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U     F EM,      

  ,   L  A G,    

       ,     

     , /     

. W     ,    

      . T    

    , I      ,  I

           

 , LASSO. I      ; ,  

          ,  

 — I       . G  

   I            

, I          

         ..
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1 Introduction

A         F       

  ,  L  A G. S     

     ,        ;   

    , P  C++      ( 

         AI). T   -

    :        ,  

  ;  ,   I ,       -

              .

I ,   ,  L  A G   

    F,         -

       . S   ,  L  A

G  ()  ,      ’ 

            -

 .

U,       - ,     -

     . E,  I      

 (G, T (2015)),        -

    . B,  ,  ’    :  

     L  A G   

    ,       

       .

T       . F  , I   

   F M  E. A    35 000

     2007,         —

 ,  ,  ,  ... — 

      .
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T               -

’’        L   ,  

    . A      

  :          -

      (G  ., 2017),   (L

 S, 2018),   (C  ., 2015)  ’ 

 ( ,  ,    PISA    OECD). O  -

     L         ,   

    .

I   LASSO             

. I                ,

 I        (ATT). I    

 ; ,     ,      

    ,     I     -

   ’ . T       ,

             ,    .

T            ,    

           U S 

,      ,   F. E    U

S        L    E 

 E ,        . B,

B (2020)            

           L   L1

  E  ,      MFL [ 

]      . T     

        ,       

      .

T       M (1977),      -

    US   1970,        
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     E. U,    B, B (2020),

       . I ,    

       ,       

      ,      

 . T  I         -

. T          

          L  F 

 U S.

T         ,     

            

          . W   

-  ,         -

,          ;    

             -

   . M          

            , 

   ,        ,   

   .

2 Context and descriptive statistics

F      (        ) 

     11-12  ,     ,   

  14-15  ,     . A     , F

      ,    ,     

   .

M         ,    

E,         —     

S  G. F        () 

      , L       .
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S   L           

  ,        ,      

  .

L (      A G)       

 (  )     —        

   . O             

    -      L,

       -. A  

,     ,    L     

    ’. T         

 L    .

F 1: P    L       (M-
  E )

O             L , 

     L          
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 . I     F       -

  (T, 2005).

I   -        

. T           

       (-)   . T 

   (R² = 0.13),             -

         ,     

  .

F 2: P   2008     -  


T 1: R     (2008  )  -


Vril Estimt St. Error t vlu

(I) 31.5747*** 1.1235 28.10
   8.8957*** 0.1433 62.08

Pr(> |t|)
(I) < 2× 10−16

   < 2× 10−16

B    ,        L   

     - ,      -

.
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F 3: P     -   , 
   L     ’

T         ,      

        L . S   

           L. H,    

         :

F 4: P   2008     -  
,     L     ’

I,            2008,  

  ,       L . T,   

      L. T        L, 

        ,    

 ,         

 .
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3 Data

T  I      D  ’́,      

 (DEPP),             

F M  E. I           

 2007. 35 000  (   760 000       ) 

     ,      . I

,    694 .

I           DEPP    

 , :

1.       ’   (   

,    () ...);

2.   ’    ,     2008, 2011 

2012;

3.              

2008  2011,           .

I , I       . I      

     2007  ,  2008 -  

 2011 - ; I         ’

   2008  . T       20 743.

I       . I       

50   . I       I  I    

  ,          2011 ,   

        2009-2010  ,  

     2012. I,  I      

 ,   2008         L , I

             L

 . T -2008       

-2008  ,           
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 . T       279.

A       ,         

   2011     .

4 Identication strategy

T            L ,   -

  ,        . A  , 

  (L)    ( )     

   ,         

  -        ’   

     .

T     , I      : I  ,

   ,          

  L     . I        

   ,   ,    ,  

Y       D:

Y⊥⊥D|X (1)

4.1 Model selection

T          :   ( ) 

         . O    ,  

              

  L. H,      -   

,            

   .

F B, C, H (2013) (BCH), I     -

-. T         :
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1.   XD         D;

2.   XY         Y ;

3.             1  2.

I       ,     BCH, I  LASSO,

               

            .

F  LASSO     :

β̂lasso(λ) = 
1

n

n

i=1

(yi − x′iβ)
2 +

λ

n

p

j=1

ψj |βj | (2)

W λ          ,  ψ   -

 .

F LASSO   ,       ,    

       1  n → ∞. T   

     LASSO      ( -

 , Z  Y (2006); M  B (2006)) 

             

    (A, H, S (2020)). T,  Z

(2006), I   LASSO,       ψ  1|β0,j |, 
β0,j        OLS .

