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HRTZ5 18 M A — 2, BT FoTa iR, 20l DL OREI S | SE R 50 1) B Sl 27 ST ORI 25 R AR i, LA
LR DX TE R  A] PR B T 5 | R i 25 A i, IR 2 RIS Th R B2 S ORI R T | R
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Bifi 5 ) 2% R 485 1% £ 2 P i £ 20 SR T
VI, R FH i R 18 T R A1 e ] S AR} Y 22 B
P& 2% >J (multimedia learning) A & ¥ & ft (Mayer,
2009). SR, SEGe8EF AR L, S8R TRk
HAEFEER., TRMB 2B RE I HF RN
(Tversky, Morrison, & Betrancourt, 2002), AJGES%S
5 2] Bl RBOR NN AR, AH T S ks )
(Ayres & Paas, 2007; Hoffler & Leutner, 2007), A1,
LR 2 S WF 5T 3 e T anfnl R 48 SR EC AT
(instructional design)> k4 5% > R R (Clark & Mayer,
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2011; Mayer, 2009). TfifE b —FhEZE 15 FHE 2
BB, FEM B I A £ 2 (cueing) il 425K 5
T 2098 H B E M(Boucheix, Lowe, Putri, & Groff,
2013; De Koning, Tabbers, Rikers, & Paas, 2011a; Jamet,
2014; Tabbers, Martens, & van Merriénboer, 2004; T-
X%, BOUIE, JR5RE4E, 2013),

KRBT IRTE Z R 2 BB A By —Fh B
e 5| % A E TR, I B ety I EX AR
PEPf(selection) . ZH%(organization) %% 4 (integration)
AY9E N 215 B (non-content information, 1. #ik .
B, maedE), BN LARRIRA: 21 B R s, DA
M AL 2 R 22 2] % (De Koning, Tabbers, Rikers,

FRIYFEN” (#31300864)F1 P o i A FE AR 55 2% (CCNU15202004)
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& Paas, 2007, 2009). 2R AEM 5| 1 B HLAZ #E27: )
A8 33X AR A B R Ry 2 3800 (cueing effect)
(B0 EHEE, 2013), R0, 1R ZBAACE T
PR — I Z R, LRI ATER RG]
TR E 2 A ROR RA B AR, Bk
) SEUERFFEA S SR AFFEAS — B 4518
11 &KERSFIYR

VFZWIR R IR, 152 R TR kb & 21 fin
AL RA M THE2>) lSi(De Koning et al., 2007;
Jeung, Chandler, & Sweller, 1997; Kalyuga, Chandler, &
Sweller, 1999; Mautone & Mayer, 2007), H4ll: Ozcelik,
Karakus, Kursun £ Cagiltay (2009 5% & B, 2Kt
B A1 1 2 2 0 2 2T AR TR AR AR IOR, AT
2% B0 B Y A8 55 D0 5 (retention  test) A1 % ) 56
(transfer test)i{4f' . Jamet (2014)[IBFFEHIESE, L6
A R TR 3E I SCREA IN T, 2% 2 3 19 45 5
ST R) BERw . HAT, LRAEETER
PR, O 28R 8 5 T L (Jeung et al., 1997).
#1242 P (De Koning et al., 2007; De Koning, Tabbers,
Rikers, & Paas, 2010b) . ¥ T-F£(Boucheix & Guignard,
2005; Boucheix et al., 2013) , L>F=(Jamet, 2014)F4EE
2#(Kalyuga et al., 1999; Reisslein, Johnson, & Reisslein,
2015)5F AR PR Z2 AR > A5 21K [F] R
A UESE

RN 2 WOR AR HEE IS 14538 T
P SCHE A Vi (text-diagram  integration hypothesis)
() B3 3 #5(Scheiter & Eitel, 2015). Z{EULIA R,
LREAGEHALIEE A1 TIEE(De Koning et al.,
2009). TEZBHAZC A B R G M AZL R, A F]
TR R B SO R A B K K SCT R Z M N
TE12 55 5¢ 2 A1 LA 3R H (Mautone & Mayer, 2001, 2007),
P2z 2 B B U B A BURE T — B0 3R
fIE(Scheiter & Eitel, 2015), MIMiSZELE AERAN .
Fa P BTN T2, e 2 ) st

SN, U5 —Let s A A RO A SR
BT ST RO (Arslan-Ari, 2013; Lowe & Boucheix,

bR R R 0 56 B S S 2 WA S BT T S H  2 2)
HORA S EER IR, —F 77 =CR B LA AR . ff
RN 3630 SR A ) 2 S SR AR AR AT RE L H T,
BB RZ NI MRA S, Rz NG AT REAATEstIC s g,
FHLIB LT B NIEREPUCHCR, TR # RTr s > H
) 58 2 S5 BRI [ A U S BB X B — SeE RS R (IR, 3625
ST A ) F WAL LUERE, 246 R b Hilt S LT R TS B
%, I EZHREEE I E R RE ISR

2011), {541 : Crooks, Cheon, Inan, Ari F1 Flores (2012)
WFFEA R I, AL R IFBAT X7 I B R 112
PR S 2 0 2552 W . Kriz Fil Hegarty (2007)
TEHR SO b B, BIRLR BB ARG T2
TR BVE S ARAE B, X W IF A PRIEARAT]
ARAG o W PR A AT AL 0 36 L 4 L AT WIEFE R B,
LRABA e, i — @R FE S T
#54E(Imhof, Scheiter, Edelmann, & Gerjets, 2013;
Tze & Sazilah, 2012),
12 %R5EE3S

RTAURG¥ABCRZMB KRR, Tk, —
ST 5 27 12X 14 DA HIR 20 40 £ 3204 T 9F 5 R i B (Boucheix
et al., 2013; De Koning, Tabbers, Rikers, & Paas, 2010a;
Hyo6ni, 2010; Jarodzka, van Gog, Dorr, Scheiter, & Gerjets,
2013; Jian, Wu, & Su, 2014; Lowe & Boucheix, 2011;
Scheiter & Eitel, 2015; van Gog & Scheiter, 2010), 52k
RIEFARER ERPEIZERL, LR IR S b i
B EHREAS e —8ungie. HE, K
B IR ST TS A SR UE 58 T R 1Y 1 B 5 AL
(Boucheix & Lowe, 2010; Jamet, 2014; Jarodzka et al.,
2013; Ozcelik, Arslan-Ari, & Cagiltay, 2010; Ozcelik et al.,
2009) BIZRZRAE R —Finh WAIREE &L | 2 2T
SR E AT B R B IR (R R X)), RILH AL
B IX A LA R] 554 (Jian et al., 2014; Ozcelik et al.,
2010). HEAIRECE £ (Boucheix & Lowe, 2010), B 7K
FI| 35} ] B4t (Scheiter & Eitel, 2010, 2015)%%

LRSI T ry PN Be B33 17
= 5] 5B % (attention-guiding  hypothesis) it H 4% 37
FE(Jamet, 2014), ZMRUEINH, KR EAFEERE
(31 fiE(De Koning et al., 2009)., £ A% 3] b4k}
Hh 5 BRI 2R 2R AT HE 0 G A B A v o
XA B TR o ) 3 BT R ) 51 B I L g £k
KAL) S5 B | (Ozcelik et al., 2009, 2010), M
T2 5 27 ) R X S5 BT B e R, EixT &
A Z2 1 (38 1 2 BT IR F02 i Hohn T.(Boucheix
& Lowe, 2010; Jamet, 2014; Jian et al., 2014),

