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The questions 1 and 2 below are based on a dataset containing data on
earnings, height, and other characteristics of a random sample of 17,870 U.S.
workers. In particular, we will use the following variables:

earnings: annual labor earnings expressed in $2012,
height: height without shoes in inches,

- sex: 1 if worker is male, O if female,

- educ: years of education.

In addition, using variable educ, the following exhaustive and mutually ex-
clusive set of indicator variables have been constructed:

- It _hs: less than a high school diploma, 1 if educ < 12, 0 otherwise,
- hs: a high school diploma, 1 if educ = 12, 0 otherwise,

- some__col: some college, 1 if 12 < educ < 16, 0 otherwise,

- college: bachelor’s degree or higher, 1 if educ > 16, 0 otherwise.

Question 1 (35 marks)

(a) In order to investigate the relationship between earnings and height, a
simple OLS regression of earnings on height has been carried out. The
regression output is reported in Table 1. Interpret the estimated coef-
ficient on height. Is the sign of the coefficient on height as expected?

(6 marks)

(b) Construct a 95% and a 99% confidence interval for the coefficient on
height. (4 marks)

(c) Formally test whether the coefficient on height is statistically significant
at the 1% and 5% significance level. State your null and alternative
hypothesis. Use t-values, p-values and confidence intervals to carry out
the test in three equivalent ways. (6 marks)

(d) Interpret the OLS estimate of the intercept in Table 1. Does the inter-
cept have a real life meaning? (3 marks)

(e) Comment on the measures of fit reported in Table 1. Would you say the
regression fits well? (4 marks)
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(f) The regression of earnings on height has been re-estimated using data
for female workers only. The regression output is reported in Table
2. For a woman who is 1 inch taller than the average woman in the
sample, would you predict her earnings to be higher or lower than the
average earnings for women in the sample? By how much? (6 marks)

(g) The regression of earnings on height has also been re-estimated using
data for male workers only. The regression output is reported in Table
3. Test the hypothesis that the effect of height on earnings is the same
for men and women. (6 marks)

turn over
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Table 1

> regrl <- lmCearnings ~ height, data = earn)
> summary(regrl)

Call:
Ilm(formula = earnings ~ height, data = earn)

Residuals:
Min 1Q Median 3Q Max
-47836 -21879 -7976 34323 50599

Coefficients:
Estimate Std. Error t value Pr(Gltl)
(Intercept) -512.73 3386.86 -0.151 0.88

height 707.67 50.49 [ ] <2e-16 *xx

Signif. icodes: @ “*%*2 9 001 “*%* 9,01 ** 0.05 “.* 0.1 > ]

Residual standard error: 26780 on 17868 degrees of freedom
Multiple R-squared: 0.01088, Adjusted R-squared: 0.01082
F-statistic: 196.5 on 1 and 17868 DF, p-value: < 2.2e-16

> coeftest(regrl, vcovHC(regrl, type = "HC1"))
t test of coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) -512.734 3379.864 -0.1517 0.8794
height 707.672 50.395 [ | <2e-16 ***

Signif. codes: @ ‘***’ 9.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢’ 1
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Table 2

> regr2 <- lmCearnings ~ height, data = filter(earn, sex == 0))
> summary(regr2)

> coeftest(regr2, vcovHC(regr2, type = "HC1"))
t test of coefficients:

Estimate Std. Error t value Pr(GIltl)
(Intercept) 12650.858 6299.151 2.0083 0.04463 *
height 511.222 97.585 5.2388 1.65e-0Q7 ***

Signif. codes: 0 ‘***> 9.001 ‘**' 9.01 ‘*’ 0.05 “.” 0.1 ¢ * 1

Table 3

> regr3 <- 1mCearnings ~ height, data = filter(earn, sex == 1))
> summary(regr3)

> coeftest(regr3, vcovHC(regr3, type = "HC1"))
t test of coefficients:

Estimate Std. Error t value Pr(Gltl)
(Intercept) -43130.342 6925.011 -6.2282 4.96e-10Q ***
height 1306.860 98.857 13.2197 < 2.2e-16 ***
Signif. codes:
@ “*¥**> 0 Q01 ‘**> Q.01 ‘*’ 0.05 ‘.’ 9.1 ¢’ 1

turn over
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Question 2 (40 marks)

In Question 1, you estimated a relatively large and statistically significant
effect of a worker’s height on his or her earnings. One explanation for this
result is omitted variable bias: Height is correlated with an omitted variable
that affects earnings. For example, Case and Paxson (2008) suggest that
cognitive ability (or intelligence) is the omitted variable. The mechanism they
describe is straightforward: Poor nutrition and other harmful environmental
factors in utero and in early childhood have, on average, deleterious effects on
both cognitive and physical development. Cognitive ability affects earnings
later in life and thus is an omitted variable in the regression.

