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FREESCRR ERHEH B S RIRE A ERL BRI « 579 RRTEST e 33 T v LA SRS i 22 Bl bt e
BRfissE o L s1kR (5 55 EFTE) AR - DU PR RS IR B R AN ERE ¢ SRAIERZ B T A
ET o RRAIEEIERUMT e E BRI R (ARG  RENSE) REIREAOE (IEEE - IEFPSS) HIRdRE
FERZRURCEE s I ARRGTHIMTSEE SRR (AU EER R » FEHEAIS) HEEA (W
[ESCRIFE RN « IREHEBOREES ) - WIPEAEREUR - ERESCRT R B GOl i & B H AR
BATR  ERDREFHSEE L - BRI SHEE E RSB R TR - MER T EHR B
DUR SC 2 WA - Sl B R B © MORR O B R A LA Sl E R
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ARBYRIRE - A0 2 SN SR G PR L AR AR IR MRS - ST EETT B R o AP RHRFRNY
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ERIEEARIFESRRE S o B E R T RIERER  SCARRZRE A FET S - EG A
B E ez ERE - gERE SO 2R BE SRR « WIS ISRERE - WEH G ERZ T
FRECREEE RIS (FIAfZ - BIE% » 2012 5 Carney & Levin, 2002) ° {F/& & [ 5 {5
FRYEAN - (EAEST P SCARTR R - FEEE AR 52 B FE R (Guo, Zhang, et al., 2020) - HATFRIE
B SRR E BT 7 R ETEE RR SR E R 2 B SER B - AR
SRR INEN S EE BRI SCAS - f140 Mayer $HE L —IR 242 H T 288 FH] ,  (multimedia
principle) -+ SRFHE G KA IEAE R (Mayer, 2005, 2014 ) ; {H4 EohfF5E 28 57 B (R0 RN 88
EERAATE (McTigue, 2009; Segers et al., 2008 ) ° &~ —EHVFEIEIZIRE - BERANEEERE
FHBRARTRE « (-8R [ R it B EE 3 e s SR A — 2 2 HAF R Bk 1 1B SCRIRE RS o] 2 S2 A IR EL IR &R
Rl 7 2K e B PR A Y B 2

T AR - WS E S E SRR AR AR SRR ) — e G = - 2R Mayer HYZ AR EEE
FRHN1ERES (cognitive theory of multimedia learning, CTML ) ( Mayer, 2005, 2014 ) J Schnotz HY[E S
MR G155 (integrated model of text and picture comprehension, ITPC) ( Schnotz & Bannert, 2003;
Schnotz et al., 2014) » WE BB ETEET RO HEG 2D REM P ECHEE R O FRE - BIS{ER
RS Ui 22 IR B AL 5 R L ] 3= - R R A T RS B SCRIRE 2 SURElRE - (HEg R
FEREMEBE T4 (Camey & Levin, 2002; Phillips et al., 2010; Vekiri, 2002 ) » ZYIFHE 7 BT/ [E 2
BEREMTFERIAS 5 BLA - B ETA R E SR RE R R M SO 2 I R BB B Rk HYE 5w (Carney & Levin,
2002; Guo, Zhang, et al., 2020; Phillips et al., 2010; Schnotz, 2014 ) - SRTI{EEEEELE (off-line) AL
RO AL S ] S P B 22 B REE— P RSER b (on-line) BIIFAYRERRERL - SLEH
HE T REE B LAmIRRE o i SRR R R T B S B e R 2R SRR AR
JRA - HRTEA —SRERE SR ENIRENE R - (HIZ2S8 A A M R RE AR A R & S B FEE 1A
{ERFRERLA ARRSE T VIR ENTURE » & H Y R FE FARR B2 B0 2 FRA B AL - ARTFsEZ HiEY
TERR R M EIRE T 30 4F AR B2 B SCRERARVAR BN IE - 7R SOk R B S BB A PR AR B AR R -

(—) EIXRIEIERER

[EIRTAT - B ATE S BIFEPTFE R 20 DL Mayer RS BERS 20503 5m (LA NEM CTML ) (Mayer,
2005, 2014 ) S Schnotz Y& SCH g%t &= (DUTN3#SE ITPC)  (Schnotz & Bannert, 2003; Schnotz
et al., 2014) MU ERELDE ; 15 W (E GRS R AV RER A K B #1535 (dual coding theory ) (Paivio,
1986) ks NIHRSHIRM 2 HHEE 5 R E G 2 40E Rt [FEE 2 L BB T R4 A - 1ER &
R - EERREE BN R MAER I - BIREEARN (analog codes) ;5 MaE & £
o FFARERIE S R R EIE B9 MRS (symbolic codes)  EAHSREIEH S M~ HA
HIUE ERIFERME - SCR)ERE S AEOE T HREHEE S R E TR B BEAR o B AR E A AT REE 5
HIEE S AHE TR ELR (Paivio, 1986) ©

Mayer (2005) HJ CTML ZEf701[E 1 - BE=KRBE - F— "HHEHmEE , » ABEHELEER
2 A B T R R E T E R Y, - B2 — 13558 5E (auditory-verbal channel ) DA R i & —[E] (%388

(visual-pictorial channel ) Fij5& F DAz 35 e iy A\ B 1 GE R0 - 7% 5 R R B B i A\ B e (5 2 1 -
B THERE, S -@EF3AMELFLETEFNSENRESERN - F= " TEEHE, -
NG TG ERN GBS 2 EEEE T - TERMFEE AR « EEH
B RREERR S, B AR R 3R B  fR R R R B B S R R e & R B E R O
HRA - fR9E CTML BLE B R - B E 1 E B E B B RUR E HAE SFHIA R - Mayer 32
REGERRERREE - eE EE PR SR OEEE - B TERR R ERHEROHE R
HELE(E R A ERGIRY - EM R R E L E B0 - resna S % 8 55 A G S R
TR EERTS - REREANEEHL (cognitive overload ) HYIF N » MM (EHEERE -
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1
SRR BEIMIES (CTML)
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il AREE | EEEE B |[HSEG | Egen
Pictures Eyes selecting Images | °'8aM#ng | Pictorial Model
1mages 1mages

#F ¢ #EEH “Cognitive theory of multimedia learning,” by R. E. Mayer, 2005, In R. E. Mayer (Ed.), The Cambridge handbook
of multimedia learning (p. 37). Copyright 2021 by the Cambridge University Press.

5 — ([ & R [ =2 3 i AH B AIF 22 Bl A 23X B ITPC (Schnotz & Bannert, 2003; Schnotz et al.,
2014) - ZERELANIE] 2 o PERE R S Rttt (descriptive ) BLfE#@1E (depictive ) FU{ERSTR o
RSB IR IMESCAR ~ SURREFEIIANTE D RE - DUACCREE RN A a8 R BIRFT
SRERIEAIRRE BRI EREIMERE - B RIATER RSB G - DUk E AR 235
HY AT - A RIS AE 1 SR R SR LU R R E AT A R S R o TSR R BB TR
AEEREN O RE B3 TSR - RMELE THEENEEEANR R W AT
it EREGHE R OEEA - ERTERE T - EE SR E Y BB PERA SR - TR
T SR AR A S R E R TR B E &GS 5 - P S B R L B R ok i
T R AT 2 5 R D A R ar R R o O A R A B B AR SR B A AR s [ -
B E e S E R O RS WKz IR R IEERE R RS - BT 2 R (AR A RE R R AR
AL RO SE ELAS 1 3 JE AR - B2 CTML RN[EIHYSE - ITPC R A i H — (] Y - BUE
XAME R EAE ERANFEIE RS - FENETE AR AEE - 3R E H 8 B A R E &

(Schnotz & Wagner, 2018 ) °
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#F ¢ #1F#H “Construction and interference in learning from multiple representations,” by W. Schnotz and M. Bannert, 2003,
Learning and Instruction, 13, p. 145 (https://doi.org/10.1016/S0959-4752(02)00017-8). Copyright 2021 by the Pergamon.

