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Does It Make a Difference in Being Assigned
to High-Ability Groups in Junior High? A
Counterfactual Analysis of the Effects of
Ability Grouping on Students’ Academic

Achievement in Taiwan

Ping-Yin Kuan
Abstract

The present research assesses the causal effects of being assigned to high-ability
groups in junior high according to 9th graders’ academic achievement in Taiwan. Using
data gathered by the Taiwan Education Panel Survey in 2001 and 2003, the sample
is divided into three school types: schools with no ability grouping, schools grouping
students only at certain grades, and schools grouping students in all grades. Within
each school type, this research focuses on estimating the average treatment effect (ATE)
by comparing separately the achievement of 9th graders who have self-identified to
high-ability groups in both 8th and 9th grade, or in 9th grade only, to those having no
tracking experience and enrolled in schools without ability grouping. The research
uses multilevel linear modeling, single-level propensity score matching (PSM), and the
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combination of single-level PSM and cross-classified random effects model (CCREM)
to estimate the ATE of being assigned to high-ability groups. According to the analysis
of the model combining PSM and CCREM, the research finds that only students
assigned to high-ability groups at schools which group students at certain grades have
positive impacts on their 9th grade achievement.

Keywords: cross-classification random effects model, ability grouping,
propensity score matching, Taiwan Education Panel Survey
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A2 BN 7 P B — B Ia e B R A2 5 - B E R —E RO (Abadie, 2005;
Heckman, Ichimura, & Todd, 1997 ) - FEH L AH A FRAYSRES 2 —BURF R E A 45 4
Fo¥t (PSM) HYJT IR H e a2 BOR$2 52 i s o FT{Rz Lt P ] BB =2 -

DA b3 BRI 728 50 T MR sE Rl 17 R SR sy - BB 2 Ehi ot
BT T T EA S » R 2 TREIE T 2 B SR AR 2 IH 5 5 N 32
A - FEHABUT » W B BTSSR R B SR DUR A S 258 T8 - AN
FERT BTG & — » BURHE A PSM K 2 g R A2 X 53 FEFE S FER AL (cross-
classified random effect model, CCREM ) -

PSMZ3HT /2 R E A1 52 8 i 52 21| A e S 8 T A Pl B e =7 B R B 2 B 3 2 I
(R (selection bias) - [WERCEMTEEIENEE (counterfactual ) HEGf ST
MTHIZERE PR LR - NEEH TR — R E W E - —E2
B HBRRBRINE - SRR AREZ TR BN NE - DIRE PR -
HEARTERYLE — RS - KNI A4 A TREE NS ARTERIE - i
HEVEE ARG DL N HYSIE - BB ARV F - R HEZAE A T REFR 2 ERE ST
PERIERET I BERYIRRE » Al R Horp— S n] DI R 5 - 55— SR 22 5]
By > R TEAE Al BERYSCE (potential outcome) ° S 2 » (R EEHER T HTHE
ERAEARE - EENRRESEEEFE AN (RamERR LR G2 T8 ) EmiE
[IERIZZSE « AR » B AR ZRAEBE A G EMEGEERY - sEfErI5k
e LLERF I EAHRIEAHT - (BB b3z BoRiE 2 i B it A A SOFE < BRI -
EEEHERm I ITHIAERE - Bl e a8 IR AR e & 1%
FET B B R AR - W DUREAH B S5 R 2ty SR AR HE {7t i e S ) A= 52

TEBIZRH T - FFCE R e S URAYERET - AL e e E el (8
2Rl ) AR CREEZEEBM ) AREERER - DERRBERCERMAR
SRAAE PRI - 5 S RE g BRI NUE R - R T e IR TR R AR
Hem EAYREE - RosenbaumEdRubin (1983 ) $2H 1 A 43 B i AR AN E B
FHFNFZEGIRE AR 2 Bl %% 75 (confounding covariates ) FHYATELERARA - fH[A]
Sy B B3 k2 F RS ST (logistic regression ) BYEprobitiEl iR Ak {5 H A
{E 22 B BHTHEER - AR S BECERE R EES - BFEE AR —E R
STECETTECYE - DU R IO AR ECE ERYNEE (Guo & Fraser, 2015; Morgan
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& Winship, 2015) -

