DB 2E AR
Acta Psychologica Sinica

2015, Vol. 47, No.2, 224-233

BT RN X 25 YR == 5] R E L E BRI #2 0 :
LRWIER

THRX BEEE Hzxx K #

(FEML OB 54T M BE W E A LR E,; BhIii ko5, K3 430079)

W OE DB R R SCHES Y A0 T B S 2 R ST Y RCR o AT RN T 2R B B 1 SCHES
L8, RABEIENLRGIFER, F0 TLRA T R - 3CF 19 23 AL B X0 2 AR 27 o] 18 SO 5 1 5
Wi o 45 SR B - PRI SC AT St BN 4 PR D00 56 13 B 0 96 B St e T PRI S v S B, P SC A B BRI 2 ) 38 0 56
SHEDGER DX B HE OO 22, AR BHG RASC 2 S i 9 Bl B 2 LRI BT B B2 27 o) IS AN R H
BEEISCOLE S, R UAT R I SCAR T 27 ST BRI IR 1k 1 OGS SR XA R .35 2 T IR S s
WFFEINH PSR &R T AR AN 1 27 >0 0 AR USRI B AR, [R50 1 2 >0 % R A g A,

DOI: 10.3724/SP.J.1041.2015.00224

HEBEAIN T, (HEE B S R
KR ARIERON; 2, IR BSCERS
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1 [

Z A 2% 5] (multimedia learning) & 45 Xf & i
(F K18 F MO B R RAEAMEHE . s . A
AREE) 0 BEEEF AN T (Mayer, 2005) . Fifi %5 R1-H 119
AW KRR, AR o] R E 202 KA s A5
BT S (AR T AR AR 3T b R R
AR B R, I HEETERE AL TR MEE
AT AS R T2 2 FOR B 1 L (Lowe, 1999, 2003),
FT LA ANl IR A b 5| 2 ) B BT 1 e, DALY
Hiu i 1 22 A 2 27 v g ] SRR B R R E 5T O 0
)
1.1 4BIE RN X B SR & B 520

EAWIE AR, Ry E SR HE T SRR IS 2L
M| 2 ) 3 R, JT R A 2T B A ) ROR
(Schnotz, 2005). & T Bij 1k B SCEs & 2 PR 2 2] i
T2 b (1) 10 75 43 15 (split-attention), FF ¢ 3% & A (5
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SCARIE S B B T R FISCAS 5 B T IR A M AR 5 R BB AR A0 A B0 8, S A i fie gk 1 S

SR SCAAE B AR HE S 1M 42 5 o 2T S i B 4 R
AR AN (contiguity effect) (Ayres & Sweller, 2005;
Mayer & Moreno, 1998; Sweller, Van Merrienboer, &
Paas, 1998). My HMARIENRIYAIRE, © XN
MR —FRESEME L, BREERSIRE
BRI HES M E 27 T (LG, Bk 25 ) & 3 8500
(spatial contiguity effect); 35— 27ERT A& |,
R A5 BRI SCAS AR 2 TR 20 i HE T A 2E 2 2T i B AR,
PR SRy B 8] 1 3 %% 1 (temporal  contiguity principle)
(Mayer, 2001), TEASHIFSE HALER IS 25 [8] 48 35 %0V
25 (6] 41830 %4 N e S R Tarmizi A1 Sweller (1988)
PR, AT R BB IR R i e iy R v, KRR
{7 8456 B BRI I T B R B ey, T4 &
22 IR . 7E Mayer (2001)#) Z 84424 > ]
i, FRHCSAZS [ 4B )50 (spatial contiguity principle),
NN AR 5 B 7 28 R AR T S A, 2% 2] 35 m] DA /b
AR AT BT ], R AT ae R R 25 S
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ZWARAFAE R RS, XA IR Lo T 2
LT RE 2 32 2 AR 1 2% 2 (Ayres & Sweller, 2005;
Cierniak, Scheiter, & Gerjets, 2009; Mayer & Moreno,
1998)., Ginns (2006)%} 50 MiA 3 2 i A2 > 45T Ji
TR RR TC A3 AT B, &8I0 2500 S5 A R 2 2T B
SR Bk 2 2] AR (d = 0.85), 23 [ 4RI 4K
R 7E 3 ) 2 2 (Kester, Kirschner, & Merriénboer,
2005). F5A[E i (Mayer, Steinhoff, Bower, & Mars,
1995) FlIfi 4% %) 152 (Holsanova, Holmberg, & Holmaqvist,
2009) A5 78 s Fh Uk B T L RR A DL

TEZ R 2] v B S 23 )4, B AR A S 25
SO~ ) 1A 2 ROR, EE AR R T R
o, HE AR IrET . DAAE R — e 5E v,
58 0T 22 ORI A A A7) B2 AR AR R o AR 4R
I HES B SO AR R D8R T 27 20 F A A fer, M
1M A F T 2% > (Cierniak et al., 2009; Moreno &
Mayer, 1999), Schmidt-Weigand, Kohnert F1 Glowalla
(2010)R: FHI R B H A 4RI T 380 38 800 A1 4B TR0 Y
AU T 72, HR 2 s A IRl 7E 27 > A K- 3
NS0 A L BRI A SO N B 225 R R T
PR ) 7 B SCAREAE B T T S B, dEAE A
B[] 52 2] 45 R 2 I IEAHOC . Johnson F1 Mayer
(2012)F 5% A B, &I SCAR T 5 BRAH 7E [ v RS ()
A AR e e T P Sz 3 s B I B, X SE BT
58, ARFFEHEN 17 2 - SO B R AR AR F T2
S HE YR, SEMAEHE TR HER A SCA R
A, Rt T8 R . XTIl ke
) Ry IR s g R, P IR K- 304
WA R T 25 2 3 R N T R,
12 ZKEWENXESHZMN

