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EEEE, " ZEHTIERSCZESIAM , © Scopus » EBSCOhost » ProQuest * ScienceDirect 2 Web
of Science SFE K FEFLIUTEEH 282 BIHFFE (20,190 7244 ) » Wit ERHIIE AR (effect size,
ES) - AWfFE2% Borenstein A (2009) - Hedge &2 Olkin (1985) }% Lipsey £ Wilson (2001)
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HEPE (1) BU/NBENBEEBGEEER ST (B 4 (2) BUNETE T #EHE | K& T &(T
I FIR B BB A T R R AR RE TR RES R ENE 5 (3) HATIRRSCAYER R sl
HENRERGRSL (4) FFEH 20042009 FHIIFFEERREEEER 20102014 FHIFFE 5 (5)
PR R FCH BOS (B R S RTINS o (6) /INEARMRFFTH BB A A
BEARIIRFFE 5 (7) BEEHEETECE T 6-10 & ) IURFFRRCREEEE A T 16-20 &1, MURFFE : (8) T
N AEERE HOR B R T R EE ) K T NEEZER S 5 (9) T RIRERBERAR L IVEH
R A T EAAREE ) B TRE L 5 (10) BHEREARELL T ERE ) B9 R R TR
Ay~ TERR L R TRG L o AR BN R VBRI A AR N B B Y R R B AT
WFFeas s AR IR BRI E MRS E R 2% -
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EEEEZ =T (Carl Friedrich Gauss) 8 : " #ERRRBIE R, » TEERERIE 2, (5]
HREEIE > 1997) © Muijs i Reynolds (2001) HEFFHIAE RIS, - IR EDEBERTH »
HFEER A 2 B 5L - RIS AE NI EIRESER S LE & - [FIH B i B H e R Y
f o DA RE AR - 2R H SSRGS B EBFEIAYEE ST o W B ACRARAEEHT R
AR (LB EEEZEET /M 0 2003) -

Jonassen (2000) 2 HB2E &P R = HFZERIEE - 5512 " {EEMEZ (learning from
computer) ; ~ "EZER (learning about computer) | ~ Hi1 " FHESE (learning with computer) | °
REE R 2 A B E RSB (computer-assisted instruction, CAI) - #EHH B ASERIE R E i
FINE—-ERETE N AR (BREIR > 2002) - H¥EREFEFZH Jonassen (2000) F1H#H B HE
R —3 o $FEBNINE I E LS (T 21 2000 5 YEEEHT » 2004 5 FREIE > 2002 5 Dias, 1999;
Sprague & Dede, 1999) &afll AZE RS "R & & HRHE G TR B Y PR Bl 22 A ) B2 2 R A2
o AR R SR B E R A T - MR A SR BB R, -

BETNFE—EFEME PSR EEE A - SR8 H TRIEEAZR © (1) B4R
RS B AR B E e E BB - (2) B TERR B AR iR s B 22 R A
ElEMHRRER (FEES > 2000) - HIE+ZF B REAHE RIS EBEFR P 2 EAM T RIS
H TR R e R R IR A TEAEE , (FFEE > 2018 ° H2) - ] R - w2 H & 2R
HIEHBEEENEL SR ERN » B2AEEERT N EFERHEN - NARgG SR
A BRI o Rl - BET S REAF R Bl A B EE R - — 5 T RE (e A B2 A S BB SRR A B AR
H—HEAVER S B E AR R R R - AEm A o B tAEs R KR
ERES)  BAEHFERRIE R HEEEIER - ZRIEEHANE  (National Council of Teachers of
Mathematics [NCTM], 2000 ) Ffr il & FYEEERAZ M ER 5 - RIFECER 2 —HEMBCE BRI EAE
BRMBNEEEATES —  ENMEGPEEENMHECE - A NS NaE e EE o R
FmHR I MEEE R - BN AR DU A iR pE ) R B L H AR HURRRE -

AR AR - BFRHECE A ZE DR A2 A 2R g B gl 2 2 T W 5 R E
BB & SRR RS E R G EE NIET - 25 RERHRABEZRE
2T TR AR ST - TR T AR MRS RHE T R AR BB R AR - AH BRI 3t o Tt A
5% WE 2019 F 7 HEEH 195F © #7805 19 Bk - BERHEE R B AR 7E#
Eix% o LEIZ (2010) ~ &EFE (2012) RPEEHE (2013) WHFFCRHGI - EIZFAIMFCHIE
2001 % 2008 4 - fE FREURIEAEL 429 RAIIHTERA 132 5 (31%) BIREEREE  #REI=AI5E
#ilE fy 2002 2 2011 4 » 7E 454 RIFFEHHBR B EIEENG 131/ (29%) 5 MREHEAHTRFR
Ry 2008 % 2012 4F  {ERESL 722 B EEMAE T 138 78 (19%) o & RSTFRBHL Al A BEER T
DI GRS AR 25 » BEER G N B R il A SR SR Y B R B2 AR S NBR T AR -

Cheung EH Slavin (2013) ZEHAY 21 ERH R ABERZEN R T - HA 15 BRI
PrE2 M E & HMEE (41> 5530 it~ HAE) - 540 6 BHIZMREEERT R A BRI
HIER BN © BLAh » Young (2017) H3EEE T 19 A RRHL B A BUERHERAYREIT - T R
# M7 (second-order meta-analysis ) H] BBl /NG b — EREA R AT TAA M E BHER ST ©
B A - 25 HE2E T HERANBHE A BESEEIISE » AR B S B B R CE T %
HOTAMERRTH (2012) —F - BEMIE ARG M ER (Geometer’s Sketch Pad, GSP) il
ANERERHERR SN o Kt - BT R A BRI R A RS RO DA R PTRE R B L R R B AR e 2
BIANZES WABEM —RHREOIER > MBEYNEE 8 FHE5K © & Cheung Hi Slavin & Young ° 3
TALL - ARWFFE TS AR S i - R TEE G R B A B B R B N A B R R B A
HREH IR ECE R HEMRYE R - DRI RECR T e EEMA2%E - EME - At
e e AT

(—) Bl A SR 2 2 B A R ER R R R ] 2
() WA RLR R A B R B R AR TR TE ] 2

1 WFEEARE (i HEIP  HIRE R R EE TR ) FRETE a2 A B R e
Bhfrr 2

2. Fe ke (BhGT  BEE RS - TEEE - AR/ - REEREE) RN IEE
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4 B2 B R B el 2
3. phgERRETRTE (ERRMEEER T - SRR - BT - REHR AR ) FHEE
TE S ER A B AR B (A 2

SCRRER RS
(—) BEMBRFMABBAIERER

Jonassen (2000) HYEREEINRHL =MEEGH - FF—MEBR T WEISE , - B8R4 8B
PEAERYHORS DL A S R B SRS JE 1S N5, - B ORI s B ARG - — & DA R E R 3
Bk BALE W EI R A - SFREE R TEEN o BSR4 B R SRR SRR DA R R
IR EISECRE B EEAM - F=FEER T HERKE , - 2EEKEFREEWTA B4
75 FE R LAY BB (S SR e A BT RE R RE AR - BT A PR AR A ME— 2 - ISt AR
ZHE— N > B B AR A R (K PERELR W — B R AT R IS A B IERT S " S
MSEE | IR - EERETE2R (constructivism ) SERGUTELERY— 7 22 5y o ZEREERE (constructivist )
S H Fk A R IR B IR BB S AR B B S HTE% (prior knowledge ) Eil B2 555 7 Bl Ay 2 45 B 5

