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POL 138 Quantitative Reasoning in Political Science
Practice for Exam 2

5.1 Correlations

Of the following, which term is most appropriate to describe a measure of the extent to which the values of one variable associate with the values of another variable?
· a correlation
· an inference
· a percentile
· a standard deviation

If, on average, the numbers in X increase as the numbers in Y increase, then that is a ___ between X and Y.
· positive correlation
· negative correlation
· zero correlation

If, on average, the numbers in X increase as the numbers in Y decrease, then that is a ___ between X and Y.
· positive correlation
· negative correlation
· zero correlation

If, on average, the numbers in X decrease as the numbers in Y decrease, then that is a ___ between X and Y.
· positive correlation
· negative correlation
· zero correlation

If, on average, the numbers in X do not increase or decrease as the numbers in Y increase, then that is a ___ between X and Y.
· positive correlation
· negative correlation
· zero correlation



5.2 Alternate explanations

Suppose that data indicated that political knowledge was higher on average among political science majors than among education majors, with a p-value of p<0.05 for a test of the null hypothesis that these means equal each other. Would this be sufficient evidence to conclude at the conventional level in political science that being a political science major caused a higher level of political knowledge than being an education major did, at least on average?
· Yes, because the p-value is p<0.05, and it makes sense that political science classes would cause higher levels of political knowledge than education classes would.
· No, because the analysis did not address alternate explanations such as the possibility that, even before these students entered their majors, political knowledge was higher among students who planned to major in political science than among students who planned to major in education.

Suppose that data from a large nationally representative sample of U.S. residents indicated that U.S. residents who reported being sexually harassed at work were more likely to report being politically liberal than to report being politically conservative (p<0.05). Explain whether this would be sufficient evidence to conclude that, at least on average and among this sample of U.S. residents, being sexually harassed at work caused a person to be more likely to report being politically liberal than to report being politically conservative.

No, because there are other plausible explanations that should first be addressed. For example, perhaps political liberals are more likely to be sexually harassed than political conservatives are because political liberals on average are younger or are more likely to work in fields or geographic areas in which sexual harassment is more prevalent.



The SAT is a test that some colleges use to determine whether to admit an applicant. Some states require all students in that state to take the SAT during school time on an "SAT School Day", and the state pays for all students to take the SAT. But some states don't require any students to take the SAT, although, in these states, students are permitted to take the SAT, and these students often take the SAT on the weekend and pay for the SAT on their own. Data for the SAT in 2022 indicated that the mean SAT math score was 577 for students who took the SAT on the weekend, but was only 451 for students who took the SAT on SAT School Day. The p-value is p<0.05 for a test of the null hypothesis that these scores equal each other. Discuss whether this is sufficient evidence to conclude at the conventional level in political science that, compared to taking the SAT on an SAT School Day, taking the SAT on the weekend caused students to do better on the SAT, at least on average.

No, because there are other plausible explanations that should first be addressed. For example, because the SAT School Days involve all students in a state and SAT weekend test don't necessarily involve all students in a state, it could be that lower ability students are more likely to take the test on an SAT School Day.	
		
Data from a past POL 138 class indicated that, on average, the number of class meetings a student attended positively associated with the student's score on Exam 2, with a p-value of p<0.05 for a test of the null hypothesis that the number of class meetings a student attended did not associate with the student's score on Exam 2. It is possible that this positive association was because students attending more class meetings on average caused students to score higher on Exam 2, because students learned during class. But provide a different plausible reason why the number of class meetings a student attended positively associated with the student's score on Exam 2.

Students who attend a higher number of class meetings might study more outside of class, and it might be that this extra studying (and not attending class) caused the higher mean Exam 2 score.







Suppose that, in a sufficiently large police department, none of the police officers have ever worn a body camera. The police captain then assigns each police officer in the department to wear a body camera for the six months of September, October, November, December, January, and February. Researchers analyze data from the police department and test the null hypothesis that the number of citizen complaints about police officers for the six months that police officers wore a body camera equals the number of citizen complaints about police officers for the prior six months, in which no police officers wore a body camera (March, April, May, June, July, and August). Results indicate that the number of citizen complaints about police officers for the six months that police officers wore a body camera was lower than the number of citizen complaints about police officers for the prior six months, in which no police officers wore a body camera, with a p-value of p<0.05 for a test of the null hypothesis that the number of complaints did not differ between these six-month periods.

Is this sufficient evidence at the conventional level in political science to conclude, at least for this police department and at least on average, that a police officer wearing a body camera caused a lower number of citizen complaints about the police officer?
· Yes
· No

6.1 Randomized experiments

Which one of these is NOT a necessary step in a randomized experiment involving human participants?
· Treat each group differently. 
· Randomly assign participants to groups. 	
· Use control variables to eliminate alternate explanations. 
· Measure some outcome for each group. 

Randomly assigning participants to groups helps a randomized experiment identify causes by ___.
· eliminating demand effects as much as possible
· getting the groups to be as similar to each other as possible before the difference in treatment
· getting the sample to be as representative of the population as possible without weighting
· helping as much as possible to avoid regression toward the mean

Suppose that, in a randomized experiment, the mean response from participants in the control group differs from the mean response from participants in the treatment group. One reason for this is that participants in the control group were treated differently than participants in the treatment group. The other possible reason why the mean response from participants in the control group differed from the mean response from participants in the treatment group is ___.
· a ceiling effect
· Simpson's paradox
· random assignment error
· regression toward the mean

Random assignment error in a randomized experiment ___.
· can bias an estimate of an effect only to be lower than it truly is
· can bias an estimate of an effect only to be higher than it truly is
· can bias an estimate of an effect to be lower than or higher than it truly is
· cannot bias an estimate

Suppose that a researcher conducted a randomized experiment and then compared the mean response from participants in the control group to the mean response from participants in the treatment group. The p-value was p=0.01 for a test of the null hypothesis that these means equal each other. Based on this p-value, the researcher should conclude that ___.
· the treatment had an effect
· the treatment did not have an effect
· there is not enough evidence to conclude that the treatment had an effect

Suppose that a researcher conducted a randomized experiment and then compared the mean response from participants in the control group to the mean response from participants in the treatment group. The p-value was p=0.25 for a test of the null hypothesis that these means equal each other. Based on this p-value, the researcher should conclude that ___.
· the treatment had an effect
· the treatment did not have an effect
· there is not enough evidence to conclude that the treatment had an effect



Suppose that a randomly selected set of 1,000 U.S. residents is assigned to take a weight loss pill each morning for ten weeks. The mean weight of the participants decreased over the ten weeks of the study (p<0.001). Based on this evidence, can we conclude at the conventional level in political science that the pill caused weight loss among these participants, at least on average?
· Yes
· No

[Items 18 and 19] A researcher randomly selects 200 people from a population and then randomly assigns 100 of these people to a group that receives Treatment A and randomly assigns the other 100 people to a group that receives Treatment B.