TEZ IR 2] v, [ T R AR ] S R i &
SCRER AL, RS 2 B RE IS 2 M A 2k R (cueing)
WG REFEE AR — A XEMLR
SEAG L AR AR 25 [R) 1 BRRIE, DT IR
FH B2 ) 2 T A OCAE B L A AR R iR
O A MR ZUR 3 G iige — =0 H B (ZRR 0
De Koning, Tabbers, Rikers, & Paas, 2009), ZkZ 1
HKRIE L A5 5] 26 K 44 (topic shifts) . 5 bp i
(outlines or headings ). ik (arrows). Eiff(color)
FE(hCERR W EA, BOUIHE, JH53Z4E, 2013),
CRR LMW R, X2k 2] 0 B R A L
RUZR ZK S H 5 (Kalyuga, Chandler, & Sweller, 1999;
Ozcelik, Arslan-Ari, & Cagiltay, 2010; Ozcelik,
Karakus, Kursun, & Cagiltay, 2009)F1%} [t & 725 1k,

(De Koning, Tabbers, Rikers, & Paas, 2007, 2010),
It H2% B3 B3 8 i A S M, AR
FHBEAE LR, 38 X2 2] b} b ) S5 A R
A7 B e DL DO T H AR B 0 Aok 51 S =
I AR EEE S CRFIE R R AT L. £
X% 4¢, 2013, pl1431).,

LER VLA TR R B, LR S 2 A~ > 3R
FEOEE A =P T BRI R E T ERL
KIX, M52 2 F AR S, s 5 Bl
M E AT HT IH AR A % 4 (De Koning et al., 2009;
Mautone & Mayer, 2001), 75 X} Z {424 >l 5T b,
PR R AE 24 2] N 552 17 i B (Boucheix & Lowe,
2010). KHLE[EEM T 1E 5 P (Ozcelik et al., 2010) .
KHLAYHE K 3 (Mautone & Mayer, 2001) ., 0> L4
i ¥ % %5 (De Koning et al., 2007) Hl ¥ 4% 45 ¥4
(Boucheix & Guignard, 2005)%%1iH%:>] 2 415
ST AR, & BB (A 2 R S e i o ) X
FRR P BR A, DT A B PR RRI 55 AR5 T
WFFE 3k — 25 2R FH IR Bl 52 AR R B €0, 2% 2% f1 = 1] 468
WX AR A 2] T R 5 | T R 2T ORI R

TEZ AR, ARIMER S| ST ETE
SRR, (R B A A R0 s X AR A T A
PRARENAAAE 38, XRS5k B Y SCAAE
BB R [F B, T AR R G sh 55 i
TE o im 5% 8] F- {5 B A AT (Crooks, Cheon, Inan, Ari,
& Flores, 2012; De Koning et al., 2010; Fischer &
Schwan, 2010; Kriz & Hegarty, 2007), if &4 A %h
Fo e B I AE 3 m B R {5 2R )5 T (Fischer &
Schwan, 2010), &l 5 115 & B 60 2 R AR A 15 2]
LRTUHRRCR . XUV EFE R CAE L SEAE
BB AR TE2E 2 m T AR B 8URTn T, ffifs 2k
RAMERE] 75 SR EH R, BRI SHTREZ
FEEAWEHHIEA B(S L. De Koning et al.,
2009) . AHICHY, AL RS E A E B R T,
AL R L RGP E . AL S FR
DI AR REAR G b S B, 27 ) 3 1Y~ ) Gt 3] 1
#F+(Boucheix & Guignard, 2005; Boucheix & Lowe,
2010; Mautone & Mayer, 2001; Ozcelik et al., 2010),
F AR, 2 2% 20 A 2% ST S8R 1) 52 i AR R A
FHEENERARKCETR, FIil, RO5EL
AR R 2 R — D R R 5 TE B SRR AL
BN T 2 1R . eAh, e Rm R0 5 28
LN G WA B TIRRAE RN 4 KM T k4%
YER, AR LR PR AR
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47 &

