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R E M I N D E R S

• Problem Set 8 due on Friday

• Section worksheet also due on Friday


• Graded pass/fail, counts towards section 
attendance/participation


• If you have questions about the material, please 
email and/or attend student hours


• Problem Set 9 will be posted this week



R E S T  O F  T H E  S E M E S T E R

• Monday (Dec 4): No in-person class

• I have to be out of town

• Instead: Video of lecture online


• Wednesday (Dec 6): Finishing up, review

• Please send questions by evening of December 5


• Dec 11: Exam 3



H U R D L E S  T O  C A U S A L I T Y

• Is there a credible causal mechanism that 
connects X to Y?


• Can we rule out the possibility that Y could 
cause X?


• Is there covariation between X and Y?

• Have we controlled for all confounding 

variables (Z) that might make the association 
between X and Y spurious?



W H AT  T H I S  A L L O W S  U S  T O  D O

• Multiple regression is a tool that allows us to 
tackle the fourth hurdle to causality

• Multiple regression can estimate effect of X on Y 

controlling for all confounders we can think of (Z1, 
Z2, etc.)


• y =  a + b1*x + b2*z1 + b3*z2 + b4*z3



W H AT  T H I S  A L L O W S  U S  T O  D O

• Example: What determines how students in this 
class think about Joe Biden?

• One thing we found looking at bivariate relation: 

Liberals like him more than conservatives (duh)

• Does this relationship hold when controlling for 

other potential independent variables?

• And what other independent variables can help 

explain variation in attitudes towards Biden? 



R E G R E S S I O N  R E S U LT S

Coefficient Standard Error T-Value

Intercept 68.6 33.0 2.08

Liberal-
Conservative -0.28 0.11 -2.51

Age -0.55 1.71 -0.32

Gender (Male) -0.29 4.72 -0.06



R E G R E S S I O N  R E S U LT S

Coefficient Standard Error T-Value

Intercept 68.6 33.0 2.08

Liberal-
Conservative -0.28 0.11 -2.51

Age -0.55 1.71 -0.32

Gender (Male) -0.29 4.72 -0.06



E F F E C T  O F  L I B / C O N S

• Coefficient: -0.28

• Interpretation: For every one point increase on 

the liberal-conservative scale, the evaluation of 
J. Biden decreases by 0.28 points, holding all 
other variables constant



T E S T  S TAT I S T I C

• HA: -0.28

• H0: 0

• Standard Error: 0.11

t =
HA − H0

Standard Error

t =
−0.28 − 0.00

0.11
= − 2.55

• t-value in table slightly different due to rounding

• We reject H0, so negative effect of liberal-conservative 

on evaluation is significant at the 5% level



R E G R E S S I O N  R E S U LT S

Coefficient Standard Error T-Value

Intercept 68.6 33.0 2.08

Liberal-
Conservative -0.28 0.11 -2.51

Age -0.55 1.71 -0.32

Gender (Male) -0.29 4.72 -0.06



E F F E C T  O F  A G E

• Coefficient: -0.55

• Interpretation: For every one year increase in 

age, the evaluation of J. Biden decreases by 
0.55 points, holding all other variables constant



T E S T  S TAT I S T I C

• HA: -0.55

• H0: 0

• Standard Error: 1.71

t =
HA − H0

Standard Error

t =
−0.55 − 0.00

1.71
= − 0.32

• We cannot reject H0, so effect of age on evaluation is 
not significant at the 5% level



R E G R E S S I O N  R E S U LT S

Coefficient Standard Error T-Value

Intercept 68.6 33.0 2.08

Liberal-
Conservative -0.28 0.11 -2.51

Age -0.55 1.71 -0.32

Gender (Male) -0.29 4.72 -0.06



E F F E C T  O F  G E N D E R

• Coefficient: -0.29 (SE 4.72, t-value -0.06)

• Where female is coded 0 and male coded 1


• Interpretation: If someone is male, their 
evaluation of J. Biden is expected to be 0.29 
points lower than if someone is female, holding 
all other variables constant


• However, we do not reject H0, so effect of 
gender on evaluation is not significant at the 
5% level



W H AT  T H I S  A L L O W S  U S  T O  D O

• Multiple regression is a tool that allows us to 
tackle the fourth hurdle to causality

• Have we controlled for all confounding variables (Z) 

that might make the association between X and Y 
spurious?


