2016 AP® STATISTICS FREE-RESPONSE QUESTIONS

STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the
correctness of your methods as well as on the accuracy and completeness of your results and explanations.

6. A newspaper in Germany reported that the more semesters needed to complete an academic program at the
university, the greater the starting salary in the first year of a job. The report was based on a study that used a
random sample of 24 people who had recently completed an academic program. Information was collected on
the number of semesters each person in the sample needed to complete the program and the starting salary, in
thousands of euros, for the first year of a job. The data are shown in the scatterplot below.
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(a) Does the scatterplot support the newspaper report about number of semesters and starting salary? Justify
your answer.

The table below shows computer output from a linear regression analysis on the data.

Predictor Coef SE Coef T P
Constant 34.018 4.455 7.64 0.000
Semesters 1.1594 0.3482 3.33 0.003
S =7.37702 R-Sq =33.5% R-Sq(adj) =30.5%

(b) Identify the slope of the least-squares regression line, and interpret the slope in context.
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Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 5279 5319 5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103  .6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 .6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 1794 7823 7852
0.8 7881 7910 .7939 7967 71995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 9222 9236 9251 .9265 9279 9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 .9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 .9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 9830 9834 .9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 .9881 9884 9887 9890
2.3 9893 .9896 9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 .9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 .9941 .9943 9945 .9946 .9948 9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 9963 9964
2.7 .9965 .9966 .9967 .9968 9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 9987 .9988 .9988 9989 .9989 .9989 29990 9990
3.1 9990 9991 9991 9991 .9992 .9992 .9992 .9992 9993 .9993
32 .9993 .9993 9994 9994 .9994 .9994 .9994 .9995 29995 9995
33 9995 .9995 .9995 .9996 .9996 9996 .9996 .9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 .9997 .9997 9997 9998
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Question 6

Intent of Question

The primary goals of this question were to assess a student’s ability to (1) use a scatterplot to comment on
a report about the relationship between two variables and interpret the slope for the least-squares
regression line summarizing this relationship; (2) describe the relationship between two variables in a
scatterplot when a categorical variable is introduced and compare a characteristic of the distribution of a
variable for different categories of individuals in a scatterplot; and (3) describe how the associations
between two variables for each category of individuals in a scatterplot differ from the overall association in
the same scatterplot.

Solution
Part (a):

The scatterplot supports the newspaper report about number of semesters needed to complete an
academic program and starting salary because it shows a positive association between these two
variables.

Part (b):

The slope is 1.1594. For each additional semester needed to complete an academic program, the
predicted starting salary increases by €1,159.40.

Part (c):

For the business majors alone, there is a strong, negative, linear association between number of
semesters and starting salary. Business majors who need a greater number of semesters to complete
an academic program tend to have lower starting salaries.

Part (d):

Business majors have the lowest median starting salary at around €38,000, followed by physics majors
at around €48,000, and then chemistry majors with the highest median starting salary at around
€55,000.

Part (e):

The newspaper report should be modified to account for major. Overall, majors that take longer to
complete tend to have higher starting salaries, with chemistry the highest, physics the next highest,
and business the lowest. However, within a major, students who take a greater number of semesters
tend to have lower starting salaries.

Scoring

This question is scored in three sections. Section 1 consists of parts (a) and (b), section 2 consists of parts
(c) and (d), and section 3 consists of part (). Sections 1, 2, and 3 are scored as essentially correct (E),
partially correct (P), or incorrect (I).
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Question 6 (continued)

Section 1 is scored as follows:

Essentially correct (E) if the response includes the following five components:

1.
2.

3.

In part (a) the response addresses the positive association.

In part (a) the response uses the positive association to justify that the scatterplot supports the
newspaper report.

In part (b) the response correctly identifies the numerical value of the slope from the computer
output.

In part (b) the response interprets the slope as the change in starting salary for each additional
semester, in context.

In part (b) the interpretation of slope includes nondeterministic language (e.g., “predicted
starting salary” or equivalent) when interpreting the slope.

Partially correct (P) if the response includes three or four of the five components.

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

Notes:

In part (a) the response can use phrases such as “positive association (correlation,
relationship),” “increasing relationship,” or describe a positive association (e.g., “the starting
salaries are higher when there is a greater number of semesters”) to satisfy component 1.
However, describing the relationship between only two points does not satisfy this component.
In part (a) comments about linearity and strength should be ignored, even if the response
implies these are required (e.g., “Yes, because the relationship is strong, positive, and linear.”).
In part (a) responses that answer “no,” “maybe,” “kind of,” “somewhat,” or equivalent do not
satisfy component 2.

In part (a) a response that says “no, because the three clusters of points each have a negative
association” does not satisfy component 1 or component 2.

In part (a) no context is required, but variable names are required in part (b) to satisfy
component 4.

In part (b) a response that states the equation ¥ = 34.018 + 1.1594x does not satisfy
component 3 unless the slope is specifically identified or used in the interpretation.

In part (b) a response that incorrectly identifies the numerical value of the slope can still satisfy
components 4 and 5 using the incorrect value.

In part (b) the 1-unit increase in number of semesters must be stated or implied to satisfy
component 4 (e.g., for each semester, for every semester). A response that states or implies an
unspecified number of semesters does not satisfy this component (for example, as semesters
increase).

In part (b) examples of nondeterministic language include “predicted starting salary,”
“expected starting salary,” “estimated starting salary,” “typical starting salary,” “average
starting salary,” “starting salary, on average,” “our model predicts,” and so on. However,
“about,” “approximately,” and “according to the model” do not satisfy component 5.

In part (b) no units are required for the change in predicted starting salary (which means it is
OK to say 1.1594 euros, 1159.40, 1.1594, 1,159.40 dollars, and so on).

In all parts it is acceptable if a response refers to salary rather than starting salary.
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Question 6 (continued)

Section 2 is scored as follows:

Essentially correct (E) if the response includes the following five components:

Ol W=

In part (c) the response states that the association is negative.

In part (c) the response states that the association is strong OR linear OR both.

In part (c) the response refers to both variables (semesters, salary) in context.

In part (d) the response correctly compares the three majors.

In part (d) the response provides reasonable values for the median salaries or refers to “median
starting salaries” when describing a characteristic of the graph.

Partially correct (P) if the response includes three or four of the five components.

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

Notes:

In part (c) the response can use phrases such as “negative association (correlation,
relationship),” “decreasing relationship,” “inversely related,” or describe a negative association
(for example, “the starting salaries are smaller when there is a greater number of semesters”) to
satisfy component 1. However, describing the relationship between only two points does not
satisfy this component.

In part (c) responses that describe the relationship incorrectly as weak or nonlinear do not
satisfy component 2, even if the other characteristic is described correctly.

Only drawing a line on the scatterplot does not satisfy component 2.

In part (d) a response that says “chemistry has the highest median starting salary and business
has the lowest median starting salary” (or the equivalent) implies that physics is in the middle,
and satisfies component 4.

In part (d) if no values are provided for the medians, the response must use the phrase “median
starting salary” at least once to satisfy component 5.

In all parts it is acceptable if a response refers to salary rather than starting salary.

Section 3 is scored as follows:

Essentially correct (E) if the response states that there is a negative association for each of the majors
AND the response notes the overall positive association.

Partially correct (P) if the response states that there is a negative association for each of the majors
BUT does not note the overall positive association;

OR

if the response states that there is a negative association for one or two specific majors (for example,
for business majors) AND the response notes the overall positive association.

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

Notes:

Additional ways to note the overall positive association include stating that the original report
was correct, stating that majors that take longer to complete tend to have higher starting

salaries, or the equivalent.
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