
1Ôù õÅOþ

�%�

E��Æ²LÆ�

�%� (E��Æ²LÆ�) ²L)¹¥�êÆ£1Ôù¤ 1 / 28



�ùÌ�SN

1. õÅOþ�·bÐm

2. õÅOþ�X­Êc

2.1 �Å¢�£random experiment¤

2.2 ��£8£matching regression¤

2.3 óäCþ£instrumental variables, IV¤

2.4 ä:£8£discontinuity regression, RD¤

2.5 V�©£differences in differences, DID¤

3. õÅOþ� 9�c

3.1 Oþ£8�.©a

3.2 �;�5£8�.µOLS�O

3.3 �;�5£8�.�ÿÐµIVÚGLS�O

�%� (E��Æ²LÆ�) ²L)¹¥�êÆ£1Ôù¤ 2 / 28



1. õÅOþ�·bÐm

�o´Oþ²LÆº

Wiki: Econometrics is the application of mathematics, statistical methods, and

computer science to economic data and is described as the branch of economics that

aims to give empirical content to economic relations. ...allowing economists /to sift

through mountains of data to extract simple relationships.0
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1. õÅOþ�·bÐm
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1. õÅOþ�·bÐm
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1. õÅOþ�·bÐm
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2. õÅOþ�X­Êc

õÅOþ�X­Êc£Furious Five¤

1. �Å¢�£random experiment¤

2. ��£8£matching regression¤

3. óäCþ£instrumental variables, IV¤

4. ä:£8£discontinuity regression, RD¤

5. V�©£differences in differences, DID¤
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2. õÅOþ�X­Êc 2.1 �Å¢�£random experiment¤

�Å¢�µ��4\�èxC�
íº

Y1,K − Y0,M = Y1,K − Y0,K︸ ︷︷ ︸
ÏJ�A£causal effect¤

+ Y0,K − Y0,M︸ ︷︷ ︸
ÀJ Ø£selection bias¤
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2. õÅOþ�X­Êc 2.1 �Å¢�£random experiment¤

�Å¢�µ�ØgÀJ

b½é�<
óë\��éèxkÐ? Y1,i − Y0,i = κ§ÏL�Å�½§

¦´Ä��x��<Ð©èxG¹Ã'µ

E[Y0,i|Di = 1] = E[Y0,i|Di = 0]

Ïdl�¬�N5wµ

E[Y1,i|Di = 1]− E[Y0,i|Di = 0]

=E[Y0,i + κ|Di = 1]− E[Y0,i|Di = 0]

=κ+ E[Y0,i|Di = 1]− E[Y0,i|Di = 0]

=κ
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2. õÅOþ�X­Êc 2.1 �Å¢�£random experiment¤

�Å¢�µOregon²�~f

In an awesome social

experiment, the state of Oregon

recently offered Medicaid to

thousands of randomly chosen

people in a publicly announced

health insurance lottery.

...Winners won the opportunity

to apply for the state-run

Oregon Health Plan (OHP).
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2. õÅOþ�X­Êc 2.2 ��£8£matching regression¤

��£8µÖhá�Æ¬JpÂ\íº

E[Y1,i|Di = 1]− E[Y0,i|Di = 0] =?
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2. õÅOþ�X­Êc 2.2 ��£8£matching regression¤

��£8µk��!2£8

I ��£matching¤µòÆ)UìÆ�¹��¹©|§��Ó�Æ�

¹�£½áý¤�ÓÆ��|§¤3|O Gij �±L«Æ)��<

Uå�Ø�*ÿ�Ï�¶

I £8£regression¤µ�)ºCþ Yi �Â\§)ºCþ�)´ÄÒ

Öhá�Æ Pi = 0, 1£treatment variable¤ Ú¤3|O Gij ��

�Cþ£control variables¤"

± 1-5 ÒÓÆ���§£8±e�§§¯ α̂, β̂, γ̂ =?

Yi = α+ βPi + γAi + εi
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2. õÅOþ�X­Êc 2.2 ��£8£matching regression¤

��£8µCollege and Beyond êâ

lnYi = α+ βPi +

150∑
j=1

γjGij + δXi + εi

�%� (E��Æ²LÆ�) ²L)¹¥�êÆ£1Ôù¤ 13 / 28



2. õÅOþ�X­Êc 2.3 óäCþ£instrumental variables, IV¤

óäCþµêþ�´�þº

I1¡�fåêþ X Ú�þ

£Y§XÉ��§Ý¤�m��ï§

duéõÙ¦Ï�£I1Â\Y²!
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X,Y§Ïd·�I�Ïé�� X k

'�óäCþ Z"

�%� (E��Æ²LÆ�) ²L)¹¥�êÆ£1Ôù¤ 14 / 28



2. õÅOþ�X­Êc 2.3 óäCþ£instrumental variables, IV¤

óäCþµü�ã£8£2SLS¤

1��ã£first stage¤µXi = c+ γZi + ei

1��ã£second stage¤µYi = α+ βX̂i + εi
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2. õÅOþ�X­Êc 2.3 óäCþ£instrumental variables, IV¤

óäCþµó]!��ÚÑ)�m
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2. õÅOþ�X­Êc 2.4 ä:£8£discontinuity regression, RD¤

ä:£8µ�x�21�

KATY: Is this really what you.re

gonna do for the rest of your life?

BOON: What do you mean?

KATY: I mean hanging around

with a bunch of animals getting

drunk every weekend.