The random selection from the population ___.
· better permits the researcher to make an inference about the population
· better permits the researcher to make an inference about whether Treatment A has a different effect than Treatment B has among participants in the sample

The random assignment to groups ___.
· better permits the researcher to make an inference about the population
· better permits the researcher to make an inference about whether Treatment A has a different effect than Treatment B has among participants in the sample
---

Suppose that researchers have a sample in which 50 persons are randomly assigned to watch Video A and 50 persons are randomly assigned to watch Video B. Both videos encourage people to donate blood, and the only difference between the videos is that Video A ends with the narrator saying "Please donate blood" and Video B ends with the narrator saying "Please donate blood, for the children". After watching the video, each participant is asked to donate blood.

Suppose that exactly 10 of the 50 persons who watched Video A donated blood after being asked to donate blood (20%) and that exactly 20 of the 50 persons who watched Video B donated blood after being asked to donate blood (40%). The p-value is p<0.05 for a test of the null hypothesis that these percentages equal each other. Explain whether this is sufficient evidence at the conventional level in political science to conclude that the "for the children" at the end of Video B caused the difference between groups in the percentage of persons who donated blood.

Yes, because the p-value is less than p=0.05 and there are no other plausible explanations.






Suppose that, in a correctly conducted randomized experiment, the mean response from participants in the control group differs from the mean response from participants in the treatment group. One reason for this is that participants in the control group were treated differently than participants in the treatment group. Indicate the other possible reason why the mean response from participants in the control group differed from the mean response from participants in the treatment group.

Random assignment error
















Randomly assigning participants to groups in an experiment helps to reduce a certain kind of bias that might occur if participants were able to select whether they wanted to be in the control group or the treatment group. Explain how randomly assigning participants to groups helps eliminate this bias.

Random assignment ensures that random error is the only explanation for an association between which group a participant is assigned to and any characteristic of the participant. Random assignment thus ensures, as best we can, that the control group equals the treatment group as closely as possible on any characteristic that you can think of.












[Items 23 through 25] Below is selected simplified and edited information taken from the prescribing information for the drug Makena (www.accessdata.fda.gov/drugsatfda_docs/label/2013/021945s005lbl.pdf): 

Makena is a progestin indicated to reduce the risk of preterm birth in women with a singleton pregnancy who have a history of singleton spontaneous preterm birth ... In a multicenter, randomized, double-blind, vehicle (placebo)-controlled clinical trial, the safety and effectiveness of Makena for the reduction of the risk of spontaneous preterm birth was studied in women with a singleton pregnancy (age 16 to 43 years) who had a documented history of singleton spontaneous preterm birth ... A total of 463 pregnant women were randomized to receive either Makena (N=310) or control (N=153) ... Demographics of the Makena-treated women were similar to those in the control group, and included: 59.0% Black, 25.5% Caucasian, 13.9% Hispanic and 0.6% Asian. 

Table 5 below reports the total numbers of fetal losses and neonatal deaths that occurred in each group in the randomized experiment, indicating that there were more deaths in the Makena group (19) than in the placebo/control group (11). Discuss whether this difference is sufficient evidence to conclude that, at least in this experiment, the Makena drug caused the number of fetal losses and neonatal deaths to be higher in the Makena group than in the placebo/control group.

	Table 5
Numbers of fetal losses and neonatal deaths

	Complication type
	Makena
(N=310)
	Placebo/
Control
(N=153)

	Miscarriage
	5
	0

	Stillbirth
	6
	2

	Neonatal (newborn) death
	8
	9

	TOTAL DEATHS
	19
	11



No, because the Makena group has a larger sample size. We should instead compare percentages: 19 of 310 for the Makena group is 6%, and 11 of 153 for the placebo/control group is 7%. Also, for sampling like this, we should check for a p-value of the null hypothesis that the percentages in each group equal each other.



Table 4 below reports the percentage of women in the Makena treatment group and in the placebo/control group who delivered early (preterm) at less than 37 weeks, which was the primary endpoint of interest for the experiment. 

	Table 4
Percentage of participants who delivered by the indicated endpoint of interest

	Endpoint
of interest
	Makena
(N=310)
	Placebo/
Control
(N=153)
	Treatment difference
[95% confidence interval]
	p-value for the
treatment difference

	< 37 weeks
	37%
	55%
	-18%
[-28%, -7%]
	p<0.01



Do the data in the table provide sufficient evidence to conclude at the conventional level in political science that random assignment error is unlikely to have been the reason why the percentage of deliveries at less than 37 weeks was lower among women in the Makena group than among women in the placebo/control group?
· Yes
· No

The Meis et al. 2013 journal article associated with this experiment (www.nejm.org/doi/full/10.1056/nejmoa035140) indicated that, compared to women in the placebo/control group, women in the Makena treatment group had had a lower mean number of prior preterm deliveries, with a p-value of p=0.007 for a test of the null hypothesis that the difference in mean preterm deliveries between these groups was zero. Considering this random assignment error, the true treatment effect of Makena at the "< 37 weeks" endpoint of interest was plausibly ___.
· smaller than a reduction of 18%
· a reduction of 18%
· larger than a reduction of 18%

6.2 Placebos

Which of the following best indicates what a placebo is?
· a treatment that has an effect
· a treatment that has no effect
· a treatment that has a positive effect
· a treatment that has a negative effect



6.3 Natural experiments

Which one of the following indicates a difference between a randomized experiment and a natural experiment?
· In a natural experiment, the experiment must be conducted outside.
· In a natural experiment, computers must not be used for the data analysis.
· In a natural experiment, the outcome variable must be a measure of a natural phenomenon.
· In a natural experiment, the assignment of the treatment must be done by nature or as if by nature.

