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Question 5

Intent of Question

The primary goals of this question are to assess a student’s ability to: (1) identify the response variable,
treatments, and experimental units in a study; (2) critique the use of randomization and replication; (3) recognize
and explain why a particular variable is a confounding variable.

Solution

Part (a):

The response variable was the amount of draft. The two treatments were the standard hitch and the new hitch.
The experimental units were the two large plots of land.

Part (b):
Yes, the two hitches (treatments) were randomly assigned to the two plots (experimental units).

Part (c):
No, each treatment (type of hitch) was applied to only one experimental unit (plot of land). Replication is
used to repeat the treatments on different experimental units so general patterns can be observed. There is no
replication in this study.

Part (d):
Although 25 measurements were taken at different locations in the two plots, each hitch was used in one plot
(experimental unit) only. Thus, if a difference in the draft is observed we will not know whether the

difference is due to the hitch or the plot. In statistical language, the treatments (hitches) are confounded with
the plots.

Scoring

Parts (a), (b), (c), and (d) are scored as essentially correct (E), partially correct (P), or incorrect (I). Each
essentially correct response is worth 1 point; each partially correct answer is worth %2 point.

Part (a) is essentially correct (E) if the response variable, treatments, and experimental units are correctly
identified.

Part (a) is partially correct (P) if two of the three components of the experiment are correctly identified.
Part () is incorrect () if one or less of the three components of the experiment is correctly identified.
Note:

Responses to parts (b), (c) and (d) must be considered with respect to the experimental units identified

in part (a).
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Question 5 (continued)

Part (b) is essentially correct (E) if the student correctly discusses the use of randomization in this experiment
with respect to assignment of the two hitches for use in the two plots OR with respect to the experimental units
identified in part (a).

Part (b) is partially correct (P) if the student recognizes the use of randomization in the experiment but provides
an incomplete or unclear discussion.

Part (b) is incorrect (1) if the student
Recognizes that randomization was used properly but does not provide a justification. That is, a naked
answer of “YES” is scored as incorrect.
OR
Provides a discussion that does not address the issue of randomization, e.g., the student indicates that the
plots should be more alike.

Part (c) is essentially correct (E) if the student recognizes that replication was not used properly and provides a
correct justification.

Part (c) is partially correct (P) if the student recognizes that replication was not used properly but provides an
incomplete justification that reveals some understanding of replication.

Part (c) is incorrect (1) if the student
Recognizes that replication was not used properly but does not provide a justification.
OR
Fails to recognize that replication was not properly used, e.g., incorrectly argues that the 25 measurements
taken on each experimental unit (plot) provide proper replication.

Part (d) is essentially correct (E) if the student provides a valid explanation of confounding in this experiment.

Part (d) is partially correct (P) if the student provides an incomplete explanation that indicates an understanding of
confounding in this experiment. For example, the student indicates that differences in plot conditions can affect
draft but fails to link this to the inability to distinguish between plots differences and hitch effects.

Part (d) is incorrect (1) if the student
Provides a textbook definition of confounding with no attempt to describe the confounding variable in
this experiment.
OR
Fails to address the issue of confounding.

Alternative solutions for part (d):

Each treatment was used in only one plot. Therefore, any differences caused by the differences in plots (e.g.,
soil hardness, moisture level, etc.) cannot be separated from differences in the two treatments.

Because only one plot of land is assigned to each hitch, if no difference is found it could be due to a superior hitch

in a poor field (highly compacted) being compared with an inferior hitch in a good field. The effect of the hitch is
masked by the differences in the plot
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Question 5 (continued)

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.
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5. When a tractor pulls a plow through an agricultural field, the energy needed to pull that plow is called the draft.
The draft is affected by environmental conditions such as soil type, terrain, and moisture.

A study was conducted to determine whether a newly developed hitch would be able to reduce draft compared to
the standard hitch. (A hitch is used to connect the plow to the tractor.) Two large plots of land were used in this
study. It was randomly determined which plot was to be plowed using the standard hitch. As the tractor plowed

that plot, a measurement device on the tractor automatically recorded the draft at 25 randomly selected points in
the plot.

After the plot was. plowed the hitch was changcd from the standard one to the new one, a process that takes a

substantial amount of time. Then the second plot was plowed using the new hitch. Twenty-five measurements of
draft were also recorded at randomly selected points in this plot.

(2) What was the response variable in this study?
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(b) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
the standard hitch, was randomization used properly in thw study? Justify your answer.
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(c) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
' the standard hitch, was replication used properly in this study? Justify your answer.
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GO ON TO THE NEXT PAGE.
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5. When a tractor pulls a plow through an agricultural field, the energy needed to pull that plow is called the draft.
The draft is affected by environmental conditions such as soil type, terrain, and moisture.

A study was conducted to determine whether a newly developéd hitch would be able to reduce draft compared to
the standard hitch. (A hitch is used to connect the plow to the tractor.) Two large plots of land were used in this
study. It was randomly determined which plot was to be plowed using the standard hitch. As the tractor plowed

that plot, a measurement device on the tractor automatically recorded the draft at 25 randomly selected points in
the plot. : ‘

After the plot was plowed, the hitch was changed from the standard one to the new one, a process that takes a

substantial amount of time. Then the second plot was plowed using the new hitch. Twenty-five measurements of
draft were also recorded at randomly selected points in this plot.

