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Today’s discussion
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Multiple regression1
Interpreting multiple regression results2

Creating a regression table3



Multiple regression
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Why do we need to move from bivariate to multivariate regression? 

How do we do so? 

How do we interpret our results?

Today’s motivating questions
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1. A credible causal mechanism 

2. Ruling out endogeneity 

3. Covariation 

4. Controlling for confounding variables that may make 
current association spurious?

The four causal hurdles
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Source: Kelstedt & Whitten (2018: 55)



Taking this step to multiple regression finally enables us to potentially pass the 
fourth hurdle for the first* time. 

* not counting experimental methods 

Moving from bivariate to multivariate regression

6

1



Experimental research designs control for other theoretically relevant factors 
through random assignment into treatment and control groups.  

This is the gold standard. 

Observational research designs control for other factors by adding them to the 
regression model. 

This involves (1) theoretically identifying relevant factors (e.g., culture) and (2) 
finding observable/measurable indicators of them.

Controlling for other factors
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Bivariate regression model
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Where:  

Y is the outcome you are trying to explain. 
X is the main explanatory variable. 

 (alpha) is the value of Y when X=0. 
 (beta) is the estimated relationship between X and Y. 
 = population error term/residual 

Yi = α + βXi + ui

α
β
u
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Multivariate regression model
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Where:  

Y is the outcome you are trying to explain. 
X is the main explanatory variable. 
Z is an additional explanatory/control variable 

 (alpha) is the value of Y when X=0 & Z=0. 
 (beta) is the estimated effect of X on Y holding constant the effects of Z. 
 (beta) is the estimated effect of Z on Y holding constant the effects of X. 

 = population error term/residual 

Yi = α + β1Xi + β2Zi + u1

α
β1
β2
u

1



Multivariate regression model
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Where:  

Y is the outcome you are trying to explain. 
X is the main explanatory variable. 
Z is an additional explanatory/control variable.

 (alpha) is the value of Y when X=0 & Z=0.
 (beta) is the estimated effect of X on Y holding constant the effects of Z.
 (beta) is the estimated effect of Z on Y holding constant the effects of X.

 = population error term/residual 

Yi = α + β1Xi + β2Zi + u1

α
β1
β2
u
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Three things worth noting: 1. Subscripts   
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Bivariate—-—  
Multivariate—  

  
Notice the subscripts for the variables and the slope coefficients ( s). 

The subscript “i” tells us that the equation is for each observation of our variables 
from i to n.  

Variables by themselves (e.g., Y, X, Z) actually represent a vector (i.e.values of 
each variable).

Yi = α + βXi + ui
Yi = α + β1Xi + β2Zi + ui

β

1



2. Estimated 1s affected by inclusion of Zβ
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Bivariate—-—  
Multivariate—  
  
Adding in  to the equation changes the estimation of  , sometimes by a 
little, sometimes a lot. 

Four possible changes
1.  was statistically significant but is no longer statistically significant
2.  was not statistically significant but is now statistically significant 
3.  value is larger than before (i.e., potentially more substantively significant) 
4.  value is smaller than before (i.e., potentially less substantively significant)

Yi = α + βXi + ui
Yi = α + β1Xi + β2Zi + u1

β2Zi β1Xi

β1
β1
β1
β1

1



2. Values for 1 affected by inclusion of Zβ
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Two-variable regression slope:   

Multivariate regression slope:   

where  

And  is the predicted value of X based on Z. 

β =
∑n

i=1 (Xi − X̄)(Yi − Ȳ)

∑i=1 (Xi − X̄)2

̂β1 =
∑n

i=1 (Xi − ̂Xi )(Yi − ̂Y*i )

∑i=1 (Xi − ̂Xi )2

̂Y*i = ̂α* + ̂β*Zi

̂Xi

1



3. Avoid multicollinearity
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Perfect multicollinearity is when there is an linear relationship between two independent 
variables. 