(Z) UaeeEs 2B EENRAHSEF

ZR AR > BRI ELE R R ERZ R FI A (Butcher, 2014) » #R1f] Guo ~ McTigue
FEA (2020) HEIRAFREEI - EEEIERRRER (LB B R - RS HR AN AR ESE
Etse iR E —BWIsaEIEE R 2 Vekiri (2002) FREEMHRBAMIFTIEH - AT RO B EET & 5
BEGHEERIRER -

TF B 2 R R O W B S T L — o Mayer BIPX AT EE T B ST S AT DAK BB AR Ry B 5
(Mayer, 2014) - [ RZAEFE S8 ERES) - HEIIHIFES 5 McTigue (2009) & Coleman % A
(2018) [EEE CTML J& 75 [FERE R AL B NAURE # - il R 28 BT N G R R T /S A ah S B A

VI SCARHIBREZR B (McTigue, 2009 )+ HARFETT VU] b B A A= V) BRSO et 4 e R (R Bl
Elfi# (Coleman et al., 2018) B 2 BEHG 5 AR A] RE R R B2 30 o0 218 R R AL B YA &
(Segers et al., 2008) - Rax o iTAG Rt EHUERRAUM S - (@ REEH S H SR F A RIRERR LR
INEEEEE T RS (Guo, Zhang, et al., 2020) ©

SBE A7 KE - B0 ARRE DS N EAHR - BFEE  EEET) - EMEE -
AN FERUR - SR SR AR B 5 e DA 52 B (R U BIRE B (Hannus & Hyond, 1999;
Parkhurst & Dwyer, 1983) ; Hoffler (2010) HY#RE%IHTEEIN - mZ2fRE 1% HLIRZEMEE I & HAETE
AL E G R - RMARSFEERAENER - SRR EE S BT L E R - 1B E G
bR FTRERTCER 2R TEHUE - IMEHMERETTFEE IR BIHECR (Schnotz, 2014) - &N
It - OB EAH SR B G ¥ A = RE DR B B R EAIERE (Mayer, 2014) - [ B B #HREAD
BN TR IRE B GG T S RERER A IR - [R A A REfE R HAE SRR AR E S E
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B R ARTSRE S # S ~ RH R ARE G » SRR 2 A WU R E 5 B 2R S HYEERS (Coleman et al.,
2018; Norman, 2012 ) -

TEFLERFFEH - REJTEHSEISAHIER el AL S AR - B4 Scheiter A (2018) DL "2
HISEER IR | G T REJBSEISAERAUNE S - Hegarty B Just (1993) Ay M HHREEST ) B EAT &R
AR ENER B R (Vekiri, 2002) 5 H053 [EIRE M SRR O RFSFIB HIGR AN Se i HIER & 0F 503 (Phillips
et al., 2010; Renkl & Scheiter, 2017; Vekiri, 2002 ) © 7E 5008 Z15% BT #1 - AN [F] B BL 555w 15 58 R i3l
(Phillips et al., 2010; Vekiri, 2002 ) » HAR—IREFFEEFER » @oulfmE# & e B B ER R %
(Hegarty & Just, 1993) - Renkl 2 Scheiter (2017) HYEIEAFF LIRSS - 20 R m e aaE s i s
G - RETEBE A L IR ATV E CORERE (Vekiri, 2002) -+ TS0 HRRE REE H 7 B
g B M R RERS o SRS IRERES DL F B Z 3 B A JEAYF 42 (Phillips et al., 2010; Vekiri,
2002) ° S—IRWFSEHE Kalyuga RREEFEIFTERIEH - HHrFEE (REMARE ) KA mAIH
EHREZREE (SAMAFEE) S AT RER SR - BERERRIEEINT ORI
HEMERS AR S A M E AR R O AL (Schnotz, 2014) - {H¥F A S0 ff 13% & 2K ER
BRI REE A BB R AR (expertise reversal effect) (Kalyuga et al., 2003) » NMEMEENREE » H
EIEREAFZ (Mayer, 2014; Mayer & Gallini, 1990) ° Vekiri (2002) 8k » ROIRIFFTHE FA0 2= 52
AT REE SO HIRR A& - DR S b HIE8 B [E (G R e IR A2 B EFH R -

ERMEHRF BT » Carney B Levin (2002) MR E{GAE AR B R R DIREME 73 © FREER
% (representational pictures ) FZKFE ¥ 43 B 2SI SCAR N A& ; AEREMERE (% (interpretational
pictures ) B E R EESOA - BIAN AT AR R M EE 5 &6 14 B8 (decorational or decorative
pictures ) FYDJRERIRIERE LWE EET) » @EBENEYR  EEAeEER SO - EIREZAIE
BAERE - ROmEE & fE2 2 (Harp & Mayer, 1998; Phillips et al., 2010) » HA: T E H A S
(Renkl & Scheiter, 2017) ° Guo » McTigue F A (2020) FEBEIEAIREMRE N RIMGNEEHE -
H g gy B N EREFERIBKER (Guo, Zhang, et al., 2020) » SE i {EAF 8 E BE DU A BURR 51 e Pl AR i e
MEGHERA Hax (Vekiri, 2002) -

R IR R SR » CTML LABE B ST R 5L e 2 H 2o (E 2o RS B2 [ A - BIa(E 57 R Al
('signaling or cueing principle ) Z2FEM BRI IEE H 272K 5 SR8 2 T B R 3R 8 B AH A R
Z2FE AL A (spatial contiguity principle ) 2 ¥5/KHAH & HERY ST SB[ F UEEBEE I B - FELER
fil B I EA A BB AT (Mayer, 2014 ) © Renkl Eil Scheiter (2017) 2 Guo » McTigue %A (2020) Hi
FHEEEN AT B ABE KA 1. REHE - BIEEEREHE  EEHAIEE
FIFEHEE 2. BRI - AI{EEE AR EANSHANE - OiEIRESERE - RS
AR ~ e AR © 3. PR EGRES - ARSI E B2 RIS - 22 E - JRRE
BHTR 3 A0 ISR S - HATMITEER - BN AKZREEERY - HEEMEBET % -

BETES  EEFE (PIIFE « GEFILMA) ~ MRS (FlnE G - #E) By
AH & 5 2 S BERE R RR « B AR H 2 B EAMGE E R EERET (Krebs et al., 2019; Mason
et al., 2016; Scheiter & Eitel, 2015) -+ FEEFF AR A RHEL G E 4 A IEH » IR eiEHR
B B E AR A B R SR HBHBE (Camey & Levin, 2002) - (BB 52 FI55 HIETF
# (Renkl & Scheiter, 2017) 5 L& R AEHR AT RI R B S BEREIG TR 2R B -

(Z) BEEXEEER =R S RIATARE

A R SR B A BRI SRR - B ETR R B G AE  EERE  EREHENA
(Guo, McTigue, et al., 2020) -+ DANFEat 25 - A6 7 B HSE L9 - BIR AR A RERY E S -
Carney £ Levin (2002 ) [AlH 1990 -2 2002 RV E RIS - DIECHREER " B, 1
TR ) BERAER - SR B AR E DIRERY NS A DU FIRE B R 223 - Phillips %A (2010)
SAAPEEIEE T 1936 4528 2009 £E1Y 247 R B PR BLE TGRS0 EE - T AR AT B 0 E e DR B A ]
GRIRER LR - IR ST B B R BB R RS HAE B - B e MO SCRRIR 7 - MIEEEER
HEGHANERE A (FINEEE ~ 65 BEEESE) EREE - A1 Camey # Levin & Phillips %
PNEDIGIEEIS A VIS R SRS v s G ko e SN P )7
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Vekiri (2002) SA#EMEEIRE 1990 42 2000 FHYSCER » N EIEGRZERE T e Bl G EEE
HITER @ fE SRR R S R EE g BB G HERNER - #EENZ  BEENER T
[ (% & il B s PHBEFEE & 2 Renkl Bl Scheiter (2017 ) F7E HH 58 1F B {5 22 74 1R 0 e T s O el R 28
B EE w0 TEEE AR REERE B SCRT RIS B - H5 5 2 e B2 P A2 R
FEEREEE B2 SiEARES B g E AR F= 0 HiEEGEE IS MEE - §
WEB IS ER, 5 5B - E [E G A R MRS RTRE © LYk Renkl B2 Scheiter 32 $2 {4t
— B LRSS I - 2R - B (D RIREE AR R MR R R AT A T+ thok 23 A RSk
FHIETEFET © Guo » Zhang A (2020) B IERRMEEIBIAT - oo R MEHIEESE T FERL B TE A
RIFE A2 o FO T ERZELEGE © o MMEE R ST EIEE 1985 FFE 2018 FEHY 36 R 3CE (39 i
WE9e) - BB TR B R B B AR AR AL - AR ERSUR 2 BIER - BGER © S E A
AR SR IETREIEE - HREHEGEE T EERSER - FRAVFETCR AR o M
MEG RS E G (FRAREL EEG) EE - BERMEEEIESHEILEIFERBEL - (HiE
R HTHERR R 2 E AU AR LR (BHIAIARE) » &) > Guo » McTigue % A (2020) Hi
HETHINERMEEE » DAK-12 BB S - A GEE EE R EAIIYE o MERERE G 2L
WRE A SRR (BT » 5745~ FEFRIALS) - (HEHTW A BB R REREE ERZEE R
TR e S TR E 2 = e R B (2 -

s ot EIE A B 2R o B ECTRIZERE ok - BAEsKER » Vekiri (2002) - Carney
Eil Levin (2002) K Phillips % A (2010) FYZEFRFADEEHFLA L - ZYARS T Fo s - M
ER e AR SCRIFE R RE R iR M+ E A B 1] SR RE A [0l B 14 ST R 22 Il 2B R 22 2 Bl 3 B 3
(Carney & Levin, 2002; Guo, Zhang, et al., 2020; Phillips et al., 2010; Schnotz, 2014 ) - #f = &} %f B
R - D BnlEEN A Z 2R B T U TR R EFZREE (Guo, McTigue, et al., 2020;
Renkl & Scheiter, 2017) -+ {HEEEFEIEEEARE) SO BEFCRIGERETE + RIS A 504 SRR U 1Y
BROT - SEATRIEE B IR BT e TR A M (B -

