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Question 5
Intent of Question

‘The primary goals of this question are to evaluate a student’s ability to: (1) identify the treatments in a biological
experiment; (2) present a completely randomized design to address the research question of interest; (3) describe
the benefit of limiting sources of variability: and (4) describe the limitations to the scope of inference for the
biologist.

Solution
Part (a):

The three different growth-cnhancing nutrients (A, B, and C) and two different salinity levels (low and high)
yield a total of 3X2 = 6 different treatment combinations for this experiment.
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Treatment | Nutrient | Salinity
Combination Level
1 A Low
2 A High
3 B Low
4 B High
5 C Low.
6 C High

Part (b):

Since 10 tiger shrimps have already been randomly placed into cach of 12 similar tanks in a controlled
environment, we must randomly assign the treatment combinations to the tanks. Each treatment combination
will be randomly assigned to 2 of the 12 tanks. One way to do this is to generate a random number for each
tank. The treatment combinations are then assigned by sorting the random numbers from smallest to largest.
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Treatment | Nutrient | Salinity Tanks with
Combination Leve

1 A Low Smallest and second smallest random
numbers

2 A High Third and fourth smallest random
numbers

3 B Low Fifth and sixth smallest random
numbers

3 B High Seventh and cighth smallest random
numbers

5 c Low Ninth and tenth smallest random
numbers

6 C High Next to largest and largest random

numbers
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Question 5 (continued)

After three weeks the weight gain (after — before) is computed for each tank, and the treatments are compared
using appropriate averages.

Part (¢):

Using only tiger shrimp will reduce a source of variation in the experimental units, the tanks of shrimp in this
experiment. By eliminating this possible source of variation, type of shrimp, we are better able to isolate the
variability du to the factors of interest to us (nutrient and salinity level). This will make it easier to identify
any treatment effects that may be present

Part (d):

Using only tiger shrimp will limit the scope of inference for the biologist. Ideally, the biologist would like to
identify the treatment combination that leads to the most growth for all shrimp. However, the biologist will
only be able to identify the best treatment combination for tiger shrimp because other types of shrimp may
respond differently to the treatments.
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oring

Part (a) is scored as essentially correct (E) or incorrect (). Parts (b), (s
(E), partially correct (P), or incorrect (I).

. and (d) are scored as essentially correct

Part () is essentially correct (E) if all six treatments are correctly lsted. This may be done ina 2 x 3 table or
tree diagram but must clearly indicate the six treatments. A correct but incomplete listing of treatments in part (a)
can be recovered in part (b) if the six treatments are clearly stated.

Listing the factors (nutrients A, B, C and salinity high, low) is incorrect and cannot be recovered in part (b).

Part (b) is essentially correct (E) if:
o cach treatment combination is randomly assigned to 2 of the 12 tanks
AND
« acorrect procedure for randomization is described (so that two knowledgeable statistics users would use
the same method to assign treatments to the tanks).

Part (b) is partially correct (P) if only one of these components is present. For example,
*  Each treatment is randomly assigned to 2 of the 12 tanks, but the method of randomization is not fully
described (i.c., just say randomly assign each treatment to 2 of the 12 tanks).
OR
A correct procedure for randomization of the treatments to the tanks is described, but cach treatment does
not necessarily appear twice.

Part (b) is incorrect (I) if there is no randomization or randomiza

(o0t the tank), S E———

applied to the shrimps only
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Notes:
« If the randomization has been correctly applied to the tanks, additionally randomizing the shrimps or
treatments will be regarded as extraneous.
« Because the stem indicates shrimp growth s to be compared, students are not req
response variable in part (b) as was done in the model solution,

d to identify a

Part (¢) is essentially correct (E) if
o the statistical advantage of reduced variability is identified
AND
« an appropriate explanation that relates reduced variability to increasing the likelihood of determining
differences among treatments is clearly provided.

Part () is partially correct (P) if only one of the two components is correct.
Part (c) is incorrect (I if neither of the two components s present.
Notes:

o Inthis completely randomized design, confounding is not possible. Therefore a reference to confounding
or lurking variables always incurs a penalty.
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Part (d) is essentially correct (E) if
o the statistical disadvantage of limited scope of inference is identified
AND
« an explanation that different species of shrimp may respond differently to treatments is provided.

