units ($) are not required to sarn an E.

Each essentially correct (E) section counts as 1 point, and a partially correct (P) section counts as ¥z point.

4 Complete Response

3 Substantial Response
2 Developing Response
1 Minimal Response

If a responsge is between two scoras (for example, 2% points), use a holistic approach to decide whether to
score up or down, depending on the strength of the response and communication.
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Question 3

Intent of Question

The primary goals of this question were to assess a student's ability to {1) calculate a probability from a
normal distribution; (2) calculate a weighted probability from two individual probabilities; and (3) calculate
a conditional probability for dependent events when individual and joint probabilities are provided.

Solution

Part (a):

Let X denote the diameter of a randomly selected melon from Distributer J. X has an approximately
normal distribution with mean 133 mm and standard deviation b mm.

The z-score for a diameter of 137 mm is z = % = % =028

Therefore, P(X >137) = P(Z >08) =1-07831 =0.2119.

Part (b):

Define events:
J: melon is from Distributor J
K: melon is from Distributor K
Gt melon diameter is greater than 137 mm

P(G)=P(@|J) x P(J) + P(C | K) x P(K)
= (0.2119)(0.7) + (0.8413)(0.3)
= 01483 + 0.2524
= 0.4007

For a randomly selected melon from the grocery store,

OR
(0.7)(0.2119)=0.1483

From the tree diagram, P(G) = P(GandJ) + P(Gand K) = 0.1483 + 0.2524 = 0.4007.
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Question 3 (continued)
Part (c):
Using the events defined in part (), the requested probability is

P(Jand@)  P(G|J)P(J)  (0.2119)(0.7) _ 0.1483
EE P(3) 04007 04007

P(J|G) = = 0.3701.

Scoring

Parts (a}, (b), and {c) are scored as essentially correct (I}, partially correct (P}, or incorract (I).
Part (a) is scored as follows:

Egsentially correct (E) if the respense provides the following three components:

1. Normality and parameters: Indicates use of a normal (or approximately normal) distribution and
clearly identifies the correct parameter values. (Showing correct components in a z-score,
labeling the mean and standard deviation in a normaledf calculator statement, or drawing a
normal curve with sufficient values marked to indicate the mean and standard deviation are all
sufficient methods for identifying the correct parameter values.)

2. Boundary and direction: Uses the correct boundary value of x =137 or z = 0.8 and the corract
direction. {Showing correct boundary and direction in a prebhability statement using “greater
than,” labeling the lower limit and upper limit in a normalcdf calculator statement, drawing a
normal curve with 137 labeled and an indication that the area of interest is te the right of 137,
or a conclusion in words using “greater than.”)

3. Probability: Reports the correct normal probahility consistent with the response’s setup
described in components 1 and 2.

Partially correct (P} if the response correctly provides only two of the three components.

Incorrect (T} if the response gives the answer with no work shown or otherwise does not satisfy the
criteria for B or P.

Notes:

e Aninconsistency in calgulations lowers the score for part {a) by one level (from E to P, or from P
to I). For instance, if the response states the requestad probability as P(X > 137), but actually
computes P(X < 137).

e An error in statistical notation, such as using s instead of o for the standard deviation or X
instead of u for the mean, dces not satisfy component 1.

e A correct directicn can be obtained by using a left direction and an upper bound cf 137 and
then subtracting the value of the cumulative probability frcm 1. However, simply showing the
calculation 1—0.7881 = (0.2119 does NOT give a correct direction.

e (Congsider any steps of a hypothesis test as extranecus work.

e Standard notations such as N{133,b) or N{133,25) satisfy the first component.

e A sketch of the normal curve with 133 and 138 in the appropriate positions satisfies the first
componeant.

e Use of a value other than 137 does not satisfy the second compcenent.

o Ifthe only error in part (a) is the reversal of the numerater for the z-score (133 — 137), the
response is scored as P
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Question 3 (continued)

e For calculator notaticn:
o nedfis sufficient to indicate use of the normal distribution.
o Stating the lower and upper bounds ig sufficient for identifyving boundary and direction.
o Minimum nctation, such as "“u” for upper, is sufficient for identifying boundary.
o The minimum valie for an upper bound must be at least 4 standard deviations above

the mean.
Part (b} is scored as follows:

Essentially correct (E) if the probability is computed correctly, AND work is shown that includes
correct numerical values using a formula, end results from a tree diagram, or some cther appropriate
method.