Ak, D EUFREAR R R B A R =
24 3] F 1 LN L (Folker, Ritter, & Sichelschmidt,
2005), Hll: Fitzhugh 2012)8F57 & B, SRR
A G I 2 ZR X FE LIS AL FI AR KA . Lowe A1
Boucheix (2011)RFFEHUESE, Toit e > Al
IR, ) HERBCA R R FTIE Y
2 Z K (cue obedience), BILREA T FHEE X
TERRETET T LRRIGER, A5 G
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EE ¢

48 4

] g5 L R WA N W AEA X (Lowe & Boucheix,
2011), il : 2= ) kel i) e R B s 3l JE YRR,
LR WA T W BT R iz S Tk, B
R R OC R A B 12 St in g R — A B AT 1R R
MEETIHERH, X RBEREMIZHNITEZ
T) 2 A VE R SR A BE A, R A ™ A DU X AT,
AT R REFEREL 2 LA SER .
1.3 ZEMNMEBEILREH

Mayer (2010)IA°H, Z A= > v Bk FH A4 s )
SR HFE VT AR WA RO A AE — o 13 B A
(boundary condition)a¥ ¥ 5 A8 H, B A E X REE
(24 2] 5 o SR SR SRy i et O U ak o 2w kL,
b T RE T A A5k, & 2 AR 2 o I 0 A o X i
S T D ) 9 E T AR BRSO B TR A
b 7 FH 3 2 J O, () LA R I B R R A
fl(Mayer, 2010). AR4, 1R Z A% ] 1) 2]
Z—, LREBDEBATERE R, AE
HATIR ABIGE M4 De Koning 25 A (2010a) 4 Wi 14,
ANFEFFE R A VEF 2 T LIRT], mTREJE i Tk
RABNER) LR Z BN R FRIAL . 5 MRHRIE L&
2 BFHESE R R IR . B, ARRFST X
FEAE AR TR
131 HKER%ER

HR A 22 2 AR 5 (A ] g M ] ARk R AT
[7] #4325 (Lowe & Boucheix, 2011; Mautone & Mayer,
2001; Mayer, 2009). Ff#2%5E A (2013)50 47 T LAAE
WFFEXTER R B IG, 2i R o P
e[ RS Y/ B2 ER e R [Pt as LY/ BL R e
AsAk, 4. B (Jamet, 2014; Ozcelik et al., 2009,
2010). %ik(Lin & Atkinson, 2011); Tfij i 2% £k 25 i
R BT 2 OB m AR, B . R KR 4
(Amadieu, Mariné, & Laimay, 2011). Bifi gl im it
(Boucheix & Lowe, 2010)4% ., LIfEWToR R, ¥yHisk
RN 25 LR R AN il BEAFTE 22 5%, (H K TE 2]
BORANERE S S EER R I, — 7,
— SO B Y R B 25 2 AR R A AT b 12 4 X2 ) b R
Y PEf# B4 (Boucheix et al., 2013; Seufert & Briinken,
2006); 15—y, PHILR(Jamet, 2014H)HLIF L
I} 23 28 & (Boucheix & Lowe, 2010)HA7 T3 111 55 |
SEM.
132 FIHRMFE

TEZ AR 2 v, 2 SR RE ] B 25 M 28 2R3
I B9 F5e A BB 1 R 26 2 —(De Koning et al., 2010b),
BAREZAERE, B, W2 ME 237 Gk

TEJEE) FoRE, pMetshastt . 280EE . S5

SRR T RE RS W 2R R AN IR TE R R o 22 2T MR

h A5 AT 43 ER A (static) A1 30 25 (dynamic) B F (Tversky
etal., 2002), FAFIMBHEZ AP ECHEHE, Hoo

RIS IEIE R, Flan. #280 PPT #hEL
MPEE AR KR, Sha% IR s W@ k) iz,
HotRfEA WAL E PR ahtE, flan. s

(animation), BIRLRTEAIE ShAYEZ BB Y

Y FH AT BE A BT AN [ (Grant & Spivey, 2003; Lowe &
Boucheix, 2010), {H i F £ & 1914 & 14 (salience)
(Boucheix & Lowe, 2010){1: & 5 % 2| sh 224 > ¥

B 2 Foc R AEFR S I MR R LT R

AT, P AR R iR R R RIS 2=

A AT BB T A R (Heiser & Tversky, 2006; Jian et al.,
2014; Liu, Lin, & Paas, 2013). H3JEA [R] ) &2 PLd §H,

AT AR} 43 A H i BRL3E TE 2 >] A Rk (i T+ S

)RR XSU3E 3 2% ) BRI TR+ 75 ¥ A 1) (Mayer,
2009) . X T [Al IE 22 ) OB R A0, A

MR LS R I A —B, B I AE LT BGH 18 2% > #4

Bhrh & BT 5T R 1Y Z8 R ALV (Tabbers et al., 2004),
R AR AT AE A D8 BR300 T8 2% T AL R B R AR

A % (Ozcelik et al., 2009; Reisslein et al., 2015), HH

AF 5% D) 301 e 36 T 2% 1 T e R A B8R AR (]

(Crooks et al., 2012), 7 47b, M2, 2= 5

BEE AT 43 SRy 24 2] & A (learner-paced) I 27 2 #4 K}

N 2 8t A I (system-paced) 1Y) % 2] #4 ¥} (Tabbers &
De Koeijer, 2010), RiEEf52# BT H22)# H

TSI #Rak. B, W, ZakSE); EE R

I Z A R Ge ] . AFEBE T L ER

BN (R FE AN A . T I AR Al S B,
WA LT LR BRAEH (40 : Johnson,

Ozogul, & Reisslein, 2015; Mautone & Mayer, 2007),

{88 WFFE I & B4R : Arslan-Ari, 2013; Skuballa,
Schwonke, & Renkl, 2012),

Hk, MW N (NTE B 1) FoR A,
HIHZEAY | 2R & R SRR IR ] B 2 i 4 & AU
MIVETE R R o SR BN 5 B0 P 1) 2 20+ R
SRR VRN RNRR P P R IS MDA 5 R
AR H BRI M AR P AR i g, 3
RAEMEAG T ATy, HIAE B AR i A dR
SRR R R A R AR 2T AR AR AR TR
(Ibrahim, 2011) BEAb, HRYE T BRI & 092245
B, AP IR TR OB IS, RS
T, B TR —Rl e R S YT
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e RN . NI, NS TR fhgnhahfe T
%), TCRACHMBR IR S, IR RTEED S
K A BEAE FH 0 55 K (Berthold & Renkl, 2009; Huk,
Steinke, & Floto, 2003),
133 FIEHHE

) FRHIE EEAE A 2 A B E KT )
PR RACHTE, T sr R o hokF
R 2] (R 22 S JE Ay, 2 2] 3 A B A7 AE
A A B BN AT B B 22 S AT RE 23 3 A ) A5 AR
A9 A A (Kalyuga, Ayres, Chandler, & Sweller, 2003;
Mayer, 2009). Hitt, [F—48FrEHEEARM: &
FOR T AN A 127 2] 110 5 AT BEBCR WA A [A] (De
Koning et al., 2010b; De Koning, Tabbers, Rikers, &
Paas, 2011b),
1.4 AHRKIE

