Assignment #2

Instructions:

For all questions, answer up to 4 decimal places.

This assignment is due on Thursday, May 20, 2021 before 23.59.

Write your answer in either digital or ordinary paper. For digital paper, export pages into a single
PDF file. For ordinary paper, take photos of your writing and convert them into a single PDF file
as well.

There is no need to rewrite the question. Assign number item, i.e. 1 a., clearly before your answer
is sufficient.

Submit your assignment into Moodle.

Name your file as StudentID Nickname (in Thai) such as 123456789 1i1. Please follow this

instruction strictly since it will help me a lot with file management.

Question 1. The data set CEOSAL1.DTA contains information on 209 CEOs for the year 1990; these
data were obtained from Business Week (5/6/1991). To study effect of firm performances and types of
industry where CEOs work on CEO compensation, the CEO salary regression is proposed as follows:

log(salary;) = By + B log(sales;) + B,ROE; + B5finance; + Bsconsprod; + Psutility; + u;

where log(salary;) =logarithm of CEO annual salary (in 1,000 USD)
log(sales;) = logarithm of firms’ sale (in 1 million USD)
ROE; = average return on equity for the CEO’s firm for the previous three years
(Return on equity is defined in terms of net income as a percentage of common equity)
finance; =1 if in financial industry, = 0 otherwise
dummj { consprod; =1 if in consumer product industry, = 0 otherwise
utility; =1 if in utility industry, = 0 otherwise

(finance;, consprod;, and utility; are binary variables indicating the financial, consumer products,
and utilities industries. The omitted industry is transportation.

Using STATA, the estimation result is shown below. Answer the following questions.



Source | Ss af MS Number of obs = 209

—————————— o m s e m s m s m e F( 5, 203) = 22.53
Model | 23.8109943 5 4.76219887 Prob > F = 0.0000
Residual | 42.9111689 203 .211385068 R-squared = 0.3569
—————————— e Adj R-squared = 0.3410
Total | 66.7221632 208 .320779631 Root MSE = .45977
lsalary | Coef. Std. Err. t P>|t| [95% Conf. Intervall
__________ L lll_____
lsales | .2571917 .0320348 8.03 0.000 .0194282 .3203553
roe | .0111517 .3342996 2.59 0.010 .0026742 .0196293
finance | .1579564 .0890017 1.77 0.077 -.0175299 .3334426
consprod | .1808917 .0847683 2.13 0.034 .0137524 .3480311
utility | -.2830015 .0992337 -2.85 0.005 -.4786624 -.0873405
_cons | 4.588101 .2950221 15.55 0.000 4.0064 5.169801

a. Write out the estimated regression equation for log(salary;). Interpret the estimated coefficient
associated with log(sales;).

b. What is the overall significance of the regression? What test do you use? Which of the
coefficients are individually statistically significant at the 5 percent level? State the critical value
for hypothesis testing to receive full points.

c. Compute the approximate percentage difference in estimated salary between the utility and
transportation sector, holding sales; and ROE; fixed.

d. Why can’t we put all the sector dummies (i.e. finance;, consprod;, utility; and transport;)
in the equation? What would happen if we put all the sector dummies in the equation and use
STATA run the regression anyway?

e. In the above model, is there any benefit if we add interaction terms between roe and sector
dummies, i.e. ROE; * finance; and/or ROE; * consprod; and/or ROE; * utility;?



log(salary;) = B, + By log(sales;) + B,ROE; + B finance; + Byconsprod; + Psutility; + u;

Source | ss df MS Number of obs = 209
---------- $rmmmmmmmmemmmm e e F( 5, 203) = 22.53
Model | 23.8109943 5 4.76219887 Prob > F = 0.0000
Residual | 42.9111689 203 .211385068 R-squared = ( 0:3589
—————————— e Adj R-squared = 0.3410
Total | 66.7221632 208 .320779631 Root MSE = .45977
lsalary | Coef Std. Err. t P>|t| [95% Conf. Interval]
__________ o e e S e e e
ﬁs lsales | 2571917 .0320348 8.03 0.000 .0194282 .3203553
35 roe | .0111517 .3342996 2:59 0.010 .0026742 .0196293
finance | .1579564 .0890017 Ry i 0.077 - 0L 75299 .3334426
consprod | .1808917 .0847683 2.13 0.034 .0137524 .3480311
3% utility | -.2830015 .0992337 =2 85 0.005 -.4786624 -.0873405
35 _cons | 4.588101 .2950221 15.55 0.000 4.0064 5.169801

a. Write out the estimated regression equation for log(salary;). Interpret the estimated coefficient
associated with log(sales;).

logUsalary;) = 4-5831 + 0.2572log(sales;) + 0.0112 ROE; + 0.1580 Finance; + o.noqconsprod,;_ o.ggaou{ilﬂui
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b. What is the overall significance of the regression? What test do you use? Which of the
coefficients are individually statistically significant at the 5 percent level? State the critical value
for hypothesis testing to receive full points.
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c. Compute the approximate percentage difference in estimated salary between the utility and
transportation sector, holding sales; and ROE; fixed.