DUAWGEE - APSMH#E(ERES X BERUR AR R .2 — » B A S EARE
TI BRI N ~ FR0E BRI s 2 B\ g AT - SRR B 53 DIEAS
B TR - NS E R B T2 B ok YRR - HFERTR BB E X
PSM (Guo & Fraser, 2015) - fF & FIPSMAHT.Z R ERIRTHE T » PSMIEH] AT
Do B E HE R FIRBIFIERIGE )0 B - RSB E SIS 8
R (average treatment effects on the treated, ATT ) » DU B IS MERE 110 PERSES
o EREEA T HIEARE I PERT R B SR (average treatment effects on
the untreated, ATU) « ATT & ATUMR IR flERE T /3 BEEAS B LGN s % -
BIFT{SZ|ATE (average treatment effects) - JREIZIFTA B A# 2 BLGE T3 DERISE
PR o EIOLSIEER T R RIRYZ » FosKEEZ R B2 e B AR B 8 0E |
I = RECE R (balanced ) - BLITIETEST MR AT AE & PEFR — Lo ik BL ¥
HIRRAIA 3 M2 50 - DUZREE B LR EAY « BEAL - OLSEREREAS bR E ATEE]
ATT R ATUZHHFERY » TiPSMAE(EE - *

= TR Z REE R A E R

AR B R R RARE ST 93 BERBUR B 534 » B A& RHZ2 TEPSTE20014F Rt
2003 G & [F] —BE S LB FR B2 AR BRI IR A6 FH bR (#2 MRS s TBNOOO17 ) ©
TEPS 200348 K563/ B A Bi0Rs 333 » BEAR #50ks1,938 » B4R B4 HII%719,000
A (BRITEE » 2011) - ARG ITELE A TTE I B oREER 2 224 [HEZ 5k
R HPE EERE H ORI R AR - KL I ITRIE 52/215,019 A -

BEAN » AR SEHG S — 2 ST ¥ M RE ) 43 DS e 2 A 7B R R e R o AR B

o R A S RAT I B AL RAY R T B AR EALERAY R T AEB
S he R AD = 1R EBA 5 AmAD = 0k » BIATE = E(Y' - Y°) = [E(Y'|D = 1) - E(Y°|D
=0)] - [E(Y|ID=1)-E(Y|D=0)]- (ATT-ATU) q * £ FE(Y|D=1)-E(Y|D=0)%%
BRI SR G RETREISRFMERIMmEL > E(YD=1)-E(Y|D=0)%
FHRLRE W REFAGERBETRESREZERGER - MATT - ATURIZ TS
MEMEHRLASMEEFHREXREGERL g RS HEEFFHEMGLY (Guo &
Fraser, 2015, pp. 53-54) -
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& o B\ RO AR B R AT R A AT BB BT IR - LUK B AR AT B B
i - DU AT ELE A R LR S B Z ATERATT - thgt 2 Al
FArE AR - DUREREm RIS (OR T ESERInEE) 28
BRI 2= RN ET o BL T ORRE BRIT & Se B SRR RS A0 (AT T RE B SURF A RE S 7
PERUR > DUk — MR R R T BRI ZE IR RS - tHEATEPSHY 20034 A REST 73
HRUREH BT - TEPSILI A E R LEHERA C B =4 (AILFEHRE) -
TEE—ERAE - FIRASEFTRIIEATIE 7 ) o ATREEAVEIREE ¢ T BRR
BRI, ~ TE—F, ~ TEZF, > TE=ER S TER=FREET
BRERIREIE , ~ TANERE ) - RyoREREGE Z IR MR - AW sE FOREBRA TR &
Fik (BVE—) B RZEGETI IS - AR ER UL ER R Z AR
AERTERIL RSB E R - PEFRE R ERAE A DI WEAZ - TEPSE
FHER A BAESR A TFROARTEE RIA - [ - AR thBEbr 7 HRAAF /N
AR~ ERFEREE R VERGERTELEL » DU BRI —a i rh » (R ERDERYER
4 o BEWFSERRET  — T IH B TEPSE R Fe 70 E 4B AR MAGE A D BE & 2%
fEEA  RESEREREN > 55— AR ZEE /SO UF R s st s
PR EGIRTE © DUR iR - tWiksE— D W0 R G U ESo TR - DUk
TRV SR AT B W (E A