A LASSO    ’    . H,  

, I          ( )   

(L ). T    ,    ’ 

  . I   LASSO      . T -

   LASSO  -,      ,

        :

β̂logitlasso(λ) = 
1

n

n

i=1


yi(β0 + x′iβ)− log(1 + eβ0+x′

iβ)

− λ

N
||β||1 (3)
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W λ           . S 

,   LASSO   LASSO,        

λ   B I C (BIC). BIC   :

BIC(λ) = n (σ̂2(λ)) + df(λ) (n) (4)

W σ̂2(λ) = n−1
n

i=1 ϵ̂i
2, ϵ̂i   ,  df(λ)      -

,    . I ,       :

Z  . (2007)          -   -

     df(λ)   LASSO.

C,     λ   BIC ,  ,    -

 . I          ,

  BIC (    ),       -

  ,   BIC:         

    .

A   BIC,    C  C (2008),       

    . I,         

    ;         

   ,  ,    < /2,     

  + 1      ,        

  + 1      . T   ,  

   E B I C (EBIC):

EBIC(λ) = n (σ̂2(λ)) + df(λ) (n) + 2ζdf(λ) (p) (5)

EBIC         ,       ,

 EBIC     . ζ     

     ;      [0, 1]. H,  C  C

(2008), ζ = 1− log(n)
2log(p) .
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4.2 Multiple imputation

S      . T     ( 50 ) 

          . A  , 279

 ,   17   . T    

       ,  0.29 . O     -

,        ’. T        

         ,    

    . B,   -  ( ,  

    )    ,     

         . C  ,  - 

       5879    20743,   30

.

T    , I    (R 1987; R 1996), , 

   ,          -

    (S, G, 2002). T     

,              

,     ,        

   . T  ,  ,    

,             .

T              

 ,            

         ,    -

                

      ( B, 2018). T   

            

       (  4.6   ).

I    ,     (R (1986), L (1988)):

•              
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 ;

•   ,          -

      ;

•         ,    

   .

M ,    ẏj    . F     (,

),         ,    

    ,       B 

:

η̇(i, j) = |Xiβ̂ −Xj β̇| (6)

W β̂    ,  β̇        

  β. T      :

β̂ = V X ′
obsyobs (7)

W V = (S + diag(S)κ)−1, S = X ′
obsXobs, κ         

 ( κ = 00001)       , Xobs   n1 · q
              

,  yobs   n1 · 1         .

β̇ = β̂ + σ̇żV −1/2 (8)

W σ̇ = (yobs −Xobsβ̂)
′(yobs −Xobsβ̂)ġ, ġ∼χ2

ν (ν = n1 − q), ż∼N(0, 1).

O   η̇(i, j)     ,   Zj     

,    ,  


η̇(i, j)  . T  

 ẏj     Zj .

T    . O         

     ,    :    , 
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            ( , 

,        ). T   

 :

• :    M A R,    

          . T 

    :         

,     /   E   

     .;

•              

.

4.3 Selected model

A , I   --   ,    

          . T -

         (W, W,  R

(2008)). I,  LASSO     (  MI-LASSO 

 C  W (2013))      ,     

  ,        ,  

       . T 1  T 2 

  .
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































F

















C

































S
E
G
P
A

(

































)

P













































R








N























U




















P









T









C

















́




M








F





:























C






́




















S




























́


:

B


̧


C



C




-
F

L



P





R




N




O

́



R



S




























́


:

L



A


A





N



M






S







C
́



V






M







L

R
́




G







18



T




3
:
V

































L








S
































S



























L




S

-







:









P












































S




F







20

07











P









































S
















2
00

7











P








P












́























S





















G




















M


















C
































P









































P





































H

















G










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T        . P    

 ;         ,    ,

     ’    . M,     -

 ,     ́,   S-S-D 

N-P--C,    -      

. O            2008  

  **    2011,       

 2008        2011.

W            L , -

        . P     

F  ,    -     ,  

    L ;          

     ;        

 ,           ’ ,  

      L... S     ; 

, ’      S  G    

         L .

4.4 Nearest neighbor matching

I              

,       . T I  -- 

      :     

               .

T           

M . T     x1  x2 ( 

, )   :

d(x1, x2) =


(x1 − x2)′S−1(x1 − x2) (9)

W x1  x2         ,  S 

      . T       
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            .

T       . B    -

           

. A           

             

    .

M           . M

           

. I         ,   

      -   . P 

           .

I,          . S-

             

.

F 5: B  -  

A   F 5,     ,    

       0.1,       . F

        ,   ’ 
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   (  1).

4.5 Estimation of the average treatment eect on the treated (ATT)

T        . I      

    , ATT,  I       L  

   L . I     G- (S, R, 

M 2011) (   (S  K 2008)) :

1.    ,    OLS : Yi = αDi + βXi + ui. T

        ,   

    ,   :    

  ,       -;

      ,       

           

. R    ;

2.    ,          Di = 1

  Di = 0. S      Y (1)i|Di = 1  Y (0)i|Di = 1;

3.       : E( Y (1)|D = 1)  E( Y (0)|D = 1);

4. ATT = E( Y (1)|D = 1)− E( Y (0)|D = 1) = E( Y (1)− Y (0)|D = 1).

A          ,  D  

    .