Zi b, —Jrm, LREFAAVCRMTEETIS
R AE T AN 2 e X R e W (h ORI . F AR
PLAE, 2013) 0 EEXFERME X AR Mg, AT
FEAR FH T3 MR IR I A2 R 5 A5 4] 2 1A 27
SJRORFE T S 77 A BRI SE 0, 78 2 IR
U, TR 2 R AR AR I 56 B & BT FS
W 56 1% 2575 5% 24 2] 3 1) 2 S 3R (Mayer, 2009), AR
BB 5% 22 SR FH 26 3% DX A4 3 R ] sl 3 1L Ok 4505 %%
LERNITE RS S /EH Boucheix & Lowe, 2010; De
Koning et al., 2010a), K SbAHFFE 5731 LR F7 0 56;
G . IR IS B A Sy 2 T ROR S5 R A8 5, DA
2 R NE s NN IS 2 R €V € B S BE = 1 B S S
T, MIELRIGE B LEE . HERES DIGE(De
Koning et al., 2009), BFFER5 : InA LR EEEAE
] A S ROCR, AR B B DR AR I 56 i B
I BSR Al E o RS C LI NS 4 N 4 2 S R Gl RS e
HTE A, RIS B A T I E) A 22 i T A
UEL

3 —J7 I, LRIV R B REAR, F
WERVRFIE DA B 2 2] 5 R AE S T AR A8 S IR, R
A AL LB BN ATV OV o BT IeAr T
HARAALAT LA BB R0 B, 7] s R A% AR 48 12
A8 1 5 e PR 3R 6 HG 3R A7 40 43 BT (subgroup
analysis), B AR 52 02 200 12 19 I 22 A )8 79 A8
i AT 43 41 X L (Borenstein, Hedges, Higgins, &
Rothstein, 2009), A LAREH 41 b SE 5% H 1. B
FARBL : RRBONZRRIA | F I MR IE (R
MRS TE . BPEE . 2O AR Rt
JE&PE) RN 2] B ARHE (R BCE K ) S5 R R 1 5

2 5k
21 MEKER

S 3 32 R ] B SR R SCSC R 2R M b g =X
RIS SCIAEWTIE o KR O IR By PR R T
DI G T 2 1A 27 5] RSN 58 h B bRl L A
B OOREEI AR . P LIFENFSE &I, Kalyuga
FENT 1999 AFE RN T 2R E FnAZE
MIVEH], SRS i S st e, AS A0 SCHER A ZEE 1R )
RS VESERT, BFRIZEEEY 1995 4F 1 H % 2015 4E 5 A
T 20 4F, S SCCHRIE REE A £ BALEE PsycINFO
Education Research Complete | Science Direct . PubMed .
ERIC, ProQuest {1 it 34 SR 55, 1R 07
A B TR “cue” | “cueing” . “signaling” ., “attention
guidance™43]5“multimedia learning”. “animation” .
“eye tracking” . “eye movement”#F1THC A A, L
SCHRTE R0 B 32 CNKI H [ 22 AR T 2% 1
WUEVZE . CNKI A [ 9RO 75 st i S 42 SC8 s
JE . R A PEE R (A A . O O BdE AR,
HRITAR LR “hmid ., EELI 2
Pz 2) o eghimy | CHRBHATIR G R . Q]
{14 398 BUA R T B SCHIRAS: 2 Ik ] 85 B2 (] |- o T B> FH SC
BRI L, AR 2% SOk — D TR R . U Ak,
. 7E Google scholar H #4174
2.2 CEKMNSHERR

X A6 2 3 0 SCHR S — 2 4 B DL LA A
AATCII BT T AHERR : (DBFFERLN SLEMTSE, 23
IR A FL A AR S AT T AHERR; ()0 58 Y
2 2] MR T 2 A 2T b RE, R T (4
KIZR. B AU, SRR shim) Bl (an. #uesC
A FEERUL AN FEATCR (Mayer, 2009), 3K ik
—NIARJE T 22 2] a5 T T B 5 1
T B BESE T LLHERR . G)BFFE R A R M TEL R
25 5, R E X A TCL R A) s 7 LLHERR;
(4B 5 0L 12 445 T A= 16 43 A 28800 o 1Y) s 4 A
(an: BEACE, SFIEC. bRzl tfl . FESE), A0
T LAHEER; (S)BIFF0 e 41t DR A5 I 46 1l &5 00 A 00
G, SRR X ABEFEME ] FR A, AL 4
KL RAR IR E L, WT LIHERR; (6)PTAE Ry
BN AAEL3SD Z N, 70T DLHERR

SCHRRG R . WA SCHERR TR QA 1 B o R T
I3RS T 4R R AR R rh iy 1 R A, AN
[F) %5 SR AR i B AIF T B AN 58 A — 3R . FEPT 3R AS i i
AR TCIIHTARERY 43 T SCHR T, A 38 F o PR IR 46k



( N 4 N\ 4
E[BM75/ 3 QN < JFHRSCHRAL R N E[2 4000 S22 07
L (n=15) L (n=93) ) L (n=6) )
e R 4 ll N\ 4 N\
KB EXTRA | BREEIFBETOTRBIT |, A4S R I EIR AR e
L (n=9) J U (n=72) )L n=8) )
4 N\ ( ﬂ \ 4 N N\
RERERIYRIE | FTZE AR R R BRSBTS | 500 L H+3SD
L (n=10) JEN (n=55) ) (n=2)
4 N\ U \
BHRIR RSt (n = 38, k= 44) YA TEATSCHR FELBTIE] (n = 13, k= 14)
WIS (n =36, k=41) ) (n=43) HHREL (n=10,k=11)

K1

SCHRRE R . WA SHEBR R R

W n AR SCERER, kAR 37 R0 B

(R 3910 N), 36 fm & iR I 5 s ST (B 1 3906
N), 13 5 IR Zh k58 & A [a] (B 938 N), 10 5
IR SR & L (W 816 N)o H Tl 43 STk
WY E AR ARG T R AR i, PR T
B I A B (LR SCHRAION = e B O b S L 2.4
TBIT)o T2, PRAFIN B0 5 4 A AL I 50 1 4 o ) A
BT 44 ASFT AT AT 80N F, AR ) R R
AR T 14 ASF 11 AR ST AN 1
2.3 XHEimES

X FARFG I HARER SCIR, HRRLL R AR 4k
AT . (DEEAMFERAER . Bl FEAR), Q4&E
HHY, Fi R AR R IR 25 R R WA T 4S5 (3)
MR AT, #eE MR ROTR B A B,
Mgt shAs, WG hEas; (4)2= Ik 2 I
B, AR R IS SR, T g6 Sk b