Toke o po.r"ial derivative of |03(Salar\|j) {o Mi\i}n

— élog(SAlNy) = Bs uhli’rj = (0.2830) Wilﬂy

d (mlilv
— Transporalion is fhe bose line Cintercepl) = An (4.5881) — rcal number ;¢ '< 3. 30

In (4.5%81 —0.2830) = An(4.3051)— e-3%' = 24,06

— intercept of uh‘lit()

(4.53%%1)
48.3035

e(q‘”s') = I4.0%66

P(.rocn’raﬂc difterenl  : 98.3035 - 74,076
98.30%S

< 0.2465 Or 24.6u3(/,

d. Why can’t we put all the sector dummies (i.e. finance;, consprod;, utility; and transport;)
in the equation? What would happen if we put all the sector dummies in the equation and use

STATA run the regression anyway?
- We don't pv\\' *‘romspomhon; in the qualion as it's alrcaala the. base ling
fo the So\\arj of the CEO. I we put info equation and run siwh ong vy , e result

is ot we will have more errors . Further more the result of dwnmJ will not be 1 nor o.

e. In the above model, is there any benefit if we add interaction terms between roe and sector
dummies, i.e. ROE; * finance; and/or ROE; * consprod; and/or ROE; * utility;?
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Question 2. Birth weight has been used by officials as one of the main determinants of health. Data set
BWGHT.DTA contains data on infant birth weights in ounces (bwght;), average number of cigarettes
mother smoked per day during pregnancy (cigs), family income (faminc;), father’s year of education
(fathereduc;), and mother’s year of education (mothereduc;). The following two regressions were
estimated using data on'n = 1191 births:

Model 2.1: bwght; = B, + Bicigs; + f2faminc; + u;

regress bwght c¢igs faminc
Source | SS df MS Number of obs = 1191
------------ O S F( 2, 1188) = 18.44
Model | 14536.9538 2 7268.47691 Prob > F = 0.0000
Residual | 468209.738 1188 394.115941 R-squared = 0.0301
———————————— i T Adj R-squared = 0.0285
Total | 482746.692 1190 405.669489 RoOT MSE = 19.852
bwght | Coef std. Err t P>|t| [95% conf. Interval]
____________ +________________________________________________________________
cigs | -.5876985 .1090181 _ _
faminc | .0624684  .0324438 Omitted for the purpose of this exam.
_cons | 118.5568 1.234278

Model 2.2: bwght; = By + ficigs; + [, faminc; + [z fathereduc; + fymothereduc; + u;

regress bwght c¢igs faminc fatheduc motheduc
Source | SS df MS Number of obs = 1191
------------ L — F( 4, 1186) = 10.05
Model | 15827.6593 4 3956.91482 Prob > F = 0.0000
Residual | 466919.033 1186 393.69227 R-squared = 0.0328
———————————— e Adj R-squared = 0.0295
Total | 482746.692 1190 405.669489 ROOT MSE = 19.842
bwght | Coef. std. Err. t P>|t] [95% conf. Interval]
____________ +_.._.._.._..................................._._....._..._..._........_.._.._.._......................................._
cigs | -.5894954 .1106172 ] ]
faminc | .0538254 . 0366502 Omitted for the purpose of this exam.
fatheduc | .4936695 . 2832896
motheduc | -.4379234 .3197377
_cons | 118.0741 3.500291
where bwght; = birth weight, ounces (02)
cigs; = average number of cigarettes the mother smoked per day while pregnant
faming; = 1988 family income, $1000s

fathereduc; = father's years of education
mothereduc; = mother's years of education

Answer the following questions.



Based on Model 2.1, test whether smoking has an impact on birth weight. Show your work.
(use a = 0.05)

. Based on Model 2.1, construct a 99% confidence interval for S,.

Would your conclusion in a) change if you use the result from Model 2.2? Show your work.
(use a = 0.05)

. What is the overall significance of the regression from Model 2.2? What test do you use?
Which of the coefficients are individually statistically significant at the 5 percent level? State
the critical value for hypothesis testing to receive full points.

If we are interested in testing whether “parents’ education” has an impact on birth weight at
all, what kind of null/alternative hypothesis would we be testing? Perform the test and discuss
your finding. (use ¢ = 0.05)



a. Based on Model 2.1, test whether smoking has an impact on birth weight. Show your work.
(use @ = 0.05) ASSWML p,= o

Model 2.1: bwght; = By + Bicigs; + Bfamine; +u; Ho - =0 Ha : By # 0

regress bwght cigs faminc |(=3

1191
18.44
0. 0000
0.0301
0.0285
19.852

source | SS df MS Number of obs
------------ o F(C 2, 1188)
mModel | 14536.9538 2 7268.47691 Prob > F
Residual | 468209.738 1188 394.115941 R-squared
ety Adj R-squared
| 482746.692 1190 405.669489 RoOT MSE

| : I ]
———————————— o —————————— e e e e e e e e
cigs | -.5876985 .1090181 ) )
faminc | . 0624684 .0324438 Omitted for the purpose of this exam.
_cons | 118.5568 1.234278

b».shh = 11%.5568% -o.sswcijsa +0.0695 faming ; df.zn-k: -3 - nge

feal = -0.5832 -0 = -5.23n% sign}fimwl tg = toog = 196
0.1090 L 2

—PLB. -2 6p)S P& B+ (Handp)]

4 = -5.302

Lower : (-0.5%33)- (1.96)(0.1080) = - 0.8013 J
7/, /77
uﬂm :(-0.5%33)+ (1.96)(0.1000) = -0.334| -0.%013 -0.3%4

. W Can s«? {hat smoking has effect on bivih weight 43 ow of 100 fimes

b. Based on Model 2.1, construct a99% confidence interval for f;. asswnt B, = 0

Model 2.1: bwght; = B, + ficigs; + B, faminc; + y; Ho-’- [31 =0 HA : Pz 70
regress bwght cigs faminc
Source | SS df MS Number of obs = 1191
------------ fommmmmmmm————————————————————— F( 2, 1188) = 18.44
model | 14536.9538 2 7268.47691 Prob > F = 0.0000
Residual | 468209.738 1188 394.115941 R-squared = 0.0301
------------ o Adj R-squared = 0.0285
Total | 482746.692 1190 405.669489 ROoOT MSE = 19.852
""" bwght |  coef. std. err.  t  P>|t|  [95% conf. Interval]
------------ +-------—-------------------------—--------------—-—---------—--—
cigs | -.5876985 .1090181
faminc | .0624684 .0324438 Omitted for the purpose of this exam.
_cons | 118.5568 1.234278
b\nﬂhh = 11%.5%6% - 0.5%??(.?331 +0.0025 Faminc; df.zn-k = 9= 3 = ngg
"'w\ = 0.0625 - o = 1.9240 S\gmfiml- '|'i: ‘l’O.M = 2.5%6
0.032Yy 1 2
" A A
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Lower: ( 0.0625 )- (2.5%6)(0.0324) = -0.0210 J
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U.Ppgr : (0.0625 )4 (2-5%)(0.0324) = 0.1upp -0.0210  0.1460