BOON: No! After I graduate, I.

m gonna get drunk every night.
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2. õÅOþ�X­Êc 2.4 ä:£8£discontinuity regression, RD¤

ä:£8µåCþ��^

P Ma �c# a �k�Ç§

Da = 0, 1 �´Ä��21��å

Cþ§£8±e�§µ

Ma = α+ βDa + γa+ εa

�%� (E��Æ²LÆ�) ²L)¹¥�êÆ£1Ôù¤ 18 / 28



2. õÅOþ�X­Êc 2.4 ä:£8£discontinuity regression, RD¤

ä:£8µS_��6
íº
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2. õÅOþ�X­Êc 2.5 V�©£differences in differences, DID¤

V�©µ��^�
1ATÍÕ1íº
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2. õÅOþ�X­Êc 2.5 V�©£differences in differences, DID¤

V�©µ£OÍÏ�J

Yit = 167− 29
(8.8)

Di − 49
(7.6)

POSTt + 20.5
(10.7)

(Di × POSTt) + εit
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2. õÅOþ�X­Êc 2.5 V�©£differences in differences, DID¤

V�©µYÀ/��J

eã�John Snow(1855)æ8�Ôí�«1849Ú1854c¿Ïk�<�§9øYúi

�êâ"1852c�cü[úi�Y
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3. õÅOþ� 9�c 3.1 Oþ£8�.©a

Oþ£8�.©a

I �âêâa.©aµ

x ëY x lÑ

y ëY �5���5£8 ��©Û

y lÑ 2Â�5�.

I �âêâ5�©aµ

I �¡êâ£cross-section¤µXþ

I ¡�êâ£panel¤µ�½/�Å�A�.£Fixed/Random effect

model¤

I �Sêâ£time series¤
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3. õÅOþ� 9�c 3.2 �;�5£8�.µOLS�O

�;�5£8�.�b½

1. gCþ y �ÏCþ X = (x1, x2...xK) �m�3�5'Xµ

y = Xβ + ε

2. �½êâ��§N ×K �Ý
 X ÷�µ

rank (X) = K < N, ½ XTX�_

3. �ÅØ�� X �pÕá�Ï"�"µ

E (ε|X) = E (ε) = 0, ½ E
(
XT ε

)
= 0

4. �ÅØ��m�pÕá£E (εiεj) = 0, i 6= j¤§�ÑlÓ����©Ù

£εi*N
(
0, σ2

)
, i = 1, 2...N¤§^Ý
/ªL«Xe£Ù¥ IN � N �ü �


¤µ

ε*N
(
0, σ2IN

)
, ½ E

(
εεT

)
= σ2IN
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3. õÅOþ� 9�c 3.2 �;�5£8�.µOLS�O

ÊÏ���¦£OLS¤�O

β̂OLS = arg min
β

εT ε

= arg min
β

‖y −Xβ‖

I β̂OLS =
(
XTX

)−1
XT y

I V ar
(
β̂OLS

)
= σ2

(
XTX

)−1

I σ̂2 = s2 = ε̂T ε̂
N−K
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3. õÅOþ� 9�c 3.2 �;�5£8�.µOLS�O

OLS�Oþ�5�

I Ã 5

E
(
β̂OLS

)
= β, E

(
σ̂2
)

= σ2

I k�5

β̂OLS ´�Z�5Ã �Oþ£BLUE¤§V ar
(
β̂OLS

)
3¤kÃ �Oþ

���¥��£Gauss-Markov½n¤"

I ��5 (N →∞)

β̂OLS p→β, σ̂2 p→σ2

I ì?©Ù (N →∞)

β̂OLS*N
(
β, s2

(
XTX

)−1
)

Ù¥ β̂OLS
k *N

(
βk,

s2∑N
i=1 x2

ik

)
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3. õÅOþ� 9�c 3.3 �;�5£8�.�ÿÐµIVÚGLS�O

�3S)5¯KµIV�O

I �;�5£8�.�b½ 3 Ø¤á§K)ºCþ�3S)5¯K§ò�

� β̂ k "

E
(
XT ε

)
6= 0

I b½�3S)Cþ X �óäCþ£instrumental variable, IV¤Z§÷vµ

I 	)5^�µE
(
ZT ε

)
=0

I �'5^�µZTX = ΣZX �_

I ÷�^�µZTZ = ΣZZ �_

I óäCþ£IV¤�Oµ

β̂IV =
(
ZTX

)−1
ZT y

V ar
(
β̂IV

)
= σ2

(
ΣT

ZXΣ−1
ZZΣZX

)−1

σ̂2 = s2 = ε̂T ε̂
N−K
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3. õÅOþ� 9�c 3.3 �;�5£8�.�ÿÐµIVÚGLS�O

�3É��Úí�g�'µGLS�O

I �;�5£8�.�b½ 4 Ø¤á§�3É��Úí�g�'¯K§òK�ëê

�O�k�5§¦�&«m�OÚÚOu�kØµ

ε*N
(
0, σ2Ω

)
, Ω 6= IN

I 2Â���¦£Generalized least squares, GLS¤�Oµ

β̂GLS =
(
XT Ω−1X

)−1
XT Ω−1y

V ar
(
β̂GLS

)
= σ2

(
XT Ω−1X

)−1

σ̂2 = s2 = ε̂T ε̂
N−K

du·�Ø�U�â N ����OÑé¡Ý
 Ω ¥� N(N + 1)/2 ���§Ï

d3¢SA^¥§��k�OLS�O§2�â��u�(Jé Ω �äN/ª�{

zb½£X��ÄÉ��!g�'§½��b½ ωij �¼ê/ª¤§��^{z�

Ω̂ �� Ω ����O§��FGLS£Feasible GLS¤�Oþ"
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