BRI, e > OB R RN AR, DU AT D
WrRGHEIE; (5)%5% M BHR B, 2 S ] i
A AATEER, WA o5 ) F A, 2t ZEHA
RO, Wi R G0 0; (6) IR, M
BRI PR TR PP R o Bl R4 T 4 85 (7)~FHE
P, ARG T BRI & 2 BHE AT it (8) B K,
IR L/ NE I T A (O)E AL B, A4
AR BN AR B TRICARCR, T 4 6 DR
Kol S, A5 N A ) R B ST A RE S, U
G NI AL g ST, AT IR BT 5 T XTERR X
1 REER N [T IG5 /8 G 1 1 1 0 TN X
UBGHAT i (10)R NI, XoF 4 b4l A 1 Y000
3 B HEA T X 2 A

SCRR G A AR L 1 oA R PRI St ) A R,
3 50 Fh P A4 I A B 2 A s EA TR LG, R T

x1 ZHEEFIPERYM TR

o P

LS ¥

2

MR ERE HE

oY FEA Hom EAME EE Bl Em EHE KT IR E R (Hedges’s 0)
Amadieu et al., 2011 36 ST DC V&A SP DK Sci CS R&T —0.22 & —0.60
Arslan-Ari, 2013 200 PC DC V&A LP DK Sci CS R&T —0.12 & 0.03
Berthold & Renkl, 2009 85 PC SC \'% LP DK Sci MP R&T 0.49 & 0.27
Boucheix & Lowe, 2010 57 ST SC V&A LP DK Eng CS R&T&FC 0.86&0.24 & 0.41
Boucheix et al., 2013 84 ST SC V&A LP DK Eng CS R&T&FT 149 &0.80&0.11
Crooks et al., 2012 73 ST SC \% LP DK Sci CS R 0.19
Crooks et al., 2012 62 PC SC V&A LP DK Sci CS R 0.08
De Koning et al., 2007 40 PC SC V&A LP DK Sci CS R&T 0.64 & 0.82
De Koning et al., 2010a 37 PC SC V&A LP DK Sci CS R& TFgé FT & 0.15 &&Oégg& 0.06
De Koning et al., 2010b 73 PC SC V&A LP DK Sci CS R&T 0.79 & 1.14
De Koning et al., 2011a 84 PC SC V&A LP DK Sci CS R&T 0.26 & 0.03
De Koning et al., 2011b 90 PC SC V&A LP DK Sci MP R&T 0.12 & 0.34




53 A2 AR SE ) 28 N 1 oT B 545

&kl
gz ME 23 2 R %R "R
E 23 . A~ﬂ = K N g‘k i =1 73 ) j=N H d 9,
5T FEAS I KE SAME I B K R KT HARAE R AN G (Hedges’s @)
Heiser & Tversky, 2006 67 PC SC V&A Sp DK Eng CS R 0.81
Huk et al., 2003 38 PC DC V&A SP DK Sci CS R 0.76
Huk, Steinke, & Floto, 2010 247 PC DC V&A Sp DK Sci Cs R&T 0.55 & —0.02
Ibrahim, 2011 226 PC SC \% SP DK Sci CS R&T 0.39 & 0.60
Imhof et al., 2013 48 PC DC V&A SP DK Sci CS T —-0.54
Jamet, 2014 32 PC SC V&A SP DK Sci CS R&T&FT& 0.87&0.38 &0.90
FC & 2.01
;‘gggt’ Gavota, & Quaireau, 5 PC SC V&A SP DK Sci cs R&T 0.76 & 0.26
Jamet et al., 2008 52 PC DC V&A SP DK Sci CS R&T 0.43 & —0.09
Jarodzka et al., 2013 75 PC DC V&A SP DK Sci CS T&FT 0.44 & 0.67
Jian et al., 2014 46 PC SC V&A SP DK Eng CS R &FT 1.82 & 0.27
Johnson et al., 2015 250 PC SC V&A SP DK Eng MP R&T 0.50 & 0.24
Kalyuga et al., 1999 16 PC SC \% LP DK Eng CS R&T 0.25 & 1.38
Kriz & Hegarty, 2007 40 PC DC V&A LP DK Eng CS R&T 0.06 & —0.15
2K0u1hzl, Scheiter, & Gerjets, 5, PC DC V&A SP DK  Sci  CS R&T 1.84 & 1.14
Kiihl et al., 2012 100 PC SC V&A SP DK Sci CS R&T 2.19 & 0.63
Lin, 2011 126 PC DC V&A LP DK Sci CS T 0.45
Liu et al., 2013 74 PC SC \% LP DK Sci MP R&T 0.92 & 1.01
Mautone & Mayer, 2001 182 PC SC A\ SP DK Eng CS R&T 0.19 & 0.45
Mautone & Mayer, 2007 162 PC SC V&A LP DK Eng CS R&T 0.67 & 0.26
Moreno, 2007 235 PC DC V&A SP PK Sia CS R&T 0.07 & 0.17
Ozcelik et al., 2010 40 PC SC V&A SP DK Eng Cs R&T&FT& 0.13&0.70 & 0.92
FC & 1.29
Ozcelik et al., 2009 52 PC SC \% LP DK Sci CS R&T&FT 0.57 & 0.88 & 0.39
Reisslein et al., 2015 74 PC SC A\ LP DK Eng MP R 3.33
Scheiter & Eitel, 2010 35 PC SC \% LP DK Sci CS R&FT&FC 0.83 &0.99 & 1.15
Scheiter & Eitel, 2015 108 PC SC A% LP DK Sci Cs R&T&FC 041 &-0.07 &0.62
Seufert & Briinken, 2006 88 ST SC \% LP DK Sci CS T 0.97
Skuballa et al., 2012 44 PC DC V&A SP DK Eng Cs R & FT -0.56 & 0.13
Spanjers, van Gog, Wouters, : _
& van Merriénboer, 2012 78 PC DC V&A SP DK Sci MP T 0.42
Tabbers, Martens, & van . B
Merriénboer, 2000 76 PC SC \% LP PK Sia CS R&T 0.27 & —0.05
Tabbers et al., 2000 75 PC SC V&A LP PK Sia CS R&T 0.39 & 0.44
Tabbers et al., 2004 56 PC SC Vv LP PK Sia CS R&T 0.25 & 0.09
Tabbers et al., 2004 55 PC SC V&A LP PK Sia CS R&T 0.50 & 0.35
TN, B, R, . R&T&FT& 0.12 & 0.09 & 0.02
BREE. 2015 51 PC SC \% SP DK Sci CS FC & 030
. R&T&FT& 0.60&0.60 &
ke
BRI, 2013 96 ST SC A% SP DK Sci CS FC 20.02 & 0.02
ot R&T&FT& -1.68&—-143&
JEi%, 2014 180 PC DC A% SP DK Eng CS FC 0.59 & 0.16
R&T&FT& 1.41 & 1.00 & 0.58
ARZE, 2013 135 PC SC \Y% SP DK Eng CS FC % 0.62
ARZE, 2013 45 PC SC V&A SP DK Eng CS R& TFgé FT & 0.14 &&06023& 1.25

[E: PC-WIBIZRR, ST-W 2523, SC-HAs2F MR, DC-hAs~¢ I Mk V-HLOE B E 2 T BRL, V & A-WLVT XGE 1827 > 4
LP-2¢ 5 F L PR )25 ST BPRL, SP-RGEL A2 2T B1RL DK-BRIBPERIR, PK-FRIFPERIA; Sci-BRL, Eng- TR}, Sia-3CFk; CS-K%, MP-
R/ R-ORFIN B8 ST, T-1E R I 46 R 5%, FT-E LI 8], FC-iE: R U EL
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b4 RIT T 025 5 AAFAE K 2= (Egger, Smith, Schneider, & Minder,
24 = 1997) BT #MZ: 32 238 53 S 87 J5 b Y 75 A 15 44 WY