7.1 Discontinuity designs

Faber College offers POL 100 each Monday and Wednesday in four sections, with start times of 8am, 11am, 2pm, and 6pm. Each class meeting is 1 hour and 15 minutes long. Lunch at Faber College is from 12:30pm to 1:30pm. Students are randomly assigned to sections of POL 100. For each section, students take a pretest and a posttest to measure their learning over the semester. Researchers are interested in the effect of eating lunch on learning. Researcher A plans to compare the average student learning across the two sections before lunch (8am and 11am) to the average student learning across the two sections after lunch (2pm and 6pm). Researcher B plans to instead compare the average student learning in the 11am section to the average student learning in the 2pm section. An advantage of Researcher B's research design over Researcher A's research design is that ___.
· Researcher B will avoid Simpson's paradox
· Researcher B will have a smaller sample size
· Researcher B will address an alternate explanation
· Researcher B will avoid bias due to regression toward the mean

Suppose that the President of Freedonia forgave $1,000 in student loan debt for any person who had at least $10,000 in student loan debt. Which of the following would be a better research design for assessing whether this debt forgiveness increased approval of the President of Freedonia among persons who received this debt forgiveness?
· Compare the mean approval of the President of Freedonia among persons who received this debt forgiveness, to the mean approval of the President of Freedonia among persons who did not receive this debt forgiveness
· Compare the mean approval of the President of Freedonia among persons who, before the debt forgiveness, had between $10,000 and $10,500 in student loan debt, to the mean approval of the President of Freedonia among persons who, before the debt forgiveness, had between $9,500 and $9,999 in student loan debt






In the United States during the 1930s, the U.S. government sponsored the Home Owners' Loan Corporation, which created maps. On these maps, certain areas were colored green, blue, yellow, or red, to indicate the perceived mortgage lending risk in these areas. The areas that were colored red were considered to be the riskiest areas to lend to, and the areas that were colored green were considered the least risky areas to lend to. The process of coloring geographic areas red is called "redlining".

For areas that were redlined on these maps in the 1930s, economic outcomes are on average relatively poor in modern times: for example, in 2016, the percentage of residents who were low-to-moderate income was 9% in the green areas, but was 74% in the red areas. The p-value is p<0.05 for a test of the null hypothesis that the modern-day percentage of residents in the green areas who are low-to-moderate income equals the modern-day percentage of residents in the red areas who are low-to-moderate income. 

Explain whether this is sufficient evidence to conclude at the conventional level in political science that the "redlining" maps in the 1930s caused this modern-day difference between residents in the green areas and residents in the red areas in the percentage of persons who are low-to-moderate income.

No, because there are other plausible explanations that should first be addressed. For example, the redlines areas might have been lower income even before the color-coding of the maps occurred. 

	



Regarding the redlining discussed in the prior item, Aaronson et al 2018 reported on an analysis that limited comparisons to edges between colored regions, to, for example, compare [1] outcomes for residents who live in a redlined area but who live near the edge of that redlined area to [2] outcomes for residents who live right across the street from that redlined resident but who live in a greenlined area.

For the purpose of estimating whether redlining has had a negative effect on modern-day outcomes for people living in redlined areas, explain an advantage of limiting comparisons to the edges between redlined areas and greenlined areas, instead of comparing outcomes for all residents of redlined areas to outcomes for all residents of greenlined areas.

The limited comparisons help address alternate explanations by getting the comparison to be of different colored areas that are similar to each other. So instead of comparing the average red area to the average green area (which might be in completely different parts of town), the comparison is instead of a red area to a green area that is very close to the red area, which should reduce the differences between the areas.



Suppose that we are interested in whether a college student being assigned to an honors program at that college increases that student's income in their first year after college. Let's illustrate this below, with hypothetical data for students at a college in which each student who has a 2.0 GPA or higher is in the honors program and no other student at the college is in the honors program. The red dots represent the students who have a GPA below 2.0 and who are thus not in the honors program, and the green dots represent the students who have a GPA of 2.0 or higher and who are thus in the honors program ___.

[image: plot for a discontinuity design]
Suppose that we use a discontinuity method to estimate the effect of being in the honors program on future income, by comparing how much income among students who were just below the threshold for getting into the honors program differs from the income among students who were just above the threshold for getting into the honors program. Which of the following best indicates that estimate?
· The honors program reduced income by about $40, on average.
· The honors program reduced income by about $20, on average.
· The honors program did not affect income, on average.
· The honors program increased income by about $20, on average.
· The honors program increased income by about $40, on average.



The passage below is from the article "Welfare Effects of Criminal Politicians: A Discontinuity-Based Approach", by Matthieu Chemin, which was published in 2012 in the Journal of Law and Economics:

This paper uses unique data on the criminal records of Indian bureaucrats to examine the relationship between politicians' criminality and consumption, crime, and corruption. The identification relies on a regression discontinuity design by which individuals living in districts where a criminal politician was barely elected are compared with individuals living in districts where a criminal politician barely lost. The results show that criminal politicians decrease consumption by vulnerable sections of society...This paper suggests that the effect of criminal politicians on criminality and corruption may explain this result.

The researcher could have compared consumption by vulnerable sections of society among individuals living in districts where any criminal politician was elected to consumption by vulnerable sections of society among individuals living in districts where any criminal politician was not elected. But the researcher instead compared consumption by vulnerable sections of society among individuals living in districts where a criminal politician barely won election to office to consumption by vulnerable sections of society among individuals living in districts where a criminal politician barely lost election to office.

Explain the benefit of limiting the comparison to districts in which a criminal politician barely won election to districts in which a criminal politician barely lost election.

The limited "barely won/barely lost" comparison helps address alternate explanations by getting the comparison to be of similar districts. Districts that elect a criminal politician might differ in a lot of ways from districts that do not elect a criminal politician, but these differences should be less in the "barely won/barely lost" comparison, because the comparison is between more similar districts in which the criminal politician had about a 50% chance of winning, but either fell a bit higher than 50% or a bit lower than 50%. 

Some districts in the "criminal politician won" set of districts might have a very high percentage chance of electing a criminal politician, and some districts in the "criminal politician did not win" set of districts might have a very low percentage chance of electing a criminal politician: these districts (which are plausibly very different from each other) are not included in the "barely won/barely lost" comparison.