. We Can 5oy Had {}am’.lj income eitect the birth wei’Hw\ Ih signifia\v\{- level of 0.01.



c. Would your conclusion in a) change if you use the result from Model 2.2? Show your work.
use @ = 0.05 . = .
( ) Ho:p,=0 Ha:PB, 70
Model 2.2: bwght; = B, + Bicigs; + B, faminc; + Bz fathereduc; + fymothereduc; + u;

regress bwght cigs faminc fatheduc motheduc k = 5
source | ss df MS Number of obs = 1191
------------ e F(C 4, 1186) = 10.05
model | 15827.6593 4 3956.91482 Prob > F = 0.0000
Residual | 466919.033 1186 393.69227 R-squared = 0.0328
------------ ey Adj R-squared = 0.0295
Total | 482746.692 1190 405.669489 ROOT MSE = 19.842
bwght | Coef std. Err t P>|t] [95% conf. Interval]
............ e
cigs | -.5894954 .1106172
faminc | .0538254  .0366502 Omitted for the purpose of this exam.
fatheduc | .4936695 .2832896
motheduc | -.4379234 .3197377
—cons | 118.0741 3.500291

bwshh, = 11§.556¢ - 0 .58??C_f381 + 0.0625 faming ; + 0.4as3 Fatherduc; -0.4339 motherdue;

teal

- 0.5%95 - 0 = -5.3%00 signifiam’r db.zn-k -5 = 496
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‘lu\ S - 5.3300
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Lower: (-0.5%33)- (2.526)(0.1090) = - 0.8685

U‘PP" 2 (-0.5%33)+ (2.5%6)(0.1090) = - 0. 3064 // [I7
-0.36%5 -0.3064

<. We njw\ nwll k\\jpvllwsis at the sbnihm.lf level of ©.05 where we can conclude thet
Smakn',v eflect the birh MigH'cJ-.

Percentage Points of Pr(t > 2.086) = 0.025

the 1 Distribution
Pr(t > 1.725) =005 fordf =20 0.0
i e e Pr(i> 1728 =010
Tables for Statisticians, vol. |
3d od.. table 12, Cambridge 0 1725 !
e @ ™ pr | 025 | 010 | 005 | 0025 | 001 | 0005 | 0.0
df™\ 0.50 0.20 0.10 0.05 0.02 0.010 0.002
1 1.000 3.078 6.314 12.706 31.821 63.657 318.31
2 0.816 1.886 2.920 4.303 6.965 9.925 22.327
3 0.765 1.638 2.353 3.182 4.541 5.841 10.214
4 0.741 1.533 2,132 2.776 3.747 4.604 7173
5 0.727 1.476 2.015 2.571 3.365 4.032 5.893
6 0.718 1.440 1.943 2.447 3.143 3.707 5.208
7 0.711 1.415 1.895 2.365 2,998 3.499 4.785
8 0.706 1.397 1.860 2.306 2.896 3.355 4.501
9 0.703 1.383 1.833 2.262 2.821 3.250 4.297
10 0.700 1.372 1.812 2.228 | 2.764 3.169 4.144
1 0.697 1.363 1.796 2.201 2718 3.106 4.025
12 0.695 1.356 1.782 2179 2,681 3.055 3.930
13 0.694 1.350 1.771 2.160 2.650 3.012 3.852
14 0.692 1.345 1.761 2.145 ‘ 2624 2.977 3.787
15 0.691 1.341 1.753 2.131 2.602 2.947 3.733
16 0.690 1.337 1.746 2120 2,583 2.921 3.686
17 0.689 1.333 1.740 2.110 2.567 2.898 3.646
18 0.688 1.330 1.734 2.101 2552 2.878 3.610
19 0.688 1.328 1.729 2.093 2.539 2.861 3.579
20 0.687 1.325 1.725 2.086 2,528 2.845 3.552
21 0.686 1.323 1.721 2.080 2518 2.831 3.527
22 0.686 1.321 1.217 2.074 2,508 2.819 3.505
23 0.685 1.319 1.714 2.069 2,500 2.807 3.485
24 0.685 1.318 1.711 2.064 2492 2.797 3.467
25 0.684 1.316 1.708 2.060 2.485 2.787 3.450
26 0.684 1.315 1.706 2.056 2479 2.779 3.435
27 0.684 1.314 1.703 2.052 2473 2.771 3.421
28 0.683 1.313 1.701 2.048 2,467 2.763 3.408
29 0.683 1.311 1.699 2.045 2462 2.756 3.396
30 0.683 1.310 1.697 2.042 2,457 2.750 3.385
40 0.681 1.303 1.684 2.021 2423 2.704 3.307
60 0.679 1.296 1.671 2.000 2.390 2.660 3.232
120 0.677 1.289 1.658 1.980 2.358 2.617 3.160
0o 0.674 1.282 1.645 1.960 2,326 2.576 3.090




d. What is theoverall significance of the regression from Model 2.2? What test do you use?
Which of the coefficients are individually statistically significant at the 5 percent level? State
the critical value for hypothesis testing to receive full points. ol =0.08 kes

Model 2.2: bwght; = B, + Bicigs; + p.faminc; + B;fathereduc; + fymothereduc; + u;

regress bwght cigs faminc fatheduc motheduc

source | ss df MS Number of obs = 1191
------------ e F( 4, 1186) = 10.05
Model | 15827.6593 4 3956.91482 Prob > F = 0.0000
Residual | 466919.033 (1186 393.69227 R-squared = 0.0328
------------ Adj R-squared = 0.0295
Total | 482746.692 1190 405.669489 ROOT MSE = 19.842

bwght coef std. Err. t P>t [95% conf. Interval]