Partially correct (P) if the response provides a corract strategy for finding the probability, such as a
formula or tree diagram, but uses one or more incorrect values or does not use the end result from the
tree;

OR
if the response gives the correct probability but not enough work is shown to determine how it was
found.

Incorrect if the response does not meet the criteria for B or P.

Notes:
e A response that uses 0.3 for Jand 0.7 for K earns a P if no other mistakes are made.
e Tree diagrams:
o Ifused, the multiplicaticn is implied, but the additicn must be indicated.
o Ifnotused, both the multiplication and the addition must be indicated.
e The shown work might be found in part (¢).
e Probabilities can be shown in a table. Addition is implied if “Tctal” is labeled, as shown.

Intersection a Not G Total
J 0.1483 0.5517 0.7
K 0.2524 0.0576 0.3
Total 0.4007 0.5993

Part (c¢) is scored as follows:

Esaentially correct (E) if the probability is computed correctly AND work is shown that illustrates how
the probability was found.

Partially correct (P} if the response provides a strategy for finding the probability for dependent
variables, such as the appropriate formula or end results from the correct tree diagram, but uses one cr
more incorrect values or does not use the end result from the tres;

OR
if the response gives the correct probability but not enough work is shown to determine how it was
found.

Incorrect (1) if the response does not meet the criteria for E or P.
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Question 3 (continued)

Part (¢) earns an E if a correct answer follows from inceorrect values used from part (a) and/or
part (b}, provided all values are between 0 and 1, inclusive.

A transcription error in a response can be ignored if correct woerk is shown.

For any part, if the resulting probability or part of the calculation of the probability uses a value

that is not between 0 and 1, inclusive, the score is lowered by one leval {fiom E to P, or from
Pto D).

In any part, unsupported answers are scored as I

Complete Response

Three parts essentially correct
Substantial Response

Two parts essentially corract and one part partially correct
Developing Response

Two parts essentially correct and no parts partially correct
OR

Cne part essentially correct and cne or two parts partially correct
OR

Three parts partially correct
Minimal Response

One part essentially correct

OR
Nc parts essentially correct and two parts partially correct
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Question 4
Intent of Question

The primary goals of this question were 1o assess a student’s ability to use boxplots to (1) compare multiple
sots of data; {2) identify which set of data is most likely to have produced a particular summary value; and
(3) determine which variable is most useful for classifying a new observation.

Solution
Part (a):

The median value for the percent of chemical Z in the potiery pieces is gimilar for all three sites, at
about 7 percent. The ranges for the percent of chemical Z are much different for the three sites, with
the smallest range of about 2 percent {from 6 percent to 8 percent) at Site II, a range of about 6 percent
(from about 4 percent to 10 parcent) at Site I, and the largest range of about 8 parcent (from about 3
percent to 11 percent) at, Site III.

Part (h):

(i) The piece most likely originated at Site III. Although valuas outside of the range of data observed in
the samples would be possikle, using the available data results in approximate minimum and
maximum sums of the percents for the three chemicals as shown in the table below. Site III is the
only gite in which 20.5 falls between the sums of the minimum and maximum values.

Site ] Site Il Site 11
Chemical Min Max Min Max Min Max
X 6 8 5] 7 5 75
Y 11 15 1.9 4 6 8
% 4 10 6 8 3 11
Sum 21 33 12.9 19 14 265

(i) Chemical Y would be most useful, because the distribution of the percentages of total weights at
the three sites do not overlap. The distributions of chemicals X and Z have substantial overlap.

Scoring

This question is scored in thiee secticns. Section 1 consists of part {8}, section 2 consists of part (b-i}, and
section 3 consists of part (b-ii). Each section is scored as essentially correct (E), partially correct (P), or
incorrect (1).

Section 1 is scored as follows:
Essentially correct (E) if the response includes the following three components:
1. Recognition that the medians or centers are almost the same for the three sites
2. Recognition that the variability (tanges, IORs, spread) is different across the three sites
3. Context is included

Partially correct (P) if the response includes only two of the three components.

