
Problem Set 4
Directions: Complete each of the following prompts. Your answers must be professionally
organized and typed. For all calculations, be sure to show your work. For all software work,
be sure to include your Stata or R command prompts in your submission. Your problem
sets are due via email by 11:59:59 pm on November 5, 2021.

1. How does multiple regression differ from bivariate regression? Realistically, we often
perform multiple regression because we have data that result from observational instead
of experimental research designs. How then does multiple regression allow us to mimic
experimental methods vis-á-vis causal inference?

2. In class, we learned that under the assumptions of OLS, β̂ = (X ′X)−1(X ′Y ). Suppose
that you study student performance on a standardized test. Test scores (“Score”) are
measured from 0 to 100. To predict test scores, you include the independent variable,
familiy income (“Income”), which is measured in thousands of dollars. Furthermore,
you also control for a student’s gender (“Female”), which is coded “1” if the student
is female, “0” for male. You then collect data on four individuals and observe the
following data matrix:

Student Score Income Female
1 50 30 0
2 60 60 0
3 70 50 1
4 80 90 0

(a) Write an econometric, linear model that specifies the relationship between the
dependent and independent variables.

(b) Using matrix algebra, find the set of OLS partial slope coefficients for your in-
dependent variables, β̂. (I encourage you to check your estimates using some
statistical software such as Stata or R.)

(c) Interpret your partial slope coefficients appropriately. What do they tell us about
the effect either independent variable is having upon the dependent variable?

3. Explain the Gauss-Markov Theorem. What are its assumptions, and what are some
of the most likely ways our data might violate them? Provided that the assumptions
underlying the Gauss-Markov Theorem hold, what can we conclude about the OLS
estimates it renders?

4. Click on this link to navigate to a data replication page for an article examining
international acts of terrorism.1 Download the dataset with the file extension, “.tab”.
The data are organized as follows:

1Ryckman, Kirssa. 2017. “All politics is local: The domestic agenda of terror groups and the study of
transnational attacks.” Journal of global security studies, 2(1): 55-73.
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https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/WNSAKL


• The dataset examines the frequency of transnational terrorist attacks between
foreign states.

• The unit of analysis is a state-state dyad. The variable, “ccode2,” identifies the
state that is the potential target for a terrorist attack, and the variable “ccode1”
identifies the state that is the potential source of that attack.

• For our purposes, the dependent variable of interest, “attacks,” measures the total
number of attacks from the source state to the target state.

• The primary independent variables of interest will be:

– “lnmindist”: The logged minimal distance between the dyadic states

– “lntroops”: The logged number of troops the target nation has deployed to
the source nation.

– “war”: A dummy variable indicating whether there is currently a wary be-
tween the dyadic states (“1” if yes, “0” else).

– “civilwar source”: A dummy variable indicating whether there is currently a
civil war in the nation that is the source of a terrorist attack (“1” if yes, “0”
else).

– “polity2 1”: A variable indicating how democratized the potential source of
an attack is (on a scale from -10, least democratic, to +10, most democratic).

– “lngdppc1”: The logged per capita GDP of the potential source nation for
transnational attacks.

Do the following in your statistical software of choice:

(a) Drop all observations except those from the year 2014.

(b) Write an econometric, linear model that includes the above specified dependent
variable along with each of the independent variables.

(c) Write alternative hypotheses for each of your independent variables.

(d) Estimate your model using OLS. Present the results from your regression in table
format (remember to format this table so that it is readable).

(e) Assuming we use an α-threshold of 0.05 (one-tailed), which of the null hypotheses
can we reject.

(f) For those variables that are statistically significant, interpret the effect they are
projected to have on the dependent variable. Use graphs if appropriate.

(g) What’s the model fit for this regresssion? Why is it so low? Is there anything we
can do about this?

5. Now suppose we believe there are interaction effects that we failed to include in the
previous regression. Specifically, we think that there is a multiplicative effect between
the logged number of troops the target nation has employed in the source nation and
whether there is an ongoing civil war in the source nation. Furthermore, we believe
there may be a multiplicative effect between the logged distance between two states
and the democratization of the potential attack source.
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(a) Write a new econometric model that includes these two new interaction effects
along with new alternative hypotheses.

(b) Without disrupting the results you reported for the earlier regression model,
present the results from the new regression with the interaction effects alongside
those previous results.

(c) If you are able to reject the null hypothesis for either of these interaction effects,
interpret the results using graphical presentations.

(d) How does model fit change with the inclusion of the interaction effect? Why’s it
still pretty lousy?

(e) Using an F -test, test the hypothesis that including both interaction effects in the
linear regression model do not enhance model fit. Interpret your finding.
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