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Planning and conducting a study (10%-15%)
Data must be collected according to a well-developed plan if valid information on a conjecture is to be obtained.  This includes clarifying the question and deciding upon a method of data collection and analysis.
II. Sampling and Experimentation

1. Which of the following is a key distinction between well designed experiments & observational studies? 

      (A) More subjects are available for experiments than for observational studies. 
      (B) Ethical constraints prevent large-scale observational studies. 
      (C) Experiments are less costly to conduct than observational studies. 
      (D) An experiment can show a direct cause-and-effect relationship, whereas an observational study cannot. 
      (E) Tests of significance cannot be used on data collected from an observational study. 



25. A new medication has been developed to treat sleep-onset insomnia (difficulty in falling asleep). Researchers want to compare this drug to a drug that has been used in the past by comparing the length of time it takes subjects to fall asleep. Of the following, which is the best method for obtaining this information? 

      (A) Have subjects choose which drug they are willing to use, then compare the results. 
      (B) Assign the two drugs to the subjects on the basis of their past sleep history without randomization, then compare the results.
      (C) Give the new drug to all subjects on the first night. Give the old drug to all subjects on the second night. Compare the results. 
      (D) Randomly assign the subjects to two groups, giving the new drug to one group and no drug to the other group, then compare the results. 
      (E) Randomly assign the subjects to two groups, giving the new drug to one group and the old drug to the other group, then compare the results. 


Characteristics of a Well Designed Experiment









































Experimental Units, Factors, Levels, and Treatments
Experimental Units: The individual units of study

Factors: The variables of interest in an experiment

Levels: The values of those variables

Treatments: Each combination of levels, one from each factor

The experimental units are the things to which treatments are randomly assigned.







13. A mathematics education researcher was interested in determining the effects of class size (small, medium, or large) and the use of a traditional statistics textbook versus a new textbook. The researcher conducted her own experiment, assigning each combination of class size and type of textbook to two classes at each of five chosen schools. The average final grade for the class was then recorded at the end of the year.

a. What are the factors? What are the levels?


b. What are the treatments?


c. What are the experimental units? How many are there?


d. What is the response variable?
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What is confounding?



When there is more than one possible cause for a change in response variable, and the effects cannot be separated.



How is confounding present in that last question?
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Replication: Each treatment was given to four hamsters.
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Response variable: Because Kelly was interested in whether a difference in
the amount of light causes a difference in the enzyme concentration, she
chose the enzyme concentration for each hamster as her response variable.

Results: The resulting measurements of enzyme concentrations (in
milligrams per 100 milliliters) for the eight hamsters were

Short days:  12.500 11.625 18.275 13.225
Long days: 6.625 10.375 9.900 8.800
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A Real Experiment: Kelly's Hamsters

The goal of every experiment is to establish cause by comparing two or more
conditions, called treatments, using an outcome variable, called the response .
Here’s an example of a real experiment, planned and carried out by Kelly
Acampora as part of her senior honors project in biology at Mount Holyoke
College. What happens when an animal gets ready to hibernate? This question is
too general to answer with a single experiment, but if you know a little biology,
you can narrow the question enough for it to serve as the focus of an experiment.
Kelly relied on three previously known facts:

1. Golden hamsters hibernate.
2. Hamsters rely on the amount of daylight to trigger hibernation.

3. An animal’s capacity to transmit nerve impulses depends in part on an
enzyme called Na™ K" ATP-ase.
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Kelly’s Question: If you reduce the amount of light a hamster gets from
16 hours to 8 hours per day, what happens to the concentration of
Na™ K* ATP-ase in its brain?
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Subjects: Kelly’s subjects were eight golden hamsters.

Treatments: There were two treatments: being raised in long (16-hour) days

or short (8-hour) days.

Random assignment of treatments: To make her study a true experiment, Kelly

randomly assigned a day length of 16 hours or 8 hours to each hamster in such a
way that half the hamsters were assigned to be raised under each treatment.
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Replication: Each treatment was given to four hamsters.
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Response variable: Because Kelly was interested in whether a difference in
the amount of light causes a difference in the enzyme concentration, she
chose the enzyme concentration for each hamster as her response variable.