	




[image: plot for a discontinuity design]

[Items 34 and 35] The plot above is from Bosch and Schady 2019, based on data from women in Ecuador. Zero on the horizontal x-axis indicates the poverty score cutoff for welfare: numbers above zero indicate that the woman had a high enough income so that she did not qualify for welfare, and numbers below zero indicate that the woman had a low enough income that she did qualify for welfare. The vertical y-axis indicates the share of women who contributed to Ecuador's social security program. We can estimate the effect of qualifying for welfare on the share of women who contribute to welfare, by comparing the predicted share of women who contribute to social security and barely qualified for welfare to the predicted share of women who contribute to social security and barely did not qualify for welfare, because these two groups of women should otherwise be relatively similar to each other.

Which of the following indicates a benefit of this "barely" method, relative to comparing the share that contributed to social security among all women who qualified for welfare to the share that contributed to social security among all women who did not qualify for welfare?
· The "barely" method has a larger sample size.
· The "barely" method has a smaller sample size.
· The "barely" method better addresses alternate explanations.
· The "barely" method better meets the assumptions for a linear regression.

Based on the lines of best fit, the best estimate is that qualifying for welfare caused ___ in the share of women who contributed to Ecuador's social security program.
· about a 0.050 decrease 
· about a 0.030 decrease
· about a 0.013 decrease 
· about a 0.013 increase
· about a 0.030 increase
· about a 0.050 increase
7.2 Difference-in-differences designs

Suppose that, at Faber College, enrollment in the political science major increased 2% each year from 2012 to 2017. In 2018, the political science department got a new department chair, and, over the next five years, enrollment increased at only 1%. For estimating how the new chair affected enrollment rates in the political science major, which of the following would provide the better comparison for a difference-in-differences design, based on only the enrollment rates indicated below?
· the history major at Faber College, in which enrollment increased at 1% per year from 2012 to 2017
· the sociology major at Faber College, in which enrollment increased at 2% per year from 2012 to 2017
· the economics major at Faber College, in which enrollment increased at 2% per year from 2018 through 2022

Suppose that a researcher is interested in the extent to which college causes persons to become more politically liberal. In 2019, the researcher surveys a representative sample of age-18 persons who attend college and a representative sample of age-18 persons who do not attend college. Four years later, in 2023, the researcher surveys each person again. Suppose that the researcher's data are in the table below, in which political ideology is measured from 0 for extremely liberal to 10 for extremely conservative.

	Group
	Mean ideology
at age 18
	Mean ideology
at age 22

	Persons in college
	4.5
	3.5

	Persons not in college
	5.0
	4.2



If the researcher used a difference-in-differences design that compared persons in college to persons not in college, the researcher's estimate of the effect of college on political ideology would be that college made persons in the sample about ___.
· 0.2 units more liberal on average
· 0.8 units more liberal on average
· 1.0 unit more liberal on average
· 3.5 units more liberal on average



Suppose that, on January 1, 2024, Freedonia enacted the Unemployment Reduction Act. Researchers are interested in assessing the extent to which the Unemployment Reduction Act caused a change in Freedonia's unemployment rate. Pacifica and Atlantica are countries immediately next to Freedonia and are similar to Freedonia in every way, except that neither Oceania nor Pacifica enacted any legislation to reduce unemployment.

	
	Unemployment Rate

	
	2021
	2022
	2023
	2024

	Freedonia
	12%
	12%
	12%
	6%

	Oceania
	14%
	14%
	14%
	5%

	Pacifica
	13%
	12%
	13%
	6%



Considering a difference-in-differences method, what do the data in the table above suggest about the decrease in unemployment in Freedonia between 2023 and 2024?
· The data are consistent with the Unemployment Reduction Act being the reason for the decrease in unemployment in Freedonia between 2023 and 2024.
· The data are not consistent with the Unemployment Reduction Act being the reason for the decrease in unemployment in Freedonia between 2023 and 2024.

Suppose that, on January 1, 2024, Freedonia enacted the Unemployment Reduction Act. Researchers are interested in assessing the extent to which the Unemployment Reduction Act caused a change in Freedonia's unemployment rate. Pacifica and Atlantica are countries immediately next to Freedonia and are similar to Freedonia in every way, except that neither Oceania nor Pacifica enacted any legislation to reduce unemployment.

	
	Unemployment Rate

	
	2021
	2022
	2023
	2024

	Freedonia
	12%
	12%
	12%
	6%

	Oceania
	14%
	14%
	14%
	15%

	Pacifica
	13%
	12%
	13%
	15%



Considering a difference-in-differences method, what do the data in the table above suggest about the decrease in unemployment in Freedonia between 2023 and 2024?
· The data are consistent with the Unemployment Reduction Act being the reason for the decrease in unemployment in Freedonia between 2023 and 2024.
· The data are not consistent with the Unemployment Reduction Act being the reason for the decrease in unemployment in Freedonia between 2023 and 2024.



Suppose that, on January 1, 2024, Freedonia enacted the Unemployment Reduction Act. Researchers are interested in assessing the extent to which the Unemployment Reduction Act caused a change in Freedonia's unemployment rate. Oceania is a country immediately next to Freedonia and is similar to Freedonia in every way, except that Oceania did not enact any legislation to reduce unemployment.

	
	Unemployment Rate

	
	2021
	2022
	2023
	2024

	Freedonia
	9%
	9%
	9%
	2%

	Oceania
	9%
	9%
	9%
	6%



Considering a difference-in-differences method, the best estimate for the effect of the Unemployment Reduction Act is to have reduced unemployment in Freedonia by ___.
· 2 percentage points
· 4 percentage points
· 7 percentage points
· 9 percentage points

The crime rate in Freedonia rose 4 percent per year before 2022, but, at the start of 2022, Freedonia passed the Crime Reduction Act. The crime rate then rose by 1 percent per year after that. For estimating how the Crime Reduction Act affected crime rates in Freedonia, which of the following would provide the better comparison for a difference-in-differences design, based on only the crime rates indicated below?
· Atlantica, in which the crime rate rose by 4 percent per year before 2022
· Oceania, in which the crime rate rose by 1 percent per year after 2022
· Pacifica, in which the crime rate rose by 4 percent per year after 2022
---