Incorrect (I} if the response includes at most one of the three components.
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Question 4 (continued)

Notes:

e In all sections, comments about shape should be ignored because complete shape information
is not cbtainable from boxplots.

e Responses are not required to give numerical values. If responses provide numerical values,
any reasonable approximation from the boxplots is acceptable.

e Because the boxplots are all symmetric, it is acceptable if the response discusses means
instead of medians.

e Any discussion of chemical X and chemical Y is considered extranecus.

e (Context is satisfied by any of the [ollowing relerences: site, chemical, weight, total weight,
X, Y, or Z.

Section 2 is scored as follows:

Essentially correct (E) if the response includes the following thiee components:
1. SiteIll is chosen.
2. Sums of the minimum and meaximum are computed for the three chernicals at each site.
3. A reasonable numerical justification is given involving sums of a statistical measure across the
three chemicals to choose Site III.

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

Notes:

e [f the response computes only the sum of the minimums for Site [ and the sum of the
maximums for Site [l and recognizes that this is sufficient, the response is scored B.

e If an alternative measure is used that involves sums of the three chemicals, such as the sum of
the medians cr the sums of the first quartiles and sums of the third quartiles, instead cf the
minimum and maximum sums, the second component is not satisfied, but the third component
might be satisfied.

o [If the response explicitly or implicitly compares the alternate sum to the other twc sites
(for example, by indicating that the sum is the closest to 20.5 percent or by listing the
sums for all three sites) the response is scored P.

o If the response does not have an implicit or explicit comparison, the response ig
gcored [

e [f either Site [ or Site Il is identified as the correct choice, no matter how that choice is justified,
the response 1s scored L

e The approximate sums of the medians are 27.5 for Site I, 16 for Site II, and 20 for Site IIL.

Section 3 is scored as [ollows:

Essentially correct (E) if the respense chooses chemical Y AND gives a reasonable justification based
on the fact that the distributions of chemical Y are distinctive across sites.

Partially correct (P} if the response chooses chemical Y AND provides justification basad on the

boxplots, but does not clearly explain that the distributions of chemical Y are distinctive across sites;
OR

if the response correctly discusses that the diswributions of chemical Y are distinctive across sites, but

never explicitly chcoses chemical Y as the best chcice, for instance, by stating only that there is

substantial overlap across sites for chemicals X and Z but no overlap for chemical Y.

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



AP® STATISTICS
2017 SCORING GUIDELINES

Question 4 (continued)

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

Notes:
[ ]

To justify that the distributions of chemical Y are distinctive across sites, the justification must
address both location and variability of the boxplots; for example, by stating that the boxplots
do not overlap for chemical Y.
If the response chooses chemical X or Z OF chooses chemical ¥ with no reascnable
justification, the respense is scored L.
The justification that the distributions of chemical Y are distinctive across sites:

o The following are acceptable because both location and variability are addressed. Such

responses are scored E.

The boxplcts for chemical Y do not overlap, or the boxplots for chemicals X and
Z overlap.

All values of Site T are high, all values of Site 1T are low, and all valies of Site 111
are in the middle.

The ranges never intarsect.

The boxplcts share no data.

Has completely different percentages at each site.

o The lollowing are incomplete justifications and are scored P.

The boxplots vary.

Chemical Y varies the most.

Chemical Y has the greatest variation.

The variaticn between/among sites is the largest.

The boxplots are different.

The medians/means differ.

The medians/means are most variable.

There is a difference in the percentages of chemical Y for each site.
The distribution of percents differs the most among the sites.
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Question 4 (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 secticns essentially correct and two sections partially correct
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Question b

Intent of Question

The primary goal of this cquesticn 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.

Scolution
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 pecple 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 expectad counts for the eight cells of the table are at least b, as seen in the following table,
with expected counts shown below obsgerved 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 2 (©- EF

The test statistic is calculated as y° = Z— , Of
E

2% =2.093+ 0395+ 0.817 + 1.322

+2.830+ 05634+ 1.105+ 1.788

= 10.884.

