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Graphical representations

I hypothesize that people with more education will earn higher
wages. So I gather some data and plot the relationship between
the two variables.
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Graphical representations

What does the graph tell us about the relationship between
education and wages?



Line of Best Fit

On your graph, draw a line that you think looks like it best fits the
data
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Deviations

Select one data point on your graph that is above the line you
drew. Write down the actual and predicted values of the
dependent variable (on the Y-axis). Calculate the residual.

Residual = Actual - Predicted



Deviations

Now select one data point on your graph that is below the line
you drew. Write down the actual and predicted values of the
dependent variable (on the Y-axis). Calculate the residual.

Residual = Actual - Predicted



Ordinary least squares regression

An OLS Regression, minimizes the sum of squared deviations.

It determines the line that best fits the data by minimizing the
deviations from the trend line. This line of best fit can be
expressed as:

y = a + bx

This tells us: If I knew the value for my IV, what is my best guess
about the value of the DV.



Back to algebra...

y = a + bx

Where:

y = dependent variable

a = intercept

b = slope

x = independent variable



a = intercept

The intercept tells us what the DV would equal when the IV is 0.

With algebra, allow x=0:

y = a + b(0)

y = a

Therefore we interpret the intercept as: when the IV equals 0,
the DV equals...



b= slope

With algebra, the slope is:
rise

run

Change in X

Change in Y

Therefore we interpret the slope as: A 1 unit increase in X
would lead us to expect a ... unit increase/decrease in Y.



Executing a regression

So how do we find out what the line of best fit is?
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Executing a regression

regress DV IV
regress wage years



Executing a regression

y= -18.25 + 2.79(x)



Executing a regression

y= -18.25 + 2.79(x)

Intercept=-18.25

When someone has zero years of education, we expect them
to make -$18.25 per hour.

Slope= 2.79

Positive relationship: as my IV increases, my DV increases.
For every 1 year increase in education, I receive a $2.79
increase in hourly wage.



Using regression

How much would I earn if I had 18 years of education (a masters)?
How much would I earn if I had 10 years of education (highs school
sophomore)?

y = −18.25 + 2.79(x)



Using regression

How much would I earn if I had 18 years of education (a masters)?
How much would I earn if I had 10 years of education (high school
sophomore)?

y = −18.25 + 2.79(x)

y = −18.25 + 2.79(10)

y = −18.25 + 27.9

y = 9.65

If I had 10 years of education, I would make $9.65 per hour.



Using regression

How much would I earn if I had 18 years of education (a masters)?
How much would I earn if I had 10 years of education (high school
sophomore)?

y = −18.25 + 2.79(x)

y = −18.25 + 2.79(10)

y = −18.25 + 27.9

y = 9.65

If I had 10 years of education, I would make $5.59 per hour.

y = −18.25 + 2.79(18)

y = −18.25 + 50.22

y = 31.97

If I had 18 years of education, I would make $31.97 per hour.



Evaluating regression

But how good is our line of best fit? How off is our best guess?

The R2 value tells us how much of the variation we are explaining.

R2=1: All of the variation is explained

R2=0: None of the variation is explained

Interpretation: The variance in the IV explains ...% of
the variance in the DV



Evaluating regression

But how good is our line of best fit? How off is our best guess?

The R2 value tells us how much of the variation we are explaining.

R2=1: All of the variation is explained

R2=0: None of the variation is explained

Interpretation: The variance in the IV explains ...% of the
variance in the DV

Years of education explains 68.53% of the variation in wages.



Other important information

Standard Error

Years: 0.403

Constant: 6.467

T-value

Years: 6.92

Constant: -2.82



Significance test

But what if our results are a result of random luck? How confident
can we be that years and wages are related for the whole
population we care about?

To determine how confident I can be that X affects Y, I can use a
significance test.

My hypothesis: People with more education will earn higher
wages.

Null hypothesis: The IV has no effect on the DV. The
regression coefficient for education equals zero.

More generally: The regression coefficient for the independent
variable equals zero.
b=0



Significance Test

For a 95% confidence interval, we want to know if if our coefficient
is more than 2 standard deviations away from 0.

Luckily, STATA gave us our 95% confidence interval

(Minimum, Maximum)

If 0 is outside the confidence interval, we can reject the null. The
relationship is significant.

If 0 is inside the confidence interval, we fail to reject the null. The
relationship is insignificant.



Significance Test

Years:

Confidence Interval: (1.95, 3.62)

Is 0 in the confidence interval? No! I can reject the null. There is a
significant relationship between years of education and wage.

Constant:

Confidence Interval: (-31.66, -4.83)

Is 0 in the confidence interval? No! I can reject the null. The intercept is
significantly different than 0.



Significance Test

Years:

Confidence Interval: (1.95, 3.62)

Is 0 in the confidence interval? No! I can reject the null. There is a
significant relationship between years of education and wage.

Constant:

Confidence Interval: (-31.66, -4.83)

Is 0 in the confidence interval? No! I can reject the null. The intercept is
significantly different than 0.