(a) Suppose that the mechanism described above is correct. Explain how
this leads to omitted variable bias in the OLS regression of earnings
on height. Does the bias lead the estimated slope to be too large or
too small? (5 marks)

If the mechanism described above is correct, the estimated effect of height on
earnings should disappear if a variable measuring cognitive ability is included
in the regression. Unfortunately, there isn’t a direct measure of cognitive abil-
ity in the data set, but the data set does include years of education for each
individual. Because students with higher cognitive ability are more likely
to attend school longer, years of education might serve as a control variable
for cognitive ability; in this case, including education in the regression will
eliminate, or at least attenuate, the omitted variable bias problem.

(b) A regression of earnings on height, lt _hs, hs and some__col has been
estimated. The results are reported in Table 4. Compare the estimated
coefficient on heitght in Tables 1 and 4. Is there a large change in the
coefficient? Has it changed in a way consistent with the cognitive ability
explanation? Explain. (5 marks)

(c) The regression omits the control variable college. Why? (4 marks)
(d) Are the coefficients on the education variables individually significant?
(5 marks)

(e) Test the joint null hypothesis that the coefficients on the education vari-
ables are equal to 0. You may use results reported in Table 5.

(5 marks)
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(f) What do the coefficients on It _hs, hs and some_ col measure? Carefully
interpret the estimated coefficients and discuss their values.

(6 marks)

(g) To explore possible nonlinearities in the relation between average earn-
ings and education, a regression of earnings on height, educ, educ? and
educ® have been estimated and a suitable hypothesis has been tested.
The regression output and the results of the test are reported in Tables
6 and 7. Looking at these results, would you say that the effect of
education on earnings is nonlinear? Justify your answer. (5 marks)

(h) Considering all of the above results, does the analysis suggest that there
is gender earning gap? That is, ceteris paribus, do females have lower
average hourly earnings than men? Is a conclusion based on the re-
ported results reliable? (5 marks)

turn over
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Table 4

> regr4 <- lmCearnings ~ height + 1t_hs + hs + some_col, data =
earn)
> summary(regr4)

Call:
Im(formula = earnings ~ height + lt_hs + hs + some_col, data = e
arn)

Residuals:
Min 1Q Median 3Q Max
-57726 -19154 -6081 22510 63756

Coefficients:
Estimate Std. Error t value Pr(Gltl)
(Intercept) 30233.1 3188.8 9.481 <2e-16 ***

height 453.8 47.0 9.656 <2e-16 ***
1t_hs -31716.1 682.2 -46.489 <2e-16 ***
hs -20389.4 464 .4 -43.902 <2e-16 ***
some_col -12643.0 508.4 -24.866 <2e-16 ***

Signif. codes:
P HeER 0.001 *#% 001 % 9.05 4. 0.1 %7 1

Residual standard error: 24800 on 17865 degrees of freedom
Multiple R-squared: 0.1517, Adjusted R-squared: 0.1516
F-statistic: 799 on 4 and 17865 DF, p-value: < 2.2e-16

> coeftest(regr4, vcovHC(regr4, type = "HC1"))
t test of coefficients:

Estimate Std. Error t value Pr(Gltl)

(Intercept) 30233.090 3199.425 9.4495 < 2.2e-16 ***
height 453.793 47.029 9.6492 < 2.2e-16 ***
lt_hs -31716.086 595.609 -53.2498 < 2.2e-16 ***
hs -20389.410 471,775 -43.,2185 < 2.2e-16 ***
some_col -12643.006 533.005 -23.7203 < 2.2e-16 ***

Signif. codes:
@ “*¥xx> Q 201 ‘**’ Q.01 ‘*’ 0.05 ‘.’ 0.1 ‘> 1
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Table 5

turn over
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Table 6

> regr5 <- lmCearnings ~ height + educ + ICeducA2) + I(CeducA3),
data = earn)
> summary(regr5)