HETU gk, PR ZEARS S h gy
“IN R YO B R E AR SR = ) M OKE (Mayer, 2005;
Mayer & Moreno, 1998; Moreno & Mayer, 1999), %
PS5 B R [ 2 B shim gy 2 L, [RImf
TESCAREIE PIMA B LR, kEEB LR
AT R AE 22 A A 2] i o T SR PR R IE B
fRAISEIR . ek, 5 BhF EIEF (moment to moment)
T 53 TSR A AR 5 DA R0 I T R R A3 e A R 3
BR(Z AR IR W FEIFAR UL . Hyona, 2010,
Mayer, 2010; Scheiter & Van Gog, 2009; Van Gog &
Scheiter, 2010), 41418 3T RN FI1 2k 2R 800 7E 18] ST
G BT R, DR T 25 [H 481
RTINS A S g 1 R B8 o R ST
B (Cierniak et al., 2009; Ginns, 2006; Kester, Kirschner,
& van Merriénboer, 2005; Mayer & Moreno, 1998),
It AT UM BNy« SO 4 3 R B A
T2, OF Has ek 2 38 X0 2 ST MR e 48 &R
R I HEF 1 B S 2 1k BT 2 i 2 R A5 B E
FER o MARRLGAR WA LU, B RTER
Z o R A AT R RIS
(Kalyuga et al., 1999; Ozcelik et al., 2010; Ozcelik et
al., 2009), BFFETUY > BRI A LR S e itk
SRR, FLRME ST EI T LR, Rk
KA LI5S = B 1% (De Koning et al., 2009; Mautone
& Mayer, 2001), ZeEMA LW CHAE R, Bk
MABOLRIERIEWNST L X TLEME S
A BEHES AL B AR EAE T, AR A OC B IR B F T 45
B (Johnson & Mayer, 2012; Schmidt-Weigand et al.,
2010), HIF5E 40 2R 25 B fmh S 4R T R, B A2
EARIT HA LR A T2 ) E s8R,
Ptk ] AR o
2 JTik

SV LR (LR . ALR)MESCALE
(i AR i &R kel iset, B2
Al 1,

21 #Hik

PR AR T TS K2R K22 A, A Bl
223 22 B KV [R) B AT O k. SER SR SRS
BORWOA 57 A, MERIRS B =Wy 6 A, &Ef
il 51 N o Bl BEDL T E] 4 RS FE
PR CARA 13 N, MEALRA 12 A, 4Bk
TLRMALAN, WAL RHA12 AN FBE14N, L
4 37 N, IR 22 % (SD = 2.4), A Bl

NEHEFIEM A IER, LOHSEOEH. LR
WG, BB B — 1 /AL S B PR R
[m] 5%

AR AL G . (L)INIR ST . 2% > i P AR FRIN 55
TR INGS o (2) F NV « 2 B2 PV Al ) 5 0
FEPERE . (3)RZ: XBRIXHR M AE R
22
221 F3wHH

SCERE I ABR H Mayer 18 Z R 2 2 d i
FH Y 28 R RE TN HL 9 T i 2 (Mayer,  2005;
Mayer & Moreno, 1998; Moreno & Mayer, 1999), H
IR B LI 1o By S 53 P 45 A e S
BIPERch S, b TR SCFE R R R T, BEoEE
SAFREE Y | O R T O DOE Y 35 B B AR B
VRIS, FIFESS 0—B0R S 85%., BFTE A B
AN Hh 7 5 B R S S A SO MR
FRA I SCN A o BE SR 2T BRI i — Be s 2
i 3, Shim R Ak 800%600 1R K B AV,
H 16 W& 5 =B A 16 B SCF AR R, A i
FRZEIt ]Sy 155 #b, Horp [ i 5 SO AR LR 3 1
——Xf N, H A R SRS R, R
KL A M bRiC (Ozcelik et al., 2010), HA4 &
2H Fi BRAT: 55 AH OC 54T 55 8 ¢ (Canham & Hegarty,
2010; Hegarty, Canham, & Fabrikant, 2010)%1 4y
PR, LSO IXORNE R XA A G D480 X A S 2R K X
ZVPE, R XIE DS R 12 R — BRIk
F| 95%L) I,

222 @M E)E

SEHRF RS ZS 8 Mayer 55 A 5T S
il (Mayer & Moreno, 1998; Moreno & Mayer, 1999),
FRFE RO 8K, 2t 8 @t 1)Fe I b
e ACECHE P A R 2) RN TE R PR
5 )X = 5 = WA A 4)FRAE LR
JE ARG ATz AT Y, 5)FHNTE F XU AT FE i
6) TR HIE X M5 (R B PR )& S 7)FRAIE X
M (R BA R & o A [ O X AR
BT REIE O IR L B i BE L IRETT
MHERETTHr, 35 5
2.2.3  CRFFINIE AT 7 36

PRFFDN S AR RS I 56 2 B E A F5E, IS
PO Ht S 7 3 43 5% (0] 3R 3R RT3 s 64T T B R
Al B, o R o R D — Bt (Mayer, 2005;
Moreno & Mayer, 1999), F4¢l 56 E2 ok 27 A4 5 H [N
B B A, PR 3t 19 A, W4 19 43 1R %R
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————

ez AR R BB, A,

———— e

BB E A REGRE S,

RS TRAREGROSS, FRHTR.

BRGLERARE GRS,

1

T e EAARRAL S, A EAARRADLL, £ T RHLLRRLE, A FARLRR-ARL; LHEAIRDGRX AR, 1B I

IOHE, SEBRARIC S MR B —E XK, Ut

(% J&1 WL HL - hit)
g H e THE2 ) EM MR PCRE T . 288 A REOR . ol AR 2EAT RIS AL E, SRR #EAIE

W 4 AR, A4S “anfal A REREAR N L Y
SREE? 7 RERE WK I = ZHEA BN
M, XERA? ™ “SEMINEREFARR? "
U AECT N 7 Hrp A Rl A A HITE AR,
55 8 41, RS H A 2 i A A R A8 91
B B S R B BE T . PRSI VR4 2
AR INRPE 3 8, a3 I 2 N
43 THE AL PE4r 4 1Y Pearson FH2EHIE, 7
FEME A 0.94, IEFEMEE A 0.92 (ps < 0.001).
224 FWIFEER