I
+
cigs | -.5894954 .1106172
|
I
I
I

.0538254 .0366502 Omitted for the purpose of this exam.

fatheduc .4936695 . 2832896
motheduc -.4379234 .3197377
—cons 118.0741 3.500291

Wsing F - test for dest overall significance : H,: Bo: B, =Py=pspuz 0
; a Mo o et

Feal - R/ k = __o.013/s - _0.00e
(1-R*)/ n-k-1 (1-0.0328)/1,141-5-) 0.0008

Feal = 4.0862 )
Feol Y Feri ¢ can rqwl- Ho
Feri = F¢ k,n-k-1)

F(s,nss) = 2.3%
%:0.05 h*crosculas-hci'b

df for
denom- kdf for numerator N,
inator e
Nz Pr 1 2 3 4 5 6 7 8 9 10 n 12
25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38 1.37
22 10 2.95 2.56 235 2.22 213 2.06 2.01 1.97 1.93 1.90 1.88 1.86
.05 430 344 3.05 282 2.66 2.55 2.46 2.40 2.34 2.30 2.26 223
0 7.95 5.72 4,82 431 3.99 3.76 3.59 345 3.35 3.26 3.18 312
.25 1.39 147 1.46 1.44 143 1.41 1.40 1.39 1.38 1.38 1.37 1.36
24 10 293 2.54 233 2.19 210 2,04 198 1.94 1.91 1.88 1.85 1.83
.05 4.26 3.40 3.01 2.78 262 251 242 2.36 230 225 2.21 218
01 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 317 3.09 3.03
o 1.38 1.46 1.45 1.44 142 1.41 1.39 1.38 1.37 1.37 1.36 1.35
2% .10 2.91 252 2.31 217 208 2.01 1.96 1.92 1.88 1.86 1.84 1.81
.05 4,23 337 298 274 2.59 247 2.39 232 227 2,22 2,18 215
0 7.72 553 4.64 414 382 3.59 3.42 3.29 3.18 3.09 3.02 296
.25 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34
28 10 2.89 2.50 229 216 206 2.00 1.94 1.90 1.87 1.84 1.81 1.79
.05 4.20 334 295 21 256 245 236 229 224 219 215 212
.0 7.64 545 4.57 4.07 375 3.53 336 3.23 312 3.03 296 2.90
.25 1.38 145 1.44 1.42 1.41 1.39 138 1.37 1.36 135 1.35 1.34
30 .10 2.88 249 2.28 214 205 1.98 193 1.88 1.85 1.82 1.79 1.77
05 4.17 3.32 292 2.69 253 2.42 233 227 2.21 216 213 2.09
.01 7.56 539 4.51 4.02 3.70 347 3.30 37 3.07 298 291 2.84
L 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 133 1.32 1.31
40 .10 2.84 244 223 2.09 200 1.93 1.87 1.83 1.79 1.76 1.73 .21
.05 4.08 323 284 261 245 234 2.25 218 212 2.08 204 2.00
.01 7.31 518 4.31 383 3.51 3.29 312 299 289 2.80 273 2.66
25 1.35 1.42 141 1.38 1.37 5 5 1.33 1.32 1.31 1.30 1.29 1.29
60 10 2.79 239 218 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.68 1.66
05 4.00 315 2.76 253 237 2.25 217 210 2.04 1.99 1.95 1.92
01 7.08 4.98 4.13 3.65 3.34 3.2 295 2.82 2,72 2,63 2.56 2.50
.25 134 1.40 1.39 137 1.3§8 1.33 1.31 1.30 1.29 1.28 1.27 1.26
120 10 2.75 235 213 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.62 1.60
.05 3.92 3.07 2.68 2.45 2.29 217 2.09 2.02 1.96 1.91 1.87 1.83
.01 6.85 4.79 3.95 3.48 317 296 2.79 2.66 2.56 247 2.40 2.34
.25 1.33 1.39 1.38 1.36 1.34 1.32 1.31 1.29 1.28 1.27 1.26 1.25
200 10 2.73 233 211 197 1.88 1.80 1.75 1.70 1.66 1.63 1.60 1.57

05 3.89 304 2.65 242 2.26 214 206 198 193 1.88 1.84 1.80
0 6.76 47 3.88 3.4 in 2.89 273 2.60 2.50 241 2.34 2.27

25 1.32 1.39 1.37 135 133 1.31 1.29 1.28 1.27 1.25 1.24 1.24

= 10 2721 230 2.08 1.94 1.85 NoA T 1.72 1.67 1.63 1.60 1.57 1.55

- I(.‘ ot I .05 3.84 3.00 260 (237 221 210 2,01 1.94 1.88 1.83 1.79 1.75
.01 6.63 4561 3.78 332 302 2.80 2.64 2.51 241 2.32 225 218




lASinS }dest  for -l'&sJirj inoliviol«m“j (Assupre p:o) A=0.05

Model 2.2: bwght; = B, + picigs; + f,faminc; + s fathereduc; + fymothereduc; + u;

regress bwght cigs faminc fatheduc motheduc
Source | Ss df MS Number of obs = 1191
------------ R L FC 4, 1186) = 10.05
Model | 15827.6593 4 3956.91482 Prob > F = 0.0000
Residual | 466919.033 (1186 393.69227 R- Squared = 0.0328
———————————— e Adj R-squared = 0.0295
Total | 482746.692 1190 405.669489 ROOT MSE = 19.842
______ bwght |  coef. std. err.  t  P>|t|  [95% conf. Intervall
____________ +________________________________________________________________
P cigs | ~.5804954 (1106172
Pe ( faminc | . 0538254 . 0366502 Omitted for the purpose of this exam.
fatheduc | .4936695 . 2832896
motheduc | <.437923a8 3197377
fﬁa Zcons | “1I8U07M 37500291
df.zn-k = ng-5 = 1186
Hoiﬂoz Ha : Bo 70
A *i (3 {' o -3 \-QG
Tt Po j teal = Ug03m /3.5003 = 33.7326 Significant  * 2
A
—_— P[p. - ( ‘}J.Tx ‘ﬁ.) F, Po"' ( '}a x &PO)] "Uh‘ = 13.3326
Lower: (115.034) )- ( 1.96 )(3.5003) = 111.2{35 ///I
Upper = (ns.opur )4+ (1.96 )(3.5003) = 121.03y7 H-ABS - 1u.a3u3

o ‘P, =0 Ha : B, 70

A
Tes} P, ) teal = -0.5%a5 S0y = -s5.3300 sijnific»d'