X BN AN GE— 3% SR RUVEE e 1, AE T4 BT
Hhid H R ] Cohen’s d A28 54547 (Cohen, 1988),
PRI, SZANFIBFST I AEAS I 22 AT, Cohen’s d &
XSO B 7 A B TR 22, ARt/ IMEAS B R0
AT = (Borenstein et al.,, 2009), At Hedges
(198 1) iZ i 22 AT 1 TR SRR REIE, 2 HY 1 R0 &
A GG Hedges’s g (Borenstein et al., 2009)., [FIi,
2% V) HEF5Y (Adesope & Nesbit, 2012; Powers, Zum
Vérde Sive Vording, & Emmelkamp, 2009), A 5% 1
PR IE S5 BObR AL Y {H 22 Hedges’s g 7E b oI a0,
o T SCHR AT REAL S 2 IS L, T ER A L
Nl gt & Z Ak, DRt Ay o e B SR AR Bt
220N T o I Z2 A, DT 7 A — S 1 435 2R g
22, WEHFEXS R4 SCHER G e AT I T A0 BRS FEAE Ry B
LR A, Fln, AR R RS T 2
FhAEAE T B2 S 4508, HX e 45 (1 : ASTR) i) 42
P ) I AEAS B 9 5 A 8 1T AR o, R Y
F—AEHALN F (pooled effect size); HUNRIZAT &
ARG TR A =, WIAHAT 5T
25 ARRE

TG Tt R, Gn SR SCBRN AR SE S A
NI Z RIAETE R GebEiR 22, WA 3
T & F AW 7= (Borenstein et al., 2009), —&kit, A
Geitr i MR A D L3R, MR RBIFTEE
DA ATCATAT o 3 ] g 23 BO £55 2000 1 = il
AT M BN TE 43 BT 235 R 55 (Franco, Malhotra,
& Simonovits, 2014; Kuppens, Laurent, Heyvaert, &
Onghena, 2013)., AWFFR & B0 K % 2 2%
(Rosenthal’s fail-safe number, Ni). Egger Z&1: [Fl5 46
K (Egger linear regression test)LA S 55 M (trim and
fill method) AT A el 22 . IR Z A ML Ny fH S R
ML MITa g RESI B ER, mFELD
WA Geit s 2 A5 A g ihiZ oo 43 e 45 R 48
TR 2 o (BB K SR WA 7E & 2% M 22 1 7T RE P
/N, JGATAT RO A SRR E, A5 el HE R Y AT etk
/N AT RIFSE 2 LL<SKk+ 107 (K 3540 ATTHMT B 2 57
B3N N EONE R R AR TE R R 22 1 SR (Rothstein,
Sutton, & Borenstein, 2006), Ng {E AT KT 5k + 10,
WIATIA R ANFETE K el 25 . Egger Lk 1A 50 R
FHECHE [ A0 90 e el 22, — Mook 2tk [l 19
J7 RE B #E (Egger’s intercept) & H: 95% CI, H-X11%
BUEE N 0 HATEREAL, RARE, WK

FEFR 80N it 1 22 A PR X FR A A, I BTG
& IR R LS (Duval & Tweedie, 2000), #5
SYRME BRI IR & AR 2 AR Ak, AT AN TR
REAwZE
26 #RAEE KRG

KAEBGF IO AT LA b DT 2 2500 A A (fixed-
effects model) FIBHALAL W #527) (random-effects model)
Hh B B — AR S R i R E AT 25 5 0O Al T
Borenstein 45 (2009) A A58 Y 1Y 4 a Bk T 25 S )
Ui B 5 T 2 5 40 A A ] A S 3500 3t A R 43 i H
Mo AR 45 R AR AR JECan . BFZEXT 42 . BF
G807 AR TE R ST R 2 AR R Y, HLWF 98 45 RO HE
IR REAS DL AD B AR, DU 1 5 000 B AL 3 A
250K FHBE LRV AR BT ASBE 58 99 A1) SCRR
TELRR LA | 22 MBMRHE | 52 2] HFE S 2 07
TAFFAE 225 57, 3K 26 22 S AR AT (R 52 i 4k 2 A &bk,
PRI I 5 55 Bl BT 2880 17 A 8 o 28 2% i VR FH R A7 5T 40 Bt
WO A . A, BFSGE S S 5O R
(heterogeneity test)iFE— A S IR B e FE 1Y & JME:
VEFE Q KE IR A 17 A B0 U I S v . Q K 56 B Gt
FHRENE, DL p EIEEE, A p<0.05, W]
S I 1P ARG B IS B s P A e A B S 25
T A7 SEAE R AR S BT A SR, DL P (E TR
XE I, %8R W] 5 ok R s . AR
Higgins, Thompson, Deeks F1 Altman (2003)f¥ 5, AT
1 25%. 50%. T5%RECEMESREIEM. . migs
PR #8000 it b 2 S I HRR B IR ANIR, 0 3R IH o 2% bl
PO A AL 3

55K CMA 2.0 (Comprehensive Meta-Analysis
2.0)i# 7053

3 4%

31 EMRHEE

PR R BB IEATAG S, DR AR 2
WERAE )RR KRS B AL 2), T
PRIFIN 35 B 25 AR AL 56 i 5 I, R - 800
518 0.53.0.36; 95% CIHY E FBRB KT 0, £
Bz AR AR N R SR, WERE p H/NT
0.001, i AN A LR 2R 5 X A5 45 0 56 5l 4% A A %
55 G A AR P 3 s T IO R o TETE LI [R]FI
HALE b, RTS8 0.50. 0.70;
95% CI [ I, FBRUIAKT 0, FMIZHU = Ik
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Fz2 ZHEEREIPRREWNEIFEH L ERE)
ERE k N g 95% CI
PRI 46 1 B 44 3910 0.53"" [0.36, 0.69]
LA 50 i Bt 41 3906 0.36" [0.23, 0.49]
AL A ] 14 938 0.50" [0.30, 0.71]
LR AL 11 816 0.70" [0.43, 0.97]
Hee kAR ST AN BN, NARERFEA R (T D), ™"p < 0.001BUBKE) .
WA 95% CI 48 45 25 AR 1 % N AN 1 g 19 95% A5 DX [RI (% R RRFI B R o
F3 VHEFRMERE
g 5P Tau-squared
Q df (Q) p 12 Tau-squared SE ik Tau
PRAFIN G5 25 208.59 43 <0.001 79.39 0.22 0.07 <0.01 0.47
b Al E i % 124.95 40 <0.001 67.99 0.11 0.04 <0.01 0.33
AL ] 23.04 13 <0.05 43.57 0.06 0.06 <0.01 0.25
AL 26.78 10 <0.01 62.66 0.10 0.10 <0.01 0.32