By 3 UHEFE (1 R TR T 5, 9 FRoRAEH AE)
TR 6 B (1 RS e T B, 9 R FoE) P 1R
FIFEHE 9 SITRE o
23 UEE5EF

AR 3 %3 K 4 >~ EyeLink 1000 Desktop %4 IR 5y
{¥ (SR Research, Canada), “¥FE3% 250 Hz, [EfL-ff
R S 5%, 19 Jet /R #5(1024x768 43 HER, 5t
HELu ) 5:4, WRESFEGESE 75 om). HIEORRE AL X
WK 28.7 FE, HEEALA 22.9 B

SCERTFIATT, X T B T ARG S AT
Gk . O e 4 oS A Bl S B i, AR

AL I ) S AR o SEER 25 A 3 3 e KL
SE IR T P 52 B 3 T s = 5F— 073 [ 2 47 2l i e 2
PEERRAFINES, MUEREY 6 70, B B —
fylR) s, AT RS AN R XD, 3k 10 204h .

3 4%

TEFTI AR ), AR ET AAE ST (Mayer &
Moreno, 1998; Moreno & Mayer, 1999), Fif SN
SLEHA R R AR R T 3.8 4. AL
PG AR FAIRE IS5y, 2R S R T
(WL 1), 7EMER] L, &EE <1, p>0.05)F & 3]
BE(F<1,p>0.05)KHAHEMF (1, 47) = 1.70, p >
0.05, #2=0.04, H: 42K partial %, T [Al)22 HA
B, R, LREF = 1.09, p > 0.05, 52 =
0.02) . E CfiE (F <1, p>0.05) M A HAEF(F < 1,
p > 0.05)Z AW E ., FEHIRAEES b, KREF
(1, 47) = 1.20, p > 0.05, 55 = 0.03) . &I E(F (4,
47) = 1.71, p > 0.05, 52 = 0.04) K HAZHAEHI(F < 1,
p>0.05)E 7N E,

3.1 WREFMEFATRBNIESH
R TR 2 AR RS [ A R R 2 2k &R
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EE ¢

47 &

I T X2 RR B . BRAE AR, W%
KT PRFFIN 55 RN AR AL M 55, T LA 3 i g X FE 17

E T 2 ) 45 SR B i S b 8, By 4 T b X
FFORMEAT TR (L 1),

x1 JBLRUFHHERESSMEREXRIAKE

205 Ko AR &R L RIS IEE
M SO M SD M SD M SD
P51 1.42 052 1.25 0.45 1.14 0.36 1.31 0.48
AEE 22.33 2.19 21.92 2.11 21.50 2.95 21.31 2.39
TR 2 5 2.63 0.74 247 058 251 0.75 2.17 0.59
PRAF I 55 8.83 2.04 7.75 2.56 9.07 202 6.85 2.30
TEAL I 5 3.17 1.03 283 15335 156 223 1.17

Shim e 525 1.6 5.33 1.44 507 154 569 1.75
B EMMERE 7.00 1.21 6.75 0.97 6.64 1.28 7.46 1.05

? DTP 0.09 0.02 0.10 0.02 0.09 0.01 0.09 0.01

H'XE FCP 0.09 0.01 0.09 0.02 0.08 0.01 0.09 0.01

3 RC 1.79 0.30 1.47 0.15 1.65 0.21 1.57 0.14

T DTP g %M X 15 B 8] LA FCP Sk D40l X Y 1 A0
AELLA]; RC Ak %8R XA R %L

XPORFFIN G . TEALI G5 . S SR e 85 00 46
TERFIMERE AT 2(FR . ALRER . TTLR)x 2(K 3L
B mEs . AR IR R Rl 22 0. R IAE
PRAFINGS [ : P SO B 0 B8O 3 (F (L, 47) =
6.96, p < 0.05, 5 = 0.13), [EISCAL B ABUT AY LR R
Y5 WSt v T R SOy e S B i B (MDD = 1.65, SD =
0.63) (1:: MD & Mean Difference, FI[d]); £k&nY
FR(F < 1, p> 0.05) IR S5 ERLHEAERHF <
1, p > 0.05) AR i % .

TEXERSIG . RIS B A R0 B3 F(L, 47)
= 4.50, p < 0.05, »5 = 0.09, &3 & ABIUT AYIE R
Y6 R S = T TR SO B B Y s (MDD = 0.80, SD =
0.38); &kEIMWFEMMNARE F <1, p>0.05 EX
NE ML RN EAERARE F (1, 47) = 1.54,p >
0.05, 2= 0.03,

FWPERE . FESmERAMERE -, RSO E R E
BN R F<1,p>0.05 LREFNAEE F<
1, p > 0.05; [EI3Ch B ML R HAEHBA BE
F<1,p>0.05, 7ERERNMERE I, B0 & F
RN E F<1,p>0.05 LERNFHARE F<
1, p > 0.05; &7 8 LRI HAEFHMA B
F (1,47)=2.81, p>0.05, n>=0.06,