	
	Mean PK score

	Group
	Aug 15, 2024
	Dec 1, 2024

	POL 100 students
	40
	65

	BIO 100 students
	40
	45



[bookmark: _Hlk194092534]Suppose that incoming ISU first-year students take a political knowledge (PK) test on Aug 15, 2024. Students are then randomly assigned to take in the Fall 2024 semester either POL 100 or BIO 100. Near the end of the semester, these students take another PK test that is just as difficult as the original test. Based on a difference-in-differences method comparing POL 100 students to BIO 100 students, data in the table above suggest that POL 100 caused ___ in PK score, on average.
· a decrease of 25
· a decrease of 20
· no change
· an increase of 20 
· an increase of 25
[Items 43 and 44] The plot below reports the inflation rate in a fictional country of Freedonia, for each year from 2015 (in which the inflation rate was 6%) through 2024 (in which the inflation rate was 33%). Suppose that the ideal inflation rate for Freedonia is zero percent. Freedonia has two major political parties: Party A, and Party B. Party A was in power from the start of 2015 through the end of 2019, and Party B was in power from the start of 2020 to the end of 2024. In Freedonia, the party in power has complete control over economic policy. 

[image: scatterplot of inflation rate by year]
The inflation rate increased each year that Party B was in power, from 29% in 2020 to 33% in 2024. Discuss whether it would therefore be reasonable to conclude that Party B has done a poor job in handling inflation.

No, because the increase in the inflation rate got lower after Party B took power.




Suppose that we had annual inflation rate data from Freedonia's neighboring country of Oceania, which is very similar to Freedonia, but in which Party A held power in Oceania from 2015 through 2024. Explain how comparison data from Oceania can help us make a better inference about how well Party B has handled inflation in Freedonia.

Comparing inflation under Party B in Freedonia to inflation in similar Party A in Oceania during the same time period can help us assess how well Party B did with inflation. If, for instance, the inflation rate decreased each year in Oceania between 2020 and 2024, that suggests that Party B in Freedonia did a poor job. But if the inflation rate increased by 4 percentage points each year in Oceania between 2020 and 2024, that suggests that Party B in Freedonia did a good job.


7.3 Benchmarks

Membership in the Pi Sigma Alpha national political science honors society requires, among other things, at least a 3.0 GPA. Suppose that we are interested in estimating the effect, if any, that membership in Pi Sigma Alpha has had on the future income of college graduates. Researcher A plans to compare future income among any college students who were in Pi Sigma Alpha to future income among any college students who were not in Pi Sigma Alpha. Researcher B instead plans to compare future income among any college students who were in Pi Sigma Alpha and had a 3.0 GPA to future income among any college students who were not in Pi Sigma Alpha and had a 3.0 GPA. Which researcher has the better research design for estimating the effect, if any, that membership in Pi Sigma Alpha has on the future income of college graduates?
· Researcher A, because Researcher A will have a much larger sample size and thus a more precise estimate of the effect, if any, that membership in Pi Sigma Alpha has on future income.
· Researcher B, because Researcher B's comparison will better isolate the effect of membership in Pi Sigma Alpha, because both of Researcher B's groups will be students of similar academic ability.

Researchers are interested in assessing whether the percentage of women among U.S. physics professors is unfairly too high or too low due to gender bias among the people who hire physics professors. Researcher A plans to compare the percentage of women among U.S. physics professors to the percentage of women among all U.S. residents. Researcher B instead plans to compare the percentage of women among U.S. physics professors to the percentage of women among U.S. residents who have a Ph.D. in physics. [A] Indicate which researcher had the better benchmark. [B] Then explain why.

Researcher B, because this is a better measure of the potential pool of physics professors to assess gender bias. For example, women are about 50% of the U.S. population, but not every member of the U.S. population can be hired as a U.S. physics professor. Women are about 20% of U.S. residents who have a Ph.D. in physics, so that is a better (but still imperfect) estimate of the percentage of women among U.S. physics professors that would occur without gender bias.













7.4 Panel designs

[Items 47 and 48] Suppose that, for two participants, a researcher has data from two surveys, one in April and another in June of the same year. For each participant and for both months, the dataset has an indication of the participant's political party (D or R) and an indication of whether the participant supports or opposes affirmative action. 

	ID
	April
	June

	1
	R + Support
	D + Support

	2
	D + Oppose
	R + Oppose



Based on only the data for IDs 1 and 2, which of the following is more supported?
· political party influences attitudes about affirmative action
· attitudes about affirmative action influences political party 


	ID
	April
	June

	3
	R + Support
	R + Oppose

	4
	D + Oppose
	D + Support



Based on only the data for IDs 3 and 4, which of the following is more supported?
· political party influences attitudes about affirmative action
· attitudes about affirmative action influences political party 
---

In the table below, the mean wealth is $50,000 among unmarried persons and is $86,667 among married persons. The table indicates that this difference is more likely because ___.
· getting married caused persons to earn more wealth
· wealthier persons were more likely to get married than poorer persons were to get married
	Person
	Year
	Wealth 
Jan 1
	Married or 
unmarried 
on Jan 2

	1
	1
	$100,000
	Unmarried

	1
	2
	$100,000
	Unmarried

	1
	3
	$100,000
	Married

	2
	1
	$0
	Unmarried

	2
	2
	$0
	Unmarried

	2
	3
	$0
	Unmarried

	3
	1
	$100,000
	Unmarried

	3
	2
	$100,000
	Married

	3
	3
	$60,000
	Married




[Items 50 and 51] Suppose that, in a fictional country called Freedonia, corporations that have a woman CEO have a higher market cap, compared to corporations that have a man CEO, as indicated in the data in the tables below. Explanation 1 for this pattern is that, compared to men CEOs, women CEOs cause corporations to have a higher market cap, at least on average. But Explanation 2 for this pattern is that corporations with a higher market cap are more likely than corporations with a lower market cap to select a woman to be CEO. 

In each table below, the mean market cap is 62 among corporations that have a man CEO and is 77 among corporations that have a woman CEO. To simplify the analysis, suppose that each CEO change occurred on Jan 1 of the indicated year.

Do the data in the table below better reflect Explanation 1 or Explanation 2?

	Corp.
	Year
	CEO
Jan 1
	Market Cap
Dec 31

	A
	2019
	Man
	70

	A
	2020
	Man
	70

	A
	2021
	Woman
	70

	B
	2019
	Man
	80

	B
	2020
	Woman
	80

	B
	2021
	Woman
	80

	C
	2019
	Man
	50

	C
	2020
	Man
	50

	C
	2021
	Man
	50



Explanation 2


Do the data in the table below better reflect Explanation 1 or Explanation 2?