—PL - U 6p)< B Bue e 6p)]

fcal = -5.3303

Lower: (-0.5945 )- (1.95 )(0-04 ) = - 0.8063 J P I;
7/ 274
Wpper : (-0.5845 )+ (1.9 )(o.no6 ) = -0.3723 -0-3083  -0.3%23
b Pr=0 Ha : B, 70

(7]

A
Test P2 teol = 0.053% /0.0%3 = Iugsa

igvﬁf;Cow\+
— PR - Uy 60< Bug Bav U 6]
Lower : (0.0538 )- (1.95 )(0-0363) = —0.01g!1 /I Pt l?
7/, /77

U.pper2(0.053%)+(I.%)(0.03b'-)\= 0.125% -0.013] 0.1257

+00l|= 1.46%9




|-‘° Y p =0
Tes} ﬁg ) teal =

0-4433 /0.2833

Ha : p 70

—=PLB, - (4 6 B By (4 6py)]

Lower : (0.443% )- (1.95 )(0.2833) = =0.0616

up,m 1 (0.4933)4+(1.96)(0.2833) = 1.1209

l-‘o:ﬁ =0

T&S} ﬁ y J "'cal =

Ha’ﬂ 70

-0.4%74/0.3197

Ps
7/, /77

~0.06l6 1.1209

= L3437 633 nificont
: -1.3697
Yealz -13602

—PIp - (a0 B & B +lhanbp)]

Lower : (~0.4329)- (1.95 )(0-3197) = -1.0645

U.PPer t(-0.4399)+ ( 1.96)(0.2193 ) = 0.138%

7/, & '////

— This is 4o find +-des} ond Conficlent TInterval

Percentage Points of
the ¢ Distribution

Source: From E. 5. Pearson and
H. O. Hartley, ods,, Biometrika
Tables for Statisticians, vol. |
3d ed.. table 12, Cambridge

trustees of Biometrika

-l.o6uUS 0.18%3
Pr(t = 2.086) = 0.025 \
Pr(t > 1.725) = 0.05 for df = 20 0.05
Pr(|t] > 1.725) =010 K
! t
0 1.725
~_Pr| 025 | 010 | 005 | 0025 | 001 | 0005 | 0.001
di~| 050 | 020 | 0.0 0.05 002 | 0010 | 0.002
1 1.000 | 3.078 | 6.314 | 12706 |31.821 | 63.657 | 318.31
2 0816 | 1.886 | 2.920 | 4303 | 6965 | 9.925 | 22.327
3 0.765 | 1.638 | 2353 | 3182 | 4541 | 5841 | 10214
4 0741 | 1.533 | 2132 | 2776 | 3.747 | 4.604 7173
5 0727 | 1476 | 2015 | 2571 3365 | 4.032 5.893
6 0718 | 1.440 | 1.943 | 2447 | 3143 | 3.707 5.208
7 0.711 1.415 1.895 2.365 2998 3.499 4.785
8 0.706 | 1.397 | 1.860 | 2306 | 2.896 | 3.355 4.501
9 0.703 1.383 1.833 2.262 2.821 3.250 4,297
10 0.700 | 1.372 | 1.812 | 2228 | 2764 | 3.169 4.144
1 0697 | 1363 | 1796 | 2201 | 2718 | 3.106 4.025
12 0.695 | 1356 | 1.782 | 2179 | 2.681 3.055 3.930
13 0694 | 1350 | 1.771 | 2160 | 2650 | 3.012 3.852
14 0692 | 1345 | 1.761 | 2145 | 2624 | 2977 3.787
15 0.691 | 1.341 | 1.753 | 2131 | 2602 | 2947 3.733
16 0690 | 1337 | 1746 | 2120 | 2583 | 2921 3.686
17 0.689 | 1.333 | 1.740 | 2110 | 2.567 | 2.898 3.646
18 0.688 | 1330 | 1.734 | 2101 | 2552 | 2.878 3.610
19 0688 | 1328 | 1729 | 2093 | 2539 | 2.861 3.579
20 0687 | 1325 | 1.725 | 2086 | 2528 | 2.845 3.552
21 0.686 1.323 1.721 2.080 2518 2.831 3.527
22 0.686 | 1321 | 1717 | 2074 | 2508 | 2.819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
24 0685 | 1318 | 1711 | 2064 | 2492 | 2.797 3.467
25 0.684 | 1316 | 1.708 | 2060 | 2485 | 2.787 3.450
26 0684 | 1315 | 1.706 | 2056 | 2479 | 2.779 3.435
27 0684 | 1.314 | 1703 | 2052 | 2473 | 2771 3.421
28 0683 | 1.313 | 1.701 | 2048 | 2467 | 2.763 3.408
29 0683 | 1311 | 1.699 | 2045 | 2462 | 2.756 3.39%
30 0.683 | 1310 | 1.697 | 2042 | 2457 | 2.750 3.385
40 0.681 | 1.303 | 1.684 | 2021 | 2423 | 2.704 3.307
60 0679 | 1.296 | 1.671 | 2000 | 239 | 2.660 3.232
120 0677 | 1.289 | 1.658 | 1980 | 2358 | 2.617 3.160
oo 0674 | 1.282 | 1645 |(1.9600 | 2326 | 2.576 3.090

tcol



T—'\'cs\'i»j 0{ -"\L mooke] where K = 0.05

df. = n-k = 900 -5 = g0y4

“ower : ‘|‘£ < ‘l'Q_,_gj 4low¢r s - ‘,QB
2
“'uﬁ)cr : "‘% = 49_}2 ‘I'VPPC'- = |.QB
Po = 33.3326 p. = -5.3300 P2 = 1-4659
N A
Pr = LIux? Pu = ~-1.369%

teol < ,P\" lﬁ’t,P\"'
feol = ﬁu teol = B

/

///// /////

-1.96 1.96
. We cannot rc‘}ccl- Null l'\:jro'}hsis of familj acome & Parents’ education ot $he sianimcfcaw}