32 BERMXFHBXEER

T2 2T MR R s, LARR 3l i Ak 3
A AR 4l 16 1 (51 7 224 Sl i i U] 43 16 4~ F B,
TERA R B ERIGERIX (B R CF . &R), [
EyeLink 747 B9&HE 53 B4k /' DataViewer 21} 16
M hBRIRshEdE, sk 16 R Ber s
PREHE A A B A B X 48R DX IS A i A e 1t
ST e T BT RN 26 e Se s Tl o B 15 2%
S MR 2 2] 35 02 )R RE A B R FSCAS B T B AT,
K FRH N AU Tk 2, AR 58T 14 20 2y i A4 ek
HEAT T DS DR SCE 4R X AR 43, I ORAS
[i) &1 S AN A Ak %) S o DX T AR R/ IN R B X AR
KNSR VBRI R B8 ARAT D480 X {55 5 it
[4] & 43 b (Dwell Time Percent of AOI, fajf#k DTP,
A B R T B3 DX I ] 5 45 B A
Sy I T 1 LA, @Iﬁtkwﬁ%ﬁ@@iiﬂ@ﬁﬂl
ARAC) . 48R X A SN B(Fixation Count of AOI,
fAIFR FC, JE 88l ML B R B8 S0 DX i) 3 R e
Bnt, B B R U0 W LR B 22 ) D B AE DR IX

A& YA AR (8] (First Fixation Time of AOI, fajfR
FET, 48 102X B R IXEC 7 X8 — a1y

FF ], s e T o Pl 8 S 5 194 3 — U n T [p)
(A KRSt br & XS0 EEA %, 2013), X —
ASFE AR AR AT LA H 2 ) 2556 28R X (1 Bk S0 ) 1 56
WA, — MM &, (BRI R 2S8R X 1 1
T, BT 100 ms R 1E R X400 -5 HAb R
% H R (Manor & Gordon, 2003), ArLABF5T
FE LA ] 100 ms K DA b A9 40 05 48 A28 SR 40
XX SE R S A AT T 2(R K LEREK . AL
R)x2(EI SOOI E : B ABID)x2(% R IX . E X,
SCF X)) = R R A E R I 25530 (BRI ER 2).

F2 BFXREHETHER-XFXAEMR
Y @fc e DTP FC FFT (ms)
(A + M SO M SD M SD
& 058 0.13 19.08 3.59 76585 2509
J4kE 0.66 0.08 21.36 2.76 76644 2622
HL#% 071 011 2293 3.14 72916 2951
JZkZE 071 0.08 21.22 1.92 73090 2998
FHEE 041 012 1093 3.17 76462 2628
JLE 032 0.09 7.80 1.24 77889 2861
FHLER 028 011 7.17 2.48 76676 6093
J4k#E 028 0.09 7.13 2.00 71905 2843
. DTP Sy 48R X5 B B E] L5 FC g 4780 DX 00 A0 At
B FRET Sy 2408 X IR FE LT

)

A
&

=
g

&P

A
&

s
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TE 2480 X A5 B2 B 1] L 45 (DTP) |, 1A SC =24
W3, F (1, 47) = 141.47, p < 0.001, 5= 0.75, 3CF
L &) A 452 B2 st ) e B K (MDD = 0.34, SD = 0.03), K]

SCHM B B HAEF 23, F (1, 47) = 9.08, p < 0.01,

nd = 0.16, PESCARAT A X 3¢5 1 40 B4 457 8 Bt ] LL 7
THEE, F (1, 49) = 8.84, p < 0.01; & 3 5 i %t &
J A VR AT B B[R] BB s AR R, FO(L, 49) =
7.63, p< 0.01; EISCH&RMZLEAERARSE, F (1,
47) = 2.16,p > 0.05, 5= 0.04, EC ., LR E =
R BRI L3, F (1, 47) = 2.68, p > 0.05, 15 =
0.05. M EMEMNMARE, F (1, 47) = 2.23, p >
0.05, n; = 0.05, ZKERMEMNARE, F (1, 47) =
1.52, p > 0.05, 5= 0.03, { EMLRMLHIEHAR
B¥E F<1 p>005,

TEXGER X TE L N EU(FC) |, S 300 3%,

F (1, 47) = 378.25, p < 0.001, 5= 0.89, X FZ T
F(MD = 12.89, SD = 0.66), RN LM BE, F
(1, 47) = 4.45, p < 0.05, 5= 0.09, HLRIL LR
% (MD = 0.65, SD = 0.31), &I SCRI & K22 HAEF
B3, F (1, 47) =9.44, p < 0.01, 5= 0.17, [&CART
B X SCFIEM 2 TSGR, F (1, 49) = 432 p <
0.05; & 3CHE B B xf /] 7 i 22 F B SC4BaE, Fo(d,
49) =9.36, p < 0.01, FEIC, LLEMNE =HELH
VERR3, F (1, 47) = 7.15, p < 0.05, 2= 0.13, &&K

A EAESCF PR, F (1, 49) = 5.08, p < 0.05,

A LRI B SCERIT R SCE I 2 T B R
frETER A T4 5%, F (1, 49) = 3.52, p = 0.065,
EISCGEE AR R E R ERE T LA ERE. VEN
FRHMARZE, F<1,p>0.05, fiBMLRYZTH
ERARZE, F<1,p>005, KCHLRKAZEA
AW, F (1, 47) =199, p > 0.05, 5= 0.04,
TERSLBR X A B IREALET K (FFT) |, B3
ROV, F (1, 47) = 1.64, p < 0.05, 5= 0.03, A