(Matthews, 1994; Yager, 1991) - 2 IREEAVELE DN SR TEHIIER T EDLEE E Bl - 2
A B A R S R A (B2 B Ry IR L I P B - T B AVEHE Bl A B2 i S B A BB A -
ShiEEREETrATE TRREME, - TEEN EEh TREKE o FEINRRERE
BEVKLE - RS mE e B A B AR Fh R B RN T B - DU ER AR Y B2 B R B e 3
] R IR A S R A W R E B AR A -

(Z) BRRERMABRRZEBEIN

BN £ S H REHL A BB G B %30T 19 /- HP#ER 2000 £ 2008 FHIE 5
@ 52009 2 2013 FFHIE 14 58 - tRTH1 (2012) ~ HERE (2009) RAKRET (2017) HIRFSE HEF
HE—ER (KRR BB R ANE) IR (2012) ~FEHEEGL (2011) 5% (2011)
BEFAS (2011) ~ BRADEE (2003) RMEFE3E (2008) HIE$HE R o2 B — 8 A B T
FEHELTIRAR T SR (2010) HEETEUNILRIRCBE Z K - BE— st B IE IR E HE T E
HITRERINSE - SHOh - 8RR (2012) KR EHME (2013) ZHFFEHs BB IR Bl A 2212k -
B (2000) ~ BREEE (2003) ~ R (2006) K EIAZ (2009) HIRFSEHIELART 728 R FE DL -
HREEENREAIEAEE - HAZEREWREA (2010) - FEZ (2013) HEEHES (2013) HIEE
B R P BB S B R B R BEAR = RIS O ERER R - (HEEEE R i 2
B - BEMNE - 19 BEREOITEHEREHT A S 2 Eif B G 8R IE AR -

TRTFA (2012) BIWFFERLE ERE I B B AR e 5 R T L2 B PR M — R R i il A B2 2 R
BRI R 3 0T © R FE AR R A 20012011 SRR G B GSP @il A B2 22 sl s ) B 38 R F S 4L
25 RMETTEREE AT  FEREUR - BEISEE IR &R 0.27 - BURMEF] GSP flA BRI HER AR
EEE R A R GSP AUEMEER - [LAN - (ERETRIER M E P #IR TIFEER ) rRig s
BE RSN -

(Z) BSNERARRMARBHB 2 RS

Cheung £ Slavin (2013) FTEEEEAY 21 BRI HTHAE 15 BHEATAYEEE & SR E A & HAh
SHIR (40 FESC - itE - HARE) - HER 67 (Burns, 1981; Hartley, 1977; Li & Ma, 2011; Rakes et
al., 2010; Slavin & Lake, 2008; Slavin et al., 2009 ) A2 fiEFEERHT Al A BERREEE R o ik 21
BB AT EBEEE R ES FAPHEE 031 - BEREHT R A BEER RS F RETEEEDY
IEMIRRR < (HE R IITHY ES [EA2 SR - #E T 0.10 2 0.62 < LT #HEHE 7 Rkt /51 i
ARTEm © HA & Cheung H Slavin °
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Hartley (1977) HUBFZESHEHEE RSB AU(E B 1{LEEE (individually-paced instruction) {EE24:
B2 BRI W FEIRICER T 22 SRR - ERAE AR TR 1-8 W ZERY ES #8525 0.42 < Burns (1981)
RO I 3= SR R RS B BB AT BB A U R R B AR - PR IER T 32 RSURt » A R/ VR
R BTy ES MR 0.37 0 BR{KAA Hartley FIRFSE -

Slavin B2 Lake (2008) K Slavin % A (2009) HYRE R M58 L2 0 =B A A BERHE T
% (effective program) : E{E2FRFE (mathematics curricula) ~ FEISHH BN F & - R HEF R HZE

( professional development program ) HYEEE AN - &R R 5 Tl E R ERET RH fl A B2 2
AL & ARG R RIS o TESUBRRIUCER EMMET & BAs By B AR e - B B B A IR H 5 12
3 AR E Bk B IR FE AT RE D AR RRE S RO E S BRI L By AT R DUk
TRFRANSUER 522 - 2008 SERIFSEIEE T 87 R DABI/ N R AR SE - Hrp (T 38 RN B
FHENEER - AEIREER ES #SPIIET 0.19 5 2009 FRIBFFERICAB S th AR R B4 - SRR T 100 b
gt Hrbh 38 BB R ASEEE R - FESEEE R 0.10 - BEKHR 2008 FERIRSE  TEaR A TEN 547 S -
B R RE TN R A AT R CERERE IR ) BN AR AR (fREERE KA ) AUBFSE -
[DevoNSGEIEI

HHR AR 72 LB V1 Bl SRR AR LE - BB A NEHIE  » Slavin B2 Lake (2008) K
Slavin % A (2009 ) BAARGE Ry 1R 3% 7 A7 AN AL & W98 A B S R SRR < {2 Christman % A (1997)
RIS R (U TR S CEEWERE) MisEEMam s aekBR w3 CREMERZ) KiEK
RS BS {H » AU FEAS S B R AR SO PTREH T & » AW FEAE SRS HRA T SRR A 8]
B BRSNS (Bt E — S B ELEIRE (GERMEEEDE) -

Rakes 55 A (2010) HUWFSCEERTRIEEAGRIE » #EEENE 2o MR TR AFRBHAER
AR E RN - IFFEERINEE T 82 Ut H R BRI I AR B RINIIE 36 o ARG
ROER (BRI vs. 2P HEAR ) WFTEERET - ERRIIE  BERARU)N » FE SRR ES #ESFEI(E R 0.16 »
B ABEZ SRR A - HE REBSH R 7C B S (B R R RAR P BRI 4T -
Li B Ma (2011) AYIHFERENEREHECE SRR B B2 - ZFFRIEE T 46 LA/ INE Rk
ISR » 1982 ES #8SEE5{E Ry 0.28 - SRETBIH OB EE R - P - #BRFAK - HHRLE
AL B EERIE o MRS REE A BRI - BUNEEBRPEL - FREREL
R4~ BELEE RS EE T RN BEEN B ERN ER 0L - FHIFEE(EFEE T AN
TR B B A o AR L E T = T B AYRFSE -

Cheung B Slavin (2013 ) Ry HTERET RIS A BERR 2B R - P FRIER T 74 R LA
TN T BRI STIRR » BREAHEERy 56,886 + HoH 45 kBl NEA: (N=31,555) 0 29 Rk EE4: (N
=25331) ° fESUERERE L o il LLAE Slavin 82 Lake (2008) B Slavin %A (2009) AYRFFEGHEE
% o FETEIEAIERE P - FREN S IR - BARV)N - BEREE: - RIEZER - BRI
R BHER AR AR ASHIL o AESREER BS AESEEE R 0.15 « AR AN FIFEAIAYECEE B L Bt A 7=
# o A (supplemental ) 1Y CAI BRAUREE (ES =0.18) - EBEEHERE (computer-management-
learning ) K #7220 (comprehensive programs ) 2 ES R4 K 0.08 B2 0.07 - tb4h - FHEHFE AN
Ry 30-75 43 SENAFST » HEGREEEE R EEE DA 30 B 75 S 8ERIRFSE N EH TR RIS EE
ZEN SR RTERBIIIIE » IMEAR (N <250) WURFFEEZ IR REEAIRFSE -

Sokolowskil % A (2015) PAR# Ak PRt i IR R A E MG LB S (exploratory computerized
environments, ECEs ) %} 1-8 fF# 228 4 822 RRE MR D ) 2 BN AN - REIFZE i 30 20002013 =R
H 24 FEHEATIERSC - SHETB IR IR E IR « tHFtaEt  SFE LR - BB T - #HEE 0 B
HE AT - K5 BUR ECEs VB2 E RAEEE BN EFZEE (ES=0.60) - {EFETEIETH » 6-8
HAERIRS (ES=0.65) BB 4-5 k4 (ES=0.41) - HARMBIEHX A 2B HEARRE -