Significance Test

Years:

Confidence Interval: (1.95, 3.62)

Is 0 in the confidence interval? No! I can reject the null. There is a
significant relationship between years of education and wage.

Constant:

Confidence Interval: (-31.66, -4.83)

Is 0 in the confidence interval? No! I can reject the null. The intercept is
significantly different than 0.



Significance Test

Years:

Confidence Interval: (1.95, 3.62)

Is 0 in the confidence interval? No! I can reject the null. There is a
significant relationship between years of education and wage.

Constant:

Confidence Interval: (-31.66, -4.83)

Is 0 in the confidence interval? No! I can reject the null. The intercept is
significantly different than 0.



Extensions

But what if...

I add a third variable that I want to hold constant?

I use a nominal/dichotomous variable?



Multivariate regression

Why would I use more than one variable?
A multivariate regression, holds constant one variable while it
calculates the effect of another. In other words, it helps deal with
confounds.

What changes?
Only our interpretation of the coefficients. Holding all other
variables constant, A one unit change in my IV leads to a ....
unit increase/decrease in my DV



Dichotomous variables

What is a dummy variable?
A dichotomous variable can only take on two values, 0 or 1
(Democracy, Latino, Male, etc.)

We code the absence of the characteristic as 0 and the presence as
1 (Democracy=1 in a democracy; Democracy=0 otherwise)

What changes?
Only our interpretation of the coefficients:

y = a + bx

y = a + b(0) or y = a + b(1)

Interpretation of slope: Having X characteristic
increases/decreases the DV by ... units

Interpretation of intercept: When all the independent
variables equal 0, the DV equals...



Homework 4 announcement

On homework 4:

If your IV is continuous: Interpret as continuous

A 1 unit increase in X leads to a ... unit increase/decrease in Y.

If your IV is ordinal: Interpret as continuous

A 1 unit increase in X leads to a ... unit increase/decrease in Y.

If your IV is nominal: Turn the variable into a dummy by
recoding to 0 and 1

remember, V2R=1 for White, non-hispanic
recode V2R (2=0)
recode V2R (3=0)
recode V2R (4=0)
Now, white=1 and everything else=0
Have X characteristic increases/decreases the DV by ... units
Being white increases/decreases the DV by ... units

See Regression Interpretation Guide on Website



Practice

Hypothesis: Poorer countries are more likely to experience high
infant mortality (number of infant deaths per 1000 live births)

code: regress DV IV
With your group, circle and label:

Regression coefficients (Intercept and IV)

R2

Standard Error

Confidence Interval



Practice

Interpret the coefficients for GDP per capita and the intercept.

Are the coefficients significant? How do you know?

Interpret the R2



Practice

Intercept: When GDP per capita is 0, there will be 67 infant deaths (per 1000
live births).
GDP: For every $1 increase in GDP per capita, there will be a decrease of 0.001
infant deaths.

Significance:
The confidence interval for the intercept is (65.98, 68.06). This doesn’t
cross 0, so therefore we can reject the null that the intercept is 0. The
intercept is statistically significant.
The confidence interval for GDP per capita is (-0.0016, -0.0015). This
doesn’t cross 0, so therefore we can reject the null that the slope is 0.
There is a significant relationship between GDP per capita and infant
mortality.

GDP per capita explains 22.1% of the variation in infant mortality



Practice

However, I also know that democracies tend to richer and healthier.
So I run a multivariate regress that controls for democracy with a
dummy variable (where Democracy=1 in a democracy)

Code: regress DV IV1 IV2

Interpret the coefficients for GDP per capita, democracy and
the intercept.
Are the coefficients significant? How do you know?



Practice

Interpretation

Intercept: When GDP per capita equals and democracy equal 0, there will be
86.98 infant deaths (per 1000 live births)

GDP: Holding all other variables constant, A $1 increase in GDP per capita
leads to a 0.001 decrease in infant mortality.

Democracy: Holding all other variables constant, being a democracy decreases
infant deaths by 37.07.



Practice

Significance

Intercept: The confidence interval for the intercept is (85.66, 88.29). This
doesn’t cross 0, so therefore we can reject the null that the intercept is 0. The
intercept is statistically significant.

GDP: The confidence interval for GDP per capita is (-0.0013, -0.0012). This
doesn’t cross 0, so therefore we can reject the null that the slope is 0. There is
a significant relationship between GDP per capita and infant mortality.

Democracy: The confidence interval for democracy is (-38.37, -35.37). This
doesn’t cross 0, so therefore we can reject the null that the slope is 0. There is
a significant relationship between democracy and infant mortality.



Practice

Interpret the R2.

How does it compare to theR2 bivariate regression?

R2 from the bivariate regression=0.221



Practice

R2=0.362

Together, GDP per capita and democracy explain 36.2% of
the variation in infant mortality.

How does it compare to theR2 bivariate regression?

Controlling for democracy increased the explanatory power of
the regression. Adding democracy explains more variation.