(M) EBRERKIMRFREERE

IREREHE (eye-tracking) 2¥5%E @SB HEIRIRAVEEE) - MRS LERE B Bl buE S - I 5E
F T RRE R R R ARSI E L E - FES A - HEERIEFER (Holmqvist et al.,
2011) © R4 Just B Carpenter (1980) HYIZE[I4: 5% (immediacy assumption) EZAR/(:{EEY (eye-
mind assumption )  IZEIME(EH EIEEE SRR SR LA ESET ARG EE g
BRI ENFEAE 5 RO EER A Rl B &l 2 - (E88 RV IR B &k A B e (E 88 18 B A1 FEAE
Z IR - A A TR - IRBRI S R R EZ OB » R R SR Bt R R BRI R - 5
EHRERGE R AT DUS R vEE 2RI & &0k} ¢ Bl (fixation) BHBERS (saccade) - BEMFEAIZIR
BRCTETIL o (R UINEEE) - RETEHIEREEEGHE. - WAL B 1A B B A R RE TR P R ER
S8 ke DR AR RS AR R B B e VE AR A 260 - — (R Bt BE Y FF A8 IR DB E 78 100 Z0F] 500 21
Z[H (Rayner, 1998) ; B HIE AN EIEER < A PORIRE) » B EE I —(EEREEH S —
FERE > A R L R AR EHE. (Rayner, 1998 ) » HETE A 720960 A AR BRAE BEF: ol
PESE S TEAM R BRERARS - EIERE S (EZETE » 2020) ~ 5855 (SATEAEEA > 2019) -~ [BISC (Eitel,
2016) ++--- E o ATIREREEF AR RERE RO B - B T DI A R IREIE R - St E Y
HE—H DL TS |, (area of interest, AOT) » FIANLAEEGR ~ A)F ~ WIUREE(L - B T RCELERIS
B¢ (period of interest, PO1)  FIANDARTRERE AT ~ 7~ 22 R RS2 IRER » UJEIHASEAHAY 53 A B2 (R
BURE N 0 2010) A2 E@EESR (BREEE A » 2010 ; A0S  RIEE > 2012 ; Alemdag
& Cagiltay, 2018; Hyoni et al., 2003; Mason, Pluchino, Tornatora, & Aries, 2013 ) & Lai Z£ A (2013 )
FU SRR (RIRRRD ~ 22/~ RED - R 14 8% RAYE SR EIRE N E e '

L. IR BEE R ER
A I R PR IR BB - 8 R AR 3R B BB T AT ) DA TR RIRTRE o REER(E
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SCHRBIIT I FIR e ] RS SRR/ VE

(1) HaEEHRER] (Total fixation duration, TFD) ° ¥ 1F AOI BN BRI T NIHE - 85 S B Y
FOAIEMEIAITERE - B RO - AR TR B E RS A SR I AR (BEEEA
2010 ; AL ~ RHIAZS - 2012) -

(2) FgEtiER] (Mean fixation duration, MFD ) = 15 AOI H7 A #E St i B T s DL e i B e 58 -
B e 25 S R B RS - SIS R R AR S SRR E% AOL FERE. (4 : U BB )
IR EE (Jian & Ko, 2017; Jian et al., 2019) ©

(3) HABAERFR (Total reading time) ° FEH:{H AOI SR HIFT A I ATINIAE - 60 & Btk B % Y
IRFfE] (Laietal., 2013) - [BRAGEHIEEFZ BELRREEHIRF FEIAE L -

(4) EHXIEMIKFE (First-pass fixation duration) - &l % 55 — ZGHE A FEA{E AOI — E 21 B B %
AOI [ /Y Fir A5 e i 285 5 R A Sl SR AG e 3 0GR s il B2 e YRR B 3 (Hyond et al.,
2003; Mason, Pluchino, Tornatora, & Aries, 2013 )

(5) BRI B (Revisited/Second-pass fixation duration) o BB 5 {# AOI £ X
HEARZ AOI RYEETR BERFRETANAE » M SR B - TR AREE & - BE R Y e R B R 1 B foge
(Jian et al., 2019; Mason, Tornatora, et al., 2013 ) °

(6) f5HEaEEIF R L (Percentage of fixation duration) - HAtEEmHFFFIFERE (F140 © F(E AOI
HORE BRI R R~ B A R P B A R R T 5 ) B AR HA R i e e ] - 3 S MR )8
BEFESE (A%~ A% 0 2012 ;5 Alemdag & Cagiltay, 2018; Mason, Pluchino, Tornatora, &
Aries, 2013 )

(7) ERXREERI{EERR] (Time to first fixation on AOIs) - {ERHEBAIGE BRI IRBIEE
% /DI - EERIER A S —E AL AOL » HLIERUREH IR B a% & s 5 [ 2 = R ER
T2 (Alemdag & Cagiltay, 2018) -+ BREW 5 [JJHIE REER AT EER B (HEEFEA » 2010
Scheiter & Eitel, 2015) -

(8) VI BRI EEIFE (Mean fixation duration per unit) © 5 AOT A AY%ER EE R s DA ([ B8

fr8E - P75 - B G BAEAES - 3] DB R A A B I (Mason, Pluchino,
Tornatora, & Aries, 2013; Zander et al., 2017 ) -

2. ZER R EHRER

e R FAVIREIEIE AT E ~ PEEE - 5 EFE - B s e aE i FROECE - SEE AT
EE RSN DA R T W DA TanfeT , WIRERE o Lai ZEA (2013) £R4/ Liversedge & Findlay
(2000) HYEIE: - SRS =T sEELE R EREAIE AR 5 280 Alemdag £ Cagiltay (2018) Hil
PRI, - FR IR TR B A HE S ML EE & T R RPN AR » B (7 B B S I 8k g X PR N R AR ©
BHEE[E S IRBIF ST 5 A 22 RS aig =18 ¢
(1) #i %% (Scanpath pattern) °RERZENIEF IR - OB H BB (HHS  RIFA
2012 ; Laietal., 2013) -
(2) B2 EEE (Mean saccade length ) o SFE2) 55 ([ 457 48 G Sk A A E BE 57 8 SO EFUELIYY
EEERRERE o SEYIBPRL IR EERRAE - RIRERNE A B - TR SR IIRIAER (FIAfS - B
2012 : Jianetal.,, 2013) -

(3) BEHAIE (Fixation position) o EEiiENEEIAE - KIEEAIEME YA E (Chuang & Liu,
2012; Lai et al., 2013) -
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3. R R B fas

HRBESARACH EAREY B DAV - W AR S SEA R B R, - IR SCRE T 5T
AR S i =1

(1) HaEERZRE (Total fixation count, TFC) ° ¥&1F AOI HT Y EEMT BAE B IIHE - 85 B Sk
% M SRR AR AR P - B A I A =i fHRA  (Eitel, 2016; Schnotz & Wagner, 2018 )

(2) EERBEE K E (Transition between AOIs) ° 78 & B &EiH E AOI 2 2 B Y R EUNAE -
JH S BB R I B B & S A A 2 B S RIE N (AR BEE% - 2012 5 Mason, Pluchino,
Tornatora, & Aries, 2013 ) © #A[f » AL ELRIAZS (2012) FEH - #E B P REWAE: - thnlgE
BREANFIRAERE - — TGS 2 BB SR S— It aE Mg & RS
HMmiTEEHR -