R ERCE S EHERE I PEE i - DAR SR R B BR (R R AN - A1
IR o S — D RIATEPS R 2001 FHERRAT LN BIHE 2 T BRI | hoise
PRV E A I RE I PRI IE L - KBTI =2E - EE IR RES T3 BE
B M EREEEEEESI IR - DI S ERE G E RGeS DI -
HE— LEBE AT - RFHRER (R B P R A (S DL B - A fRiE S BB A i
LIS - HEE L > rIRECCHERREEE 1 - HANANE - 2 K
Bt ARE - AWTFEAUTE BRI R I 1R 0 FILR B 2 B2 h 1 JE 0 DS
F o N RE LA E B EE R L #RE 22 LSR8 - IR
WH9EE - BRER B T R AR IRATRGT - 2O A RELFR -

(—) AP REERPAEN YL R - BERTEPSIE AR ARG X

ST TATERHE | 2 4 AR X AT F R AT IE o
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BARE ] 3 BE B A AHRR HURFAITE RN - SR AIGamoran (1993) (ZHFFEM - BEEAK
RE 53 Rk R AR AR M el B 0 28 IR SR - (HREBERE S
HE > DURGR SRSl It - B REBERE R  ITE R B E - LA
AFTHRF e i RO S e LERE

(=) Ao B eERE AT L S ER 2 Rt s R L - FR SRR S R B
TN B HEEGERE EEEILERE N 2 AR - HILAHE B H RERY
EREG AN IR N B - AW 7eiGE LA B a5 A R T
TR RERIBA T CAER R AR FIPE R B2 2 EL B - GRS A R R T U B R
o MBS RERAT - 9 154 N ERBAENLEMIRF AT - 46 N H R/l
KAV ERTEE (A05R1) - BRI MGE WA H Rl AT B - IRAF AT LA
iR 35 W AE E RERE AT UL B S Bt BRI © R E - IR ERATEAA A

WA E R TR - B My DR B BB B 72 2 - IR R R
af > HIIECRTR R /2 AT 38 RRR I RE R AT B Z E NS BN AR SR s IR
% - Nt - REHAMREA SRS T - W B R AT R R R
PR B S 73 LR i A ER 2 i B 22 R ES - il TR OB SR A RN R
FHGROFGRURER - R DUH AR 7 LR B B SR -

LAl BeAARE Y - AR FE R AT A FUEN - DR\ LR GHERT
ERPT SRR ik 2 ATE AT TR AR BES 819 (H1FR1) -

=~ AR Z Rt iR

TER AT T IE - TR A28 AR ERAL (multilevel linear models,
MLM) Ok H A 3 i B A LE B plE - TEELRE S - AW ER F R AMLM
FOPE A R (random intercept models) » [HAEAIAN D maximum likelihood /5
HAhEE o B E A e HTHE M AURERERL (Allison, 2009) = JHJ& A g X 73 Bl 2
ER Al AR BTG R - MLMAT TR 2 RsOLSHYAE (1 » BoA F 2 (R EATES
[FEAATT R ATU © Kt > AHFFEH DAMLM 2337 9 ME 15 A et — 25 43 M7 s 422 1
M2 RABRE ST TR ERE » 43 R B = K AU B2 b R E A ok 2 T S DA B 5 1
T i B 3 LI RS« DAMLM 3 A R8G5 A 15,019 A AT i s AR5 R B A R {18 A
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JE R REA R R R B B MR TR IGE ) 3 BEHE I - DUR B AR T A
B D S B i B 3 AT 2

AHFFE DL EE g 2R PSM 5 15 B BE g X PSMf £ CCRE MR A S5 g e 15 2 A
{5k A AT BRI B LA R R UATE AT T o EE DR IEREE - (hETHEA 5
R DFWEE S - SV E T EA R REER S HER S B - 2R
RZFE—HEAE (ANERA ) AMIECEHEET - BB EHEC A GET - DURASEHIFE S
FHEIMLM (Guo & Fraser, 2015; Thoemmes & West, 2011 ) = FHIAARIFFEHY 24 FEAE
LA IR 2 R — B E R ) o PEAS B & B bbl - (R - AW RS ET
FRICEE - H IS Pt HERR T B MM 18 25 2% i 2R i i 0 B 2l £ 5 1) 4
BRI - BRI SRR A T R PSMAR A B+ ] o3 B E FTECE - JRBIFT A B
IRy B — g KERHIEET o (HDLBEERPSMELE B DN AURRAS - BT sl EC Y
BEAR - RILASHFZE P Guo il Fraser (2015) #EHIAYEE FfE 51k - JRENES & g
KPSM 5. CCREMAYIEE AL o [H 5 A — T3 Thi i FH BE g X PSMEC R DI RRAS » 55—
JiE - BIZE—SFHAMLM » 3 A A B 58 (R 42 SOR R B AR R B ¥ 40
EREE R - CHLAE R T R R PSMIE LS A &R R 2 BRI RiE - A
AT PSMIYEEL o A58 PSMEE UL Ry — B — Bl ¥ - (HARFFBO AR - 94
HilfH (BIMEEES T3 DERR B ) Hh BEEE AT BB A HH 1) ) 43 858 P B A 4 FH 2R B
¥ HECE RS 2 — (B A 5 BT e FycaliperfUE% & » DARE (REC$ L)
ERER S BALE - IR EETHRE (Guo & Fraser, 2015) '