• We can now estimate effect of X on Y controlling 
for all confounders we can think of (Z1, Z2, etc.)



W H AT  T H I S  A L L O W S  U S  T O  D O

• If we have not one theory about what 
influences Y, but many theories, we can test 
which one’s have an effect on Y and which 
don’t



T O D AY

• Linear regression in research

• Linear regression elsewhere



L I N E A R  R E G R E S S I O N  E X A M P L E

• Linear regression widely used in social science 
research

• Will show up in articles you read in your other 

political science classes



H O W  I S  T H I S  U S E F U L ?

• What causes high infant mortality rates?

• Infant mortality rates (Death under 1 year of age per 1,000 live 
births)



I N FA N T  M O RTA L I T Y

• DV:

• Death under 1 year of age per 1,000 live births


• IVs:

• GDP per capita (logged)

• Poverty: % of population living on less than $1.90 

per day

• Health expenditure: % of GDP

• Clean water: % of population with access

• Democracy: Index from -10 (least democratic) to 10 

(most democratic)

• Civil War: 0 if no, 1 if yes



R E G R E S S I O N

Coefficient Standard Error T-Value

Intercept 88.25 34.31 2.57
Log Gdp Per 

Capita
-2.09 3.67 -0.57

Poverty 0.46 0.14 3.45

Health Expenditure -0.21 1.05 -0.20

Clean Water -0.57 0.23 -2.51

Democracy -0.64 0.47 -1.37

Civil War 3.17 4.90 0.65

R2: 0.79
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E F F E C T  O F  P O V E RT Y

• Coefficient: 0.46 (SE 0.13, t-value 3.45)

• Interpretation: For every one percentage point 

increase of the population living in poverty, 
infant mortality increases by 0.46 deaths, 
holding all other variables constant



R E G R E S S I O N

Coefficient Standard Error T-Value

Intercept 88.25 34.31 2.57
Log Gdp Per 

Capita
-2.09 3.67 -0.57

Poverty 0.46 0.14 3.45

Health Expenditure -0.21 1.05 -0.20

Clean Water -0.57 0.23 -2.51

Democracy -0.64 0.47 -1.37

Civil War 3.17 4.90 0.65

R2: 0.79
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E F F E C T  O F  C L E A N  WAT E R

• Coefficient: -0.57 (SE 0.23, t-value -2.51)

• Interpretation: For every one percentage point 

increase of the population having access to 
clean water, infant mortality decreases by 0.57 
deaths, holding all other variables constant



R E G R E S S I O N

Coefficient Standard Error T-Value

Intercept 88.25 34.31 2.57
Log Gdp Per 

Capita
-2.09 3.67 -0.57

Poverty 0.46 0.14 3.45

Health Expenditure -0.21 1.05 -0.20

Clean Water -0.57 0.23 -2.51

Democracy -0.64 0.47 -1.37

Civil War 3.17 4.90 0.65

R2: 0.79



E F F E C T  O F  C I V I L  WA R

• Coefficient: 3.17 (SE 4.90, t-value 0.65)

• Interpretation: If a country has a civil war, its 

infant mortality increases by 3.17 deaths, 
holding all other variables constant


• However, we cannot reject H0



A N O T H E R  E X A M P L E

• What is the effect of freedom of the press on 
corruption?



L I N E A R  R E G R E S S I O N  E X A M P L E

• Unit of analysis: ?

• Dependent variable: ?

• Independent variable: ?



L I N E A R  R E G R E S S I O N  E X A M P L E

• Unit of analysis: Countries

• Dependent variable: Corruption

• Independent variable: Press Freedom



L I N E A R  R E G R E S S I O N  E X A M P L E

• HA: In a comparison of countries, those with 
more press freedom will have lower levels of 
corruption than those with less press freedom


• H0: There is no relationship between press 
freedom and levels of corruption



L I N E A R  R E G R E S S I O N  E X A M P L E

• Data:

• Corruption: Indicator by International Country Risk 

Guide, from 0 to 6

• 0: a lot of corruption

• 6: little corruption


• Press freedom: Indicator by Freedom House, from 0 
to 15

• 0: no violations of press freedom

• 15: highest degree of violations of press freedom



L I N E A R  R E G R E S S I O N  E X A M P L E

• Does this correlation hold up when controlling 
for other variables that could affect corruption?