HSCFEK (MD = 860, SD = 642) 3 1 323500 i 35,

F (1, 47) = 23.54, p < 0.001, 5= 0.33, L& HLALIT
i [H) 5K (MD = 3210, SD = 662), i & FIZE &5
TAEH R, F (L, 47) = 5.63, p < 0.05, 5= 0.11, {ii
AR I LR A L TC L R B R (A T
F(1,47)=5.98, p<0.05, FI3 ., LR E = HEK
L HAEHRE, F (1, 47) = 4.88, p < 0.05, 5= 0.09,
B MERER T EER B, F(1, 49) =8.17, p <
0.01, LRI FHA R, F (1, 47) = 1.56, p > 0.05,
n5=0.03, ESCRI{ B L EAEARRE, F<1,p>
0.05, EISCHIZLRMAZHEAFERARE, F (1, 47) =

1.49, p > 0.05, 45=0.03,
33 LERXBEM

M RS HE B, SO0 B 235 2 2] 35 X K]
XAFERBMINT, I H&RWSfE—ERE X
Pl B SCEES S BT LA T i — P R e R W 2 i BIL T,
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20 S B AR BRI o HT (S SR L 1),

TEL R XA BRI B E 43 U (DTP) . R &
RN RZE, F <1, p>0.05; F3CAE 8 ESA
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I H AR 3, F (1, 47) = 4.16, p < 0.05, 15 = 0.08,
BLRRNFEO T B SCEBIE (M = 1.79, SD = 0.06)%
FHE S B (M = 1.47, SD = 0.06).,

4 g

ARWETE B AR T ] SC Y 2 18] 408 30 200 FI R R
Xf Z BRSSO TR, JFRR B LR
23 [ 4RI RN BT BT IR o SR IS
BN S R ) MORHE R, B SCABIT HE B S
T B EAS AL A 5 B ) B HE R BOE 2, 7
o7 2 J B PR A 00 56 R A% 0 561 19 2 ) B St T
b, XGRSO R U B — S X R RIS
FHIARS AT A B, 2 R 1T R RS
T, ARRIGERXER RN RL R T2, H
LRRFNAERSF TR B AR 255, WA
WETUB A HIE K R AR B TR R ID )R,



230 N B

EE ¢

47 &

S5 0 IR SCAR I A A L R IS 3 TE 22 (R £
T 8B U A% BR IRFIR], 7 DG BE M DX ) 3 1S T8
W Z, (HRXF2 S HEARIAEN 8 S L
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() &R 5 0z, 1 ELAE IR 80 |, A2 [a] 4R 3 Y
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2009), ASLE AR Z i ITE % T RCR | F 300
AR ELEIR B R 22 B W, VT REAZ 2% 2 Ak
PR, PR3 Ze R M A B B2, i
SIS B2 ) 3 6 HER HEA7.0 3R AE B9 4E FH (Hegarty
& Just, 1993), 75— DEE A AERE ¥ ) H AT R
F AR 2R 5 OCHHE B BEIROCR, BT



24 TP A SBATRONNS B ) B SCREE IR R . ZRR PR 231

RREAMATIEZ AN, WU > & R
WE] T ERRIMERAE, HEHPITE R R SR
A IVEREINEA RBL Ok . A IR BRI R M-
BF, BRI IE LR 2] F N B R R e, AR
RIENHIN T LR Z R ITE

AR5 A8 3 X P SCAB AT R TR R T, &
T LR AR T 2 —, XA 254
RS F AT — B BRI HBARA R0 S 4R
RIER T A8 AT R E S r e, Xt
2] H IS MR AR ) e AT AR & B R
FFRE VOB LR Y o ARAT RN AE N B s () AR i, A
HAERS AR AIEE . I HR#E 2Z RTE
FRE GO0 LRI 25 2] F b Tsem . Freh, Aok
WFFE ] e 5 275 482 ) 3 AR B (1) IR 28 30 A5 RRAIE
R, B 7E R A e B B0 DA AR o e =X, X
PR 4 0 1T #5 ) (e.g. Boucheix & Lowe, 2010;
Fischer & Schwan, 2010)., AT LA, M58 75 2455
KEWIAC LB LA,

5 gzt

G, PRI LI 258 () 28R R EISC
AW 5 BUA B T R A SO AR R 00 T T RS A
RS, NI fedt 2 T 2 BRI AR~ . (2)7ER
SCRES M ZBR R, BRI o A TR R
B ) R B T 3075 ) 19 Bl 12 ¢ (3) 24723 [1] 4
P ITAZRR G, 2R T REAL I -SC 2R 3T 19 4R 51 45
EXIIA BT NTE (i B S EYSNIUEL 3 g8

Bigf: Basto 2 IR F TR T AN I 69 2B
K EFa gt TAE, BRSHAREE. WPt LEF AT
T % kB 18 ik Aokt T8

2 £ x #

Ayres, P., & Sweller, J. (2005). The split-attention principle in
multimedia learning. In R. E. Mayer (Ed.), The Cambridge

handbook of multimedia learning (pp. 135-146). New York:

Cambridge University Press.

Boucheix, J.-M., & Guignard, H. (2005). What animated
illustrations conditions can improve technical document
comprehension in young students? Format, signaling and

control of the presentation. European Journal of Psychology of

Education, 20(4), 369-388.

Boucheix, J.-M., & Lowe, R. K. (2010). An eye tracking
comparison of external pointing cues and internal
continuous cues in learning with complex animations.
Learning and Instruction, 20(2), 123-135.

Canham, M., & Hegarty, M. (2010). Effects of knowledge and
display design on comprehension of complex graphics.
Learning and Instruction, 20(2), 155-166.