(3) [ERKE (Regression count) ° Bt BB B HEAE AOT 2 B ARZ AOT YR BUINAR - HH
[t R AR B - R BB N E AR RIS - BIANEE B B RERE S5  SCEREE M REL
PRy - HER X BRI R EDE A& B0 (FREEESE A » 2010 ; Mason et al., 2016;
Schiiler, 2017) -

EHE—RZE - FRIRHEANIREFEEREATENEMER - FREE O T 2EFEE, 1
15 - B4 ¢ Revisits + Revisited fixation count il Regression count £ %% B W52 € #_E# =R EEiR
RLBERAIE(E AOI 1R FFGRIAIRE AOI FYRE 5 S5—FRIENLE "[R4 53E , » BIA0 : Dwell time 7E477>
WFFerhfER B MR EETR IR (BREEESE A » 2010 ; Starkova et al., 2019) - {HfE HAMIRFZFEIEH EHERE
FFfH (Hoffler et al., 2017; Ketzer-Noltge et al., 2019 ) - AL AZH B ATl 2 iR (8 i 52 R HR B fE A
HIEFE -

(R) AR

fiE Ll ER BRI 10 - HRBYTEIEAE S R A RN BRI R &R - (EE ATk Z #+5 th—
WA EIRRETE SR - AL - AWF5EZ H BERRAATERIRET 30 A RHE2 B SC R AYIR B o - BAlE]
[\ LU FFERTRE

1. FEE R E SRR AIR B AU RE (] 2 BRER SRR 2 R (T Bl 2

2. BRI G R B DU AT 2 B O B B S B R AR e 3 2

3. BT ARG B LA B R H R B B SRR R R R 2

Jith

AWFFE27 Guo » McTigue A (2020) #FfA (Educational Psychology Review) <~ SZIEk[EEE
LT - ORI BB A 3 Fr -
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3
Nk =2 B AN FEAE
LU FIHSCE R85 5] 731 PSS ¢ Scopus ~ Education Database (ProQuest) ~ ERIC
(ProQuest) ~ PsycArticles ; 4 H S 0k e — Airiti Library 528543 F [ )04 55 33 R
AR 30 4 (19904E 2202045 H ) R 2058 » (HAS SRR T LA T aas 2 404 iR
E &) (eye-tracking OR eye-movement OR eye-fixation) -~ [& 5 (figure* OR illustration* OR graph*
% OR picture* OR diagram*) ~ X AKR:EE %S (reading OR text* OR multimedia) ; {5132
IR T L T g dHe  IREIEIRBRIBHE - RsEs L as
152 s LR E R T HERR
379 %ﬁ%ﬁ%{_ 33 R PO SRR AR 508 5 s SC AR 22 g R AR R B AU E T HERS
R I T R (a) JEEFEHIZE (n=>56)
(b) FEHELAEULSEI SCIE 8 SSCI ~ [EBEHEEHIT (n=71)
(¢) KRN0 7 IRBREBEE B (n=43)
(d) MREES P E SCREE (n=282)
& (e) FHREE:IRREIERE (n=14)
b3 (f) fERs R - B - B - SERSIEE - 508 R O BIEG
104 26 SRS E SR T JHRIERIRIT (n=42)
53 R am oA 2 U R R A R EE AU E M kR -
(a) JFEBEIFE (n=0)
(b) FESEFEAEUTSER SCIE B SSCI 2 EfEFELIT] (n=0)
(¢) RNFESHE IR ER (n=4)
(d) MREHES RFHERESCRDE (n=29)
@ (&) B EBIEHIAR (n = 10)
I v ———— (F) GEFRRCH - S - it ~ SN - S R B (3%
bE s ) WG FHEREBETRL (= 10)

(—) XEES

A3 MR EE R 1990 228 2020 4 5 H#E R Z B HWIE - WGHSUN AT E R EET S
Scopus * Education Database ( ProQuest) » ERIC (ProQuest) - PsycArticles * 5 & & & & DL T
FA B 2 AR AR 4R A & ¢ BR #) (eye-tracking OR eye-movement OR eye-fixation) ~ [E & (figure*
OR illustration* OR graph* OR picture* OR diagram*) ~ B 38 3¢ % 4 #8 (reading OR text* OR
multimedia) - EEZE 731 R 3CE - JEFREESCERAG 579 [ o HOGHICHN Airiti Library FE2EfR L [H
FHEHEE - AN TIRBIEIREGENE ) & T BHREE S, - EAE 33 RS -

(Z) SR

Bl EEARTSEAEE RS R « AR B 2SO R - Bt - B DL MR ERR iR e
SCEPIREEREERE S ¢ 1 E T 5 2. BREIERIL SCIE ~ SSCI » TSSCI 8 THCI 2 R E A AT
3. HIE 2 REGEEN R RN 4. MRS B SCRRE - HAAHEHBREIE ;5. TR ERE
AEPEAR - T ERRE R BT 5 6. MRIEIGE S R R 2 R G (T B
fEfE - BEAEEL - BOS R A EIEEG (FIANEEE BTERES ) SRR o SoGR SRR
RETH LG X EhEE % 0 IR 103 RCE » R ERRER SIS - RIE i SEEERE— P g 50
FRSESLERS o HSGRRSCIA AR BB B 2 (R — R« Bort PSRt 51 CE 55 [ERfFse) 4
A5 -
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(=) IR REREE

AR [EIEEE FEF AR HL 4T (inductive paradigmatic analysis; Polkinghorne, 1995 ) 2 B £ #4519 A
1Y 55 {ERFSE o ERANIREE BT RE S L A 25 R AR G IR AN FISE B 0 ERE - R AMTRE Sy DL B s s 1
B = AN R S R TR R AT I B IS B BE RN R s E TR HEE - T2 DAER Ay 5 =X
TERTEFE R IZI » FEm i B pE S EE 2 B REMF S U R e - IS R R B2 - RE
(Guo, McTigue, et al., 2020) ° AHFFEZ% Guo » McTigue A (2020) DAERHIR L ATHET T 25
TEEIRERY 53 i Sl BRI 58 FR R I RS, (A 22 BB R IR 9ea% et ~ B AR EN B -
e sE - RBIANER 1) 5 B TEhE RS N B T S a8 TR % - R RS 1T R E Am i
BN AR b A e Frim (I RO FE R AR 2 2 B - WG et i T ERE 8 E B A D Fe i —
RLDAEIERFSERTRE RIS R F R R 2k 2 S -

x£1
BRI 7T 2 B4 ik B AR A o 151
B4 SEE  AHRGEE HI%ERE BB EERSE
Johnson & Mayer AL —EEC ZHEM : MR EEEBRE A (1) BEEERERERAE - £
(2012, exp.1) N=48  (HW) RF (BSOS (RIEER) - # WSS ERES - (2) BEHEE
Mvs. ESCRE EREILE  SRABEEEERE - HE &R
i) S B o RS A S B LB T Y

7T RIERRE - seEENAEE R AE R SEAS ¢ hitp:/bitly/ESM2_2021

i o B
(—) HF4sEEd

AREILAg IR RIBUIE28E - MRS - #RIITIHE - IRBIEEEER « IRBFEE
F R TI FE R R

1. e 2B

RIEE ST HEIREITIC AL DIREA B S (n=32) o SEEFERDV/NEZE] (n=14) R
HIHEA (n=10) FeZELERIMFRMEIE NN - 22K H Jian » Mason K Schnotz % =#HIfFFEEIB - B2H7
GhEE ~ NEEFTHA - FRERRERE R A RVEREIIISE RS (Z2RHATER = A) - HEMEEEREER
MR (n=6) BIEEETA °

2. MR

TR AT SR S B BEEE (n=34) > HUEBEN, I (n=13) - HIERRIE /b
H (n=10) ~ LHE FAMERE (n=5) L2 (n=3) F (ZEHAER=B) - HEH
T ST L FREIEERR] (n=8) HIEFET A -

3. FROITIHE

#FHY (Learning and Instruction) %% (n=6) - &5 (Computers & Education) X2 (n=
5) ~ {(Journal of Computer Assisted Learning) (n=4) - {Computers in Human Behavior) (n=4)
1 (Applied Cognitive Psychology) (n=3) - HAMLLH - FERE - BHEEB - BIEEHESHERT
Bl R (Z2E#ATEHN=C) -
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4. W) {5

SRR = [~ B SR B ST 2% #1267 F SMI » EyeLink £ Tobii % = KM AUIRENE (2504
FER=D) - FEAGFE SMIRED 250 (n=10)  EyeLink 1000 (n=10) - Tobii T120 (n=9) -
FrRlEERYZ - IRBIEI SRR R B R ARG - [Fl—BRE LA 0E T & 6 R —
IREEE -