(If the different responses to the treatments by other species of shrimp have been established in part (c), then
it need not be repeated in part (d).)

Part (d) is partially correct (P)if only one of the two parts of the essentially correct response is provided.
Part (d) is incorrect (1) if neither of the two parts of the essentially correct response s provided,
4 Complete Response
3 Substantial Response
2 Developing Response
1 Minimal Response
If a response is between two scores (for example, 2/ points) use a holistic approach to determine whether

to score up or down depending on the strength of the response and communication. The strength of the
responses in parts (b) and (c) may be most important in making this choice.
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Question 2

Intent of Question

“The three primary goals of this question are to assess a student’s ability to: (1) clearly explain the importance of a
control group in the context of an experiment; (2) describe the randomization process required for three groups;
and (3) reduce variability by grouping experimental units as homogeneously as possible.

Solution

Part a):

A control group gives the researchers a comparison group to be used to evaluate the effectiveness of the
treatments. The control group allows the impact of the normal aging process on joint and hip health to be
‘measured with appropriate responsc variables. The effects of glucosamine and chondroitin can be assessed by
comparing the responses for these two treatment groups with those for the control group.

Part (b}

Each dog will be assigned a unique random number, 001-300, using a random number generator on
calculator, statistical software, or a random number table. The numbers will be sorted from smallest to largest.
The dogs assigned the first 100 numbers in the ordered list will receive glucosamine. The dogs with the next
100 numbers in the ordered list will be assigned to the control group. Finally, the dogs with the numbers 201
300 will receive chondroitin.
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Part (¢):

The key question is which variable has the strongest association with joint and hip health. The goal of

blocking i to create groups of homogeneous experimental units. It is reasonable to assume that most clinics
will see all kinds and breeds of dogs so there is no reason to suspect that joint and hip health will be strongly
associated with a clinic. On the other hand, different brecds of dogs tend to come in different sizes. The size

of a dog is associated with joint and hip health, so it would be beter to form homogeneous groups of dogs by
blocking on breed

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

Part (a) is scored as essentially correct (E) if an advantage of using a comparison group is described in the
context of this study.

Part (a) is scored as partially correct (P) if an advantage of using a control group is described but not in the
context of this study

Part (a) is scored as incorrect (1) if the student says that control groups should always be used but gives no further
explanation OR an incorreet explanation.




image15.png
Note: Since “treatment” and “control” are standard terms in design, a comparison of specific aspects of the study
is needed to establish context

Part (b) is scored as essentially correct (E) if randomization is used correctly, and the method of randomization
can be implemented afier reading the student response (so that two knowledgeable statistics users would use the
same method to assign dogs (o treatment groups).

Part (b) is scored as partially correct (P) if randomization or chance is used, but the method could not be
implemented after reading the student response.

Part (b) is scored as incorrect (1) if randomization or chance is not used in a planned way OR the solution does not
yield a completely randomized design

Part (c) is scored as essentially correct (E) if:
the student argues that the variable with the stronger relationship to joint and hip health should be used as the
blocking variable;
OR
the student states that the variable with the larger anticipated variability in the response measure should be
used as the blocking variable so that units within blocks are as homogeneous as possible. A rationale is
required, but a variable does not have to be selected.
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OR
the student does not recognize that both variables are associated with variation in the response variable.

Part (c) i scored as incorrect (1) if the student does not exhibit an understanding of the purpose of blocking

4 Complete Response

Al three parts essentially correct
3 Substantial Response

Two parts essentially correct and one part partially correct
2 Developing Response

Two parts essentially correct and no parts partially correct

o One part essentially correct and two parts partially correct

OR
Three parts partially correct
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Minimal Response

One part essentially correct and either 7ero or one part partially correct
OR
No parts essentially correct and two parts partially correct
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tent of Question

‘The primary goals of this question were to assess a student’s ability to (1) identify a potential source of nonresponse
bias and recognize a possible consequence for interpreting the results of a survey; (2) recognize that increasing
sample size does not remove bias; and (3) recommend an appropriate course of action to solve a practical problem
with the use of a survey.