Cierniak, G., Scheiter, K., & Gerjets, P. (2009). Explaining the
split-attention effect: Is the reduction of extraneous cognitive
load accompanied by an increase in germane cognitive load?
Computers in Human Behavior, 25(2), 315-324.

Crooks, S. M., Cheon, J., Inan, F.,, Ari, F., & Flores, R. (2012).
Modality and cueing in multimedia learning: Examining
cognitive and perceptual explanations for the modality
effect. Computers in Human Behavior, 28(3), 1063-1071.

De Koning, B. B., Tabbers, H. K., Rikers, R. M. J. P., & Paas,
F. (2007). Attention cueing as a means to enhance learning
from an animation. dpplied Cognitive Psychology, 21(6),
731-746.

De Koning, B. B., Tabbers, H. K., Rikers, R. M. J. P., & Paas,
F. (2009). Towards a framework for attention cueing in
instructional animations: Guidelines for research and
design. Educational Psychology Review, 21(2), 113-140.

De Koning, B. B., Tabbers, H. K., Rikers, R. M. J. P., & Paas,
F. (2010). Attention guidance in learning from a complex
animation: Seeing is understanding? Learning and Instruction,
20(2), 111-122.

De Koning, B. B., Tabbers, H. K., Rikers, R. M. J. P., & Paas,
F. (2011). Attention cueing in an instructional animation:
The role of presentation speed. Computers in Human
Behavior, 27(1), 41-45.

Fischer, S., & Schwan, S. (2010). Comprehending animations:
Effects of spatial cueing versus temporal scaling. Learning
and Instruction, 20(6), 465-475.

Ginns, P. (2006). Integrating information: A meta-analysis of
the spatial contiguity and temporal contiguity effects. Learning
and Instruction, 16(6), 511-525.

Hannus, M., & Hy&ng, J. (1999). Utilization of illustrations
during learning of science textbook passages among low-and
high-ability children. Contemporary Educational Psychology,
24(2), 95-123.

Hegarty, M., Canham, M. S., & Fabrikant, S. |. (2010).
Thinking about the weather: How display salience and
knowledge affect performance in a graphic inference task.
Journal of Experimental Psychology: Learning, Memory,
and Cognition, 36(1), 37-53.

Hegarty, M., & Just, M. A. (1993). Constructing mental models of
machines from text and diagrams. Journal of Memory and
Language, 32(6), 717-742.

Holsanova, J., Holmberg, N., & Holmgvist, K. (2009). Reading
information graphics: The role of spatial contiguity and
dual attentional guidance. Applied Cognitive Psychology,
23(9), 1215-1226.

Hyo6né, J. (2010). The use of eye movements in the study of
multimedia learning. Learning and Instruction, 20(2),
172-176.

Johnson, C. I, & Mayer, R. E. (2012). An eye movement
analysis of the spatial contiguity effect in multimedia learning.
Journal of Experimental Psychology: Applied, 18(2), 178-191.

Kalyuga, S., Chandler, P., & Sweller, J. (1999). Managing
split-attention and redundancy in multimedia instruction.
Applied Cognitive Psychology, 13(4), 351-371.

Kester, L., Kirschner, P. A., & Van Merriénboer, J. J. G. (2005).
The management of cognitive load during complex cognitive
skill acquisition by means of computer-simulated problem
solving. British Journal of Educational Psychology, 75(1),
71-85.

Kriz, S., & Hegarty, M. (2007). Top-down and bottom-up
influences on learning from animations. International Journal
of Human-Computer Studies, 65(11), 911-930.

Lowe, R. K. (1999). Extracting information from an animation



232 N B

47 &

EE ¢

during complex visual learning. European Journal of
Psychology of Education, 14(2), 225-244.

Lowe, R. K. (2003). Animation and learning: Selective processing
of information in dynamic graphics. Learning and Instruction,
13(2), 157-176.

Manor, B. R., & Gordon, E. (2003). Defining the temporal
threshold for ocular fixation in free-viewing visuocognitive
tasks. Journal of Neuroscience Methods, 128(1-2), 85-93.

Mautone, P. D., & Mayer, R. E. (2001). Signaling as a cognitive
guide in multimedia learning. Journal of Educational
Psychology, 93(2), 377-389.

Mayer, R. E. (2001). Multimedia learning. New York: Cambridge
University Press.

Mayer, R. E. (2010). Unique contributions of eye-tracking
research to the study of learning with graphics. Learning
and Instruction, 20(2), 167-171.

Mayer, R. E. (Ed.). (2005). The Cambridge handbook of
multimedia learning. Cambridge: Cambridge University Press.

Mayer, R. E., & Moreno, R. (1998). A split-attention effect in
multimedia learning: Evidence for dual processing systems
in working memory. Journal of Educational Psychology,
90(2), 312-320.

Mayer, R. E., Steinhoff, K., Bower, G., & Mars, R. (1995). A
generative theory of textbook design: Using annotated
illustrations to foster meaningful learning of science text.
Educational Technology Research and Development, 43(1),
31-41.

Moreno, R., & Mayer, R. E. (1999). Cognitive principles of
multimedia learning: The role of modality and contiguity.
Journal of Educational Psychology, 91(2), 358-368.

Ozcelik, E., Arslan-Ari, I., & Cagiltay, K. (2010). Why does
signaling enhance multimedia learning? Evidence from eye
movements. Computers in Human Behavior, 26(1), 110-117.