5. IRE 51

I 2 B Y AR B F 2 B o 5 F O BR B P A B A BE AR A 1 (e bbR ) B s kR i (gltt

L) 0 BIE 41 Bk 36 0 HIOBMETRAE (n=19) ~ VHEEERIEE (n=12) - HEEIER

(n=12) ; JNEWFFCR RIS 5 R W) 0A iR B BRI R B > BT iR (n=12) ~ BRE

TR (n=11) DURETERE (n=6) s BEEM S - HRFREE (n=5) PP ERE (n=4) -

BRI E (n=2) FZRMRNEEEAIMTERED - B Lai A (2013) K Alemdag £ Cagiltay (2018 )
HUBBEL (Z2EMAER=E) -

(Z) MRGRE

RERR AN IR G AT I ER R ERE « FRANERE S ARRET - EREREE 2SR ATE 4 - WFTERs R R M
BNFR 2 - Eoo o EARAIEREEE DL TIRB RIS | [AE R 0 T B R E SR
FOHR B RURE fo ] 2 BAER RN A IR 2 o DL T RER AT ) 8 T AR A T ) BIERT
eI - TERRRIRIT G R B DU AN IR B AR S B BRI R A R R 2 ) AR R T
TR EERE R A T EE AN - R — 2 - BT ARRGTEET DL TARHRSE , T
B FWE T EREKRIEN e RE = TR AR B RN R B PR B SRR
PERE R SR 2 FHIE] 4 AT - SR B0 OB RE IR BT 52 2 AE R ST RE AR RS » 3T 10 FE2KEY ST A
AT RO R R TT

4
FERELEE
MERRER /B
1990-2000 2001-2010 2011-2020.5
IRBHEE R 6
(n=6)
SRR SEE AT ) 5 13
(n=28) (n=17)
M R T 1"
FRE (n=11)
(n=55)
FHEHES
e < _______ L L o
(n=28) HELf A 10
(n=10)

i HRE D R E R E R E LA B R ERE - GUANEE R R S B R A T B R R R - RIS B AR
T b R PR -
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xR2
MEGETIETHERRER
R ) U B B
SRHIERD
ey T8 EEDUCTREITEE R SRR B AR RS R AR
Tt Ao e
el (1) EEREREREER
(1) BB TR S SR (2) FEREIFRI R ISAE
(2) EREBIERRTR S SRS (3) RIMEHRAE RIS AR B 55
(3) FRHAHEEE SRR SRS 5 F—
s (4) FRZHER BT FE B
(4) REEERBHSNECE
TR
s (1) (B AR E S BT S A S T
TEGRET ) s pmsnnns
B2
(1) R E S B S EER
(2) EREHESTBES R SRS
(3) RR ST B RS HAE 5
s
(4) R [EIZR SRR 2 ST S A 2 B T A e
B
(1) FEGEESTERETA RRGESE DA (1) PSR PR R R Rk
ERE RS ST SRR S 0] BN (2) FEEEET BRI
FE B S B R %00 ] (3) FERFFZERRITT—BE a2
. (2) TR 7 5L 75 o 45 7 2 VL I 0 4 7 B
PR R B e L R e — i ) 22
(3) BEGCFRITRD - BB
(4) R—FEN 20— B S o % e
Bl
RS
(1) HBREEHOES - BEEREEEEE (1) EAEHIEIRI EREERE - H
FOEI - ELATREAE S AR RO A EERET— A
PR (2) FERRIEBRIRHSNEmEEE (2 SRR TR E LN E - JE
(3) ZeRBe EREAR S 22 IS A 22 i 5 e S N A R AR
(3) FERRER B R R R — B
. HEGEEERT B2 RS R ERE SR T SR - FAE (A HE S
IR E R BT A

it AREH R T AR SRR E S EEME MR R AT RE R o DU H AP T TR R -

1. PBHIRERL

(1) NRE)FEFZANGE - #2HG T S 58 A . EDUCFERE) (text-driven) HYJ7 = FEERE [ S - £30&
& A 2 2 (R ARS ~ BAE 4 » 2012 5 Hannus & Hyoni, 1999; Hung, 2014 ) ° Hegarty Eil Just
(1993) 35 3E ¥ 1 B RE A b AE A [ SR oy DASRHERY /7 B B SO - FEE R SCARE R 3G
S AR FEBE GRS B L OB - Schnotz FYTFSE B HI B8 R e B2 RO & - 1T — R FIHIER
Ehiftselnas & 1TPC (i #5 RS IEYILE O AR (initial mental model construction ) B » 78
BRI DU EREN 2656 A [ SREN A 5 =TT RIRE - B EAREEE RN ESE - R
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HEEPRERNE + —HWIG O AR AV - SRS LD ARSI LS E: (adaptive mental model
elaboration ) (APt Fr BRE) 25 A SUARBRE) - S S SR R G TR SRR B B (5 - LR E
FHEGEIEETERS (Schnotz et al., 2014; Schnotz & Wagner, 2018; Zhao et al., 2020 ) °

PEAR » BB R SO N [FIXE A A B R e e B SR S A - R P A IR BT Rt fTRY 73 B
e SRl AN FHIA] © Mason ~ Tornatora S8 A (2013 ) o H P4 GE & 1) =M RRER S 7 R EER S
(14%) ~ FEEEE (39%)  EHEEEE (47%) ; Jan FA (2019) HIEkHASERGEE R A
PUTERERE SRS - BIEVIE 2HER A (21%) ~ BEEREH (58%) ~ XFFEFE (12%) HEH
TEE (9%) ; Jian 8 Wu (2015) fEREBHEFNVESERHHEC2RE - BHESLE - XFE
o B G ST U B A XA § Scheiter 55 A (2019) ZE@ R ELE 1 B RE R 7>
o =8F » HrpSERE 3 A AR - NI E LB EERT 1 FUEREE 2 - SEBF | fEfE AU B R ~ K
B | S 2 R B S A EE BT 2 0 AT Mason  Tornatora 35 A V& E#E E DK Jian B Wu 1Y
2R 5 SR 2 AR A AISCF BRI R« R R SC 2 IR 2 i Y » BRI Jian 5 AR
&g R # # B Mason * Tornatora %5 A FY(EE#EEGE - BEME » DL Lol RASEZDEIGERE « 3
TR E SRR ASEREE LVER B REREEFR T EREG  BEBENRD  SEEEE
TEWI ARG R PRI R 1 [ (5 - o i R ) e i P B [ SOy o

TF 92 7N 2% B e 3 PR A2 0 i ] 2 o B DA e [ SO 2 R AR Sl i R R B (Hung, 2014,
Jian, 2017; Jian et al., 2019; Jian & Wu, 2015; Scheiter et al., 2019; Zhao et al., 2020 ) - JCHAFEEER
El R RE(EME RS W i FE A E LN (Jian & Wu, 2015) ° 35 AR B R RE o 52 PR s ER e
R RE I P B Fe BT BB AR 1E R RE AR 2 B S e s TR MR AR AR SOAS - (B R R [ 5 s B T
B A EITERI B (Zhao et al., 2020) - MEFESENTE @ EEKQEPOEBESRER G - (HE 5
FEEGE - CEEEEEAEREANEE) (Cromley et al., 2010) ° mEEFEGEHTET AIEERIRER
REEE3 (Mason, Tornatora, et al., 2013 ) HAEBIFHYEEEKIR (Scheiter et al., 2019)

fF ERT o IRENE SR R R CTML K ITPC 4 A =R {H2% (Paivio, 1986) » JRA
NERRHIAMEFE S AMAE G RAMERE T RHMAMK - —RIME - EEERRDSCRERE) 28
i v BEED A 5 OEATRIRE - EAIFTREE NEIRI R - S B SR B SR R S K o E
e R PR A2 P B {5 B DA R i S 22 WA+ BERE TR 2RI E T ZE 0 ke U)o e Bl Rl
IR B G A 0 e P G R R B R R BRI 1

(2) HEFERT - TP ANESESEE T T 20 - FREEER - BREE - 88 il
HIFHR BRI » REAEFESE - —RITS - SR EE LR EE T E B G E S 2 (T
AR g [R5 FH SRR B i FE 2= ekl o i ey B2 5230 (Jian, 2016; Schnotz & Wagner,
2018) 5 XARBRIEEGFEEEFIEM - & TR B BIRERE IR B B - (HIENREEE AT (Schnotz &
Wagner, 2018 ) DB HI ST B 25 AWIRFSCEEER - ZEAWFRDFE - EHERERER DL SE
BSOS B T ] A R E - BEAT BRI (Liu et al., 2009) - BT ST EEG - FE{GEfE
B SCEREAE VPR A REE - EGEAEFIREZ (Bol et al., 2016; Liu et al., 2009 ) - {H AR
EHEE AR A (Liu et al., 2009)  ZHFARREEARERTRERFRRFERA - ARimERERZE
EMRD  HRIRAENEHIEE -