Young (2017) HY_FERERIHT » 1 65 R Al A B AR —FE%E% /31T (first-order meta-
analysis ) HHEFERHEZR 19 F ] FHICEL - AGESE TREE - BREA - BEBEE - BHEO6E -« Bt
S R R EN R TE o FS B ES MSF(E R 0.38  EIHETEIER AT HIH 0 SYEEE (ES=0.16)
HIERER AT ESFE BS BB R E %5 (ES=0.46) BB (ES =0.38) BRI -

AN R AT E R TRV o 40 > Tokpah (2008) FRET & S CHA M (computer
algebra systems ) HYFERRRL » A5 FFEF ES M E{E 5 0.38 » DU Chan B2 Leung (2014) #RGETH)
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REA & WHE (dynamic geometry software ) BIEERELE B8 - BUR ES #SEIERE 1.02 5 2D
—{E B SRk Ry EIE - 40 > Demir B Basol (2014) DL-LH-HA 40 IR E - BN EE 0.90
HIRESEIS ES » #7752 + 18 et 7ER) B T el B B AR Feig A = 52 » (HA A 2 DA BA R R A B
BHEREE R R IER -

ey LR Ee s A - AlERAN DL B R 0 B - BRI EE EER 2
IEmE - (R RUFERIREREZ RN - HR » RSB FESTRZE DAFF N R A - BUREH Rl
ARE: (B L) BB - H RT3 i 211 283 R Bl A SOkt DA R/ N2 ER A
BAERZ » BB IMNARIRE R —2 - &% » 18 ot STUERIR AT B HH 8 B R il A\ B 22223 R
R EmEREA - HP X - SRR HoeeEt iR RiEcEd R TH B2 -
EHBEL T RE o AFFRIAIIE DL St SRR FE 0 528 et 2 SR BT IE Ry AR =0~ SRR - B2 REE: -
HEEE T - Bkt AR TREEE - SRERIUESCH AR - RIEENOREE
THBNER 0N ~ BT RO RHEE AT« BRAh - BT A RIE B = - NEIRARE - DIRE
B tH B A BEE R N R B A B S s B B - A 55 in BB B 202 75 =0 - R Al A RSB
ELHURE (R R =BT o TERR AN S BT G DR A s HH AT Ese b it 48 35 53 A 488 7 93 A s SR B
KIFFEHIRF 2R -

Ji iR B R

P AT E% B 2 $2 3% 53 17 J5 HH Borenstein 58 A (2009) - Hedge i Olkin (1985) J Lipsey £
Wilson (2001) SFFTEERY L - HABEEE (1) ESFFEHEBESUR - (2) RIBRE IS - &
O HSOR - (3) RIBIF SRR S o] FSCRGETTRRES - (4) SITEERSURZ SRR (effect size,
ES) - (5) FEF#GT/TikGT E RS ES DU ES BRI SR M RAIRAGR - ANHFSC B 1 LU i il 2 22 1
R BN R Il DA B 55 R T R -

TR R R AR - BETE BRI B EE R I R (20 - &R - BT atk
AR « R TEE) BAEE -

B R A R - FRB B — B (A B AR ) ETEEREEE -

(—) HARELE
L. A8 SRR B SRR b2 F S8 075

AL TEEE - TR, - TERS, - "math, ~ technology ; * computer ; ~ " Taiwan
FhiraEd o 8 T E2EEECERCREIERM ) TERR LEEE, - T Z2EIHTE S
22544 1 Scopus  EBSCOhost  ProQuest * ScienceDirect &2 Web of Science ZF & FHEHE = » # 2
2019 £ H IR SRR E 813 1% » HHE{IERSC 499 7/ - HATERSC 310 R - Fakam 4R -
B ER S HIIRE 38 2B R 208 2 SOk - LSRR 171 E - B0 - VI S AERA ORI 984 1= -

2. RS Gi SCE A A F e

FAMEEE 2 B SRR EL S

(1) FENERAREH A BB E EEE -

(2) Wroe I RIRE BB « N (B/NE S Bl &b i) 284 JEDLER A R T se
ST AR -

(3) Bt WA ERHEEIEN - HERHRE A SRS ISR ET S -
AR R T B B R T AR -

(4) WF5ChE R AR R %92 B8 - 10 a. B B R B IR 2 S B R 2 R A AR AN 5.
FAERCS MBS s 5 e t (ERSHEBEAE  DMEGTENRE -

(5) W B B EMHAEARESEED 15 A o BEASHREUER 30 2R Tak -

(6) TH5EEEFEFRNA 1993 % 2019 4 -
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(Z) BREe Az SOk

HefFHdE LA rERE 984 R am UM B FHE TR - B B PR Bl B2 2 i S B DA R SRR (S 220
ISR HRSHAEERIGE - A - Bam SO RN IATISWE & (A0 BREE © 2010 5 BRE
B EEE 0 2010) - AEERER BN e BT E R A R R A - i 282 T EE FURE
B A Em S 260 /% - WITERSC 19 5% - WiEf & am L3 /R s DIsCRRE 272/ » ISR 10
BB e BITER S 7R FRTE RS2 /) o (282 R SUYIFRF+ A https://drive.google.
com/file/d/16jFcUHx7pKTvmAN7i2DmSbdoON028M Av/view?usp=sharing )

(Z) RERFESHUBREHRREK
AWge s BB R ER 50 RBEIE R ER S At - AR IE 3L 13 (| - 2 BN SMAR R

TR ATER R - WARHRFE D R =R - WIREANTE e B T FeaG T E - 28E
LT AmEE AN 1

£1
IWENEEIE 2 DR ER
TIE TR SATE 53 R R
e AR S
EEEE Bl B R () -
R HEE - T KB BT BE - KRR -
HEE SRR « pRE - APREER - A REEE ) S RAAT R
HiRR = FAFIRRSC ~ KRR (B RS0 -
FRTA 1993-2003 4 ~ 2004-2009 £  2010-2014 £ ~ 2015-2019 4 -
WFEITE R
EEREAT AR TSR BT RGT -
HEEE wR FHRIBERE  NRIZEEE - BheH MBS - KRR -
THFE T S S B A SR 2 S AE A -
TEEE FHEALE S © TR R8s © SRR -
FEAFE S B T R SRR (S A ] -
HEEHTE 1-5 87~ 6-10 £ ~ 11-15 &i ~ 1620 £ ~ 21-25 £ ~ > 25 £ ~ KA -
FEEBRE TR BRIETE
BEAK N IIVEEAR (RRNER 30-60) R RBEA (REAE = 61) -
WFFEE AR
BB Z2UE - B E A RE S
LA EHAREE - B (S LAEERAD  FiEE (FPREMEE ST
BB BRAE (A&dets) ~ IRG ~ KRB -
B RS AT 2 IERE RS A - S -
BHEEA = EEE B EFERREE (web-quest)  FELEE  {TEIEE - FEEE o
FBHE R AR IEEGERE (BRA) -~ W () BREE (R 3 3k BE -

(M) #HaEtAHh
LAt RCR R
AWHFEZ MBI T ERSEREE ) TOTRER AR e R R R IR P 12 52 Z BRI ol = FRAR 25
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WFZEFT i A2 PR T B EME - R e LirE T EAIEMFEIIZEYE EERIL » BER TR &