Ozcelik, E., Karakus, T., Kursun, E., & Cagiltay, K. (2009).
An eye-tracking study of how color coding affects multimedia
learning. Computers & Education, 53(2), 445-453.

Rayner, K., Rotello, C. M., Stewart, A. J., Keir, J., & Duffy, S.

A. (2001). Integrating text and pictorial information: Eye
movements when looking at print advertisements. Journal
of Experimental Psychology: Applied, 7(3), 219-226.

Scheiter, K., & Van Gog, T. (2009). Using eye tracking in
applied research to study and stimulate the processing of
information from multi-representational sources. Applied
Cognitive Psychology, 23(9), 1209-1214.

Schmidt-Weigand, F., Kohnert, A., & Glowalla, U. (2010).
Explaining the modality and contiguity effects: New insights
from investigating students' viewing behaviour. Applied
Cognitive Psychology, 24(2), 226-237.

Schnotz, W. (2005). An integrated model of text and picture
comprehension. In R. E. Mayer (Ed.), The Cambridge
handbook of multimedia learning (pp. 49-69). New York:
Cambridge University Press.

Sweller, J., Van Merrienboer, J., & Paas, F. (1998). Cognitive
architecture and instructional design. Educational Psychology
Review, 10(3), 251-296.

Tarmizi, R. A., & Sweller, J. (1988). Guidance during mathe-
matical problem solving. Journal of Educational Psychology,
80(4), 424-436.

Van Gog, T., & Scheiter, K. (2010). Eye tracking as a tool to
study and enhance multimedia learning. Learning and
Instruction, 20(2), 95-99.

Wang, F. X., Duan, Z. H., & Zhou, Z. K. (2013). Attention
guidance in multimedia learning: The role of cueing.
Advances in Psychological Science, 21(8), 1430-1440.

[EAE%, B, JAoi4s. (2013). LRRTEL RS ST Fh fE
. OPEFIZH R, 21(8), 1430-1440.]

Yan, G. L., Xiong, J. P, Zang, C. L., Yu, L. L., Cui, L., & Bai,
X. J. (2013). Review of eye-movement measures in reading
research. Advances in Psychological Science, 21(4), 589-605.

[ E A, BEHNE, JIGmN, KRAH, BEF, H¥%E. (2013).
[ BEAE T o ) E R SIS AR VIR, O BEFL A, 21(4),
589-605.]

The Spatial Contiguity Effect in Multimedia Learning: The Role of Cueing
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(Key Laboratory of Adolescent Cyberpsychology and Behavior, Ministry of Education; School of Psychology,
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Abstract

Text and illustrations integrated in spatial distribution could be helpful for learners’ performance during
multimedia learning. In addition, recent studies showed that cues, e.g. highlighting with color, arrows, bold
typeface, could guide learner’s attention and improve their learning outcomes. The researchers speculate that the
picture and text close to each other can shorten the visual search time and reduce the cognitive load, thereby
enhancing the learning results. Previous studies also showed that adding cues to the learning materials could
guide the learners’ attention, promoted the organization and integration of the new learning knowledge. But what
are the specific processes of the contiguity effect? Whether the changes of the picture-text’s location and adding
cues would affect the allocation of attention? In this study, we expected that the contiguity effects and cueing
would affect the learners' attention allocation, and then influence the memory tests. Consequently, the integrated
text and pictures with cues would have more fixation counts and longer dwell time on the task related area, and

higher scores in the retention test and transfer test.
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In this study, fifty one college students were recruited from Central China Normal University as the
participants with prior knowledge questionnaire. And a computer-generated animation depicting the process of
lightning formation was used as the experiment material. Highlighting red color on text and pictures were
manipulated as cues. First of all, a demographic questionnaire including a prior knowledge questionnaire would
be sent to all of the prospective participants who want to participate in the experiment. The student who could be
the participants had been measured by the prior knowledge questionnaire, to ensure they knew little about the
lightning knowledge. After that they were randomized into four groups. The four groups were as follows: the
integrated text picture with cues, the integrated text picture without cues; the split text picture with cues; the
split text picture without cues. All participants would watch the animation and learn those materials during the
experiment. Eyelink 1000 was used to record their eye data. After the eye tracking data collection, they would
take retention test and transfer test to test what they had learned.

The results showed that the students who learned the text pictures integrated had higher scores than the text
picture split group on the retention test and transfer test. And the integrated group had more run counts and
longer first fixation time on the task related area (red color highlighting cues) than the split group. Besides that,
as to the text, the integrated group also had longer dwell time and more fixation counts, manifested a
text-oriented reading mode. Although the main effect of cues were not significant on the retention, transfer tests
and eye-movement data, the interaction effect between cues and picture-text location was significant. The
integrated group had more fixation counts and more run counts on the task related area when the text and
pictures were cued with red color. In addition, the four groups have no difference over their gender, age, the
prior knowledge.

In sum, these results indicated that the contiguity effects can not only improve learners’ memorizing and
understanding, but also help to allocate the attention or attention shifting during multimedia learning with the
moment to moment recording. The text close to the picture can be beneficial to integrate and memorizing the
information between pictures and text. What’s more, cues can make visual search process much shorter and
easier when the text and illustrations are contiguous in space.

Key words contiguity effect; cueing; eye movements; picture-text integration