BRI
TRISTEPS R LS A= (A R B IR - ARRFRME B0 (1%1) 7]

S EHMF RIMEHAT R T 0 CCREMT A RERAREE & 4t N3] b B0 5 & R o #r - B L
Bl — 5 & £ 5 AT R BB R ARG N AP 2@ #E 44 (Rabe-Hesketh & Skrondal,
2008, pp. 473-501) ©

T RBE R BT 69 S5t 439 48 Stata 13 © MLM 247 4% i mixed45 4~ » PSMA] 4% i psmatch2

(Leuven & Sianesi, 2012) - F 7 % & tycaliper & 8 & 5 # oy vg 5 = — EAZ 1 2 L J5 i
Frogta ey o R T A — ZIEAESLE M 4D 0 KB 54 common supportay kT o RHF R4
EIEPT A 4 ) Stata= 45 4 o
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van AP NINUY Sl

(—) ZFEAUERFL N B A B DR AR B RO IS« AR SR 9] 43472 15,019 A
o HEREMRIRE S YIES,834 A\ (58.8% )  HA LEMSGERTERIIN 522 A
(3.48%) ~ HUE JUERETTERVIAR541A (3.60%) ~ HUELERETTERIIY
F1,762 N (11.70%) - BREREH - ERIOVFM - DR\ R ILERGERTE
PERY - AS3RTRs162 A (1.08%) ~ 33N (.22% ) K529 A (3.52%) - EHEHRE
FUES RS AT IR E 935 A (6.23% ) - (M EEME L EREET - RERIE
B9 HIFEL,700A (11.33%) - AWFFRER T CEREERET I - W/ E
SRS A FERTER I IB AR A - (AL - AR ERERH R E & THRAEE KW
AHAl - BN BEARER - DU S SERERT I R a KA R - BIURE U R I s AT B
PEE - At - ANAOBIHRATRER T m RS AT E R - SREULEREA Rl EE
MR - °

(=) B ZEE - MUREE o IR E B R IE 2 TEPSHIE L
FERFEERESI I ITRIIRT 738 - e B B A B ekt S B R IFEARE. (15
BB FERRSE - BRI 0 2003) - MEEmIE TR UERGIITS FIRT fy vl bLig 2 12
AL E  (HRSB— IR NER - BRI TEPS 2 LA MR & 2] 2 &7
B TRE I Z IRT 7 B B3 $0R50 ~ IRAEZ S 10095781 » SRR P DA R B
R AU FEAAR S RETHIIRT 73 8 o DAATRSE 17 2 A6 KR AR 15,091 A » E4
OV BB s mt 5449,932 - FEHERE 140 754 - T JLAERR SIS B2 2 5t 556.600
FRUEE 511,971 » (K[ - SERZRER - JUAERRAY 3 BRI IN T 19755 (B ES B
TR T 2 -

(=) BTG Ry BIEE FE B - 5 S B T R B TEPSIN 2 4 £ 4
RIRE 2 B AR R R R RN R MU B A SR IR ARl 22 IR

i

8 B i aprdk R (n=15,019) i —F A S A AR RS & 5 PSR 6 R M R F
S HEH 6 R A P R A RRLA IR S (88.7%) ° A SFAW NI G
K 542.5% © B FRERAH »IEZ LRI B55.7% o IATERITRABWE AR —2E %
Fioe dbdh o M FRA S EZEEANFRFNEIORA L RS (17.6%) - Lk 5
BEBA IR (92%) 0 BREESIFZER (6.7%)  &FHH > IHER T
BB P = AR AT ARG ] 20.1% » W SR 5 JER A B T.0% -
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HEARTEIE o S ITEI I A EERIFAFR G 9 TRE I 8L PR Ry — T sk 74
HIERAE(E NG XS E B IEAT RN - (ARBAEZANORE - FET R AR
IR TR BREE S ZRBEEE (LERTPHAERREERSERE) - FE
BHEA ~ ZEEEE - BAEECEER S RREERHCHEFETE
DR 5B A DR