(effect size * fifH ES) 1ERIEUELAIERNL - & F b B Bl Bl I AH A9 B Z R DU B A 2
FEHEFE o T AFERH Borenstein % A (2009) Z 1w g [EETE ES @ DL 95% (FHE & #1753 ES Z &
EE - FHE BS WA EEE Z ¢ 1. AR E B i B IR 2 S B AR AT AR — 5 2.
EFCER A S E R 2R FES ERREAS - AIEAAX A= - ik BF—
FE LA {8 i TR S B 2 RN ER S Rk - DAERGZE 2 BS » R onis KB — W FeiuRUiR - Tt
722 i ES LA LIRS E — ES (Bar-Haim et al., 2007) © & » /MEARIFE AT GEE 4 19w 35
H#c#% Borenstein Z A (2009) FrigfltZ ARBIE « &tk > HE—WFFERIT R ES » #BH5H ES ~
ez 3 DL o iR ORI E Coutlier) SRR » AN ALEZ 98T (Lipsey & Wilson,
2001) o AWFZERIEE R TEE F Comprehensive Meta-Analysis 3.0 (CMA 3.0) #if&5eRk -

X-X, INF—
S

&=

Hep X, BERBHL PO - X, BRI PIH - s BFTARARISESEZE -

e nl+n2 AFT
nln2
- nl+n2 AR
nln2

bl R ERBH A n2 BEIRHE AR -

2. [ B P e L 5 A 0 5

[FI'E 42 (homogeneity test) HYH HYRE Ry T f B 1 WU B BRI 98 FT il 1S 2 ES 27 & AH
FIRE S - JREIS AT Z R ETRE R — R mMERRE (B8 2012) - AE
T4 7 47 R 18] 8 R AL = (fixed effect model ) FEHE L2 (random effect model ) [&] 7E %%
REABERTEMRNRE SR EREN BMEEGE —(EHLFER ES (common effect-size
parameter ) - LB R AT IE 2 g BB W= AL ET 71 (Lipsey & Wilson, 2001 ) 5 T &R
fEE=CHI R BS R BN 2R AR RIS » A5 2 - S WFsefny 8 B sE I B IR [F R R Y
FhERRR S - Al - ADRFIRZE RS R RR 2 R AR R AT Z 198 875 (Raudenbush, 1994; Schmidt et
al., 2009 ) ° F{FTLA Cochrane HY Q 1551 by [FVE Mg E HUEEHE - 35 O, REHE » BRIyt

Fhs[EE - AT EEK ES & 0FDURISEEES 29 ES » WET ¥ ES WUEE M EE (FHE %M ES
Z95% WIEREER]) 5 K2 0 35 O BEE - SRS BS WV EIGIRAR H lBGR 2 B i 9ER ES 1Y

ZH O nJReH HEHETEIEE 7 REN > FE D TIRETEIER T o E o (8 R A I
(A0 BRARIER B ) FH Qp ZEIE - RN MR BIE.Z A FHER] (A1 - Bl/NEAE vs, BrPERAE)
Y BS ERE AR - —fRiME - BESFERSREANERRRE 0, BIERE - & 0, REHE
ABRAIENE RO IR - [RGZ - HIGE IR AR IR - SS— A TR R e e P E (B
Fer R E SRS RENE L) - BEERFREREAA - B P EER 25% - AREH
FeRIA R EERRIE M - 8 A B BRI ARG B ES s RGZ 5 P > 75% » BUR VA MM
B o PR B = i B R & (Higgins et al., 2003)  « AHFFE2 B BITERRRTRHL Rl A2
RN - I REE — P I B O TR - SRR DA R R A R R & -
SRTTIE R B AR BT TR I DL P (B2 R/ N TR {8 FE (e R A3 AT =
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3. e L ot s 22

bR R T HE R T A KL KRB REMETUS RN AR T DB T
W5eas iR o by 7 A2 - B &% A #Y Funnel Plot » Rosenthal (1979) . fail-safe N »
PUFz Orwin (1983) & fail-safe N ZfgEs iR IR Z: © #2985 Rosenthal (1979) - fail-safe N FUEL{EER
PRI SkH10 (k Bl 9etifE ) - A sEr R iR = N B B 9TE R -

4. B 15 PEE B

ORISR » TASEEHBIRE B AT - WK N ARIZIHET IR Z ARG - SRR Esh (B&
K0 2012) - BE—REIHEIIRE LR ES et & HEZE D WA imis S BIL R - W EHE R
KRB R — B - AW 2wl TAE R SE B BT - BRI & BT S R Z RS
KBS B - A SRIBH—EERS RSBk © #7105 0.87 » BS 514 0.85 » £F& Landis B Koch (1977)
Tt Kappa {E 5y 0.81-1.00 Fyr= /% (almost perfect ) —ZMEoRE FE] « et H /g ATEAmAIGEL ES 515
BRI P TE 5 - AR -

o R B i
(=) BMERMARSHB 2B

FTE OIS TE B % RIBOE TR A 254 282/ » 15 20,190 24 (FEH
10,081 » #HE%H 10,109) - Hrp 6 BEIFSEHY BES KREEREIEHEZE (0.51) =fFLAL » RIS LERf5t
FUAMBE (BEEE -~ 5R¥ETS » 2016 5 Lipsey & Wilson, 2001) » ANFEAN ALAE .2 94T » FIERZ BF5T
3276 i o BLBEEE R R ETEERZR 2 - 276 Fa 2 ES /T -0.87 F 1.45 - [E B S 5L B g
BRI S ES 258 0.32 B 0.35 - fRIE ES MURHEARATH - & ES BIEHEE - HrEEEER
HIEA & ES BB R H IR EREEH - HAN - 95% (EHEE M5 0.30-0.35 (& ERBERBEF)
i0.31-0.39 (FERE R HEREE 0 Miz=24.31 (p<.0001) B2 17.54 (p <.0001 ) EF2EREE -
SR HAE B A BRI (B N B IR - R SR R BRI — R = R R Bl A B B R R A
B RN ERBEE - 48 Cohen (1992) AR /T ES (EZ FEMYE & ES (H R 0.20 /AR
HAGRAE THME ) (small) 5 & ES{HE 0.50 48K » HAUEARE T | (medium) ; & ES
Ry 0.80 ZEAGHE » HAURAFER T9mFl, (large) ° RIIL - B2 S RHL A BER SRR GE TR T
EEPEBER - FE - K Gall £ A (1996) HYEEL - & ES KL 0.33 B rliil B A B ER 2
BEEY - o] AR B A R B A R T B A B SRk L RIS - NMEE SR LR SR B A
HEHERNEHE -

BT (2012) BURRER AT B EERERYSEES ES By 0.27 5 BIYh 7 BRI HTHISEES ES /12 0.10
(Slavin et al., 2009 ) Z 0.42 (Hartley, 1977) * ES AUSENE 5 0.23 » ERSEAAITFERY 0.32 ([EE
=) B 0.35 (FEREIZL) ° Young (2017) ZFEREIHTHISEIS ES 5 0.38 » HIFHEAAMSE « #7
B2 BRI ES MEE N EEZEREANK - HEZEAE - SEmE A NI se SR B Al A
B BB B A B R R ORI R E R P E R IEA SR -

x®2

BERABRHER 2 BEER
Papiiyisze k ES™ z SE* 95% CI Heterogeneity df r
[ TE R 276 0.32 24 31%%% 0.01 [0.30~0.35] 582.37%%* 275 52.78
Rk SR 276 0.35 17.54%%% 0.02 [0.31~0.39]

'ES’ = BHYSE ES -
’SE = standard error °
*H%k p <.0001.
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(Z) PEMRTE RREEIE ST