	Corp.
	Year
	CEO
Jan 1
	Market Cap
Dec 31

	A
	2019
	Man
	50

	A
	2020
	Man
	50

	A
	2021
	Woman
	70

	B
	2019
	Man
	50

	B
	2020
	Woman
	80

	B
	2021
	Woman
	80

	C
	2019
	Man
	80

	C
	2020
	Man
	70

	C
	2021
	Man
	70



Explanation 1


8.1 Statistical control

How do control variables help improve causal inference in a correlational study?
· reduce bias in measurements
· remove sample bias 
· help address alternate explanations 
· randomly assign participants

In a non-experimental analysis, omission of a relevant control variable ___.
· can bias an estimate of an effect only to be lower than it truly is
· can bias an estimate of an effect only to be higher than it truly is
· can bias an estimate of an effect to be lower than or higher than it truly is
· cannot bias an estimate

In a non-experimental analysis, including a control variable that should not be included ___.
· can bias an estimate of an effect only to be lower than it truly is
· can bias an estimate of an effect only to be higher than it truly is
· can bias an estimate of an effect to be lower than or higher than it truly is
· cannot bias an estimate

[Items 55 through 57] The table below indicates that, among a hypothetical set of workers at a company, 40% of women were promoted, but 60% of men were promoted. 

	Women 
	Men 

	Promoted
	Sales
	Client Rating
	Experience
	Promoted
	Sales
	Client Rating
	Experience

	No
	$40
	
	0 years
	No
	$40
	
	0 years

	No
	$40
	
	10 years
	No
	$40
	
	0 years

	No
	$40
	
	10 years
	Yes
	$90
	
	0 years

	Yes
	$90
	
	10 years
	Yes
	$90
	
	0 years

	Yes
	$90
	
	10 years
	Yes
	$90
	
	10 years

	
	
	
	
	
	
	
	


Controlling only for sales, the company's promotion practices seem ___.
· biased for women
· biased against women
· to not have a bias for or against women

Controlling only for client rating, the company's promotion practices seem ___.
· biased for women
· biased against women
· to not have a bias for or against women

Controlling only for experience, the company's promotion practices seem ___.
· biased for women
· biased against women
· to not have a bias for or against women
Suppose that you were asked to conduct a study to determine whether male ISU employees are paid more than female ISU employees are paid. For each ISU employee, you have data on the employee's salary and their gender. Using these salary data as the outcome, would you need control variables for this study?
· Yes
· No

Suppose that you were asked to conduct a study to determine whether male ISU employees are unfairly paid more than female ISU employees are paid. For each ISU employee, you have data on the employee's salary and their gender. Using these salary data as the outcome, would you need control variables for this study?
· Yes
· No

Suppose that, at a certain university, all students must complete an internship. Some students choose to do the internship during the summer, and some students choose to do the internship during the fall or spring. Suppose that we wanted to assess whether completing the internship during the summer causes a student to be more likely or less likely to get a job within a year of graduation, compared to completing the internship during the fall or spring. One problem for our analysis is that the type of student who completes an internship during the summer might differ from the type of student who completes an internship during the fall or spring, and that difference might affect the likelihood that the student gets a job within a year of graduation. Indicate a control variable that can help address this concern, and explain why that control variable can help address this concern.

Many acceptable responses, such as: GPA, because it's possible that GPA affects the probability of getting a job and associates with whether a student completes an internship during the summer.





Suppose that you are assigned to test the hypothesis that a female candidate having long hair (compared to having short hair) will affect the percentage of votes that the female candidate receives. For a large set of female candidates, you have data on the percentage of votes that the female candidate received in their election and data on whether that female candidate had long hair or short hair in that election. [1] Identify a control variable that you could use for the analysis. [2] Then explain how that particular control variable would help improve the analysis.

Many acceptable responses, such as: candidate age, because it's possible that older female candidates have are more likely to have short hair and that voters prefer older candidates (because of having more experience in life or in politics).


Below are data on the salary and experience of four male teachers and three female teachers.

Gender   Salary   Experience   Gender   Salary   Experience
 Male      50        Low       Female     50        Low
 Male      90        High      Female     50        Low
 Male      90        High      Female     90        High
 Male      90        High

The mean salary among the four male teachers is 80, and the mean salary among the three female teachers is 63.3. Controlling only for experience, the mean salary is ___.
· the same for male teachers as it is for female teachers
· lower for male teachers than for female teachers
· higher for male teachers than for female teachers




	
The table below contains information about six police officers. Each police officer works exactly 40 hours per week. 

	Officer
	Does the Officer
Wear a Body Camera?
	Officer
Age
	Citizen Complaints
about the Officer

	1
	Yes
	20
	7

	2
	Yes
	40
	0

	3
	Yes
	40
	2

	4
	No
	20
	5

	5
	No
	20
	9

	6
	No
	40
	1



Based on the table data, controlling for officer age made the officers wearing a body camera seem ___ at reducing the mean number of citizen complaints, compared to the officers not wearing a body camera.
· less effective
· as effective
· more effective

Raw: Mean of 3 for Yes, Mean of 5 for No. 
Control Age 20: Mean of 7 for Yes, compared to mean of 7 for No.
Control Age 40: Mean of 1 for Yes, compared to mean of 1 for No.

8.2 Multiple linear regression

[Items 64 through 67] Each linear regression below uses data from the ANES 2024 Time Series Study to predict whether a respondent has money invested in the stock market (STOCKS, coded 1 for Yes and 0 for No). Predictors are EDUC01 (respondent education level coded from 0 for the lowest education level to 1 for the highest education level) and INCOME01 (respondent income level coded from 0 for the lowest income level to 1 for the highest income level).