R B (RNEfrE B IR g ) BIEN sy » BEETE WA O A A A S B [ 15 o P
AR RIEEAL R T e (HER TS [ B2 A AR R )R 2RI Y B S 2 R BRG] - BAERE
S B2 EREELERY T R E LIRS ] 2242 5K (Schnotz & Wagner, 2018) = Fff
B R PRV SR R REERE I E R - — i B SRR MR R R R TR R

(Zhao et al., 2020) - EFEHATEHEENR IR B RIRBEL R FRTE  FH{DUHA B2l B e B2 AR S A TR
B A 2 (Schnotz & Wagner, 2018 ) ©

TERE R FAYEN 47 > (% Mason ~ Tornatora 5 A (2013 ) F8HZZMIAE 70 A BT (AT AR B HEZZAH
Bl o (HEERS T S IRESCEE ) RS S R mre N B E R AR - @B R EREE I ETEE
FEPR M A BERNE » {E50  EMERAE A E B T ARSI TR SRR U AT B RE N S AR B
FEEIGEIECORFT—E: - HAERRE G2 R E g - KaeEw BRI E N - EREEIG
P ER HSE B K (Hannus & Hyoni, 1999; Jian & Ko, 2017 ) ° Mason * Tornatora %5 A (2015) 7R#¢
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B R RE JTRETH I B BB BB R T - (ERGmAe (] » B B SORBREIRY /720 - FEE R
#:/) (Hannus & Hyond, 1999; Jian & Ko, 2017 ) ©

TESERENERATER 53 » Morrow A (2012) FEELS HIFE#E M AR #E T SOR R K &R E - KA
A HIEE AR e FERE P B8 - Hegarty 8 Just (1993 ) FFR{EMSEI G &£ A TR B E
ZEE - B B E R R s (BARIS R =SS AEERIRALR » SRR S T 0 R
Ry EEiE ) o R R (R SR 3 B AR FRAR - E R R AR A AR YRS B
fE {5 R SR R AU - IR SEF TR Al 8 TR - S AIER IR rTRE BE kRS K 8 ~ SCE [ AR i e R
[EliR X 8 1EFHREE (Ho et al., 2014; Mason, Tornatora, et al., 2013 ) » a3 AR K22 Je im0 -
B fiAE £ B L B T SCHR B PR EAE RS 2 (Morrow et al., 2012) > Scheiter 5 A (2018) #hEEHIFE
HISCE R CHRE RS ESEIRAIRR AR & 0 80 R § B & S T Bl 1 B RE RS i DA R [ S k%
RE - BN - LB R ST HIFRAIIT 720 I E DS 6 R 35 O i T2 R Lo R IE - T2 fORs A Fe 42

({5140 > Johnson & Mayer, 2012; Koé¢-Januchta et al., 2017; Korbach et al., 2020; Krebs et al., 2019; Lin
etal., 2017; Ozcelik et al., 2009 ) -

PO EAE Ry 55— rT RE 2 BERE B R BT R IRl » BESCHE (verbalizer ) {HAIFAMKIESCA ~ HH
LRI TIPS - 18 E (visualizer) HIMEMAAEREEE G - A8 ZLrIE FEPHE - 2RI R E S
Bk X Elf e 7= 5 (Hoffler et al., 2017; Koé¢-Januchta et al., 2017) - Hoffler F A (2017 ) #E—3
IR W 4 HH S R AR TR 1% - B3R 22T (spatial visualizer ) E[E SC_EG SEEHTERfRAT - KF5
YrHsiR & (object visualizer) AR R - Liu (2018) BITEAYREREHR S RHENE - fhas 5
OB A BETR K B - DR EEREEL I K B LS L - 2R R EAE S - 1F
BARL L  iiEE EIS R T E A 82 (Koé-Januchta et al., 2017; Liu, 2018) - {H5—Hf
Fel AR B FIRE AR BT Ry B R G B2 E R (Hoffler et al., 2017)  © 7 [E SCH
FEAIREIIFC R R R S B SR A+ REEE R —BUIAS RAEH R -

i Pt - AR S R B LR A B R E Gk e B 2 I R E A E RS R
B FEDIRO S A SO B2 i ) SRR AR B R IR B M B2 A%+ DA ERE S I AR MR RE S - 1T
RE SR FIREE N AL - SR BEGEIRIEE ~ Jeli ek nb S EE - WHoehs SRe R R A - TEJeiiA
b ARSEEHIER B A SRR 2 R m SR AR - (B E G DU B se2 i B AR — B
WINEGEFIRFENRFEORE E R - EalHEE - BB E SRR » 3B CERS T
TR % » NEIFRAEAS S EE 2R HE Erlaeflis R - BERBAPREB —FEE -

(3) MR 7 R B E RIS EE R » MRS © BRERE ERIE P B A — B B iR
SRR AT - Hegarty B Just (1993 ) S$3FEEH R FEIBIAT BRI E B2 2 iamR (B S
H L2 IR ) (E1ERRE AN R AP R IR B e it (3 {8 B = AR R 2 R R R AR
TS ) RIS BURGE & el FE S S MR EE & 755K - Jian B Ko (2017) #EHI S
e BB RE S R R T BN BN T e AR AL AR - LA B S AR B - U s RE I E R T
B2 W R O PR R R B S EE 5 AHCAY - DY AR )R Sl R S R IR e - IR 2o (B
R Bl R L RE T e b & A R (R P SR -

Schnotz FfF7E[E B — 2 PRI RR B 5% H [F] i 2 37 @ SO RHELRE H - (HREH R 5 Bk 7 230
i R 28 L e A A B 1 25 ) B2 A vy AR T I S R Y T AR R R - AN E B R A B R SR B S
A EEER R E G o B EEIEE M2 R RBURREZE N - e R E R - (HE
TR LI R Bl o ) 22 A IR Bh il R 2B L FA%E M, (Hochpdchler et al., 2013; Schnotz et al., 2014) -
FH_FSfe iR ge mT A R B &R B REFR (A B TR B RRERYEE TS - Rop ZE A (2018b) 1 BEEM KHE 7>
BRI ZHEEZ =H - BEERER - EEEETEKENR ZHgREEIENE L FRER ; Bitel
(2016) HIFEI G T AREEHEE S X BEE SRR E T - 390 T EE A EAESRSCR EREET
CBISZWE Bt RN~ B SEIIBEm g ) - e BB R e S G R - BB EREEE
HIE B A R 2 RS B2 B ch B SOR B AR EE  JEME BRI EiEi AR EHEEN E R
HIBREIF AR - FF TIRBER TR KFH%E ,  (Adaptation to task demands ) HIfEE °

B LRI E B O RE S A R B AR AR B A — B FERBEH A —EENER S TEERERE
HEESK > AUREE B H R AT R (Mudrick et al., 2019; Scheiter & Eitel, 2015; Schiiler, 2017, 2019) -
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A4 58 25 1R ~ B B2 (Schiiler, 2017, 2019) -+ {EAJRE(#ELERIEN—BAIAT ERE » %2k
HE T NEMEEAE FEAEMENE. (Scheiter & Eitel, 2015) » FZE{#H 229% W2 HIZ L BAHE
AN —EGEHE (Schiller, 2017) < AR ERER A N —EGHERIEE & M — SR 2 B ERE
WHEZR P RESANZZ (Scheiter & Eitel, 2015; Schiiler, 2017, 2019) » Mudrick %A (2019)
RIE— 23 » [B SO — BT pEl S i Bl E i R S B PR B e S i R B (SR A — Al
BAK; REEROIEY » SEEEE A SR E E B LN B AAE SRS - DU AR
I 4 B 15 5 P [ i 1 SCOAC T » B A 2 B R [ S R R A — BGRE & AR B HERE. - B8 T S
T—EGNE g EEEME TR ERNHBEEREELGSE -

FE BRIl - EE G R H T A AR E IO - e - BE L EN B M AT RE
FEHSHEGRET A - SRe I EERESCERE®R L 0 )] R EE RS =R R0 )T
ERe NS ERgREEE B SRR E G R " EG—HE 2R B T REEEE
DS~ WEINE SRR o B EE IR - AR A —BGRERY - S A
TR [P EL2 R - (H ARG R AR R IR -