AN5% 2 Fiws o [RVE M5 E DA Cochrane 2 O Kl % ZERHE =R (O, = 582.37, p <.0001) » &
NS TR 2= BN R R E [F — AR AR GR = - BN EH B R AR IEEE— P 1k
B o ORI I = 52.78% » BEURAS ISR S8k g » {IKFA Higgins A (2003) Ay el
(F>75%) > H 276 BHIFEHI ES BBEITAERR R 0.01 - tHBE AR & (KR8 =g > Rt Rk E
R [ E ORI A GE TR E SR I T - 323 - 38 5 B 6 (RFFERY TSR A ~ WFgE S
S TR AT 1 E S AR IE R B R - 1F 13 ([EREETEIE R IE 10 @Y O EHE AR
HURSEIE (M E EE 2R  FE—HET - 18 10 [MEIES HIREEIEE (0, =1642,p<
001) - BERERETRE (Q,=25.58,p<.001) » HRZ (Qy=442,p<.05) » #FHERFMR (Qy=
10.79, p < .05) » BEEHGT (0;=13.59,p<.01) » AKX/ (Qp=594,p<.05) » HEEHEIE (O,
=13.64,p<.05) - BE#ZE 7K (0,=2681,p<.01) - LGB (0;=23.48,p<.001) K
BRI AR (0,=19.23,p<.01) ° DUFEHEHE 10 [ERIEELT TR 30 o (HET RS BIE T AE
SRR - HRRELRY - AR » BAIIAG G -

1. WFREEA R

(1) BBEREEE - 185K 3 040 - BB BBV - B EET « DB/ NMERBI R R RZ - 2
168 i/ (60.9%) -+ BIFAE90F (32.2%) Kz & () £E 19/ (6.9%) - ZEERAVEA
HURBETEELZ A IR, - 5 s E -2 AR - MRIRBIAN B RTHIA 2% - B s s TR RS E
NERERFAER S - SN2 EEBERMRE - ERXREBERANE © = (@RI ES K5
5037 (2=20.58,p<.001) ° 029 (z=12.48,p<.001) B 021 (z=5.30,p<.01) - B RBIEE =
B B R AR B B S B B R IR - 1 ES MRERERE B AP IR - HLIB/ NS
ZERET () £ RPFEFEE > JE - EEreRBFEREESEE R REREE
HIRE I AnE » 2R 7 B RIRE N IR BT 75 6 R B B AR B i
B AR -

x3

MREEARYSE R IRRRET 2T

B IH k % ES z 95% CI O Post hoc
B

1. B/ 168 60.9 0.37 20.58%** [0.33~0.40] 16.42%%% >3

2. B 89 322 0.29 12.48%%x* [0.25~0.34]

3. & (i) 19 6.9 0.21 5.3%% [0.13~0.28]

BT

1. BB 121 44.0 0.35 16.79%*%* [0.31~0.39] 25.58% %k

2. % fm 85 30.8 0.28 11.27%%% [0.23~0.32] 6>12345
3. R 39 14.1 0.38 10.8%** [0.31~0.45]

4. HE 22 8.0 0.26 6.98%%* [0.19~0.34]

5RG 7 2.5 0.29 3.53%x* [0.13~0.46]

6. RREH 2 0.7 1.11 5.46%%* [0.71~1.51]

HiffR =

1. BAFIERS 17 6.2 0.44 7.70%%* [0.33~0.55] 4.42%

2. REEFRGX 259 93.8 0.32 23,1 5%k [0.29~0.34]

BREN

1. 1993-2003 17 6.2 0.30 5,51 %% [0.19~0.40] 10.79* 2>3

(M TED
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x3
MEEARFEREEIBRRET 2T (#8)

R AR T k % ES z 95% CI Oy Post hoc
2.2004-2009 97 35.1 0.38 16.85%** [0.33~0.42]

3.2010-2014 122 442 0.28 14.59%** [0.24~0.32]

4.2015-2019 40 14.5 0.34 8.62% %+ [0.27~0.42]

*p <.05. %% p<.01. ¥** p <.001.

(2) BB - W15 3 i BN BEREE A5 - RFFEAEE IR 2006 F£EFTHIL
FE—E AR 2 SR SRR R R 99 ARA N A R o B/ INEy T B T A& TREL BT AR
FTERRER | TORF/E » SRk TS, THEREER ) o T A EE R B TR R
VORTRE (FEES > 2008 - 2009) - FHAA THEETELMEER |  Tpr#, ~ THIREE , « FAEEm
wEHRA L K TR FEEERRD - REER THE - 7276 AT T B E
BB - 3121 B (44%) » HIOR&M 85 B (30.8%) » RACE 39 (14.1%) - L
SERL R HLEE 90% MR eI TP/ NEE A BB - (FER A - FTE ERER R - FR
TR Rl A AT (] 2 T RE S R S B A B T R R A A R, - fie4h - T8, (ES =0.38) B
B T4, (ES=028) B THE |, (ES=026) ° FrBHEEA TR, ASEREE - ARk
— R EL T I B BB R - A N T (RERLFR4) BIRBINVELE T & | (ES=0.37vs. ES=0.21)

B T4, (ES =0.34 vs. ES = 0.20) EAYFRIABEERBETE - MEPAERNTE "R, EIEER
B/ (ES=0.42 vs. ES =0.36) tb4h - BIHHATE T E, (ES=0.42) ERYFRIFEZ(ER T8 E

(ES=021) F "%l ; (ES=020) - ;@] AEHEIT/NEALETEIEE IR REAR - R
57N (Piaget) sRAIFEEEIGR - SEAE 7-11 gk /@ A AE RN - ReiRIREASCER DR - 1 11
A ERBIZGE R - e EE GRER » 2007) - "HEEdE | 8 TR, B2 E 56
ZEfEIR B IE - WIN OO B BE SR Bl NE T S FTRER BRI BN 5 1 T A%, RIFEEEA
LRSS - HERMP2CER IR P A M S SETE S H R -

x4
B Y BRE T BT XM
T LIy #efir RE
k % ES k % ES k % ES
S
EAN 109 90.1 0.37* 48 56.5 0.34* 4 103 0.36
B rh 12 9.9 0.21 37 435 0.20 34 87.2 0.42°
& 0 0.0 0.00 0 0.00 0.00 1 2.6 -0.57*
* RRSEERE AR 0 BU/NETE T8 | K TR ) 1Y ESs BEESREF A -
FRRETIEREE LR A1 RAETE TR, AU ES B TR, R THEE -

(3) HiRRIEE » FE5% 3 AT - HRROE 300 R JA TR SR S w0 (A - B2 AL S0 What &am L) -

WRETRIERE - [RRLZ —sEHE RS Em SCRE R RN IR G A A - HK - gREEE
HKFE - WITIERSL (ES = 0.44) BEEZEORFEFRRSC (ES =0.32) - AR AE BB B H BRI 72
PR 2 AT ERR I IR -

(4) BRER - T HEEREFLREEH (AT FEEEN R RS - AL 276 kR SURFTRE
HIFEARy 1993-2019 4F » #°F3# 3 {f+4F « IR 5355 1993-2003 4 ~ 2004-2009 £ ~ 2010-2014
R 2015-2019 FVU{EBFH 5 Br T8 —ERHRREER A - DL 10 F5F 0 HERE DL 5-6 4£51 - DIgg
FIEHER 0 20102014 FFRE %% 0 E 1225 (44.2%) » H R 20042009 4F » £ 97 5 (35.1%)
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MM 19932003 F{EH 17 k& (6.2%) - @ BaF 2R Rz I RHRGE AR BUEE B MR & - 2015
2019 fE(EH 40 7 (14.5%)  AIRRIRMAYSUBRE @ LA 2019 F£E R - AU e W A
ffii © 2004-2014 4738 10 FERRVTFFERTAE T A SRS AL (79.3% ) AIRESE A Fyi8 B i 22
RIHEBRIL B AZERIEGE - BETE SR AR R PE - (R EGNY - 2RSS
[A] » PO{ERFRARSEES BS B - R MamlbE AR A5 R - BRI A BEE B BT 8
RN EF R - mHEAF DL 20042009 YRR E (ES=0.38) » HEEZEER 20102014 4= (ES
=0.28) °