Percentage Points of Pr(t > 2.086) = 0.025

the r Distribution
Pr(t > 1.725) = 0.05 for df = 20 0.05
Pr(|t| > 1.725) =0.10

level of o.05

Source: From E. 5. Pearson and
H. O. Hantley, ods., Biometrika

0 1725 ' (3 BS'HMA'}O"S)

trustecs of Biometrika . Pr 0.25 0.10 0.05 0.025 0.01 0.005 0.001

df~_| 0.50 0.20 0.10 0.05 0.02 0.010 0.002

1 1.000 3.078 6.314 12.706 31.821 63.657 318.31
2 0.816 1.886 | 2.920 4.303 6.965 9.925 22.327
3 0.765 1.638 ‘ 2.353 3.182 4.541 5.841 10.214
4 0.741 1.533 2,132 2.776 3.747 4.604 7173
5 0.727 1.476 2.015 2.571 3.365 4.032 5.893
6 0.718 1.440 | 1 943 2.447 3.143 3.707 5.208
7 0.711 1.415 1.895 2.365 2998 3.499 4.785
8 0.706 1.397 | 1.860 2.306 2.896 3.355 4.501
9 0.703 1.383 1.833 2.262 2,821 3.250 4.297
10 0.700 1372 | 1.812 2.228 2.764 3.169 4.144
1 0.697 1.363 1.796 2.201 2718 3.106 4.025
12 0.695 1.356 1.782 2179 2,681 3.055 3.930
13 0.694 1.350 1.771 2.160 2.650 3.012 3.852
14 0.692 1.345 1.761 2.145 2.624 2977 3.787
15 0.691 1.341 1.753 2.131 2.602 2.947 3.733
16 0.690 1.337 1.746 2.120 2,583 2.921 3.686
17 0.689 1.333 1.740 2.110 2,567 2.898 3.646
18 0.688 1.330 1.734 2.101 2,552 2.878 3.610
19 0.688 1.328 1.729 2.093 2.539 2.861 3.579
20 0.687 1.325 1.725 2.086 2,528 2.845 3.552
21 0.686 1.323 1.721 2.080 2518 2.831 3.527
22 0.686 1.321 1.217 2.074 2,508 2.819 3.505
23 0.685 1.319 1.714 2.069 2,500 2.807 3.485
24 0.685 1.318 1.711 2.064 2.492 2.797 3.467
25 0.684 1.316 1.708 2.060 2.485 2.787 3.450
26 0.684 1.315 1.706 2.056 2.479 2.779 3.435
27 0.684 1.314 1.703 2.052 2473 2.771 3.421
28 0.683 1.313 1.701 2.048 2,467 2.763 3.408
29 0.683 1.311 1.699 2.045 2462 2.756 3.396
30 0.683 1.310 1.697 2.042 2.457 2.750 3.385
40 0.681 1.303 1.684 2.021 2423 2.704 3.307
60 0.679 1.296 1.671 2.000 2.390 2.660 3.232
120 0.677 1.289 1.658 1.980 2.358 2.617 3.160
00 0.674 1.282 1.645 1.960 2,326 2.576 3.090




c.

If we are interested in testing whether “parents” education’ has an impact on birth weight at
all, what kind of null/alternative hypothesis would we be testing? Perform the test and discuss
your finding. (use @ = 0.05)

Model 2.1: bwght; = B, + Bicigs; + B, faminc; + u; K=13

regress bwght cigs faminc
source | SS df k MS Number of obs = 1191 msa
------------ e e FC 2, 1188) = 18.44-+—> (VR
Model | 14536.9538 2 7268.47691 Prob > F = 0,0000 msE
Residual | 468209.738 1188 394.115941 R-squared = 0.0301
———————————— S ———— Adj R-squared = 0.0285
Total | 482746.692 1190 405.669489 ROOT MSE = 19.852
| mreusae e Ml o eouanes e aisen
bwght | coef. std. Err. t P>|t| [95% conf. Interval]
____________ +________________________________________________________________
cigs | -.5876985 .1090181
faminc | .0624684 .0324438 Omitted for the purpose of this exam.
_cons | 118.5568 1.234278
Model 2.2: bwght; = B, + picigs; + f,faminc; + s fathereduc; + fymothereduc; + u;
regress bwght cigs faminc fatheduc motheduc k=5
source | SS df k MS Number of obs = 1191
____________ - VR Sl A s S FC 4, 1186) = 10.05——s MSR
R Model | 15827.6593 4 3956.91482 Prob > F = 0,0000 MmSE
E Residual | 466919.033 1186 393.69227 R-squared = 0.0328
———————————— F R 3 2 I—— Adj R-squared = 0.0295
Total | 482746.692 1190 405.669489 ROOT MSE = 19.842
_____________________________ L:!:J___________________________________________
bwght | coef. std. Err t P>t [95% conf. Interval]
____________ +________________________________________________________________
cigs | -.5894954 .1106172
faminc | .0538254 .0366502 Omitted for the purpose of this exam.
fatheduc | .4936695 .2832896
motheduc | -.4379234 .3197377
_cons | 118.0741 3.500291

We will dest thal the odded estimators (Powents’ education) is fit

fit rcsrcssion or no} b\‘) usinj“ m,‘,s;m) Contribuion”
Ho : miah’cu;\ has no wwjim\ conkribution to the mode)
Ha : OfherwiSe