2. fr Akt

(1) MRHEFE - B3 19 Ram Xy 22 EbfF7E - REDIREA TR A R 7eH 52 - FEEFELIT
=HEEEAL B (B9R vs. BESR (n=10) : MELESLIEFE - S - FEE AR EE - J
EIRFEAIRERSE 3= ZBR#EE vs. 9B (n=5) : BEHEBENE SGRERTEREIIAE -
BzefilEan R AR TE 8= BEECCFERGILET (n=8) « BRI B & 55 Ry 378 %0 [ 2 1 B
~ SEE MRS AAETECE R R - SEE e LR - (AL - FEEE I (n=7) #
Fr2Ra IR AT (RNE SCER M SOARRI bR ) (H3E Lt Fe Ry BB R 2 e HoMh B8 TS - (Il 4F 8 (Bol
et al., 2016; Liu et al., 2009) ~ R—ZEHE (Schiiler, 2019) ~ $HIKHIFRELAE ST (Meppelink & Bol,
2015) 5 BN Ht R a U R A IR - BIANEE H 59 (Mason, Pluchino, & Tornatora, 2013 )
&#E#! (Mason, Pluchino, Tornatora, & Aries, 2013 ) ~ EEERIZEEIEH] (Eitel, 2016) ; L4 @ B
R RESCAAA R A HR B FE AR e BB e - (RIS A BRI Foam A EAth =R G

a. {5905 vs. IEAE9R - SRR - FRIEURA IR E S B &P (Scheiter & Eitel, 2015) EX,
B3I (Mason, Pluchino, & Tornatora, 2013; Ozcelik et al., 2009 ) - BB HEEMFE R (AIEX
BT RTICER A ) HE SN (BIEEmR X e B RS ) EiE5ETE (Ozeelik et al.,
2009; Scheiter & Eitel, 2015) » E B EE B (e {5 B S A e O R B (Mason’ Pluchino, & Tornatora,
2013)  FIMREHE SRR - EIRERE TRAMAREERTR  gRFEEER G - i
FPEER I » (B a3 E IR BT R B EE 2 I (Richter & Scheiter, 2019) » FEZE Jian

(2019) FEH(EIRAHEIRE IS IRETEE S AR - HERHEAEE KRB R E R IEE5RE -
Rl B E SRR A AR B R A RE MR SEHE 2 /S A R EE T - bR T EBRZEDIN - HEHS R FES
o BRI — FTREtH BL(E SR AVEKRE A e - AHE I H At I 72 DU RS B0 B R B B B 26 1o 38
(Ozcelik et al., 2009; Richter & Scheiter, 2019; Scheiter & Eitel, 2015 ) » S 2 B & L INETE (HIZ
BHAZ 0 2012 5 Jian & Wu, 2016 ) BVIZE4EE ] (Johnson & Mayer, 2012; Mason, Pluchino, & Tornatora,
2013; Scheiter & Eitel, 2015)  Jian IS5 RECATERM TE 1, ~ "TE 2, 76 - sGEFEERE
FERAE - RERUERAR - ERAHEHE BRE 7R o G R I EMiRs: - Iy E -
HJ%% 4 (Johnson & Mayer, 2012 ) BVEEE /1 A (Jian, 2019 ) B IERERT S H S E %S -
o E HH Bt LL PR R A SR AP R R R -

b. VIRRZZEREL vs. S3ER o VB AR S e R ERE 1Y B SCBkR% (Johnson & Mayer, 2012;
Rop et al., 2018a, 2018b) * EHEEEHY ST R EMGEIEIRBANR - 2R GHBINEEEI (Johnson &
Mayer, 2012, exp. 2) ; {EAE RSB E G A be - BEHEE R CREREGIRE - B
B RURet SR AR T BIG—OAR  fT EE—E S BE7E (Johnson & Mayer, 2012, exp. 3)
BEREGHISCFRIENES T (BISCFH E G ERTIERAE ) IFF - 22 SR EE (Rop et al.,
2018b) - HEERMEIHEEE (Ropetal., 2018a) ©

1]
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c. [EIRECFRGRER - —i% M E BGNE 2 2 85E S ER 0 Fl40 Hung (2014) 7E
IINERARHY S AR B2 AR g TR USRS A [ B LU R B A R M B G R D (B
M ~ BUZERES R ) 5 Lin S0 (2017) A ER0VEE L b EG 0B E 1R E G R E
BRFRET ~ P DR [ 152 o R i B 2S4BT AR A5+ L7 BB P BALGHY - S G S TR S [FE =R
Starkova % A\ (2019) #EHEE B S HBEER VIR » h—RoR BBk s [ rEE - (HR
R AR AR - RN FEE R B E G - Bol A (2016) 3
WA N B HIEEE DB FE AT L 1 HEEEZIIENE - (E1E 5 R E A #8225 5 Jian

(2019) EBHRERNENR - FEIYIH ARG 7 (E AR TR I ] (5 LU R B [ 5 B 25 B A et A e i
R - B EE A E L YIAEE - BN R E KU T E R B R R E R AR SR -
Zander A (2017) EME—#77E AMLEE S RIMTE - BB AL EEEH RS SC& B - 8%
74 v ]t i A [ S kRS R - BERBI R RS - RGBT R & o BB E HIIR BT Ry - (HA]
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2017) -Lin% \E—SFH - FEfLE G T 2058 = RS A B Rl r R i L s
MR TBT - ARIMTEAEARE e T - IREVEEIE R 2 MEAHR - BURIRBI ST EL 2 R B RRE
A REZ F B G FE A A FRET

(2) HEAA - LLEEN 10 HIFFEETE 2015 F5£43 3% - EE K H Jian » Mason Hi Scheiter 5 =
{ERFEER - o2 E 5B R NEREE (TURIASER) ~ HERTHE (BER) DURKRESE - Bk
Hl53 B R H S~ FAFISCHIESE « AN E R AR BIREHE IR (eye-movement modeling
examples * DL N3EME EMME) » 5 A{EWFSE - 18102 1ERFERTRE S 575 78 B 15 BIFE M R R Y
AR BN &5 |25 (Krebs et al., 2019; Mason, Pluchino, et al., 2015; Mason et al., 2016; Mason et
al., 2017; Scheiter et al., 2018) ; 53 (A5 R RIRERISHER - BIANBOERE & B s ET B R &

(Jian, 2018, 2019; Rop et al., 2018a) ; A WFFEHEET#ITE A (implementation intentions; Stalbovs
et al., 2015 ) BLERET3Y (tracing gestures; Korbach et al., 2020) HJZEE - shiTA4ERYE T A0 —
HBFE | 5185 (“if-then” plans) - (BUEHIUTEIRIME S (FlA0 @ "R RERLET REE ) G
REREZEEENTE (Flal : T EREEEE A A ERRE ) DMEESEEE R EE)
PUTRZATE) ; BRTFHAEDURE (HERTIE) BB B ARE IIERE - Z8IF5ia - #
By A S NRE A W E Frisnd DU B S B S ESL (Jian, 2018, 2019; Korbach et al., 2020; Mason et
al., 2016; Mason et al., 2017; Scheiter & Eitel, 2015; Stalbovs et al., 2015) ° Rop ¢ A (2018a) I3
B LR S B E e D R R REI LB WL E R S AR S BB SO R AR [E
R IS » BGEFAR Rop 55 AR IIN A R IEN B I 5CIl R B EE S B A R 2 -
Mason * Pluchino 5§ A (2015) BYFHRE A7 B - (EAH B SCF 20 MR B Fr i SR i i Bl [0 [~ 5B %
FKIAR ; Stalbovs A (2015) f5H - ESCEVE R EEETRRIEEE B3k 5 Mason A (2017) #£ZE
I EMME 222 5 S IR 2RI RUR Z B AR S EE (B SO ] 8l @ 2 SRy B R i R i
R ED R EE S Y

IEoh - BREIE A RE S RNSEIR G B 2R AT RE A FRETCR « (REIRERE )& S pE B IR B R X
G A EIRIRE S A R T B T AR ELER RN . SRR I BRI AN Z e S EI IR E)
TR 528 (Mason et al., 2016 ) 5 {RSEEAIREE - » EMME #H7E & e R P SE R R S s A
{BAE = B IR AL 722 52 (Krebs etal., 2019) © Krebs %A (2019) HE— T LIRS
TEARSEIBR AR E b - 5 S A2 0 Pl R 2k B R (RIS ) RE(E EBE =AY [ B I
- MEMAEFIAEESRIA - S22 0 TR IRE A H RIAE RS (BT ) H bR -
Korbach %% A (2020) HYERESRIEEERF IR - S B ST EEfe & n] DR R e Rl B 5
WA IE 722 -