2. W TR

(1) EEEG - Bt EG RE 2 DB mE (FEEF A 2017) © £S5 8xR  Kif
Rt E BT Ry =28« FRATRE - AEHATRHE > DURAZAP# (counterbalancing ) © R
HENS - FHARNES 6/ (22%) - NEHEATRIAE 269 /7 (97.5%) - MLV ES
1755 (0.04%) ° FJRAE 276 RRTFFEFHER L BT 260 T N EAA AR M - 2R E S 2 B
S UERERAIBRE] - BRI IR A E A R - S5 BT R LRI R (AT 95% B BRaat B
ANEHATRMA - ARMIEEBAAEE L - WHERRGTHIREREGETE RN EMA R E R - HIGHE
BRSNS - SR PERITSE (ES = 0.87) BEEMNERFMATRHE (BS = 0.40) BAFHHATRH]

(ES =0.32) HURFFE - RMPRAC LRI FEER R > BRI HGE— D R0 - SRR AT
FeHBSER R SFR AT FIAIRT ST - BR] AR Ry B A B Bt ml 2 LRI RV ER B R, -

(2) BEASKAN o AR INE —(H T RERZ T FE A5 SR A3 IE (Cheung & Slavin, 2013; Slavin & Smith,
2009) © AHFFEMIER THERABUEG 30 BIIHSE - RIERHRASR N s RIdE - /MEA (N = 30-60)
BUREEAR (N = 61) < IMERFZEIE 114 B (413%) - MTABEADIEE 1625 (587%) - i
IR E S 28 - FERE RO - IMEAISE (ES=0.37) BEESRAEANTE (ES=030) -

(3) HEBE - — R LB BB G A8 R R IR R o e - A ERIER
TREHEWETEZ (41 —E—E > 10383 10 81) ; K2 SRR R REEEs D (0
—JEVYET - 5EHE 20 8F) 0 R - AR R I E S BUERETEE Ry ST e FE H RE R E B BRI i R
SO BT R R AR R ETES R T1-56T, ~ T6-106f, ~ T11-156, ~ T16-20Hf, »
F21-256 , ~ ">256F , fe "RFHH , 78 - SIFRRENES > "6-1087, &= > £ 1007% (36.2%) -
HXR T1-567, #687F (24.6%) » ME G CHEEMREEZ 60% » o] RAIHRE (1-10 &) AIHF
FRAB RS - Bt EE R 0 T1-567, (ES=0.32) ~ T6-10fi, (ES=0.37) B T 11-1567
(ES =0.37) KIS ES #EH2 030 » HLL T6-10 &, B " 11-15 81, &5 > 5% 0.37 5 1 " 16-20
ffi, (ES=025) ~ "21-2567, (ES=023) ~ ">2587, (ES=026) HYF ES #EH 0.30
B T21-25 6 5 el o BEAh - T6-10 B ) thEEER T16-20 &, - BTG R FERBEETH
R 1 £ 15 BRI BB BB A =R 15 BRRIRE -

x5
MR A ESERETEIBRIRET T

BRI k % ES z 95% C1 0, Post hoc
HERERET

1. SERH AT 6 22 0.40 3.43%F%  [0.17~0.62] 13.59% 3>1,2
2. NEH TR 269 97.5 0.32 23.66%*%*  [0.29~0.34]

3. A8 H S 1 0.4 0.87 5.74%%%  [0.57~1.17]

HEH maR

1. tHEHEE 166 60.1 0.33 18.11%%%  [0.29~0.36] 7.74

2. NEHEE 84 30.4 0.29 13.24%%%  [0.25~0.34]

3. B Bt S 8 29 0.40 4.78%%%  [0.23~0.56]

(#FED
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x5
MR EFEREEIRRRET 2T (#8)

eI k % ES z 95% CI 0y Post hoc
4, KA 18 6.5 0.44 8.51%%%  [0.34~0.54]

THEEE

1 HiR - E IR 169 61.2 0.35 20.56%**%  [0.31~0.38] 5.84

2. Al Rt 10 3.6 0.36 4.59%%%  [0.21~0.51]

3. KA 97 35.1 0.28 12.36%%*%  [0.23~0.32]

BRI

L /IMEEAR (30-60) 114 413 0.37 15.11%%%  [0.33~0.42] 5.94% 1>2
2. KEEAR (z61) 162 58.7 0.30 19.19%%*  [0.27~0.33]

ESE 3

1.1-5 £ 68 24.6 0.32 11.78%%*  [0.26~0.37] 13.64% 2>4
2.6-10 £fi 100 36.2 0.37 16.00%%  [0.32~0.41]

3.11-15 £ 38 13.8 0.37 10.00%*  [0.30~0.45]

4.16-20 #fi 30 10.9 0.25 6.89%**  [0.18~0.32]

5.21-25 ffi 10 3.6 0.23 4.07%%%  [0.12~0.34]

6.>25 i 14 5.1 0.26 4.57%%%  [0.15~0.37]

7. KEREH 16 5.8 0.29 5.00%%%  [0.18~0.40]
*p < .05. %% p< 01. *** p< 001.
3. WESEEE TR R

(1) EHh B0 - o B BB AASR "2 —_REER, - TovMERER .~ T

Ao~ TRE R TEHE ) CLIMEREINS " 2P 2GR ) (SR8 5 2045 (73.9%) »
SRR R A BB ORI AR s e » HXRy T/ INlRGR 0 - 64708 (17%) 5 TELA
Ko TIRE 1 FIREEMER 10% © Liao (2007 ) LARRER 7 M HRE S $i B 8 A i B 34 52 369 B2 A B iy
B SRR TEA L REBRS - 21/ (39%) - REHEBES 3R (24%) -
MR AW e CREINT e T 2B —ERER | - BREEESD M ESRE T - T EA

HISEET ES (0.63) fvrm - HEEER " 2P —8EEER ) (ES=032) » "4p/NMARER, (ES=0.28)
K TREE) (ES=022) -+ BURRHIREABEREER DI— A —HAME BRI -
x6
R et S B RN BRI T A

BRI k % ES z 95% CI 0s Post hoc
B AR

1. 23 204 73.9 0.32 20.72%%% [0.29~0.35] 26.81%*

2. 437N 47 17 0.28 9.12%*%  [0.22~0.35] 3>1,2,4
3 A 14 5.1 0.63 9.41%**  [0.50~0.77]

4. BE 10 3.6 0.22 3.35%* [0.09~0.35]

5. fmEFEE 1 0.4 0.71 2.33% [0.11~1.30]

A R

1. R 101 36.6 0.32 14.82%%%  [0.28~0.36] 23 48wk

2. FEIEEE 128 46.4 0.34 16.97*%%  [0.30~0.38] 4>1,5
3. FHEAEE 20 7.2 0.35 6.95%%*  [0.25~0.44] 1,2,3>5

(M ME)
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x6
MR et E R B IRRIRET T (#8)

R R T k % ES z 95% CI 0 Post hoc
4. RNE R B A 13 47 0.50 7.25%%%  [0.37~0.64]

5.8G (WARKEAE) 9 33 0.13 2.32% [0.02~0.24]

6. KA 5 1.8 0.07 0.58 [-0.16~0.30]

BHs R A =

1. A BB EE 191 69.2 0.32 20.13%%*  [0.29~0.36] 7.30

2. MAE T RERER 37 13.4 0.33 9.40%**  [0.26~0.40]

3. BB 25 9.1 0.40 8.42%%%  [0.30~0.49]

4. TR 15 5.4 0.27 5.23%%%  [0.17~0.38]

5. TR 8 329 0.18 2.50% [0.03~0.32]

FH Rl A R

1. 3R - B 239 86.6 0.34 23.40%%*  [0.31~0.36] 19.23%*

2. FRHR - IR 11 4.0 0.42 5.00%%%  [0.26~0.59] 1,2>6
3.8 - AREH 11 4.0 0.36 5.49%F%  [0.23~0.49]

4. FRAT 1 0.4 0.10 0.51 [-0.28~0.48]

5. @Rtk 5 1.8 0.12 1.27 [-0.07~0.31]

6. BE (IEEEE) 9 33 0.13 2.35% [0.02~0.25]

*p <.05. %% p <.01. *** p <.001.