Feal = Rzm.u - Rzolo_\ /(# new
|- Rzncw /(n - k'\&w

ressor

Feei (1 , n-3) — Feri ( 1, 1188)
o =0.05 %= 0.05

Feri = 3.8y

0.032% - 0.0301/ 5 -3
| -0.032¢ /(1191-5)

= :+:;‘; Feal < Feri cannot rcjcol Null hydl\es’»s
Feal = )35
. We cannot rejech Null pothesis ok the significant leve) of 0.05
D e no "ﬂ l\:)po Sis o Sljﬂ!’ evel 0
3.84

where  Parents’ education has no marﬂina) contribution 4o the mode



U\SinS }-des} for -"&S')irj inolividw\lb (Assure p:o) A=z0.05

Model 2.2: bwght; = B, + B,cigs; + f.faminc; + [;fathereduc; + fymothereduc; + u;

regress bwght cigs faminc fatheduc motheduc
Source | Ss df MS Number of obs = 1191
------------ e F( 4, 1186) = 10.05
model | 15827.6593 4 3956.91482 Prob > F = 0.0000
Residual | 466919.033 1186 393. 69227 R-squared = 0.0328
------------ e Adj R-squared = 0.0295
Total | 482746.692 1190 405.669489 ROOT MSE = 19.842
""" bwght |  coef. std. err.  t  P>|t|  [95% Conf. Intervall
------------ +--_-_-_-—-----——-—_-—-—----------_-_-_------_---_—--_----_-----.
cigs | -.5894954 .1106172
faminc { 0538254 . 0366502 Omitted for the purpose of this exam.
motheduc | 437033 3ier37c
—cons | 118.0741 3.500291
teol
A )
Test P?, ) teol = 0.49337 /0.2833 = L3uz3z 7/, )7
-Lag 1.96
enl
5 D
Test Pu j teal = -o.upRa/03M7 = 13497
-Lap 1Ak
Hower < 49..{_5 Hower = -1.96
"uppcr s 'lgng_s 'l'ufrer = ‘.q‘)

We  Cowmol ro:)cd' Null hmm Yusic esd  or in olher word we connol
sy Yot Fadher and Mother education ic sisnieifnn’r o} He leel of 0.5



Question 3. A model of wage equation is given by

lawge; = B + Brexp; + +f3expsq; + Bseduc; + fsage; + Bgkid6; + B,kid18; + u;

where lwage; = natural log of hourly wage of married women
exp; = years of experience
expsq; = years of experience squared
educ; = years of education
age; = age
kid6; = number of children aged 0-6 in a household
kid18; = number of children aged 6-18 in a household

The regression result from OLS is shown in the table below and answer the following questions.

Source | Ss af MS Number of obs = 428
---------- i F(_ ., ) = 13.19
Model | Prob > F = 0.0000
Residual | .446526442 R-squared = 0.1582
—————————— e Adj R-squared =
Total | 223.327441 Root MSE = .66823
lwage | Coef. Std. Err t P>|t| [95% Conf. Intervall
__________ O
exper | .039819 .013393 2.97 0.003 .0134936 .0661444
expersq | -.0007812 .0004022 -1.94 0.053 -.0015718 9.37e-06
educ | .1078319 .0144021 7.49 0.000 .079523 .1361409
age | -.0014653 .0052925 -0.28 0.782 -.0118682 .0089377
kidslte | -.0607106 .0887626 -0.68 0.494 -.2351836 .1137625
kidsge6 | -.014591 .0278981 -0.52 0.601 -.069428 .0402459
_cons | -.4209078 .316905 -1.33 0.185 -1.043821 .2020053

a) Figure out all the degrees of freedom in this model.
b) Figure out all the sum of squares (ESS and RSS) and mean squares in this model.
¢) Figure out the adjusted R-squared (R?)

d) Given that the model above is called ‘Model 3.1°, there is another competing model called
‘Model 3.2° which an explanatory variable is excluded, compared to ‘Model 3.1°. Though
the result of estimating ‘Model 3.2’ is not shown here, what is the maximum value of R?
from ‘Model 3.2’ which will make you conclude that the excluded variable has a significant
contribution in ‘Model 3.1°, at the significance level of 0.05. (Hint: the critical value of the F-
test at the significance level of 0.05 is F; 45, = 3.84)

e) As you can see from the result, age is not significantly different from zero. In other words, age
does not determine how much hourly wage would be. Does this make economic sense in your
opinion? What do you think cause this insignificance?



$S

. . . —
a) Figure out all the degrees of freedom in this model. L
model 3.1 ncluded extented voviables
Source | Ss df MS Number of obs = 428
—————————— b e F(b6 ., Y21 ) = 13.19
€ Model | 35.3%0y 6 5.88%Y4 Prob > F = 0.0000
K Residual | 183.9%%0 U2l .446526442 R-squared = 0.1582
—————————— R R e Adj R-squared = 0.1462
T Total | 223.327441 4§23 0.52%0 Root MSE = .66823
lwage | Coef. Std. Err. t P>|t| [95% Conf. Interval]
__________ A RS N IS
exper | .039819 .013393 2.97 0.003 .0134936 .0661444
expersq | -.0007812  .0004022 -1.94 0.053 -.0015718 9.37e-06
educ | .1078319  .0144021 7.49  0.000 .079523 .1361409
age | -.0014653  .0052925 -0.28 0.782 -.0118682 .0089377
kidslt6 | -.0607106 .0887626 -0.68  0.494 -.2351836 .1137625
kidsge6 | -.014591  .0278981 -0.52  0.601 -.069428 .0402459
_cons | -.4209078 .316905 -1.33  0.185 -1.043821 .2020053
dr mod,yl = k=1 = 2-1 =6
AL, Residuwal = n-k = Hag-3 = 42

b) Figure out all the sum of squares (ESS and RSS) and mean squares in this model.

