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85 7}% A (non-response  weights) WHS AHE3YHHong &
Raudenbush, 2008). #&9 & & 7lsx+ AA A3=19 #S 2+ ¢
v HeE AAEsE A5 Ueo ##EdE THEES dSHTE ot
AA Aes & FE'S FA4staL ol figk 94 o

3 ot + =2
Eh I Yt F2Y. o] Al dA A &

12

(i
ya)
=,

i)

A9 95 7t B =

3 Alsta QA A GEI e etr] wEo] FLOoRNE
Ad =24 &S YeEhdE Heckman 294 38 A8 2y dE
(hazard rate) &< IMR(Inverse Mill's ratio)¥ 7B 2 o= FAletth
2 AT s FoE FF5 JISAE WS A"gad ZdoA dkEd
BT b AS weks Wae T8 WaFeu ASH A a2
oA wd Ae HeolE wAsAnh FAAA A8 Y2 A 3d &2
A el AR

<E 3-3> 20002010 1A A AZ AEY TR L FAYAE Hol

A A A AA A
2009 ArelE (%) 643,106 (100.0%) 565,543 (87.9%) 77563 (12.1%)
ol Axda Wi BF(SD) 51.55 (28.97) 52.07 (28.75) 47.69 (30.30)
T H=He ME e " (SD) 51.67 (28.44) 52.23 (28.33) 4752 (28.90)
dol HrAgdg WEe] Fd(SD) 51.45 (28.64) 51.90 (2841) 48.08 (30.05)
2010 AbeEl<sE (%) 631,362 (100.0%) 565,543 (89.6%) 65,819 (10.4%)
ol Axda Wi BF(SD) 50.61 (28.85) 50.57 (28.86) 50.96 (28.77)
T H=He I H(SD) 51.30 (28.30) 51.31 (28.30) 51.26 (28.29)
dol Hrigdg WEe] Fd(SD) 50.55 (28.77) 50.50 (28.77) 51.05 (28.77)
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B3 9l7] WEolth 2000del =7bE A E Wb AYI dEx
AbE AEARE A7 <& 31>l dER 915t 20091 109 13-14Y =
TdAer 28717k AldE 5 1ol Aaek Aol ik 2010 9
F7F Al A7IE 20109 7€ 13149 1875 B uixa o 59E
& I S Aol Wakgeta 22O A g0l B
] @ﬂﬂﬂ ﬂﬂﬂﬂ el ¥ e ek, 20099 WahF-sha

Olﬂ%zﬁiﬁgiﬂﬁﬁﬁlﬂﬁ
Z

¥ 3-4>% 2009 - 2010 7 W% 3o dAFpAgoA v 3k

7} 54%, 57%, 56%tt.

34> 2009 - 2010 Fek A AmolA dlnd wwlssly Fol

ad - ®el s oo

o% Avds 9 mdgt
s e 5(SD) H#(SD) BH(SD) HTH(SD)

20094 1=} 8l ol 630,151 .75 (44) 54 (50) .57 (50) 56 (.50)

20104 1="0 75 3tal 3o 627,252 .72 (45) 53 (50) .55 (50) .54 (.50)
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s 18k (2009)

a8k 23hd (2010)

T LR
Abdlss ®(SD) W9 Atelss "H(SD) WS
o] 3k 632,046 0.47 (0.50) 0-1 627,208 0.47 (0.50) 0-1
Aol = Anx 744 632,046 0.08 (0.27) 0-1 627,208 0.09 (0.28) 0-1
7H4 7
A5 7HA 632,046 0.04 (0.20) 0-1 627,208 0.04 (0.21) 0-1
xE M4 632,046 0.01 (0.10) 0-1 627,208 0.01 (0.10) 0-1
T4 & stusA AIZE 632,046 1.24 (0.80) 0-4 627,208 1.17 (0.80) 0-4
RES
A7ZRAIZE S B #e] A7E 632,046 1.28 (1.44) 0-4 627208 1.16 (1.38) 0-4
(S528%)
EBS 74 Azt 632,046 0.73 (1.00) 0-4 627,208 0.82 (1.01) 0-4
deHd AH AT 632,046 1.79 (1.13) 0-4 627,208 1.70 (1.09) 0-4
W5 AFEH A A 632,046 1.33 (1.25) 0-4 627208 1.32 (1.22) 0-4
o 7F A1 3k
(M EFEE) A A2 632,046 1.38 (0.96) 0-4 627,208 1.42 (094) 0-4
AFET Bl A3 632,046 2.16 (1.31) 0-4 627208 2.17 (127) 0-4
Stul WAF HlH 632,046 2.77 (0.63) 1-4 627208 2.79 (0.64) 1-4
WAL AlE
s o Skl wAF 47 632,046 2.97 (0.56) 1-4 627208 2.95 (055) 1-4
= =170
i EAH 632,046 2.70 (0.76) 1-4 627,208 2.70 (0.75) 1-4
o F 632,046 1.90 (0.64) 1-4 627208 1.95 (0.65) 1-4
3t 4el
st Hw 25 632,046 2.29 (0.75) 1-4 627208 231 (0.74) 1-4
T4 A "s 632,046 3.12 (0.65) 1-4 627208 3.15 (0.63) 1-4
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<HE 39> stul FF o= W VEEA