Results: The resulting measurements of enzyme concentrations (in
milligrams per 100 milliliters) for the eight hamsters were

Short days:  12.500 11.625 18.275 13.225
Long days: 6.625 10.375 9.900 8.800
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22. A study of existing records of 27,000 automobile accidents involving ¢hildren in Michigan found that about
10 percent of children who were wearing a seatbelt (group SB) were injured and that about 15 percent of
children who were not wearing a seatbelt (group NSB) were injured. Which of the following statements
should NOT be included in a summary report about this study?

(A) Driver behavior may be a potential confounding factor.

(B) The child’s location in the car may be a potential confounding factor.

(C) This study was not an experiment, and cause-and-effect inferences are not warranted.
(D) This study demonstrates clearly that seat belts save children from injury.

(B) Concluding that seatbelts save children from injury is risky, at least until the study is independently
replicated.
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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 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?
Identify the treatments.
What were the experimental units?

(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.

(¢) 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.

(d) Plot of land is a confounding variable in this experiment. Explain why.
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3. Before beginning a unit on frog anatomy, a seventh-grade biology teacher gives each of the 24 students in the
class a pretest to assess their knowledge of frog anatomy. The teacher wants to compare the effectiveness of an
instructional program in which students physically dissect frogs with the effectiveness of a different program in
which students use computer software that only simulates the dissection of a frog. After completing one of the
two programs, students will be given a postiest to assess their knowledge of frog anatomy. The teacher will then
analyze the changes in the test scores (score on posttest minus score on pretest).

(a) Describe a method for assigning the 24 students to two groups of equal size that allows for a statistically
valid comparison of the two instructional programs.

(b) Suppose the teacher decided to allow the students in the class to select which instructional program on frog
anatomy (physical dissection or computer simulation) they prefer to take, and 11 students choose actual
dissection and 13 students choose computer simulation. How might that self-selection process jeopardize a
statistically valid comparison of the changes in the test scores (score on posttest minus score on pretest) for
the two instructional programs? Provide a specific example to support your answer.
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3. The United States Department of Energy is conducting an experiment to compare the heat gain in houses using
two different types of windows, A and B. Six windows of each type are available for the experiment. The
Department has constructed a house with twelve windows as shown on the floor plan below.
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In the interior of the house, each window is surrounded by a window box to capture and measure the amount of
heat coming in through that window and to isolate the heat gain for each window.

(a) A randomized block experiment will be used to compare the heat gain for the two types (A and B) of

windows. How would you group the window boxes into blocks? (Clearly indicate your blocks using the
window box numbers.) Justify your choice of blocks.

(b) For the design in part (a), describe how you would assign window types (A and B) to the numbered window
boxes.
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A. Overview of methods of data collection
1. Census
2. Sample survey
3. Experiment
4. Observational study
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A Real Experiment: Kelly's Hamsters

The goal of every experiment is to establish cause by comparing two or more
conditions, called treatments, using an outcome variable, called the response .
Here’s an example of a real experiment, planned and carried out by Kelly
Acampora as part of her senior honors project in biology at Mount Holyoke
College. What happens when an animal gets ready to hibernate? This question is
too general to answer with a single experiment, but if you know a little biology,
you can narrow the question enough for it to serve as the focus of an experiment.
Kelly relied on three previously known facts:

1. Golden hamsters hibernate.
2. Hamsters rely on the amount of daylight to trigger hibernation.

3. An animal’s capacity to transmit nerve impulses depends in part on an
enzyme called Na™ K" ATP-ase.
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Kelly’s Question: If you reduce the amount of light a hamster gets from
16 hours to 8 hours per day, what happens to the concentration of
Na™ K* ATP-ase in its brain?
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Subjects: Kelly’s subjects were eight golden hamsters.

Treatments: There were two treatments: being raised in long (16-hour) days

or short (8-hour) days.

Random assignment of treatments: To make her study a true experiment, Kelly

randomly assigned a day length of 16 hours or 8 hours to each hamster in such a
way that half the hamsters were assigned to be raised under each treatment.
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