R¥: Ess — O0.582 = _ESS
TSS 223.3234

Ess = 35.3304,

f\z

(1)

| — RSS —  p.1582: | -__RSS

TS 223,323y

RSS = 18%.9970 ,

MS = §§ ——  35.3304 = 5.8884, (Model)
a.f. b

— 2933234 = o0.53%, ( Residuol )
423

¢) Figure out the adjusted R-squared (R?)

2
R - l-(l-Rl)n_-l — I-(1- o.lsu)(uzs-l)
n-k uag-3
2

R = O.Il-IGl//



d) Given that the model above is called ‘Model 3.1°, there is a

-
-

keld = knew-| 5

ther competing model called

‘Model 3.2’ which an explanatory variable is excluded, Compared to ‘Model 3.1°. Though
the result of estimating ‘Model 3.2’ is not shown here, what is the maximum value of R? — Find R old
from “Model 3.2’ which will make you conclude that the excluded variable has a significant
contribution in ‘Model 3.1°, at the'significance level of 0.05. (Hint: the critical value of the F-
test at the significance level of 0.05 is F; 45, = 3.84)

We estimde Yo whether add more varinbles i e moded oy 1ot bj WSf'\’
N Mursina‘ Contribudion”

Ho : hlish’fw\ has no W\rjmu\ contribution to the model

Ha : OHerwiSe
Foal = Rlew = Rola /0 Feri (1 ) = Fe )
cal = ne: : old / (# new regressor) cri , n-1% = Feri (1, 425
1= Rnew /("“km,u oK =0.05 d=0.05
= 3.34
To wmaximize R? is Feal Feri
"ol /
3.34 = 0.1562 - Rold /6-5
1 -0.1582 / 428-6
2
0.007% = 0.15%2 - Rold
R%ld = 0.1505
. 2 ”
. The moximum R® of model 3.2 is 0.1505
$S
>
— . - at.
model 3.1 included extented variables
Source | SS daf MS Number of obs = 428
—————————— gt oo AP ot s F( 6 , Ygl ) = 13.19
€ Model | 35.3%04 S 5.888%4 Prob > F = 0.0000
R Residual | 183.993%0 U2\ 446526442 R-squared = @:1582 RM
—————————— e R e T R Adj R-squared = 0.1462
T Total | 223.327441 4§23 0.52%0 Root MSE = .66823
lwage | Coef Std. Err t P>|t| [95% Conf. Intervall]
---------- +—_—_—_—_-—-_——_-—_—----—-—--—-—_-—_—_—_—_-----_—_—_—_-—_-—--——_-
exper | .039819 .013393 2.97 0.003 .0134936 .0661444
expersq | -.0007812  .0004022 -1.94 0.053 -.0015718 9.37e-06
educ | .1078319  .0144021 7.49  0.000 .079523 .1361409
age | -.0014653  .0052925 -0.28 0.782 -.0118682 .0089377
kidslt6 | -.0607106 .0887626 -0.68 0.494 -.2351836 .1137625
kidsge6 | -.014591  .0278981 -0.52 0.601 -.069428 .0402459
_cons | -.4209078 .316905 -1.33  0.185 -1.043821 .2020053



TABLE D.3 Upper Percentage Points of the F Distribution (Continued)

df for
.denom- df for numerator N,
inator
N2 Pr 1 2 3 4 5 6 7 8 9 10 1 12
.25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38 1.37
22 .10 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93 1.90 1.88 1.86
.05 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.26 2.23
.01 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.18 5 5
.25 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 1.37 1.36
24 .10 293 2.54 e 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.85 1.83
.05 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.21 2.18
.01 7.82 5.61 4.72 422 3.90 3.67 3.50 3.36 3.26 317 3.09 3.03
B s 1.38 1.46 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.37 1.36 1.35
26 .10 291 2.52 2310 2 g 2.08 2.01 1.96 1.92 1.88 1.86 1.84 1.81
.05 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.18 215
.01 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 3.02 2.96
.25 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34
28 .10 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.81 1.79
.05 4,20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.15 2:12
.01 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.96 2.90
.25 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1:37 1.36 1.35 1.35 1.34
30 .10 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 1.82 1.79 1.77
.05 4.17 3.32 292 2.69 2.53 2.42 2.33 2:27 221 2.16 2.13 2.09
.01 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 291 2.84
.25 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.32 1.31
40 .10 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.73 1.71
.05 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 212 2.08 2.04 2.00
.01 7.31 518 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.73 2.66
.25 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.29
60 10 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.68 1.66
.05 4.00 3 o 2.76 253 2.37 225 217 2.10 2.04 1.99 1.95 1.92
.01 7.08 498 413 3.65 3.34 3.12 295 2.82 272 2.63 2.56 2.50
.25 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.27 1.26
120 .10 220 23S 213 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.62 1.60
.05 3.92 3.07 2.68 245 2.29 217 2.09 2.02 1.96 1.91 1.87 1.83
.01 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.40 2.34
.25 1.33 1.39 1.38 1.36 1.34 1.32 1.31 1.29 1.28 1.27 1.26 25
200 .10 2.73 2.33 204 1.97 1.88 1.80 1.75 1.70 1.66 1.63 1.60 1.57
.05 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93 1.88 1.84 1.80
.01 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50 2.41 2.34 2.27
ey 3232 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 1.24
.10 2.71 2.30 2.08 1.94 1.85 SR, 1.72 1.67 1.63 1.60 1.57 1.55
2 .05 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.79 1.75
.01 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 232 2.25 2.18

e) As you can see from the result, age is not significantly different from zero. In other words, age
does not determine how much hourly wage would be. Does this make economic sense in your
opinion? What do you think cause this insignificance?

In He economics | this m«ltivj sense that the  eMect P kowl:, wage
Conno} So"j that age oletermied on  that parl sinee there ore
many  woys Jo earn more momy et the aJc, doesn't rwll‘j maltter.



