Additional Exercises
Chapter 3
1. Briefly describe the experimental design of the fertilizer experiment sketched in this chapter. List three extraneous variables that aren’t controlled (yet) with the experimental design and describe how each might be a confounding variable. (Don’t forget to consider defining expectations and data collection.) Suggest changes to the experimental design to control the three extraneous variables you listed.
2. The Anglo-Irish scientist Robert Boyle used equipment like vacuum chambers, air pumps, and glass tubes in his experiments. With the assistance of Robert Hooke, Boyle conducted a series of experiments in the 1660s to ascertain how the pressure and volume of the air vary when the air is either ‘compressed or dilated’. He used a J-shaped glass tube. The tube was closed off at the short end, and the long end was left open. By adding mercury in the longer end, Boyle could trap air in the curved end of the tube; by changing the amount of mercury, he was also able to change the air pressure at the short end. Boyle repeated this experiment, measuring the volume of the air in the short end of the tube at a range of pressures. What he discovered was that, as he increased the pressure on the air, the volume of the air would decrease. Boyle’s formulation of this relationship would become the first gas law, now known as Boyle’s law.
a. What was the hypothesis under investigation? Use that hypothesis to identify the independent variable and the dependent variable. What evidence was gained from this experiment?
b. Make a list of 10 extraneous variables in Boyle’s experiment. Put a star next to any variables that you think might have been confounding variables, and say why. Include at least two variables on your list.
c. Define calibration and describe how it was involved in Boyle’s experiments.
d. Think of an alternative hypothesis that could account for the results of Boyle’s experiment. State that hypothesis, and describe how it could account for the data.
3. Describe what randomization involves, why it helps to control for confounding variables, and what its limitations are.
4. Imagine you want to establish what effect, if any, taking notes on a laptop during class instead of on paper has on retention of information.
a. Specify your hypothesis regarding the note-taking medium and memory. What are your expectations for your experiment, given this hypothesis?
b. Describe your ideal experiment to test this hypothesis. Identify the independent variable, the dependent variable, and how extraneous variables will be controlled.
c. Identify the three biggest challenges to conducting the ideal experiment you have described. Say why each is a problem.
5. For each of the following hypotheses, describe how you would handle sample selection, sample size, group number, and group assignment.
a. Whether peacocks’ colorful trains play a role in their mating success
b. Whether a new fertilizer improves plant growth
c. Whether watching a television show about sharing improves children’s ability to share their toys.
6. There’s no single best answer, but some decisions are better than others. Choose the experimental design you’ve developed for one of the hypotheses in Exercise 5 just above, and indicate what your biggest concern is about each of its aspects (sample selection, sample size, group number, and group assignment).
7. Which challenge do you think is more problematic for gaining scientific knowledge from experiments, reliance on background knowledge or untested alternative hypotheses? Describe why you think this is especially problematic and any concerns you have with the proposed ways of managing the challenge.
8. Philosophy majors tend to perform very well on all of the main entrance exams required by graduate programs and professional schools. They are the only major to score above average on all four of the General Management Admissions Test (GMAT), the Law School Admissions Test (LSAT), the verbal portion of the Graduate Record Examination (GRE), and the quantitative portion of the GRE. Philosophy majors are vying with physics majors each year for the best comprehensive GRE scores, and they also have had the highest average on the verbal portion of the GRE, second highest on the GMAT (after mathematics), and third highest on the LSAT (after physics and economics).
a. Formulate three different hypotheses that are each compatible with these data.
b. Choose one of the three hypotheses, and design an experiment that could test it. Make sure you specify the independent and dependent variables, the intervention, your expectations for the findings if the hypothesis is true, and how you will control for extraneous variables, including experimenter and subject bias.
c. Make a list of five auxiliary assumptions in this experiment. Do you think any of these assumptions are likely to be wrong? Why or why not?
Does the problem of underdetermination affect the possibility or probability of there being crucial experiments? Why or why not?
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