The p-value is P(;(Z > 10.884) = 0.012, based on {4 — 1) x (2 — 1) = 3degrees of freedom.
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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
Z. Identifiegs 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 response includes only two of the thres componeants.
Incorrect (I} if the response includes at most one of the three components.

Notos:

e Stating the expected count cendition is not sufficient; the condition must be checked by
reporting the expected counts, or minimally by showing that the smallest expected count 1s at
least b.

e The random sample condition was stated in the stem s0 need not be explicitly checked.

e [f the null and alternative hypothesis are correctly stated in terms of population proportions,
component 1 ig satisfied. For example:

Hy : b = p» = b3 = ps. where p; is the population proportion of women at sach indicated

age group, 1, 2, 3, o1 4, who are currently being treated for schizophrenia.

H, : At least one of the population proportions, py, P2, B2, Py . differs from the other three.
OR

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

Section 2 is scored as follows.
Essentially correct (E) if the respense 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.

e  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 [f aresponse provides a test statistic that is not a chi-sguare 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. Justification of the conclusion based on linkage between the p-value and a reasonatle 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 includes at most one of the three components.

Notes:

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

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

e [fthe conclusion is congistent with the p-value from section 2, and algo in context with
justification based on linkage to the p-value, section 3 is scored E.

e If ncalpha level is given, the soluticn 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 or stating that
because the p-value is large, we do not reject the null hypothesis.

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

a statement is given the scoring cf the decisicn 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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Question 6

Intent of Question

The primary goals of this question were to assess a student’s ability to (1) calculate probabilities
associated with treatment and control group memberships for two different methods of random
assignment and (2} justify which method of random assignment is more appropriate in a given situation.

Solution
Part (a):
(i) Let T (tail) represent being assigned to the treatment group and H (head) represent being assigned

to the control group for each coin flip. The process stops when either the treatment group or the
control group has two members. The cutcomes and their prebabilities are as follows.

Arrangement A B C D E F
Chip outcomes TT THT THH HH HTH HTT
cacuain | [7)5) | (3)z)z) [ GGEIGE) | GIE) | () | GGG
20\ 2 2N2\2 2N\2)\2 20\ 2 2N2\2 2I\2)\ 2

. 1 1 1 1 1 1
P].’Obab]hty Z g g Z § g

(ii) Man 1 and Man 2 are assigned to the same group for arrangements A and D, so the prebability is
1 1 1

P(A)+P(D):Z+Z:§

Part (b):

(1) Let T represent being assigned to the treatment group and C represent being assigned to the control
group for each chip drawn. The process stops when either the treatment group or the control group has
two members. The probabilities differ from the coin flip method because chips are drawn without
replacement. The outcomes and their probabilities are as fcllows.

Arrangsment A B & D E F
Chip outcomes TT TCT TCC CC CTC CTT
cacunion | (Z)(3) | [HE)] | HEE | EE | GEE | EEE
alcwiation | 173 11\3/\2 AN\3)\2 1\3 2)\3)\Z \3)\Z

i 1 1 1 1 1 1
Probability g E g E g E

(i) Man 1 and Man 2 are assigned to the same group for arrangements A and D, so the probability is

_4 . 1 0
P(A)+P(D)—6+6—3.
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Question 6 (continued)

Use the chip method. The chip method gives egual probability to all possible arrangements, but the
coin method does not, as shown in the tables from parts (a-1) and {b-1). Furthermore, the coin method is
more likely to result in imbalanced treatment groups with regard to students and teachers, based on
the probabilities in parts (a-ii) and (b-ii}. If food preferences for teachers are different than for students,
the imbalance is a problem. For example, if one treatment group consists entirely of students, it would
be impossible to know if a difference in the response variable is due to the treatment (type of meal) or
the role of the person at the school (teacher or student).

Scoring

Parts (a), (b}, and (c) are each scored as essentially correct (E), partially correct (P}, or incorrect (1).

Part (a) is scored as follows:

Egsentially correct (E) if the response includes the following three components:
1. The correct probability for each arrangement in the table of (1).
2. Appropriate justification is shown in {i}.
3. The comrect probability is given in (ii).

Partially correct (P) if the response includes only two of the three compornents.