(a) What was the response variable in this study?
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(c) Given that the goal of the study is to determine whether a ﬁewly developed hitch reduces draft compared to
the standard hitch, was replication used properly in this study? Justify your answer.
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(d) Plot of land is a confounding variable in this experiment. Explain why.
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. When a tractor pulls a plow through an agricultural field, the energy needed to pull that plow is called the draft.
The draft is affected by environmental conditions such as soil type, terrain, and moisture.

A study was conducted to determine whether a newly developed hitch would be able to reduce draft compared to
the standard hitch. (A hitch is used to connect the plow to the tractor.) Two large plots of Jand were used in this
study. It was randomly determined which plot was to be plowed using the standard hitch. As the tractor plowed
that plot, a measurement device on the tractor automatically recorded the draft at 25 randomly selected points in
the plot.

After the plot was plowed, the hitch was changed from the standard one to the new one, a process that takes a

substantial amount of time. Then the second plot was plowed using the new hltCh Twenty-five measurements of
draft were also recorded at randomly selected points in this plot

(a) What was the response variable in this study?
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Identify the treatments.
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(b) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
the standard hitch, was randomization used properly in this study? Justify your answer.
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(c) Given that the goal of the study is to determine whether a newly developed hitch reduces draft compared to
the standard hitch, was replication used properly in this study? Justify your answer. :
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(d) Plot of land is a confounding variable in this experiment. Explain why.

B¢ Ctwst diw\@in@ e hirdh tor baite a |

g b sieriiel cooupd-ef Hme !,,e\w\teen plowing

the plob of lany Lovld Hreored el chunge.
joue) oF waisture N yhe

F( Q{C(MP)?/ AP | :

9;5& wh eh ofeds dreft (av 1o c\r\'m;@(

Qu er )l—he part’od of the dq\; s e
¢ 54’\/(/{\/‘

e vesvips of M

: GO ON TO THE NEXT PAGE.
-13- ' :

{
© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



AP® STATISTICS
2006 SCORING COMMENTARY (Form B)

Question 5

Sample: 5A
Score: 4

This essay correctly identifies the basic parts of the experiment. The response variable is the draft, or energy
required to pull the plow. The treatments are the two types of hitches, and the experimental units are the two large
plots of land. Part (b) clearly recognizes that the two large plots of land (experimental units) were randomly
assigned to be plowed with one of the two hitches (treatments). The essay goes on to discuss the random selection
of 25 points in each large plot at which measurements were made. This is random sampling, which should not be
confused with randomization, the act of randomly assigning experimental units to treatments. Randomly selecting
the points is a good thing to do, however, because it helps to avoid bias, and this discussion does not contradict
the first sentence in which the appropriate use of randomization is recognized. A weakness in this response is that
it indicates that randomization reduces variability. This is not correct. Since random assignment of experimental
units to treatments converts potential sources of bias into random variation, randomization reduces bias but it does
not reduce variability. Part (c) clearly recognizes that there is no replication in this study because each hitch was
used to plow only one plot. Each hitch must be used in more than one plot to have replication. (The draft
measurements taken at the 25 randomly selected points in each plot would be averaged to obtain a single average
draft measurement for the plot, but taking several measurements on the same experimental unit is not true
replication). Since each hitch is used on only one plot, and varying conditions across plots can affect the energy
needed to pull the plow, any difference in draft due to the different hitches cannot be distinguished from the
difference in the conditions in the two plots. The overall strength of responses and level of communication
provided by this essay more than compensate for the weakness in the response to part (b), so this essay was scored
as essentially correct.

Sample: 5B
Score: 3

This essay incorrectly identifies the experimental units as the randomly selected points within the plots but goes on to
correctly discuss randomization in part (b) in the context of randomly assigning the large plots to the hitches. Part (b)
includes another good suggestion that the order in which the hitches were used should also have been randomized.
Part (c) correctly recognizes the lack of replication in the study. Part (d) is only partially complete in the sense that it
recalls the information given in the question that varying conditions between plots could affect draft, but it fails to
make a connection with the inability to distinguish between treatment effects (how the hitches affect draft) and the
difference between the two plots.

Sample: 5C
Score: 2

This essay correctly identifies the draft as the response variable and plowing with the two different hitches as the
treatments, but it incorrectly identifies the hitches as the experimental units. Part (b) recognizes the random
assignment of plots to hitches. Part (c) states that there was no replication in the study but does not clearly explain
the basis for that conclusion. In part (d) the essay indicates that changing conditions in the plots can affect draft,
as stated in the first paragraph of the question, but does not make a clear connection to the inability to distinguish
between treatment effects (how the hitches affect draft) and the difference between the two plots. The phrase “hinder
the results of the study” does not provide sufficient clarity. This essay indicates some confusion about the treatments
and experimental units, and the level of communication is not strong.
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