








(E) The difference between the sample percentage and the population percentage is likely to be less









8. Which of the following can be used to show a cause-and-effect relationship between two variables?

9. To check the effect of cold temperature on the elasticity of two brands of rubber bands, one box of





13. Joe and Matthew plan to visit a bookstore. Based on their previous visits to this bookstore, the proba-
bility distributions of the number of books they will buy are given below.









the total amount that the customer would expect to pay for these second movies?









(D) Number the cafeteria seats. Use a table of random numbers to choose seats and interview the

(E) Number the students in the official school roster. Use a table of random numbers to choose



















exam. Since it is not expected that everyone will be able to complete all parts of all problems, you may wish to look

in the green insert. When you are told to begin, open your booklet, carefully tear out the green insert, and start work.





(a) Approximate the median age for each distribution.

(b) Approximate the interquartile range for each distribution.



Describe a design for this experiment that takes account of the temperature gradient.

















(d) Describe any shortcomings you see in these three models.



If you need more room for your work, use the space below.
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APPENDIX - ANSWERS

Matching multiple-choice answers and free-response scoring follow.

Original 1997 format has 35 MCQs and 6 FRQs.



blank answer sheet appears on the following pages for



The free-response questions, for the most part,
intentionally gave little direction as to how the student
was to approach the problem and the rubrics were
designed to give credit for any correct method.
However, for inference problems the rubrics required
students to explain the method used along with the
assumptions for the method, and to look carefully at
the data to see if they thought the assumptions were
satisfied. The analysis had to be followed by a clearly
stated correct conclusion, written in the context of

Many students had difficulty determining what
method to use, often trying two or three approaches
or mixing approaches in ways that were unclear to
the faculty consultants at the Reading. In addition,
students had difficulty explaining assumptions and
rarely looked at the data to see if assumptions were

Students must learn to view statistical inference as

blocking and randomization for designed studies was

about what constituted the treatments and what

that blocking is the best way to reduce variation among
the experimental units or got confused about how to
block appropriately. In addition, many did not under-
stand that randomization is necessary to reduce bias and

In summary, the examination contained a fairly easy
multiple-choice section and a challenging free-response
section. The questions in the latter appeared to be fair,
in light of the Course Description, but many students
were not adequately prepared to explain and defend
methods used and to write clear conclusions reflecting
both good statistics and good writing.

The answers presented here are actual student
responses to the six free-response questions on the

scored by the leaders and faculty consultants assigned
to each particular question and were used as sample
responses for the training of faculty consultants during

these students received, as well as a brief explanation of



in the writing that the distance between the quartiles is

consistent with the numerical results from parts (a) and
(b) and is written in such a way that it would be

Approximates medians and interquartile ranges nearly
correctly from the graph or the table. Need not

may not specifically mention the increase in variability.

Or, provides at least a weak but correct statement on

Indicates some understanding of at least one of the





(a) Approximate the median age for each distribution.





Shows four blocks of two tanks each, with the pairs of
tanks being in nearly identical conditions with regard to

States clearly that this is the potentially most effective
arrangement of blocks since these pairs should be the

Explains a correct method for randomly assigning

Shows two blocks of four tanks each which take into
account the north-south temperature gradient. The

Or, shows four blocks of two tanks each which take into
account the north-south temperature gradient. These

Or, shows a correct design for the case in which both

Explains a method of randomly assigning the two
treatments to tanks that shows some understanding

Shows a design that correctly takes temperature into

Or, explains a method of randomly assigning the two
treatments to tanks and indicates that temperature is

Shows some knowledge of what is meant by blocks, but
is not clear on any rationale for choosing blocks or any

Or, states that the two treatments must be randomly
assigned to tanks but ignores the temperature gradient.



The idea of pairing similar tanks to form homogeneous blocks is clearly stated, as is the notion of randomly



In this response, the block arrangement for tanks is chosen correctly and randomization is used properly.





May have minor errors in arithmetic or decimal
conversions, but the reasoning is correct throughout.
The following tree diagram or table may be used to

pieces of information given in the problem. Reasons
through both parts correctly but may have misread the
data in the problem or have errors in arithmetic (e.g.,
correctly reasons through part a and uses the result in
the denominator for the solution to part b but uses

Reasons through one of parts a or b correctly, but not
the other. May have errors in arithmetic.

Shows some understanding of what is being asked for,
but does not correctly reason through either part of the





The student writes out the structure of the events under consideration, thereby showing an understanding of



(a) What is the probability that a person selected at random would test positive for this disease? Show



Recognizes that the problem involves a significance test
on the difference between two proportions. Recognizes
that the large sample approximation procedure is
justified. Sets up correct hypotheses, including a one-

Identifies and correctly evaluates an appropriate test
statistic. The test statistic may be standard normal with
either the pooled or unpooled version of the standard

Finds the p-value (or critical value) that is consistent

States what the significance test allows one to conclude
with regard to the original question, using the obtained
p-value correctly. Uses statements in the conclusion that

does not draw a conclusion or fails to give the

makes two or three less significant errors, such as:

notation, using the same notation for parameters

4. Uses a p-value, critical value, confidence interval,

5. Uses two confidence intervals and looks for overlap.

Does little more than carry out the mechanics of the
test; e.g., uses the calculator to obtain the test statistic.

where p, denotes the proportion of voters favoring the

While the proportion of voters in the sample





The student writes out in great detail exactly what the reasoning process is. The reasoning is very clear and easy
to follow. It covers the nature of the problem, the assumptions, the mechanics of the test, and the conclusion,





The student carries out the correct test and makes a proper conclusion, but some of the symbols are not defined



Observes that data are paired by hour of day and

that the data are paired by hour of day and justifies
choosing a two-sample t-test (or confidence interval

about assumptions for a i-test and so chooses a

The dot plot below shows no evidence that the

(For a two-sample t-test, mentions that outliers

States the hypotheses correctly, with two-sided

The difference in the mean percentages in the samples

Or, for the confidence interval: Since the confi-
dence interval includes zero, there is no evidence
that one oven differs from the other in terms of

Doesn't mention the assumptions for the test used

Makes two or three less significant omissions or errors

says must use a t-test because n is small



uses wrong critical value or degrees of freedom
"accepts" the null hypothesis or uses similar careless

Recognizes that the problem involves an inferential

Does lictle more than carry out the mechanics of a test

Note: Since we are using holistic grading, a deficiency
in one part can be compensated for by outstanding



The response provides a detailed explanation of why the data are regarded as paired (although the regression
part is not essential and even plots the data. The paired t-test is carried out and a correct conclusion is stated in









Here, the data are analyzed by a two-sample t-test on the difference between two means. Given the assumption



least two of the three models, including back

linear pattern in the scatterplot or residual plot for

the non-linearity of the data. The prime contenders

Fit a simple linear model after the first two or three

Fit separate linear models to the earlier and later

describe the major shortcomings of the three
models and justify why the new model is better.

Fit a model that attempts to model the curvature in
the data. For example, fit a quadratic model to all of





(d) Describe any shortcomings you see in these three models.

Parts (a), (b), and (c) show correct calculations and (d) contains a comment on the pattern in the residual plots.
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