Incorrect (I) if the response does not meat the criteria for E or P

Notas:

e For component 2, examples of appropriate justification include the follewing:

O

Shows calculation of a correct probability for at least one of arrangements A and D AND
shows calculation of a correct probability for at least one of arrangements B, C, &, and F.
Calculations must be linked to a spacific arrangement with a labsl, by proximity to an
arrangement in the table, or by following the structure of the table or display of
arrangements.

Lists correct coin outcomes for at least one of arrangements A and D AND lists correct coin
outcomes for at least one of arrangements B, C, B, and F (for example, A: TT and B: THT).
Lists of outcomes must be linked to a spacific arrangement with a label, by proximity to an
arrangement in the table, or by following the structure of the table or display of
arrangements.

Shows a tres diagram that ends with six branches correspending to the six arrangements.
Probabilities or coin cutcomes must be listed on the branches, but arrangements do not
need to be identified.

Shows a tree diagram that ends with eight (or 16) branches where the branches leading to
at least cne of arrangements A and D are identified, and the branches leading to at least
cne of arrangements B, C, B, and F are identified. Prcbabilities or ccin cutcomes must be
listed on the branches.

o Ifanincorract probability is given in part (i), component 3 is satisfied if the probability is
between 0 and 1 and:

o lgthe result of a mincr arithmetic error; OF
o isthe result of adding the probakbilities of artangements A and D from the table in ().
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Question 6 (continued)

Part (b} is scored as follows:

Essentially correct () if the response includes the following two components:

1.

The correct probability for each arrangement in the table of (i).

2. The correct probability is given In (i1).

Partiglly correct (P) if the response includes only one of the three components.

[ncorrect (1) if the response does not meet the criteria for E or B.

Note: If an incorrect probability is given in (i), component 2 is satisfied if the probability is between 0
and 1 and

is the 1esult of a minoer arithmetic error; OR
is the result of adding the probabilities of arrangaments A and D from the table in (i); OR

work is shown that demoenstrates the sama incorrect appreach is used in both parts (a-ii) and
{(h-ii). For example, component, 2 is satisfied if the response forgets to include P(D) and says

P(A) = % in (a-ii) and P(A) = % in part {(b-ii}. However, unlabeled answers of % in {a-ii) and %

in (b-1i} would not satisfy component 2 because it is unclear if the same approach is being
uged.

Part (c) is scored as follows:

Essentially correct (B) if the response chooses the chip method AND includes the following three

components:
1. Provides a statistical benefit to the chip method. For example, stating that all arrangements are
equally likely.
2. Provides a statistical drawback to the coin method. For example, stating that the coin method
is more likely to result in imbalanced treatment groups.
3. States that the responses (opinions, food preferences) of teachers and students might be

different.

Partially correct if the response chooses the chip method and includes cnly cne or two of the three
compoenents.

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

Notes:

A correct comparative statement can be used to satisfy both components 1 and 2. For example,
stating that the coin method is more likely to result in a disproportionate number of students in
one treatment group, or that the chip method has a greater chance of providing roughly
equivalent treatment groups.

Benefits and drawbacks must be about the probabilities of the arrangements (from the tables in
(i)}, or the probabilities of imbalanced (halanced) groups (from the questions in (ii}), or both.

If the response cheoses the coin method, lock back to see if the coin method should be the
prefarred method based on incorrect work from parts (@) and (). If so, score part (¢) using the
corresponding three components.
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Question 6 (continued)

If the response says that it does not matter which method to use, lock back to see if the tables
are the same in parts {(a-1) and (b-i) or if the probabilities are the same in parts (a-ii} and (b-ii). If
so, part {¢) is partially correct if the response justifies the decision by stating that the two tables
or the two probabilities are the same. To be essentially correct, the response also neads to
satisfy component 3.

If the response does not choose a method, deduct cne component from the number of correct
components.
Complete Response
Three parts essentially correct
Substantial Response
Two parts essentially correct and one part partially correct
Developing Response
Two parts essentially corract and no parts partially correct
OR
One part essentially correct and one or two parts partially correct
OR
Three parts partially correct
Minimal Response
Cne part essentially correct

OR
No parts essentially correct and two parts partially correct
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