-------------------------------------------------------------------
   STOCKS |      Coef.   Std. Err.   p-value   [95% Conf. Interval]
----------+--------------------------------------------------------
   EDUC01 |       0.67       0.02    0.000       0.62        0.71
 constant |       0.15       0.02    0.000       0.12        0.18
-------------------------------------------------------------------

-------------------------------------------------------------------
   STOCKS |      Coef.   Std. Err.   p-value  [95% Conf. Interval]
----------+--------------------------------------------------------
   EDUC01 |       0.44       0.02    0.000       0.39        0.49
 INCOME01 |       0.57       0.03    0.000       0.52        0.62
 constant |      -0.04       0.02    0.025      -0.07       -0.00
-------------------------------------------------------------------

Of the following, which is the better interpretation of EDUC01 in the second regression?
· a one-unit increase in EDUC01 predicts a 0.44 increase in STOCKS
· a one-unit increase in EDUC01 predicts a 0.44 increase in STOCKS controlling for INCOME01

Explain why the coefficient for EDUC01 was closer to zero in the second regression than in the first regression.

Part of the association between STOCKS (investing in stocks) and EDUC01 (education) is due to INCOME01: higher educated people tend to have higher income, and it is partly this higher income that causes higher educated people to be more likely to invest in stocks.

Does adding a control variable always cause the coefficient for an included predictor to get closer to zero?
· Yes
· No

Explain why the constant was closer to zero in the second regression than in the first regression.

The constant in the first regression is the predicted probability of investing in stocks for a person in the lowest education category. The constant in the second regression is the predicted probability of investing in stocks for a person in the lowest education category and in the lowest income category. 
[Items 68 and 69] Each linear regression below uses data from the ANES 2024 Time Series Study to predict whether a respondent is a Republican (REPUBLICAN, coded 1 for Yes and 0 for No). Predictors are INCOME01 (respondent income level coded from 0 for the lowest income level to 1 for the highest income level) and EDUC01 (respondent education level coded from 0 for the lowest education level to 1 for the highest education level).

. reg REPUBLICAN INCOME01
-----------------------------------------------------------------
REPUBLICAN |   Coef.   Std. Err.  p-value   [95% Conf. Interval]
-----------+-----------------------------------------------------
  INCOME01 |    0.04     0.02      0.080      -0.00        0.08
  constant |    0.29     0.01      0.000       0.27        0.32
-----------------------------------------------------------------

. reg REPUBLICAN EDUC01 INCOME01
-----------------------------------------------------------------
REPUBLICAN |   Coef.   Std. Err.  p-value   [95% Conf. Interval]
-----------+-----------------------------------------------------
  INCOME01 |    0.14     0.02      0.000       0.09        0.18
    EDUC01 |   -0.22     0.02      0.000      -0.27       -0.17
  constant |    ????     0.02      0.000       ????        ????
-----------------------------------------------------------------

Explain why the coefficient for INCOME01 was farther from zero in the second regression than in the first regression.

Income and education associate in opposite ways with being a Republican. Compared to Democrats, Republicans tend to be higher income but less highly educated. When including only INCOME01 in the first regression, these two associations largely cancel each other out.

The constant in the second regression should be ___.
· 0.29
· lower than 0.29
· higher than 0.29

Regression 1 indicates that about 29% of participants at the lowest income category are Republican. Regression 2 asks what this percentage Republican is among participants in the lowest income category and at the lowest education category. That should be a higher percentage, because of the negative association between 
---

How can adding a control variable to a regression affect the coefficient of a predictor that is already in the regression?
· make the coefficient closer to zero
· make the coefficient farther from zero
· not affect the coefficient
· all of the above
	[Items 71 through 73] To the right are data for ten fictional police officers. Below is output from linear regressions that used these data to predict the outcome "complaints", which is a measure of citizen complaints in the most recent year against the police officer. Each regression used the predictor "bodycam", which is a measure of whether the police officer wears a body camera (1 for Yes and 0 for No). The second regression also used a predictor for "age", which is the age of the police officer. For this set of police officers, each police officer gets to choose whether to wear a body camera.
	
	officer
	bodycam
	age
	complaints

	
	
	1
	1
	20
	11

	
	
	2
	1
	40
	8

	
	
	3
	1
	60
	5

	
	
	4
	1
	60
	4

	
	
	5
	1
	60
	3

	
	
	6
	0
	20
	16

	
	
	7
	0
	20
	14

	
	
	8
	0
	40
	12

	
	
	9
	0
	40
	11

	
	
	10
	0
	60
	8



. reg complaints bodycam
------------------------------------------------------------
  complaints |    Coeff     p-value    [95% conf. interval]
------------------------------------------------------------
     bodycam |    -6.00     0.017       -10.60       -1.40
  _intercept |    12.20     0.000         8.95       15.45
------------------------------------------------------------

. reg complaints bodycam age
------------------------------------------------------------
  complaints |    Coeff   p-value    [95% conf. interval]
------------------------------------------------------------
     bodycam |    -3.88     0.000       -5.19       -2.57
         age |    -0.18     0.000       -0.22       -0.14
  _intercept |    18.56     0.000       16.89       20.23
------------------------------------------------------------

Interpret the -6.00 coefficient on the "bodycam" predictor, in the first regression.

Police who had a bodycam received 6.00 fewer complaints on average, compared to police who did not have a bodycam.

Interpret the -3.88 coefficient on the "bodycam" predictor, in the second regression.

Controlling for police age, police who had a bodycam received 3.88 fewer complaints on average, compared to police who did not have a bodycam.

Explain why the coefficient on the "bodycam" predictor is closer to zero in the second regression than in the first regression.

Police who had a bodycam were older on average, and older police received fewer complaints. So the bodycam prediction in the first regression picked up some of this effect of police officer age.
Below is an illustration of the effect of the inclusion of the control for the age of the officer, for the regressions on the prior page. The slope of the line of best fit in the left panel is -6, and the slopes of the lines of best fit in the right panel are -4 for age 20, -3.5 for age 40, and -4 for age 60, so that the overall "average" of the slopes in the right panel is the -3.88 slope for the second regression on the prior page.
 