Some examples of perfect multicollinearity include spatial (e.g., EU country/non-EU 
country) or temporal (Cold War/Post-Cold War) dummy variables. 

If there is perfect multicollinearity, one of the variables will be automatically dropped by 
your software. 

If there is high collinearity between independent variables, this will distort your parameter 
estimates.  

There are tests for multicollinearity (e.g., variance inflation factors), but initially I would 
suggest creating a correlation table of your independent variables.
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Interpreting multiple regression results
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Now we have some regression results, what do we do with them?

Interpreting regression output

16

2



Today’s example
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Estimating the relationship between X and Y, controlling for Z
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Y=Happiness; X=GDP; Z=Freedom 

Bivariate:        
                           = -2.47 + 0.85X

              = -2.47 + 0.85(10.82) =   7.27 (actual value is 7.11) 

Multivariate:   

                           = -4.19 + 0.72X + 3.74Z 

             = -4.19 + 0.72(10.82) + 3.74(0.91) = 7.38 (actual value is 7.11) 
  
 All intercepts and slope coefficients are statistically significant at the 0.001 level.

Yi = α + βXi

̂YAustralia

Yi = α + β1Xi + β2Zi + u1

̂Yi

̂YAustralia

2
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More generally, how do we interpret this regression table?
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How do we interpret this table?
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2

Source: World Happiness Report 2023: 38



How do we compare results tables?
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Source: World Happiness Report 2023: 38
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How do we create a regression table?3



Theoretically, you want to: 

(1) build on the best existing research and show you can replicate/
approximate it, 

(2) demonstrate whether your results support or fail to support your alternate 
hypothesis(es), and 

(3) demonstrate whether or not your results are robust to alternate theoretical 
and practical specifications.

First, theoretically…

25
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You want to include enough information to allow readers to: 

(1) understand what you did, 

(2) reach their own conclusions as to whether your results are statistically 
and substantively significant, 

(3) replicate your research if they are interested.

Then practically.
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Replication is crucial to scientifi
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3

Source: https://theconversation.com/the-reinhart-rogoff-error-or-how-not-to-excel-at-economics-13646



 Demoted from U.Penn in 1995 when unable 
to secure grants. “Not of faculty quality”. 

Seminal paper desk rejected from Nature in 
2005.

2023 winner of Nobel Prize for Medicine: Katalin Karikó
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Research is an often messy, time-intensive, stressful, and confusing 
process.  

There are usually multiple ways to define your dependent variable (e.g., 
continuous, dichotomous, change, logged). 

Often people will study multiple variations of their dependent variable and 
only report one’s results.

1. Choose your dependent variables
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What is/are your main independent variables? 

What are other factors (i.e., control variables) that theoretically affect your 
outcome?  

What are the most theoretically grounded way of measuring these factors 
(e.g., absolute value, % GDP, % population, logged)?

2. Choose independent variables & control variables
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3. Decide what models are important to summarise
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Usually, there is a standard/influential model in your research area. 

Report your replication of those results. 

Then compare the results with your best model. 

Add additional models to incorporate other hypotheses, control variables, or 
methodological concerns.



Make sure your sample includes what you think it includes. 

Think about how it represents/fails to represent the population you are theorising about. 

Explore the data for potential outliers or cases with missing data. 

Think about important cross-temporal or cross-spatial differences.

4. Check your sample
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5. Then turn something like the Excel results into a table
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2

Source: World Happiness Report 2023: 38



Tell your readers in words what you want them to take away from your table. 

Often focus is on both statistical and substantive significance. 

Connect results back to your theory and hypotheses.

6. Interpret the table
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Why do we need to move from bivariate to multivariate regression? 

How do we do so? 

How do we interpret our results?

Today’s motivating questions
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   Important Week 10 terms

36

Bias 
Omitted variable bias 

Perfect multicollinearity 
Substantive signifi

Vector 
Matrix

4



See you next week!
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