4.6 Rubin’s rules for pooling estimates

A           ,

     I    ,    - 

R’ ,    :

T         :

θ =
1

m

m

i=1

θi (10)
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W       ( ,  = 5). T     

          :

VT = VW + VB +
VB

m
(11)

W VB =
m

i=1(θi−θ)2

m−1  VW = 1
m

m
i=1 SE

2
i . O ,     

SEP =
√
VT . O        ( T 4   5) 

       ( T 7  8   3)  

         .

S        W :

WALDP =
θ − θ0
SEP

(12)

T  W    -. T      

  :

A ∗B
A+B

(13)

W A = m−1
λ2  B = (n−k)+1

(n−k)+3 ∗ (n− k)(1− λ).        

,       ,  λ        

  ,  
VB+

VB
m

VT
. T        -,

       :

CI = θ ± tdf,1−α/2 ∗ SEP (14)

5 Results

F  , I     . N    

 ,           :

• ATT         -    2011;

• F   , I    ATT   L    

 -    2008,       

23



L. I        ,   

 ATT        ;

T 4   . I       ,  

:              

 . F  , I     G- ,

     . T         

             

, ,          .

I      ,     G-,  

   ,   . I     ,    

G-      .
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6 Discussion

A T 4 , I         9   

 ,         16    -

 . T       -    

         ,    

   ,       -   

     . H,    

     ,           

:   ATT   ,    ,   

             

. I        I   

          . T    

      ATT     ,   T-

 4. E    ,  ’     

    L    ,      

        ,       

. T          

       L. H,        

            

 . T            

     ,   ,    

        . I,   

               

  ,          ’

  ,          G- 

    .

T           

 . H,          

I        . S    

  - ,       -,  
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               . T 

        . T     

I           IQ. T   IQ  

,         ,    

        (D  . (2007), R  .

(2015)...). IQ           

 I   ,         - , 

     IQ  ,   ,    .

I      ,      

   ,     (.., L, S-

, L, G, 2003; P, H, V, 2006; T, L, R,

S, N, 2009),      . M   , -

,                

       .

T         US    

          US. T   

    . I, M (1977)   -

              20 

               

    -,  . I     ,

      ,   F      L  

   - .

T         . I,   

      F,       

     :   L      

    US;   L     F ;  

  L   . F ,        

  ,          

 ,  ,       

         ,       
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.

F  ’   ,        

  L          -

. W L       ,      

          - , ,

,      .

7 Conclusion

T          L   ’ 

,   F . W      -

  ,      . D 

---          ,

      - ,    

  . T         

L        ,      . T  

          ,     

  .
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Appendix 1 - Balance plots for all controls, before and after

matching

F 6: B    
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39



F 14: B    

40
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F 16: B    
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43
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24 -0.0607217 -0.0674666
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2
500 -0.5452380 -0.6724596
501 0.0183724 0.0621304
504 0.0942009 0.1149293
601 -0.2592813 -0.2622146
604 -0.3575935 -0.6411469

2.2

9. -0.0455176 -0.0971490

2. -0.0427492 -0.1251592

8. 0.0059573 0.0745128
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T 6: R   LASSO        L , 


Slt Loisti Lsso Post loit

  2008 0.1845941 0.3332949
6  0.0126543 0.0144855
6  0.0014065 0.0017156

opto13

21 0.6959040 1.9091678
24 0.3000874 1.1604659

12.20 0.2330192 0.5221625
2.12 -0.2876098 -0.6983586
2.10 0.2032026 0.7209618

18

2 -0.2670848 -0.4766533
4 0.2349952 0.3630196

22

3 -0.1597517 -0.7674072
6 0.1480102 0.2757718

42. 0.1395085 0.8876091
501.2 0.5264116 1.2219886
 -3.5472902 -5.5605444

49



Appendix 3 - Summary of treatment eect estimate per dataset,

main analysis

T 7: E   - 

Trm Contrst Estimt St. Error z Pr(> |z|) 2.5% 97.5%

 1 - 0 0.157 0.0142 11 <0.001 0.129 0.185
 1 - 0 0.163 0.0144 11.3 <0.001 0.135 0.191
 1 - 0 0.153 0.0143 10.7 <0.001 0.125 0.181
 1 - 0 0.158 0.0141 11.2 <0.001 0.13 0.186
 1 - 0 0.162 0.0143 11.3 <0.001 0.134 0.19

T 8: E   - 

Trm Contrst Estimt St. Error z Pr(> |z|) 2.5% 97.5%

 1 - 0 0.0788 0.0153 5.14 <0.001 0.0488 0.109
 1 - 0 0.0878 0.0162 5.41 <0.001 0.056 0.12
 1 - 0 0.0825 0.016 5.15 <0.001 0.0511 0.114
 1 - 0 0.0867 0.0163 5.32 <0.001 0.0548 0.119
 1 - 0 0.0955 0.0158 6.05 <0.001 0.0646 0.126
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