(2) BEERE% o AWICAT EN SUREEEST 30 4 - HARL SR N H 8 - AR EEH
ErEREG meM%m B T ERRE, - TEKEE ) T FEAEE P
REERS, FE) o~ THIREREESRM . ~ TIRA, ~ K TRMRE, 63 - B T{ERKE HBER
TR R (218 & B R R (40 - Po“wrPonn) HEFTRITHERNS - B AR B DR SRR -
DItFgesiEsm - " ERE 191015 (36.6%) H1 TEEAE EE 191285 (46.4%) 15 T /UK
DAL st R E i B E P ISR S - RAMEEE R LAlE " RIS aERH , (ES =
0.50) k- HEEZEN TEHRE, (ES=032) B RS, (ES=0.13) - #EHEEF 2R RN
%“E%W%@%%% HETFERE BB FS AR B IE SR = A MR IR P R i B e
FER - RIILEEE SRR A -

(3) BHZBUARERE - — S - BHB AR S il - BRATEERR - AR e -
ﬁ%rﬁﬁﬁﬁj\rﬁﬁﬁﬁjﬁrﬁﬁﬁgj nk TERET, - TERR L R TRA, HefH-
DAWrgeimsiem - T IEERIE L B 2395 (86.6%) - T/ \BRH - A RS BB R AR
RIF R A ERGRFE T - RS ARTOEHE T RIS 73.9% BU5E T 2Pl | (R - Home
BRams - TERFRIE S (ES=034) » THIEE ) (ES=042) » TH&KEE , (ES=0.36)
B TREAG s (ES=0.13) #HEEEE (95% CIAVEE0) - e ABE T3jd 5 TREG , -
RS R A R o i T ERET L (ES=0.10) Bl TER%% ) (ES=0.12) HIRZEEZE - AR "#
BT B TERRR L BV TR AR o BbAh o T IESGERAE ) B T ARG m&ﬂx%gﬁwr@
By o BEME - RHURASEEER I LAE TiRY ) TR M HR R - AR TR
BER SRR - BEE 118 KA EBE R -

(=) HhRfm=Z i

AHFFEER F Funnel Plot » Rosenthal (1979) < fail-safe 5z Orwin (1983 ) & fail-safe =& /7=,
F Bl HH AR R 2= © Funnel Plot BY#5 S A0[E 1 B » 276 EHFFEHT ES A 1E T KB 2R A A B - &
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AR R RS (Borenstein et al., 2009, p. 283 ) ° H.7X Rosenthal .2 fail-safe N = 5580 » 52 A2
ZRFFE 1395 5 BEAh > & criterion 3% 0.01 ¥ > Orwin 2 fail-safe N = 8653 - i EiSHIHEE R T HE
i 5580 BY 8653 AR AR E R ZIENIR ST 7 R DL BEAR 3 TS SR - TEE S LAY REME &K -
AL » BT DAERS HH Rl R 22 S S E AT SR S R -

&1
EAEZREA ES /Y Funnel Plot

FEAEEREA ES /Y Funnel Plot

Funnel Plot of Standard Error by Hedges's g
0.0 T

01

£ w
H
3
0.3
04
20 1.5 1.0 05 0.0 05 1.0 15 20
Hedges's g
E E= 2
A iy LR

(—) ¥

KREENHEWE RSB EMY  KEEKRENER - 2IUFE—ERETNE
AEAZE (BREIE - 2002) - FFIT 30 FFARZEMALAE - H¥TH BB E R - HEKHEL
(2001) "o/ NEEERECEHEEER , ~ 20082011 £ T/ NEEINHE AR E ) & 2016-2020 4 T &
MFEMER | FEAPCRIVHEE) - BH A ARZERGREHERE - e EETNEIIEEST « 207
Fiate - fkGm e U — E AR AT ZENTRE DA 8 A - HIEE+ B REA A E RN AT m
TFEEERE - R EEENE S S BB ED, o ERAR R EEME - ThERAETE
FRYREE R B A T EEE R PSR LR - AR 0 AR TEUEERVERL ) B2 TR
FEAE | ARSI M AYPR SR o Qa5 5 A R H A SR A3 T ER A EL 7 B B g B K7
B B RIS EEHEHIHE - HEE WO AR B E R -

AWFFEE R #R S ITEE AR T 30 AT BIRHL A/ NE BER SRR RN - B S 282
R E RIS AT AR R A R S R R BB AR B R B I R B B (B A AR
B BEEYIY BS By 0.32 (BEIEMREER) » MIRMEZEF AR « i 0.32 iR H (8
(percentile score ) * FIER 63 H(LEL » (AFRRHLRA B BUERRER 2B B 50 H 53 BT
F 63 HME - MEZ  BARKERH A A BERERNEL BEERT B EE M - BEF %
B S IR R B QA S B N /N B 2 DU R R R S B ER R - AR TE R R ER A
AT —(E A Z B R AR - AN - FERETEER i BRI NS » EE R
N T

1. BB Y B B (%) 7R

AIFFERIFE SRR « BERSUREER SRR - BB/ N EZEER S () &£ 3RHE
ARAE - pOEEE - Li B Ma  (2010) AYFSE58 3 R Rl A B2 2 A R B/NAY ES £ 0.78
FEL L 0.61 5 Cheung B2 Slavin (2013 ) HYRFFERIZ BN ES Ky 0.17 » FHEESs 0.15 « ARWFFEAYFEEL
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HEE ES FURRE B ZR - EstHBEVNEETRRA - BHR A B E A R B R
B - BB/ NERI R h B RUAS R AR — 2 -

2. fER BB T i

BRI T RAE AL AER - BUNETE THELE | K D&, ERRBEEERBRE
i B A BIAE AR, RSB BN - IEAh - BIHRAETE T RBL ) RRYRIABEE RN T e R T %
fi] ; ° Tokpah (2008) HEETHEFEISCECAM (CAS) ¥ » HEh DL FE2 A Bl B2 EA A gl s R 2
WFFREE3R - BEHESES ES 3£ 0.38 » I CAS WYRREE B AR CAS B4 - it Fe(EER—
FEEASIRE Bt H S MIER T/ NEE - BEAIFTE R FAE - (EFFERE R RS AR Eh A B
EL Y ER A BB B R Bl -