AR R, SRR p(E/NT 0.001, BEHTIIA
RRIT, 22T XL AR X T A A [ 0 R R KA,
AR E T RLE.
32 REMHKRIE

G3IRE 4 Bt F AR B IR AT S A 50 (WL 3).
SRR Q Krde ¥ 2, X SR WK 3 R
Xof A 45 00 46 B 25 R T B W 56 S, 1P (4R R
79.39. 67.99, Ui LRASEIN 55 5k 2 AL 0 45 i 4 v
F 00N e B S 22 S A AR S 4% R AR SR )
79.39% . 67.99%; X FEERUT ] AERLEL, 17 {EH5
Sk 43.57.62.66, FHALEXFLEZR X (1 1 QLA e A
PR B L vh 2500 1 5 25 e ek B A AR S 4% A
AR 43.57% . 62.66% 0 MFTHEAL. . SRR
(Higgins et al., 2003KF, AMFIE 4 F345 A8 & Rl
N LS 22 ST L R TR v AR Kb AR DL
5P, R R R R R . ORISR
KA BEHLAL R AR A B, eAh, RO e S A R R
LR BN 2 2] RO (R 5 i 1T RE A AE VR AE Y R T AR
##(Cooper, 1989), I, 7 — 34741 5 Hr (O
TR AG ), B SR ] ) S R R T Q A (Qp),
FATF 520 22 (8] (R 5500 i AP AR 22 57
3.3 AT

FoE R B RIS | FI MRS SPESE 7 Fb
AR R A R RN A B AT VE AT T RN T

TELRFRIN B &t (W3R 4), F MRl sh St
BFPWLRRIMEN, Qs (1) =4.26, p<0.05, A
2 bEHg = 0.62) 1 3 5 T3 2= I Mg = 0.22);
IR i TR R IVER, Qe (1) = 7.32, p< 0.01,

PR PERIiR(g = 0.57) 8 m TR MR (g = 0.21);
SRR AL B EF I R RER, Qs (2) = 6.37, p<0.05,
FERL(g = 0.49) 1 TRHg = 0.64)b B i 5 T30 Rk g =
0.21) FHAthAR (I 4 FHEIAS 182 (ps > 0.05) .

TEIT R I 8 (W3R 5), LRAEHA L
TEEIIEM, Qs (1) = 8.48, p < 0.01, FFEZR(g
=0.73) . E m TYHMLR (@@= 0.31); #AMRZhE
PR Z P LRAMER], Qs (1) = 8.23, p<0.01, ##
BFEIMEH(Q = 047 R EF & T A= I Mk (g =
0.09); HITHEAY i R TR MIER, Qs (1) = 2.83,
p=0.092, Bk PEARH(g=0.38) & m TRF AR
(9=0.19), HAbASFATE T E AR i3 (ps > 0.05).

TEEALIT [E] B (UL 6), AR &y
LR IIAMEH], Qs (1) = 3.05, p=0.081, WRILLER(g =
0.56) i EH K T2 2% (g = 0.07) . HoAth A8 AR5 4
A .3 (ps> 0.05).

TEFEMRE B2 7), (U Ry
LRIMMER, Qs (1) =5.48, p < 0.05, #HILkZ (g =
0.82) 1 £ TR Z (g = 0.40), HAlAR = A9 7
FE A 2 2 (ps > 0.05)

34 AFRREWE

KHULF B E R w2z (LR 8). K%
2 Z ¥ (Rosenthal's N KF, PRAEFINE R STHER
5 B S543 ) Sh 1737 1 849, 13 HIL I 1H] F1 T #L v %
S3Hh 141 1185, Mg K F<sk+ 107, #Eik, %
TEPr RUIARIEAAFTE R H W R R 2. N
Egger &MEMIAK I KFE, ERFFR RS L, X
FEFRAGME R 2.03, AHEIE 0, H 95% CI AL 0, p
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R4 BFRIMRFFNIE AL BTE TR A3 (REH AR AR EY)

P AR k N g 95% CI At
Qs df p
AFRAA 0.14 1 >0.05
LY/PLIES 39 3564 0.53"" [0.35,0.71]
A2 £k R 5 346 0.45" [0.10, 0.80]
MRS 4.26 1 <0.05
SR 34 2788 0.62"" [0.44, 0.80]
AR 10 1122 0.22 [-0.12, 0.55]
YL E 0.16 1 >0.05
B8 B3 TE 16 1519 0.56™" [0.24, 0.89]
AT XL TE 28 2391 0.49" [0.30, 0.67]
L 0.01 1 >0.05
25 F W 23 1708 0.54™" [0.30, 0.78]
ARG 21 2202 0.52"" [0.28, 0.75]
HR A 7.32 1 <0.01
Wi MR 39 3413 0.57"" [0.38, 0.75]
PR SIRTS 5 497 0.21° [0.04, 0.39]
2ERHE Pk 6.37 2 <0.05
HR 24 1991 0.49" [0.32, 0.65]
TE 15 1422 0.64" [0.16, 1.12]
SR 5 497 0.21" [0.04, 0.39]
HE K- 1.53 1 >0.05
K 39 3337 0.45™" [0.30, 0.60]
e 5 573 1.08" [0.10, 2.06]
e Ak 95% CI 5 45 Y815 28 X A A500 E g 119 95% & A5 DX A] (& F BRAN_LBR) (F ).
Qs IURALFI R itk Q K, p < 0.05, "p<0.01, ™"p < 0.00 1 WEK LK) (FIF).
F£5 LEXITHNIE KSR AT E T SN 36 (a3 R AR E)
P AR k N g 95% CI s
Qs df p
LRI 8.48 1 <0.01
YLk &R 36 3545 0.317" [0.18, 0.45]
A 25 28 % 5 361 0.73"" [0.49, 0.97]
RS 8.23 1 <0.01
AR 29 2519 0.47"" [0.34, 0.61]
AR 12 1387 0.09 [-0.14, 0.31]
2 I 1.70 1 >0.05
A B3 T 14 1425 0.47"" [0.23, 0.72]
PR XL 3 27 2481 0.29™" [0.14, 0.43]
S 0.70 1 >0.05
SR il 21 1698 0.417" [0.23, 0.60]
ARG 20 2208 0.30™" [0.12, 0.49]
AR A 2.83 1 0.092
R 3 P S R 36 3409 0.38"" [0.24, 0.53]
TP PEMIN 5 497 0.19 [0.01, 0.36]
2ERHE 2.81 2 >0.05
pLipR 25 2198 0.38"" [0.20, 0.56]
TR 11 1211 0.39” [0.01, 0.36]
R 5 497 0.19" [-0.79, 0.53]
HH K 0.34 1 >0.05
K2 36 3329 0.37"" [0.23,0.51]

Hh/NeE 5 577 0.24 [-0.18, 0.66]
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R 6 KRN BEXIEIT B BT R ALK (R AR EY)