low

high

lowhigh



L I N E A R  R E G R E S S I O N  E X A M P L E

• CORR: Corruption variable

• PRESS: Press freedom variable

• BUREAU: Quality of bureaucracy measure

• RULE: Measure of rule of law



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E

• PRESS: Press freedom variable

• A one unit increase in the press freedom index (0-15, 

higher=less freedom) is associated with a 0.017 unit 
decrease in the corruption index (0-6, lower=more 
corruption), holding all other variables constant


• t-value is -6.35, so we can reject H0



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E

• PRESS: Press freedom variable

• A one unit increase in the press freedom index (0-15, 

higher=less freedom) is associated with a 0.020 unit 
decrease in the corruption index (0-6, lower=more 
corruption), holding all other variables constant


• t-value is -4.44, so we can reject H0



W H AT  Y O U  U N D E R S TA N D  N O W



T O D AY

• Linear regression in research

• Linear regression elsewhere



L I N E A R  R E G R E S S I O N  E X A M P L E

• Linear regression models also widely used by 
data analysts in private sector



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E

• y =  a + b1*x1 + b2*x2 + b3*x3 + …

• y: Pregnant or not?

• x1: $ spent on milk

• x2: $ spent on clothes

• x3: $ spent on vitamin supplements

• …



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  E X A M P L E



L I N E A R  R E G R E S S I O N  R E C A P

• One big problem…



L I N E A R  R E G R E S S I O N  R E C A P

TurnoutCanvassing

• Does canvassing people in campaigns increase 
turnout? 

• How could we study that?



L I N E A R  R E G R E S S I O N  R E C A P

• Does canvassing people in campaigns increase 
turnout? 

• Survey people:


• Did you vote in the last election?

• Were you contacted by a campaign?



L I N E A R  R E G R E S S I O N  R E C A P

• Does canvassing people in campaigns increase 
turnout? 

• Collect data precinct-level data:


• How high is turnout in different precincts? (%)

• How much did the campaigns canvass in precincts? (total 

hours)



P R O B L E M

• We do a linear regression

• Turnout = a + b1 * Canvassing Hours


• Suppose we find: Precincts in which campaigns 
canvassed more hours have higher turnout


• Is this evidence that canvassing causes higher 
turnout?



E L I M I N AT I O N  O F  A LT E R N AT I V E  
C A U S E S

• Maybe campaigns canvass more in rich precincts, and 
wealthier people are more likely to turn out

TurnoutCanvassing

Precinct Wealth



E L I M I N AT I O N  O F  A LT E R N AT I V E  
C A U S E S

• Turnout = a + b1 * Canvassing Hours + b2 * 
Precinct Wealth


• If b1 is still positive and significant, is this 
evidence that canvassing causes higher 
turnout?



E L I M I N AT I O N  O F  A LT E R N AT I V E  
C A U S E S

• Maybe campaigns canvass more when election 
expected to be close, and people turn out more when 
they expect nail-biter

TurnoutCanvassing

Close election expected



E L I M I N AT I O N  O F  A LT E R N AT I V E  
C A U S E S

• Turnout = a + b1 * Canvassing Hours + b2 * 
Precinct Wealth + b3 * Expected Closeness


• If b1 is still positive and significant, is this 
evidence that canvassing causes higher 
turnout?



H U R D L E S  T O  C A U S A L I T Y

• Is there a credible causal mechanism that 
connects X to Y?


• Can we rule out the possibility that Y could 
cause X?


• Is there covariation between X and Y?

• Have we controlled for all confounding 

variables (Z) that might make the association 
between X and Y spurious?



E L I M I N AT I O N  O F  A LT E R N AT I V E  
C A U S E S

• We can never be sure that we have controlled 
for all alternative causes

TurnoutCanvassing

Some other variable



L I N E A R  R E G R E S S I O N  R E C A P

• Observational analysis

• Takes data as we find it in the world

• Regression tries to find the “data-generating 

process”

• Does “our” X cause Y, controlling for potential 

alternative explanations?

• Problem: We never know if we have controlled for 

all potential alternative explanations


