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Course notes

• Course notes here

• Last time
◦ Estimating the multiple regression model
◦ Hypothesis testing about individual coefficients
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Effect of STR Holding $ Constant

Expn is expenditure per pupil.

\TestScore = 649.6 − 0.29 STR + 3.87 Expn − 0.656 PctEL

(15.5) (0.48) (1.59) (0.032)

• Nifty use of multiple regression: by holding constant expenditure
per pupil, we can learn the effect of changing class size without
additional resource use (something else must be reduced to
effect a decrease in the STR).

• The effect of STR is small and not significant in this specification,
tH0:βSTR=0 = −0.60
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Aside: normalizing variables

(Normalizing has nothing to do with the normal distribution.)
Intensive versus Extensive Measures and Models

1. Why use Percent English Learners instead of Number of English
Learners?

2. Why use District Expenditure per Pupil instead of Total District
Expenditure?
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Joint Hypotheses

A two part null hypothesis:

H0 : βSTR = 0 and βExpn = 0

Why not simply test one hypothesis at a time?
Two reasons

1. If each test has a 5 percent chance of being wrong (the size that
we have chosen by testing p-value ≤ 0.05), the chance of at least
one test being wrong is substantially greater than 5 percent even
if the tests are independent.

2. Because regressor variables are correlated, the test statistics are
correlated and the tests are often not independent.
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Joint Hypotheses

H0 : βSTR = 0 and βExpn = 0

is an example of a null hypothesis about multiple regressors

H0 : β j = β j,0,βm = βm,0, etc.(q) restrictions

H1 : one or more of the q restrictions does not hold
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TheF-Statistic

With q = 2 restrictions

F =
1
2

t2
1 + t2

2 −2ρ̂t1,t2t1t2
1− ρ̂2

t1,t2

Notes

• Depends on the t-statistic for the first coefficient, the t-statistic for
the second coefficient, and the correlation between them. (A little
more complicated but the same flavor when q > 2.

• The F-statistic is distributed Fq,n, where q is the number of
restrictions and n is the sample size. (Because n is large for us,
we will use Fq,∞.)

• You can look up p-values for an F-statistic in a table, or Stata will
compute them for you. p-value = Pr[Fq,∞ > Fact]
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Applying theF-Statistic

. regress testscr str expn el_pct, robust Number of obs = 420

Regression with robust standard errors F( 3, 416) = 147.20

Prob > F = 0.0000

R-squared = 0.4366

Root MSE = 14.353

------------------------------------------------------------------------------

| Robust

testscr | Coef. Std. Err. t P>|t| [95% Conf. Interval]

-------------+----------------------------------------------------------------

str | -.2863993 .4820728 -0.59 0.553 -1.234002 .6612029

expn | 3.867901 1.580722 2.45 0.015 .7607025 6.9751

el_pct | -.6560227 .0317844 -20.64 0.000 -.7185008 -.5935446

_cons | 649.578 15.45834 42.02 0.000 619.1918 679.9642

------------------------------------------------------------------------------

. test str expn

( 1) str = 0

( 2) expn = 0

F( 2, 416) = 5.43

Prob > F = 0.0047
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Applying theF-Statistic

• Reject the null that neither STR nor expenditures per pupil have
an effect on test scores (holding constant the percentage of
English learners).

• Overall regression F-statistic
◦ Jointly test

H0 : β1 = 0,β2 = 0, . . . ,βk = 0 vs. H1 : at least one β j 6= 0

◦ At least one regressor explains some variation in Yi

◦ Does the model (all of the regressors collectively) do better
than simply computing the mean?

◦ Standard part of Stata regression output
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Additional Regression Statistics

Standard Error of the Regression
Expresses the spread in û, the residual variation in Y after accounting
for the effects of X1, . . . ,Xk.
Goodness of Fit

• The R2

◦ The fraction of the variance of Y explained by the regressors
(or one minus the fraction of the variance of Y not explained
by the regressors).

R2 =
ESS
TSS

= 1−
SSR
TSS

◦ Adding regressors with any additional explanatory power
necessarily raises the R2, but this increase is artificial and
inflates the apparent explanatory power of the model.
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Goodness of Fit, continued

• The Adjusted R2

◦ Penalizes the R2 for adding more regressors

R
2
= 1−

n−1
n−k−1

SSR
TSS

◦ Adding more regressors lowers SSR but also lowers
n−k−1

◦ Preference for a parsimonious model
◦ Penalizes the “kitchen sink” approach to econometrics

Multiple Regression – p.11/18

(Pitfalls in) InterpretingR2 and AdjustedR2

1. An increase in R2 or R
2

does not necessarily mean that an added
variable is statistically significant.

2. A high R2 or R
2

does not mean that the regressors are the true
cause of the dependent variable. (You still need a causal model.)

3. A high R2 or R
2

does not mean there is no omitted variable bias.

(Nor does low R2 or R
2

mean that there is omitted variable bias.)

4. A high R2 or R
2

does not necessarily mean that the regressors

are appropriate nor does a low R2 or R
2

mean the regressors are
inappropriate.
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Omitted Variable Bias and Multiple Regression

Two conditions for omitted variable bias (the estimated β̂’s are not
equal in expectation to the true β’s).

1. at least one of the included regressors must be correlated with
the omitted variable

2. the omitted variable must be a determinant of the dependent
variable

Example: wealthy districts are likely to have students with more
learning opportunities as well as larger education budgets, lower
student-teacher ratios. Solution: include economic background variable
in the regression (percent receiving subsidized lunches)
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Presenting Regression Results: Table 5.2

• Base specification: include variable(s) of primary interest (STR)
and control variables suggested by expert judgment (PctEL and
Percent Receiving Subsidized Lunches).

• Alternative specifications: include alternative sets of regressor

• Robustness: coefficients on the variables of primary interest
remain similar across alternative specifications. (If not robust,
then omitted variable bias is likely.)
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Presenting Regression Results: Table 5.2
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Presenting Regression Results: Table 5.2

• Controlling for student characteristics cuts the effect of the
student-teacher ratio in half (from about −2 points per student to
about −1 points per student). The effect is not sensitive to which
control variables are included.

• The student characteristics are useful predictors of test scores.

The coefficients have the expected signs and are large. The R
2

jumps from 0.05 without student characteristics to around 0.6 or
0.7 with student characteristics.

• Specification (5) indicates that Percent on public assistance is
redundant after controlling for other student characteristics.
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Dummy variables in multiple regression

• Can include a separate dummy variable for each value of a
categorical variable (with one category omitted):

Yi = β0 +βblackblacki +βHispanicHispanici +βOtherOtheri +ui

◦ Coefficient on each dummy variable expresses the
penalty/premium relative to the omitted category (e.g., white)

• Can include a separate dummy variable for each value of an
ordinal variable (with one category omitted)

Yi = β0 +βlthslthsi +βSomeCollSomeColli +βBAplusBAplusi +ui

• Included in multiple regression, dummy variables shift the
regression line up or down without changing the slope.

Yi = β0 +βSTRSTRi +βSoCalSoCali +ui
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What’s in Chapter 6?

Non-linear regression functions

• Curved or bent regression functions (curved relationship between
X and Y
◦ Does the effect of STR “tail off” at some point?

• Interactions between independent variables
◦ Is the effect of distance from college different for men and

women (already done in the homework)?
◦ Does STR matter more for classrooms with many English

learners?

Techniques are fairly easy to implement but beyond the scope of this

course. See me for more detail when you do workshop and capstone.
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