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Question 4
Intent of Question
The primary goals of this question were to assess a student’s ability to (1) design an experiment to compare two
treatments and (2) identify the associated potential Type I and Type II errors and decide which of these two would
be more serious.
Solution
Part (a):
Approach 1: Paired Design
Each subject will receive both treatments, with a suitable length of time between treatments. The order of the
treatments will be randomly assigned to the subjects. For example, for each patient flip a coin to determine
which treatment will be administered first. Measure diastolic blood pressure, then have the subject sit quietly
for 20 minutes in either a noise-free environment or in a room where soothing music is played, depending on
which treatment was selected at random (based on the coin flip). At the end of the 20 minutes, measure
diastolic blood pressure again and compute its change (after − before). After a suitable period of time, repeat
with the other treatment.
When the data have been collected, the difference (music − noise-free) in the change in diastolic blood
pressure will be computed for each subject, and then a paired t-test will be run to see if the mean difference is
significantly different from zero.
Approach 2: Matched Pairs Design
Measure diastolic blood pressure for each of the 100 subjects and then form 50 pairs based on these readings
by pairing the two with the highest diastolic blood pressure, then the two with the next highest, and so on. For
each pair, toss a coin to determine which member of the pair will be assigned to group 1, and then assign the
other member of the pair to group 2. For group 1, measure diastolic blood pressure, then have the subjects sit
quietly in a noise-free environment for 20 minutes, and then measure diastolic blood pressure again and
compute its change (after − before). For group 2, the plan is the same, except that they will sit for 20 minutes
in a room where soothing music is played between blood pressure measurements.
When the data have been collected, the difference (music − noise-free) in the change in diastolic blood
pressure will be computed for each pair, and then a paired t-test will be run to see if the mean difference is
significantly different from zero.
Approach 3: Completely Randomized Design (This is not as good a choice as the two previous approaches,
but because of the large number of subjects available for each treatment group, it is considered an acceptable
solution.)
Assign the 100 patients numbers from 00 to 99. From a random number table, select 50 unique numbers; the
patients with the selected values will form group 1; the remaining 50 patients will form group 2. For group 1,
measure diastolic blood pressure, then have the subjects sit quietly in a noise-free environment for 20
minutes, and then measure diastolic blood pressure again. For group 2, the plan is the same, except that they
will sit for 20 minutes in a room where soothing music is played between blood pressure measurements.
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When the data have been collected, the change in diastolic blood pressure will be computed for each subject,
and then a two-sample t-test will be run to see if there is a significant difference between the mean change
attributable to music and the mean change attributable to a noise-free environment.
Part (b):
Type I error: Concluding that soothing music does reduce mean diastolic blood pressure compared to sitting
quietly, when in fact it does not. The consequence of this type of error is that the clinic will offer music
therapy when it is not effective.
Type II error: Soothing music does reduce diastolic blood pressure compared to sitting quietly, but we fail to
detect this and conclude that it does not. The consequence of this type of error is that the clinic will choose
not to offer music therapy when it would have been effective.
Which type of error is more serious? A case can be made for either type of error, and the student can take
either side as long as a reasonable justification is given. For example, the student can say a Type I error is
more serious because it will cost the clinic money with no benefit, or the student can say that a Type II error
is more serious because the clinic will miss an opportunity to improve the health and well-being of its
patients.
Scoring
Part (a) is divided into two sections: section 1 is the randomization, and section 2 is the experimental runs.
Section 1 is scored as essentially correct (E), partially correct (P), or incorrect (I). Section 2 is scored as
essentially correct (E) or incorrect (I).
Section 1 is scored as follows:
Essentially correct (E) if the design includes an appropriate randomization of patients to treatment groups or
randomization of the order of treatments in the paired design. The description of the randomization should be
sufficiently clear that it could be duplicated by the reader.
Partially correct (P) if the student states that the patients should be randomized to treatment groups or that
there should be randomization of the order of treatment in the paired design but does not specify how this
randomization is to be accomplished OR if there are flaws in the randomization OR if the randomization could
not be duplicated by the reader.
Incorrect (I) otherwise.
Note: It is acceptable to first block by variables such as gender or age if the student then correctly uses one of
the above approaches.
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Section 2 is scored as follows:
Essentially correct (E) if treatments are applied and blood pressures are measured after treatment. (Although it
would be better if the student suggests measuring blood pressure before and after treatment, it is sufficient
that the student measures blood pressure only after treatment; however, measuring blood pressure both before
and after treatment is considered a plus. Additionally, a statement that a comparison of the two groups will be
made based on the change in blood pressure is not required but is also considered a plus.)
Incorrect (I) otherwise.
Part (b) is divided into two sections: section 1 consists of the identification of the errors, and section 2 consists of
the consequences. Each section is scored as essentially correct (E), partially correct (P), or incorrect (I).
Section 1 is scored as follows:
Essentially correct (E) if the response gives correct descriptions of Type I and Type II errors in context.
Partially correct (P) if the response gives a correct description of one type of error in context and the
description of the other type of error has a minor flaw.
Incorrect (I) otherwise.
Section 2 is scored as follows:
Essentially correct if:
(1) The response describes the consequences for each of Type I and Type II errors.
AND
(2) It states which type of error is more serious and gives a reason to support the selection made.
Partially correct if only one of (1) and (2) is correctly stated.
Incorrect (I) otherwise.
Notes:
• If Type I and Type II errors are reversed but the description of the errors and the consequences are correct
for this reversal, give credit for part (b), section 2, but not for part (b), section 1.
• If only one type of error and its consequences are described, give credit for one section of part (b).
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Each essentially correct response is worth 1 point; each partially correct response is worth ½ point.
4

Complete Response

3

Substantial Response

2

Developing Response

1

Minimal Response

If a response is between two scores (for example, 2½ 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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Question 4
Sample: 4A
Score: 4
The completely randomized design described in part (a) is a good method of comparing the two treatments. The
randomization of treatments to subjects is described in sufficient detail that it could be duplicated by the reader.
Blood pressure is measured both before and after a treatment is applied, which is preferable, but not a required
component of the design. Each section of part (a) was scored as essentially correct. In part (b) correct descriptions
of Type I and Type II errors are given in context, and a reasonable determination is made as to which type is more
serious. Correct terminology is used throughout. Each section of part (b) was scored as essentially correct. The
entire answer was judged a complete response, based on all four sections.
Sample: 4B
Score: 3
The completely randomized design described in part (a) is acceptable, except that no method of randomization is
included. The first section of part (a) was scored as partially correct and the second section as essentially correct.
In part (b) the description of a Type II error is incomplete, as it is not clearly conditional: a Type II error is failing
to reject the null hypothesis instead of rejecting it when it is false. The first section of part (b) was scored as
partially correct and the second section as essentially correct. The overall answer was deemed a substantial
response.
Sample: 4C
Score: 2
The description of the completely randomized design in part (a) does not include a method for the randomization,
nor does it say when or if measurements of blood pressure are made. (The use of a diagram is not in itself a
defect. A diagram can be judged essentially correct if all the necessary components are included.) The first section
of part (a) was scored as partially correct and the second section as incorrect. Part (b) is well done except that
“accept the null” hypothesis is not considered suitable language. The first section of part (b) was scored as
partially correct and the second section as essentially correct. On the whole, this answer was considered a
developing response.
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