Solution
Part (a):

Responses were received from only 98 of the 500 (or 19.6 percent) of the randomly selected families. In other
words, 80.4 percent of the randomly selected families did not respond to the survey. To obtain a nearly
unbiased estimate of the proportion of families with at least one child in elementary school in this school
district who support year-round school, we would need to assume that the families that did not respond would
have a similar level of support for year-round school as those who did respond. This would not be the case,
for example, if familices who support year-round school were more likely to respond than families who do not
support year-round school. In such a case, the estimate of the proportion of families who support year-round
school calculated from the responses would tend to be higher than the population proportion of families who
favor year-round school.
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Part (b):

No, the nonresponse bias still exists. Combining the results from the original sample with a new random
sample of 500 families will not solve the problem. Regardless of what happens in the second sample, the
problem of nonresponse bias will still exist in the combined sample because there would be at least 402
nonresponses included from the original sample.

Part (¢):

Contact the 402 families from whom responses were not received and ask their opinion on the proposal. This
may requirc additional mailings or telephone calls, but it will provide better information about support for
year-round school among all families in the school district with at least one child in elementary school.

OR
‘Take a new random sample or take a census and use an alternative strategy, such as telephone calls o in-
person interviews, to help increase the response rate.

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
Essentially correct (E) if the student clearly links the effect of nonresponse to biased estimation by explaining

why population support for year-round school would be overestimated (or underestimated) from the sample
results.
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Partially correct (P) if the student describes a reasonable consequence in the context of the study OR describes
a difference related to the issue between families who are likely to respond and families who are not likely to
respond.

Incorrect (1) otherwise.
Part (b) is scored as follows

Essentially correct (E) if the student says no, taking another sample will not solve the problem with
nonresponse bias AND explains that nonresponse bias in the original sample would result in nonresponse bias
in the combined sample regardless of the results from the second sample.

Partially correct (P) if the student says no, taking another sample will not solve the problem with nonresponse
bias, but provides a weak explanation OR says that the second sample will produce similar results to the first
sample.

Incorrect (1) if the student says yes, combining results from the original sample and a new random sample will
solve the problem OR says no but provides no explanation or an incorrect argument OR does not respond to
the question.

Part (¢) is scored as follows:
Essentially correct (E) if the student provides an explicit description of a reasonable strategy for reducing

nonresponse in a new survey or census or by following up with families who did not respond to the original
study.
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Partially correct (P) if a student suggests that nonresponse should be reduced or response should be
‘mandatory without providing an explicit description of a reasonable strategy.

Incorrect () if the student does not provide a strategy to increase response rates or suggests a strategy that
would result in other biases

4 Complete Response
Al three parts essentially correct

3 Substantial Response
‘Two parts essentially correct and one part partially correct

2 Developing Response
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Two parts essentially correct and no parts partially correct
OR

One part essentially correct and one or two parts partially correct
OR

‘Three parts partially correct
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Question 2 (continued)
1 Minimal Response
One part essentially correct and no parts partially correct

OR
No parts essentially correct and two parts partially correct
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Intent of Question

‘The primary goals of this question were to assess a student's ability to (1) describe a randomization
process required for comparing two groups in a randomized experiment; and (2) describe a potential
consequence of using self-selection instead of randomization.

Solution
Part (a) (completely randomized design):

Each student will be assigned a unique random number using a random number generator on a
calculator, statistical software, o a random number table. The assigned numbers will be listed in
ascending order. The students with the lowest 12 numbers in the ordered list will receive the
instructional program that requires physically dissecting frogs. The students with the highest 12
numbers will receive the instructional program that uses computer software to simulate the dissection
of a frog.