T AR k N g 95% CI ot
Qs df p
LRI 3.05 1 0.081
YLk &R 12 758 0.56"" [0.34, 0.77]
Af 2 2R R 2 180 0.07 [-0.43, 0.57]
MRS 0.01 1 >0.05
AR 11 639 0.51"™ [0.26, 0.76]
AR 3 299 0.50" [0.16, 0.84]
2 I 0.10 1 >0.05
PDE P38 B 6 605 0.47™" [0.21, 0.73]
PR XL 3 8 211 0.54™" [0.23, 0.85]
S 0.78 1 >0.05
22 W 4 200 0.35 [-0.04, 0.74]
ARG 10 738 0.56""" [0.32, 0.80]
R 0.27 1 >0.05
pLip= 7 370 0.44" [0.15, 0.74]
TF 7 568 0.56™" [0.25, 0.86]
e A b, BESEATRNA R ANR, BOR KIS R, SO X L AR Y AR A 5
TEEALES ) b, BFSEAREAN & SCRE, BOCRHBD RN R 2E AR 35 RO0 A6 55
7T REREMNMBXFW RIS FEV A EE)
AR k N g 95% CI R
Qs df p
LRRAA 5.48 1 <0.05
YL &R 9 663 0.82"" [0.50, 1.15]
A 25 28 % 2 153 0.40"" [0.24, 0.55]
RSN 25 0.57 1 >0.05
SR 10 636 0.72"" [0.44, 1.00]
A B 1 180 0.16 [-1.25,1.57]
P 0.93 1 >0.05
D8 P38 B 6 605 0.60""" [0.37, 0.82]
AT XLE T 5 211 0.90” [0.34, 1.46]
2L 0.85 1 >0.05
22 W 4 237 0.54"™" [0.21, 0.88]
ARG M 7 579 0.79™" [0.37, 1.21]
2RHE M 0.05 1 >0.05
pLipR 6 359 0.72° [0.14, 1.29]
TE 5 457 0.65" [0.37, 0.92]
T TEEALREL b, BETEARHS R R P RIR, B K2 o A, Wt AR X SRR 4 RN A6 36
TEVEMUE b, WFFEA R AN B SR, BOCRERE A 3 AU 75 2500 A 3
* 8 ARWEWN
2R Rosenthal's Ng Egger’s intercept SE 95% CI p
PRFFIN 55 B 55t 1737 2.03 0.80 [0.41, 3.64] <0.05
TR I 555 1 25 849 0.76 0.73 [-0.71, 2.24] >0.05
AR ] 141 -0.66 1.19 [-3.25, 1.94] >0.05
WAL 185 1.02 0.77 [-0.73, 2.76] >0.05

. IAb 95% CI 35 Egger’s intercept B 95% & 15 X 8] (&% T FRAIEFR).
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EE ¢

48 4

fHAL/NT 0.05, B/ PRI 56 B S5 1T e A7 AE & e
2 HAET RSN 86 S0 | AR ) | R L, %
FEARIIME S5 M 0.76.—0.66 . 1.02, #3310, H 95%
CI A 0, p (KT 0.05, BRITHM WS 1T
PREFR] AR B AE e Rl 22 P PT Re PR/ 4
X LA b 30 485 R (R I 2 DR I 30 L 550 ) 1) 2 5,
— 5 2R FH B b % B AR i 22 A A L A Sk
TEAbE, RN E . 5 E, AT LI A
W I AFELER K KRl 2 -

4 g

AW 538 3 TC A T BOR E R T 2 AR R
BE i 2R N2 SO N B T s i, 6] i
T VE RN A 5 T B BN B AR 2
R, RERPEE T 52 H X 5 MR AR L E RS
W5 B ST, N T IR 2R DX A ] 0 400
WE P, 2RI AR SSAE 3F T X sk iR
PR ROR, [RBTG5 T2 HEREES ., R
MR RN —E R A2 RBA | MR
P RS 2R MRS R R T
41 RPN

N ROV AG S0 25 SRR E, LR R PRI 49 i
S AT AL I 40 S AR P E I 8RB WK, &
BUG BRI B (Hedges’s g)43 24 0.53 1 0.36, [AlAE,
LR W FIGNN T 27 2] F XL X B ] AR
YR, SRR F] 0.50, 0.70, HE THFIRREE, BIAH
IR R, LRI BRGE S T XA R TR0 A 2
fit, WARAL T2 EMEES R Ht, SUAKE
SEUEAESE 45 S —F((De Koning et al., 2007, 2010b;
Jamet, 2014; Liu et al., 2013; Ozcelik et al., 2009), AW
FEMTCA T IE—AIESE . 2R AR 1 o

WIS FR, LRIETETIF YRR By
U AE AT 456 10 5 1 Bt . BSOS IR BLRTIA
7 1] B (Cognitive Load Theory, CLT)XEATfi#
B EETIRBUIN, LR TR
T.(perceptual processing){BrA & HEXHE BAITERE
IjfE(De Koning et al., 2009), Bfl: £k R 2: > H 1Y
T 7513 IR 00 OGS DX, 1 X s 2 X s Y
TEAES R AN E LR AL, 2SS oo X3, Mk
B A BB AR 4R B% (Jamet, 2014; Jian et al., 2014;
Ozcelik et al., 2009) . B UL 2 T AT 5B H AR 3
FE bR (AL ) AR LR BO I B4 SCRE . BSOS
RV R, U E B BB R AR5 B A RELRIE

—E SR F R AR ST, A R A i

BL2E ] HHATEIR AR ARG B . 2R

it B HA A4 9 DI HE(De Koning et al., 2009), &
FIINARBRELE S WA IAMIAN T (cognitive processing)
B B i — 20 5 8 2802 A ) B SCOT 3R R B I S

JCER Z 0] ) 2H A a8 55 45 #4 (Mautone & Mayer, 2001,
2007), 04 HL R MR G GG T — B O BEER
fiE(Scheiter & Eitel, 2015), XFEEAAE XS T2 &
AR B AR B S RS B T AT
G HT R 2 SCRAE AR (AR 50 B S FNIEA% T 49 1 557)
MY AR, S8k, ARG ES, MATE(R S

PN AR AN B I A BR A, SR T AR

PRI, MR 2 ROR 23 A2 252 (Sweller,

van Merriénboer, & Paas, 1998), T 2Rz 2 b

BRI S e, 2 2] i B b b 8 2 AN B i
THFE, PRIAEAE RS H AN B8R i Y P RE R AU o 1
TEM B P SHM N AL R G, LKRATREHT Fikik
. LU G AE B0 7 SRR S FE A N AT
(extraneous cognitive load), M T $& /51 2% > R4 5 (De
Koning et al., 2009; TFAEN5E, 2013), Ak, B FAHF

FEIFAR HEH SRR IN A7 A 52, R A

(B4 A B S TN T FRIE . 2, ARWIFST ol B
S S A TR B L SO S R

TS, R REM T (E B kst LU S 1 )7

FORFEARA: 2] 3 A SME AR g, DT DRI X 2 2

PRE R R E A AR RIOCR .

o AR AR, MRV i FoR A, ASHFSE A
R AE PRI 56 B S b YRR e TR, i AR SRS T
55 s b BRSO BRI B, XM R R TR A
FI T i 2 2] 5% Z2 R 2 2T AR i = e B |
1.0 SEHiER A & RIS, S (Jamet, 2014; Jamet
etal., 2008; Kiihl et al., 2012), iyt i, [ PRSMIFTEH
PIA AR AR RIS U 56 s &5 b i A i A7 25
iR, 459 A AR BEE TR R IR R B T
R .45 (De Koning et al., 2009; F 2445, 2013),
Rk, A AR RERNES ST, RGN N A2
PR AT ReA —E AR #EAE ], IR A XS A
FR. Xk, nTREMIARIEIE, ZRR MVE T 2 R 8L
TEF T 2% 20 4R eh oA DG AR B B 5 S Bk R
b, i AR R PR AR R RSAT 5590 S BIX oG & (]
& HAE R HERR LR S AR 20 1 FRASE A (elaborated
mental model) A, IXFEFEA R 8 LR T i
J ) (De Koning et al., 2009; Kiihl et al., 2012),