3. 12 RO A5

KRR SOEL R IATER S - (HHATER SO E R - BEEINCRBE RS BURmERE
HIRTF e ELEE 7 Bl S R 3 B A L B B 22 HU ST © Young (2017) FYZFERER MR B #E (ES =
0.16) HITRE T HTH LY ES BRI M E % (ES = 0.46) SO MEE A (ES=0.38) WY& -
BT TR At SR B IRNA] o ME Young IR FE S GRS E WA E 2 KB —[EF (LAY T A (Adapted
Revised Assessment of Multiple Systematic Reviews Items) » H.EH MRS B R 3k T » IRIELAE
REAMIEE R - NBEH -

4. EFRENR L

AWFFLEEIR FEFHL 20042009 FEAYRFFEE B B HY 2010-2014 FERYHFE « £rT-F0 (2012)
LA GSP Bl A\ BUER R 7 RSB T R i A5 SREER 2006 2 2011 SEAYERLETA 2000 Z 2005 4F -
Li H1 Ma (2010) FYZE%RHTHITEHHIZESRFY 1999 4.2 BIURFFEESEES ES 5 0.42 0 1f] 1999 ££.2 %
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Jonassen (2000) suggested that learning with information technology (IT) involves three stages: learning from computers,
learning about computers, and learning with computers. The development of learning with IT in Taiwan, beginning with
computer-assisted instruction, loosely follows these three stages (Chang, 2002). Integrating IT into instruction is the first stage
of learning with computers. Previous meta-analyses (Cheung & Slavin, 2013; Demir & Basol, 2014; Hartley, 1977; Li & Ma,
2011; Slavin et al., 2008, 2009; Slavin & Lake, 2008; Rakes et al., 2010; Sokolowskil et al., 2015; Young, 2017) regarding
the effectiveness of integrating IT into mathematics instruction (ITMI) have reported positive effects compared with non-
ITMI classes; effect sizes (ESs) were 0.07-0.9. These meta-analyses also concluded that variables such as publication year,
publication type, learning stage, research design, intervention duration, technology type, assessment tool, instructional approach,
and mathematics topic might influence the overall ES. A total of 19 meta-analyses investigating the effects of integrating IT into
student learning in Taiwan have been performed; however, none of these studies were specifically focused on mathematics.

In this study, we performed a meta-analysis to synthesize existing research regarding the effects of integrating IT with
mathematics instruction on the academic achievement of elementary and secondary school students in Taiwan. We searched the
National Digital Library of Theses and Dissertations in Taiwan, Airiti Library, Index to Taiwan Periodical Literature System,
Scopus, EBSCOhost, ProQuest, ScienceDirect, and Web of Science databases for relevant studies by using keywords “math,”

”»

“technology,” “computer,” and “achievement” and gathered 282 studies (with 20,190 participants). We then transformed the
quantitative data into ESs. After the calculation of the ES for each study, six studies with unusually large ESs were excluded in
further analyses (Lipsey & Wilson, 2001). Thus, the total number of studies was 276.

We used the meta-analytic approach suggested by Borenstein et al. (2009), Hedge and Olkin (1985), and Lipsey and Wilson
(2001). The ES was defined as the mean difference between the treatment and control groups divided by the pooled standard
deviations. The criteria for inclusion of studies were as follows: (1) Studies must compare the effects of ITMI and traditional
instruction (TI) on student academic achievement in mathematics; (2) participants must be elementary or secondary school
students; (3) the research design must include treatment and control groups, and the treatment group must receive treatment
that involved integrating IT into instruction; (4) studies must provide adequate quantitative data for both treatment and control
groups so that the ES could be estimated; (5) the number of participants for both ITMI and TI groups must be over 15; studies
were excluded if the overall participants were less than 30; (6) the study participants must be Taiwanese students; (7) studies
must be published between 1993 and 2019.

On the basis of previous meta-analyses, the moderating effects of 13 variables were investigated. These variables were

classified into three categories: (1) research characteristics, including learning stage, topic in mathematics, type of publication,
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and year of publication; (2) research methods, including study design, instructor bias, reliability of assessment tools, number of
treatment class sessions, and sample size; and (3) research design, including the instructional approach for the treatment group,
learning device for the student, method of integration, and timing of integration. Hedges’ g was applied for ES calculation. If
studies provided only an F-ratio value or a t value, equivalent formulae were used. In addition, the homogeneity test presented
by Borenstein et al. (2009) was used to aggregate and analyze the ESs for all 276 studies. The significance of the mean ES was
evaluated by its 95% confidence interval (95% CI). A significantly positive (+) mean ES indicated that the results favored the
ITMI group, whereas a significantly negative (—) ES indicated that the results favored the TI group. The results of this meta-
analysis revealed that the overall mean ESs were 0.32 (95% CI = 0.30-0.35, z = 24.31, p < .0001) and 0.35 (95% CI = 0.31-
0.39, z=17.54, p <.0001) for the fixed-effects model and random-effects model, respectively. An effect is said to be small when
ES < 0.2, medium when ES = 0.5, and large when ES > 0.8 (Cohen, 1992). The results indicated that integrating technology
into mathematics instruction had a significant small to medium positive effect compared with TI on the academic achievement
of Taiwanese students. Moreover, the homogeneity test was significant (Q, = 582.37, p < .0001), indicating that the findings
did not share a common ES. A series of moderator analyses were then performed. The analysis results revealed that 10 of the
13 moderating variables selected in this study had statistically significant effects on the overall mean ES. The findings were as
follows: (1) The mean ES was higher for elementary school students than high school students. (2) Elementary school students
had a higher mean ES for the topics “Number and Quantity” and “Geometry” than did junior high students, but junior high
students had a greater mean ES for “Algebra” than did elementary school students. (3) Journal articles had higher mean ES than
did unpublished papers. (4) Studies published in 20042009 had higher mean ES than did those published in 2010-2014. (5)
Studies that applied a pretest—posttest control group design had higher mean ES than did those that applied a quasiexperimental
design. (6) Studies with small sample sizes had a higher mean ES than did those with large sample sizes. (7) Studies with less
than 15 overall class sessions had a higher mean ES than did those with more than 15 class sessions. (8) Individual learning had
a higher mean ES than did whole-class or small group learning. (9) Studies using immediate response system learning devices
had a higher mean ES than did those using traditional paper and pencil or mixed devices. (10) Integrating technology in class
had a higher ES compared with integrating technology before class or after class. In this meta-analysis, Funnel plot, Rosenthal’s
(1979) fail-safe Ns and Orwin’s (1983) fail-safe Ns were applied to examine publication bias. The Funnel plot indicated that the
studies were distributed symmetrically. Rosenthal’s and Orwin’s fail-safe Ns were 5580 and 8653, respectively—higher than
the critical value of SK+10. The results of all three methods suggest that there was no publication bias. On the basis of these
findings, the implications of this meta-analysis are outlined as followings: (1) Education planners in Taiwan should provide
adequate funding supporting ITMI and should encourage elementary and secondary school mathematics teachers to implement
ITMI in their classes, particularly for students who require remedial instruction; (2) education planners in Taiwan should
encourage mathematics educators to develop instructional programs, teaching methods, and learning materials for ITMI classes;
(3) fewer than 15 ITMI class sessions have the strongest effects; and (4) future meta-analyses should examine the effects of
varied instructional approaches (e.g., collaborative learning, problem-based learning, project-based learning, and self-regulated
learning) alongside ITMI. Finally, this study is the first meta-analysis to focus on the effects of technology integration into
mathematics instruction on the academic achievement of Taiwanese students. By examining empirical research on this topic,
this meta-analysis provides research-based evidence of the positive outcomes of using technology in mathematics classes as
well as how those effects are influenced by moderating variables. The findings provide education policymakers and mathematics

teachers with valuable insights into methods of improving mathematics achievement.

Keywords: meta-analysis, integrating technology, Taiwan students, mathematics, academic
achievement
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