sk 18 (2009) 5t 28k (2010)
R
Abdlgs BTSD) W9 AtES HESD) w9
A Ae=1 2204 014 (035  0-1 2185 014 (0.35)  0-1
el =] 2204 018 (039)  0-1 2185 018 (0.39)  0-1
ol a}in=1 2204 020 (040)  0-1 2185 020 (0.40)  0-1
71 ARA =] 2204 024 (043)  0-1 2185 025 (043)  0-1
&l
w7 -l 2204 009 (028)  0-1 2185 009 (0.29)  0-1
AFg=1 2204 042 (049)  0-1 2185 042 (0.49)  0-1
e S 2204 649 (090) 2.3-77 2185 651 (0.8%) 2.3-7.7

N2 FFA s 2,204 877 (820) 0-100. 2,18  9.04 (8.62) 0-915

ZAA QA 1L 2204 1875 (1870) 0-100 2185 2334 (22.00) 0-148
st
swp SHEES HE @ 2204 201 055 14 218 299 059 14
M smwe) Bw @E 2204 268 (064) 14 2185 277 (065) 14
74
ML o4 mAF HIE 2204 4033 (1550) 0-100 2185 40.34 (1564) 0-100
2 A H] S 9204 532 (810) 0-714 2185 461 (7.36) 0-95
o4 w1 2204 006 (024) 0-1 2185 007 (025  0-1
0y A 2204 5818 (430) 38-87 2185 5836 (401) 40-75
g
Lo WABEA- 2204 010 (031) 0-1 2185 014 (035  0-1
=70
WA BT WE 2204 3100 137) 2-80 2185 32.81 (1395) 590
W 95 ME 2204 1094 (573) 050 2185 1091 (572)  0-50
WAL old) =& 2204 246 (027) 1634 2185 102 (0.08) 1.0-2.8
R
Wogd WwaF Ade] oA 2204 206 (034) 1.0-35 N/A
]
EEIRE B 2204 3630 (4330) 0-527 2,185 51.84 (BA77) 0-539
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Abstract

Causal Inference for
Time-varying After—school

Program Participation

Joon—-ho Lee
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The purpose of this study is to analyze the effects of time-
varying after-school program participation on repeatedly observed
student achievement. This study responds to three methodological
challenges: (a) The students’ after-school program participation may
depend on a host of confounding factors including both school-level
and student-level characteristics; (b) Students’ learning outcomes
under a certain after—school program may depend on the program
participation of other students; and (c¢) time-varying confounding
poses special problems of endogeneity. I addressed these challenges
by modifying the stable unit treatment value assumption (SUTVA) to

identify potential outcomes and causal effects, and by integrating

- 77 - SEas



inverse probability of treatment weighting (IPTW) into multilevel
models. Using data from the National Assessment of Educational
Achievement (NAEA), I applied these methods to study the impact of
the sequential treatment of after-school program in Grades 1 and 2 of
Korean high schools. The result can be summarized as follows.

First, the results of the selection process of after—school program
participation showed that students with same characteristics might
have different chances depending on the schools they are attending.
The differences were due to a combination of student and
school-level factors including school policy decided by principal,
resource availability or school compositional characteristics. This
study also confirmed the presence of time-varying confounder, an
intent to participate again in the after-school program, which
provided a rationale for inverse probability of treatment
weighting(IPTW) to remove observed confounding in the multilevel
longitudinal context.

Second, there was a significant positive effect of the after—school
program participation in Grade 1 on Grade 1 academic achievement,
and that in Grade 2 alone on Grade 2 outcome (single year treatment
effect). However, there was no evidence of the effect of grade-1
treatment on grade-2 outcome for those not receiving grade 2
treatment (lagged treatment effect). Participating after-school program
again in Grade 2 significantly enhanced the effect of English
after—school program treatment received in Grade 1 (amplifying
effect). This result shows that if the second-year after-school
program is built upon deliberately and effectively on the first-year
after—school program, the benefit of the sequence may significantly
exceed the sum of two average effects of the after—school program

participation of each single year in Grade-1 and Grade-2.
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