42 HZEMMBIDREZH
TR T 200 K 0 B 25 SRR R, RN AFAE—
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FE MRS, FERIMAELR R | E bk )
A RS RILL S AR A R R Bsgmm -, ik
S PR S I E | 2N ) F I EE K,
PRI A3 ek 1 3815 35007 A 9 A

2 RS TUAE IE AL I 56 1 St b X 2 2 0 e %)
TR, A5 2 3R(g = 0.73)%F A I 46 i 4t 1Y
TEHEVEF e BZR R (g = 0.3 1)K, HIRfZs kR
REHR 5122 ) E TR TR 2 B . M UAERFROR R,
YR, B RRKER T RSEELT SYhE
ZAb, ] T M 2 > R AR R A N TR 4
R, 2R H A R R R, AR A
PRI #% (Seufert & Briinken, 2006). #4141 : Boucheix
1 Lowe (2010)R ] kil ol i) #f 2F 19 i) 25 2o R A& BH,
LR TS TAER B Bl E R, 5] A i
LR AVANN I B G o ] 51 Byl 1 B ST s =
T I3 2 B O A s AR R AR O N 2, R
HET R ZHARACR . BAMAE, TR ] Ak
B ERRT 5Z MR ATEER, B REg g &0
TRTER ] e s R K, R ECE 2 IR
L, AP AR SRR T T AR LY B 2
A, HO R I g i S ) AR SEAE R K XTI,
AT REAFFEAN T MR . TS5 BT SR N SE AT 3l 2%
A B EEAE ], B IR CHE A9 /R (Scheiter &
Eitel, 2015), FHLLIMT, PHERLR T 200 58K
(perceptual level) 5|5 T, (HIFARELRIEINA
7K (cognitive level) I FAA &N T SR 1M 40 HG fr ik,
A 28 L R R R 8 TR TR M NAEH LU R
&, AT XIAPRHO TR 2 38

25 2] MRk Bl 2 R 5 e 2 R A AKPE I i A
RZ— HME, #8FI MR R D ER S
TARFHINYS RS (g = 0.62) FIIE RS 4G % (g = 0.47),
T Bl 2 BB A & B R AE SRR B
BEEH . X5 AR5 45 R — B (Heiser &
Tversky, 2006; Liu et al., 2013), f4illl: Kriz 1 Hegarty
(2007) & BN AL Z I BA FE S AR K AR 1Y
22, {H Jian FEAN(Q2014)K 2 MR BCH#AS S,
HERMEFREES TFIHWNE RS AN, fEiE
R QE T R b, S 2 MR S A
MR 3 T e RAUN o 2 I BB S A AE 27 2T 3L
RAFEET ERRETERN2ESR, TaEEH T4
RIEFRS RSN TR I Z | 5 DI REAN ]
JirEk . RAED . FE IR R RAGR S TR
SISHERL HALINE, S8 IEHEE T AR
Z%(van Merriénboer & Sweller, 2005), —EFEE 1]

RERHLAS T 2B XM B — LIRS, A T2
>, RS AR 5 2 A R .

HITER AR MR RN A 7 —EE R E . M
FEAR PRI, SRR AE BRI P I e B B AR 1 R E
M5 .25t (g = 0.57) FE R I 56 14t (g = 0.38). M
IR R AR, A BRAR MR 2 15 3 A
PR, H i T HI R, BSCF B0 R AR
AR T R PR, R s S R, ANF T
HRAE O MR, LTS B — e 48 SRR
FARA T e — A i B SCfE B Z R 2 RE 5
XA BIVF 22 28 R B A KM 5% 45 5 119 52 FF (Ibrahim,
2011; Kiihl et al., 2012), T2 FHEHIRE L TEA
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Abstract

Cueing is an important instructional design technique to improve learning performance in multimedia

learning. Recently, researchers focus on whether cueing could guide learners’ attention or facilitate learning

outcomes. However, there is still no consistent conclusion about cueing effect of guiding attention, organization

and integration in multimedia learning. In this study, we conducted a meta-analysis to investigate the effects of

cueing on learning performance (e.g. retention and transfer test), attention guiding (e.g. fixation time and

fixation count of cued areas), and moderating factors (e.g. physical and spatial-temporal cues, declarative and

procedural knowledge, dynamic and static presentation, and subjects of learning materials).

We used key words (e.g. cue, cueing, signaling, attention guidance, multimedia learning, animation, eye

tracking, eye movement) to search literatures in database and got 43 related empirical studies. Forty-four
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independent effect sizes (3910 participants) were included in retention tests-related meta-analysis while 41
independent effect sizes (3906 participants) were included in transfer tests-related meta-analysis. Fourteen
independent effect sizes (938 participants) were included in fixation-time-related meta-analysis while eleven
independent effect sizes (816 participants) were included in fixation-count-related meta-analysis to test the
attention-guiding effect of cueing. According to the characteristics of studies about cueing effect, we reasonably
chose random-effects model as meta-analysis model. CMA2.0 was used to test the independent effect sizes.
Finally, the impact of publication bias was tested to guarantee a more convincing conclusion.

The results showed that cueing could significantly improve learning outcomes of retention test (g = 0.53,
95% CI =[0.36, 0.69]) as well as transfer test (g = 0.36, 95% CI = [0.23, 0.49]). At the same time, learners’
fixation time (g = 0.50, 95% CI = [0.30, 0.71]) and fixation count (g = 0.70, 95% CI = [0.43, 0.97]) of cueing
areas attracted much more attention than uncued areas. This result supported the attention guiding hypothesis of
cueing in multimedia learning. Moderator analyses indicated that cueing effect in learning outcomes was mainly
moderated by types of cueing, dynamism of materials, subjects of materials and types of knowledge. Specifically,
cueing resulted in higher retention and transfer scores in conditions of static materials and declarative
knowledge rather than dynamic materials and procedural knowledge. Compared with the materials in liberal arts,
cueing effect in retention test was weaker than that in science or engineering. In addition, spatial-temporal cues
performed much better than physical cues in transfer test. However, in regard to attention-guiding, cueing effect
was mainly moderated by cueing types itself. Fixation time was longer and fixation count was more in the
condition of physical cues than spatial-temporal cues.

The observed strong cueing effect suggested that presenting cues rationally can indeed improve learners’
memorization and comprehension of knowledge as well as distribution of attention. Physical and
spatial-temporal cues, declarative and procedural knowledge, dynamic and static presentation, and subjects of
learning materials may act as important moderate variables in cueing effect in multimedia learning. The
meta-analysis of moderator factors supported the boundary hypothesis of multimedia learning principles (Mayer,
2010). Limitations and future research were also discussed in this study.

Key words cueing effect; learning outcome; attention-guiding; boundary condition; multimedia learning;
meta-analysis