[image: Illustration of statistical control]

reg complaints bodycam if age == 20
----------------------------------------------------------------------------
  complaints |   Coeff   Std err      t    p-value    [95% conf. interval]
-------------+--------------------------------------------------------------
     bodycam |    -4.00     1.73    -2.31   0.260       -26.01       18.01
  _intercept |    15.00     1.00    15.00   0.042         2.29       27.71
----------------------------------------------------------------------------


reg complaints bodycam if age == 40
----------------------------------------------------------------------------
  complaints |   Coeff   Std err      t    p-value    [95% conf. interval]
-------------+--------------------------------------------------------------
     bodycam |    -3.50     0.87    -4.04   0.154       -14.50        7.50
  _intercept |    11.50     0.50    23.00   0.028         5.15       17.85
----------------------------------------------------------------------------


reg complaints bodycam if age == 60
----------------------------------------------------------------------------
  complaints |   Coeff   Std err      t    p-value    [95% conf. interval]
-------------+--------------------------------------------------------------
     bodycam |    -4.00       1.15    -3.46   0.074        -8.97        0.97
  _intercept |     8.00       1.00     8.00   0.015         3.70       12.30
----------------------------------------------------------------------------
[Items 74 through 76] The table below reports results from a linear regression. The outcome is EXAM1, which is a student's percentage correct on Exam 1. The first predictor is ATTEND, which is the number of the nine class meetings that the student attended before Exam 1. The second predictor is PRETEST, which is the number of items that the student got correct on the 14-item pretest. Data are limited to the 100 students who took Exam 1 and had a pretest score.

reg EXAM1 ATTEND PRETEST
------------------------------------------------------------------
             EXAM1 | Coefficient   p-value   [95% conf. interval]
-------------------+----------------------------------------------
            ATTEND |       5.0       0.00        2.5       7.5
           PRETEST |       1.7       0.04        0.1       3.3
constant/intercept |      29.1       0.01        7.9      50.2
------------------------------------------------------------------

Explain what the 29.1 coefficient for the constant/intercept indicates.

The predicted percentage correct on Exam 1 is 29.1 among students who attended zero class meetings and who scored zero on the pretest.





Explain how inclusion of the predictor for PRETEST affects the interpretation of the results for ATTEND.

The control for PRETEST helps address the alternate explanation that the reason why attending a higher number of classed predicts a higher Exam 1 score on average. It could be that the only reason that ATTEND predicts EXAM1 is because ATTEND is picking up the influence of students knowing more at the start of the semester: for example, if students who knew more at the start of the semester attended a higher number of classes, then ATTEND would predict EXAM1 even if attendance had no effect on EXAM1. But ATTEND still predicts EXAM1 at p<0.05 with a control for PRETEST, so that tells us that ATTEND does not predict EXAM1 merely because students who knew more at the start of the semester attended a higher number of classes.



The instructor did not take attendance for two class meetings, so each student was coded as attending those class meetings. This flaw in measurement plausibly means that the true association between ATTEND and EXAM1 is ___.
· smaller than 5.0
· 5.0
· larger than 5.0
8.3 Illustration of the effects of statistical control

Suppose that, in a linear regression using only X to predict Y, the coefficient on X is 2. Adding a control to this regression ___.
· can cause X to only be lower than 2
· can cause X to only be higher than 2
· can cause X to be lower than 2, higher than 2, or 2

More practice

[Items 78 through 80] On October 31, 2023, Michael Tesler published a blog post at Good Authority about NFL football tight end Travis Kelce, who played for the Kansas City Chiefs and was dating singer Taylor Swift. Midway through the 2023 NFL season, Tesler reported that Kelce had a mean of 108 receiving yards per game in the four Chiefs games that Taylor Swift attended but had a mean of only 50 receiving yards per game in the three Chiefs games that Taylor Swift did not attend. The p-value was p=0.153 for a test of the null hypothesis that these means equal each other.
 
Tesler wrote that "the so-called Swift effect could merely be the result of random variation in Kelce's performance across games". Is this a valid interpretation of the data reported above?
· Yes
· No

At Travis Kelce's next game, Taylor Swift was in attendance, and Kelce had 14 yards receiving. Adding this observation would cause the p-value for a test of the null hypothesis of no Taylor Swift effect to be ___.
· lower than p=0.153
· p=0.153
· higher than p=0.153

Based on Travis Kelce's first seven games of the 2023 season and without other adjustments, the best estimate of the "Taylor Swift" effect was a 58-yard increase in Travis Kelce's receiving yards per game, although that estimate is imprecise, and the associated p-value is not less than p=0.05. 

For the 2021 season and for the 2022 season, Travis Kelce had a higher mean number of receiving yards per game away than at home. For the first seven games in 2023 that Taylor Swift attended, three of the four games were home games for Travis Kelce. 

If our estimate of the Taylor Swift effect incorporates the expectation that, on average and all else equal, Travis Kelce performs better away than at home, then our best estimate of the "Taylor Swift" effect should be an increase of ___.
· 58 yards per game
· less than 58 yards per game
· more than 58 yards per game

[Items 81 through 83] The table below indicates that, among a hypothetical set of workers at a company, 50% of women were promoted, and 50% of men were promoted. 

	Women 
	Men 

	Promoted
	Sales
	Client Rating
	Experience
	Promoted
	Sales
	Client Rating
	Experience

	No
	$40
	
	0 years
	No
	$40
	
	0 years

	No
	$90
	
	0 years
	No
	$40
	
	10 years

	Yes
	$90
	
	0 years
	Yes
	$40
	
	10 years

	Yes
	$90
	
	10 years
	Yes
	$90
	
	10 years

	
	
	
	
	
	
	
	


Controlling only for sales, the company's promotion practices seem ___.
· biased for women
· biased against women
· to not have a bias for or against women

Controlling only for client rating, the company's promotion practices seem ___.
· biased for women
· biased against women
· to not have a bias for or against women

Controlling only for experience, the company's promotion practices seem ___.
· biased for women
· biased against women
· to not have a bias for or against women

[Items 84 and 85] Suppose that a class has 20 students. The instructor randomly assigns 10 students to a treatment group that watches a video about the United Nations and randomly assigns the other 10 students to a control group that does not watch the video. After this, all students answer a test question about the United Nations. This test question was answered correctly by 3 students in the control group and by 9 students in the treatment group. The instructor uses these data to calculate a p=0.02 p-value for a test of the null hypothesis that the percentage correct among students in the control group equals the percentage correct among students in the treatment group. 
 
Based on this, is there sufficient evidence to conclude at the conventional level in political science that the percentage correct among students in the treatment group differs from the percentage correct among students in the control group?
· Yes
· No

Based on this, is there sufficient evidence to conclude at the conventional level in political science that watching the video about the United Nations caused the percentage correct among students in the treatment group to differ from the percentage correct among students in the control group?
· Yes
· No
2
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