(PY) ks BRI R Ay S I e B B8 T« TEPSIR 65 A& HE 25 Bl
HZ AUl o ARBTFEA L SRS T 22 A LR AR R S5 A B2 A B Bl PR B R,
FRE 22 S W THER AR T OB © b B IE i R U S AR B A 2 RET T/ R a3t
AERIEE -

Bt~ wiyesesl

— ~ BEEARET 2 B

EIRFR1AT 230 = F A S A o PERO LT AT B - MU R 2 e o
PEAS B 5 LA AR R 2 B Bt /259.391 ~ FRHEZE /211,970 » BhSrBC LS W)
IR AR PRS- (EAREE AT - IR E B P R = Y AN Em e
R EA IS - W\ IVF R B - HPIIEER 645 £ - A
BIERIFERTERILE A P98 BHFERZINY - BRI IR Y B
fH 0 62.135 - HHHKRIATES] - e - HEE/ AR LER A BT L
CEAR TR R E 2 o PUIR IR 0 I B i U U AR R A R T BRI AT/ M
23 - B X ENER o SR o PR N\ R S AR BT R AT PR BT O R 2 222
7752y f /N o PEmEE A - RENUEREE TR E IR 2 R BT - H
B PERCEREATT - (AL - 1R SV R B ORI AR T 05 B 2K - SRR
AUERE ek e E B - HLDU GRS A i (1 SR AR AT R AT B - B R
Ak > R E i - (HiE R st B PR R L B B T
AR ERIAEERE A FIARRE - Kt - 7525 — 2 B LU 2 B U I
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RUMERBEUR - U IVER AT RIS £ CFRFF AP 28 kot - 1+
RN - AR HALH B E B =y - ZEEKI3 s A » Bt o DAER I i
SRR > RS AT P 1 S 8455, 264 B i (S - AL » A2
B =R E B R A KT © BEFUERR AP 2B R EL - IR RER T 79.5
7y > BT R B R T 2K L - 272,570 - thRENU S Z =R B
BRARZIER B E B HIIRER - (HE - BRHASEE K - BLH MRS
[FER B 28 /9 8 i AR R AT B LB AHEL - SN B T - R S BEFE e 22K
o JURT VR AR A AT BRI B2 2 L R K973 » S AN 3 ISR T R
BIEERAEMRR T#98.57>  Nam Al - HEE A LR AT LRI S22 E
BLEER o MRS LU RS E SRR AR A i B B 22 28 - (HZ2EE A% - AHAIRERT
BRI - R S RGBS B i S P UG LR GERT B E » HK
B ER IR E - K187 - BRI RERAT 50 B FR A A 7 I
ERMCE o RIATRAAE A A Y P52 T I B 4 7 BT P e B S 0 RS B A
AT FLZEREELL LIRS B B B B R R R N - KT o R
2RI EE - R HERTERILE R I — 2 E ) - (EAFEA - HES
SURHIEEMGE BN SR E RESI 7T IR K - (ESE W) R EE TR B — D
GHERiiA=Z SEESaNE=3ict Sk SR

= EREITZ AR

DEFHRBERE - SRR B KL mR o I - bR T I ER
b RUBEUR & E — S8\ X s SRR R AR o 1k A AT = B 2
o At - RESVTETRILE TSR B N FRAVEE T - IR
HS LR R DU T B R O S R ARG EE AR AR - R
2 ) F23RN153 ] IR — 25 DL=REAE T A AR e il 25 g OB T % - PR AR AL
PR AT B AR LR B2 Bl 2 ATE S AT TR EHRG R ©

BEEE L R2VHEEHEMLME R EEPSMA BRI T #E RAHE A F -
MLMEJ G RE R - AN A SUFRGERTEIE - B2\ LR S Al R Al
BCBE - SN BE B RS A E M BEN IEmZE - A - MLMA TN 2 M
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1. MLMAL R 2 4% #E 3% Zrobust standard error © PSM 4% #E 2% Bl vA bootstrapping 7 i% &
3t o 2. AMLMAL A A7 2 3R AR KB » AR BIEPTA TR 5 S &5 s
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***p <.001. **p<.01. *p <.05.
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