Part (a) alternative (randomized block design):

Students wil be paired or placed into blocks of size two, based on having similar pretest scores. So, the
first block will contain the two students with the two lowest pretest scores, the second block will
contain the two students with the third- and fourth-lowest pretest scores, and so on, with the last block
containing the two students with the two highest pretest scores. In each block, the students will be
assigned a unique random number using a random number generator on a calculator, statistical
software, or a random number table. The student in each block with the lower random number will
receive the instructional program that requires physically dissecting frogs, and the student with the
higher random number will receive the instructional program that uses computer software to simulate

the dissection of a frog.
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~ Part (a) alternative (randomized block deSTess

Students will be paired or placed into blocks of size two, based on having similar pretest scores. So, the
first block will contain the two students with the two lowest pretest scores, the second block will
contain the two students with the third- and fourth-lowest pretest scores, and so on, with the last block
containing the two students with the two highest pretest scores. In each block, the students will be
assigned a unique random number using a random number generator on a calculator, statistical
software, or a random number table. The student in each block with the lower random number will
receive the instructional program that requires physically dissecting frogs, and the student with the
higher random number will receive the instructional program that uses computer software to simulate
the dissection of a frog.

Part (b):

By not randomizing and allowing the students to self-select, there is a potential for changes to occur in
the differences between pretest and posttest scores for a particular group because of the
characteristics of students who choose a particular instructional method, not because of the
instructional method itself. For example, suppose frog-loving students already know a lot about frog
anatomy; one would therefore expect these students to be less likely to show a large change between
the pretest and posttest scores. Suppose the frog-loving students tend to select the computer
simulation method (perhaps because they do not like the notion of dissecting the frogs they love). The
possible low change between pretest and posttest scores for the computer simulation group might
then be attributed to the students' already knowing a lot about frog anatomy beforehand, not to the
instructional method itself. The frog dissection group might see a larger change in scores because the
students entering this group are those with the lower pretest scores (less prior knowledge) and who are
thus more likely to show greater improvement between pretest and postiest scores

P
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Parts (a) and (b) are scored as essentially correct (E), partially correct (P), or incorrect ()
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Question 3 (continued)
Part (a) is scored as follows
Essentially correct (E) if a proper method of randomization is described that (1) creates two groups of

equal size; AND (2) assigns the named treatments to the groups in a manner that knowledgeable
statistics users would employ to assign the students to the two instructional groups,

Partially correct (P) if only one of the two criteria above is met.
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Partially correct (P) if only one of the two criteria above is met.
Incorrect (I) if neither criterion is met.

Notes:

« Coin tossing (or equivalent method) using a stopping rule to obtain equal sample sizes requires
placing the students in the class in a random order. If this method does not include a random order,
at best, part (a) is scored as partially correct.

*  Inusing a random number table, if numbers are specified, the student must work with two-digit
numbers. For example, if using the first 24 integers, the student must use 01-24, not 1-24. If the
student uses numbers such as 1-24, a solution that would otherwise be essentially correct
becomes partially correct, and a partially correct response becomes incorrect,

Part (a) alternative is scored as follows:
Essentially correct (E) if (1) blocks are formed based on students’ having similar pretest scores; AND (2)
the two students in each block are assigned to different treatments; AND (3) the method of
randomization used to assign the students in each block to the treatments is correct and can be
implemented after reading the student's response (in a manner that knowledgeable statistics users
would employ to assign the students to the two instructional groups).
Partially correct () if two of the three components above are presented correctly.

Incorrect () if no more than one of the three components is presented correctly.

Part (b) is scored as follows:
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Essentially correct (E) if (1) the example gives a reasonable characteristic of the self-selected students
in the study; AND (2) explains how this characteristic could be associated with changes in the
differences between the pretest and postiest scores.

Partially correct (P) if (1) the example gives a reasonable characteristic of the self-selected students in
the study; AND (2) a weak explanation is provided of how this characteristic could be associated with
changes in the differences between pretest and posttest scores.

Note: A weak explanation of how a characteristic could be associated with changes in the differences
between pretest and posttest scores must at least mention test scores o state that one group will
‘perform better than the other. (Simply mentioning a behavioral difference is not sufficient.)
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with changes in the differences between pretest and posttest scores
OR

the example does not give a reasonable characteristic of the self-selected students in the study
a sﬂ;m says that there must be an equal number of students in the class assigned to each treatment.
a Complete Response

Both parts essentially correct.

3 Substantial Response

One part essentially correct and the other part partially correct.

2 Developing Response
One part essentially correct and the other part incorrect
o Both parts partially correct
1 Minimal Response

No part essentially correct and only one part partially correct
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