Call:
Im(formula = earnings ~ height + educ + I(educA2) + I(educA3l),
data = earn)

Residuals:
Min 1Q Median 3Q Max
-61063 -19259 -5852 20955 71743

Coefficients:
Estimate Std. Error t value Pr(Gltl)
(Intercept) 1772.402 4829.016 0.367 0.714

height 416.718 46.884 8.888 <« 2e-16 ***
educ -4811.526 1107.736 -4.344 1.4le-05 ***
ICeducAr2) 663.344 105.020 6.316 2.74e-1Q ***
ICeducr3) -15.911 3.098 -5.136 2.84e-0Q7 ***

Signif. codes:
0 “x%i) 9. 001 ‘=%’ 0.01 ‘=% 9,05 *.” @1 ¢ *1

Residual standard error: 24690 on 17865 degrees of freedom
Multiple R-squared: 0.1591, Adjusted R-squared: 0.1589
F-statistic: 844.9 on 4 and 17865 DF, p-value: < 2.2e-16
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Table 7

turn over



Page 12 ECN224 (2025)

Question 3 (25 marks)

(a) Suppose that, in a randomized controlled experiment of the effect of
an SAT preparatory course on SAT scores, the following results are

reported:
Treatment Control
Group Group
Average SAT score (X) 1393 1342
Standard deviation of SAT score (o) 84.3 80.1
Number of men 45 %)
Number of women 55 45
Estimate the average treatment effect on test scores. (4 marks)
(b) Is there evidence of nonrandom assignment? Explain. (8 marks)

Parts (c) and (d) below discuss some of the results of the Project STAR. This
project was a randomized control trial where both students and teachers were
randomly assigned to one of three types of classes. The following regression
has been estimated for a sample of 5766 students of the first grade:

Tes?S\corei = 14.008mallClass; — 0.60 Reg Aide;
(4.25) (3.84)

+1.74Ezper;, R*=0.02,
(0.44)

where robustly estimated standard errors of estimated coefficients are re-
ported in parentheses. Indicator variable SmallClass is 1 for classes of size
13 to 17 students, 0 otherwise. Indicator variable RegAide is 1 for regular
classes of size 22 to 25 students, single teacher and an aide, and 0 otherwise.
Indicator variable Reg is 1 for regular sized classes of 22 to 25 students, with
single teacher and no aide and 0 otherwise. Variable Exper is teacher’s years
of experience.

The regression also included school indicator variables and an intercept (not
reported).

(c) Consider two classrooms, 1 and 2, which have teachers with the same
number of years of experience. Classroom 1 is a small class, and class-
room 2 is a regular-sized class. Construct a 95% confidence interval for
the expected difference in average test scores of the two classrooms.

(5 marks)
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(d) Classroom 1 is a small-sized class with a teacher with 5 years of ex-
perience, and classroom 2 is a regular-sized class with a teacher with
14 years of experience. Construct a 90% confidence interval for the
expected difference in average test scores of the two classrooms.

Hint: Recall that in STAR, the teachers were randomly assigned to the
different types of classrooms. (8 marks)

End of Paper - An Appendix of 3 pages follows
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/ Critical Values for the F,,, .. Distribution
Area = Significance Level
I T
0 Critical Value
Significance Level
Degrees of Freedom 10% 5% 1%
i 271 3.84 6.63
2 2.30 3.00 4.61
3 2.08 2.60 3.78
4 1.94 2.37 332
5 1.85 221 3.02
6 177 2.10 2.80
T 192 2.01 2.64
8 1.67 1.94 2.51
9 1.63 1.88 241
10 1.60 1.83 2:32
11 1.57 179 2.25
12 1.55 L75 218
13 1.52 172 213
14 1.50 1.69 2.08
15 1.49 167 2.04
16 1.47 1.64 2.00
17 146 1.62 197
18 1.44 1.60 1.93
19 143 1.59 1.90
20 1.42 1.57 1.88
21 141 1.56 1.85
22 1.40 1.54 1.83
23 1.39 1.53 1.81
24 1.38 1.52 1.79
25 1.38 1.51 177
26 137 1.50 176
27 136 1.49 1.74
28 1.35 1.48 172
29 1.35 1.47 171
30 1.34 1.46 1.70
This table contains the 90", 95", and 99" percentiles of the F, .. distribution. These serve as critical values for tests with significance

levels of 10%, 5%, and 1%.

End of Appendix