RIS - BEN ACHEE G Z5EEIRENIIRE - Bl gE3E 0 B 22 iR & Fr g SAHRE A
TR - HETHEFEEE R (Korbach et al., 2020; Mason et al., 2017 )+ TBHRERE ST FISE AN AT
AEE A AYFHET % TE (Krebs et al., 2019; Mason et al., 2016 ) °
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A Mayer [ T B8R A | HEER D EEIIRERE - (HERF SRS T (B0 - FESEKaE
T ) RMEH RIS - B RMEREE ERE LA & R S B 8 (5 R B AR 2R A
BikZ o BEBERER - SR ERE B I E G 2 - IREE R 2 5 S ke
{RIRE T3 SR N EE A [ (G R B [ SO 2R R - ARRI R s B R G B R I T L)~ [ S R R
SR IS PSR B EE o ¥HIE CTML (Mayer, 2005, 2014 ) A #$3H » SEREERE ST Z R AT REE BT
HIZAM Y & Bl B PR R - TR E L HEL B A R O A BT B - 7] DU 2 71
RS EARGE 73 BV E G AR B [ S 2 IR - IR AT REARAE SOt R G R B H 2 TR R
Z B (5 A 22 IR B AR A - S i ] R R B e (G R U A R R PR - T SRR T R B O ES -
FHILPT AT - BRI BRIk RS SR AT Y R R AR & RO A MY B B i B B A RO
A REE RS HIRAG

1F Schnotz B9 ITPC ( Schnotz & Bannert, 2003; Schnotz et al., 2014 ) W » [ESZBHERIIFE R B
SO A R G B s R S B S S T LR A WA T R B R E 24 (Schnotz &
Wagner, 2018 ) ° AREIERIER - (ERGEMS B BAIANT - S E P EZH O ERSOR R | > i
SRR BEREE S TS AT - RIERE ISR E 2 AR BB S 2 R T 7E B E SR
R A N 2208 o BRI DR e AR AR R T L PR B I L I R A B AR AR ARG A B8 = Y [
2R REILH] (Schnotz & Wagner, 2018 ) o — H #J4H IR RE 1% - 38 & 3= 2205 A &l 2R
BOMBERDUEEER K - FILER " Eg—HEM2IE ) gt " XFEEHEM2R, B

(Schnotz & Wagner, 2018 ) » B E{EEE —RESFEFIN T S & F SR SCANTEE - S thEEE R
MHIHES R (Eitel, 2016) S < » CAREEREES 35 - EG KRG KA E/NTREAI T A -
SERIREREE T ITPC HOAR R A E G R 3 RN SR M AR E - JRBISCATIE Fr KA R R
HWEG T FRIIIEE -

AW )7k BRI - fE R B SE RS« 55— o PRIEEST T B AS OGRS E -
kS BRI R AZ S T AANE - (Bt nl gEfRH] T RIEVES 55— - S EEMR A/ MEASEE
—HIE - HAERRZIE - i a LSRR B BER L o BRIz A H
Ferl/ VG 8= BEOTRESREEAG TEET A LFHRR - FIANEER AH R Z 98 T pei i
MR R A GHFEIT - IR T ARE R - (BRI AS R ACE - IRE) R e
B MR SR B 221 R TR REE § Y KR E IR R E SO
b DRI AS SRAE At Py 25 SR A R PR Ry 2 R

AR A G B UR IL B W B 3R 2 el - FE 51 em E Z B8R - 56— TS EavRl
Bl S BERENREN I FE ok B KB 2 B &R - 1/ NE R I B2 R R 2 B AU 924 R 2
TEARE =AM E R - R i AR B SE E  A BT IR R A 22 B R R [R SCRRE - B
FEEERTGLEE » K-12 B4R A - 5= TEEFANVIREHEE A - MBI AR E R e - 220
REFEIERAHHEN - ARG AR BRI B Sl ped 2R E IR B ELIE
7+ BREERAR AR vT g i Z2 M R AR E B RIERET - = BB IR B e = (R HL Rt
RIS HIFERE ATRE S A N FIRYAERE - (170 Ik e B R e 70 38 S L ) 2 B o A B 1 B R R T T e
THINEE G IRER AP R R B MG I S E 5 © IBEE R R R A 5 o R a5 T DA
FZREMSINE ML - PIAEER - B EENIREERFE2EE R B O EZERE -

TEMFFE ISR Y - B0 - NIRRT 2 1/ NI SeiE R AT —BUftE R (FIangess ~ %t
fieklak) - EEEMRRED (FIARRAES ) - SR T FPFFCERFMETZ 2R (FlanEGEE
BUR 2R ) 38 L FR B R A SE AU R ST « HLK » REJTELSLAM RIS il ae 2 H M SR nv R ERA + -
B LA ABFRENVEREIE « RS ARE G EERE - e 1B SRS R LT -
Flan - & TAFRLEE R AR R E T A 52 BIFE el 2 - gy R0 a5 A& 55 fE R
A _F (Sanchez & Wiley, 2006) ; Richter B2 Scheiter (2019) ZEIE 97 HEHELMHMRE EEEH T
Fr o mdelmslim s AN 222 - JRE M nT e RETEIE - FIANFEs - MRS EERTE RN
& R ARERA T R BT R BOE A M AR BOR A2 TR A R R I S0 REE L T B R R8T A BRRYT
AGLERTE T S IR FeiE— DB i - 5= BRI AW BERE Y AR PR Bl AR P -
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Text and diagrams are frequently presented together in science textbooks and popular science articles. Text is used to
describe concepts, and diagrams contain visual and spatial information depicting conceptual relationships, object structures,
and developmental processes. Two primary theoretical models have been widely adopted by researchers in the domain of
text—diagram comprehension: Mayer’s cognitive theory of multimedia learning (CTML; Mayer, 2005, 2014) and Schnotz’s
integrated model of text and picture comprehension (ITPC; Schnotz & Bannert, 2003; Schnotz et al., 2014). In contrast to
findings of benefits associated with Mayer’s “multimedia principle” (Mayer, 2005, 2014), several studies have documented
neutral or negative learning effects from studying images (McTigue, 2009; Segers et al., 2008). Previous literature reviews on
text—diagram reading have either been published more than 10 years ago (Carney & Levin, 2002; Phillips et al., 2010; Vekiri,
2002) or mostly focused on offline outcome measures (Carney & Levin, 2002; Guo et al., 2020; Phillips et al., 2010; Schnotz,
2014), which may not reflect the complexity of text-diagram processing. Empirical evidence of eye movements during text—
diagram reading has been obtained in several studies, but no systematic review has been conducted to synthesize these findings.

This systematic review was designed to synthesize the empirical research findings of eye-tracking studies in the domain of
text—diagram science reading over the past 30 years. The three specific research questions were the following:

a. What are the readers’ eye movement patterns, and what is the relationship between these patterns and learning
performance in text—diagram science reading?

b. How and under what conditions do potential influencing factors affect readers’ eye movement patterns and performance
in text—diagram science reading?

c. Can interventions affect eye movement patterns and performance in text-diagram science reading?

A systematic literature review was conducted using a methodological three-step process (Guo et al., 2020).

a. Identifying and searching articles published between January 1990 and May 2020 in Scopus, Education Database
(ProQuest), ERIC (ProQuest), PsycArticle, and Airiti Library (Chinese) by using a combination of multiple key terms: eye-
tracking (eye-tracking OR eye-movement OR eye-fixation), diagram (figure* OR illustration* OR graph* OR picture* OR
diagram*), and reading (reading OR text* OR multimedia). After duplicates were excluded, 579 English-language articles and
33 Chinese-language articles were identified during the initial search.

b. Screening and coding studies using predetermined selection criteria: (a) examined empirically; (b) published in a peer-
reviewed SCIE, SSCI, TSSCI, or THCI journal; (¢) measured participants’ eye movements and learning outcomes; (d) involved
text—diagram reading in the science domain; (e) primarily focused on reading comprehension (studies involving problem-
solving or reasoning tasks were excluded); (f) used static visual displays as materials (studies using video, audio, simulation,
computer games, and interactive diagrams were excluded). After abstract and full-text screening, 50 English-language articles
(including 54 studies) and one Chinese-language article were retained for inclusion in the analysis.

c. Analyzing the included studies and interpreting findings using inductive paradigmatic analysis (Polkinghorne, 1995).
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Based on Guo et al. (2020), categories were not predetermined by the researchers but rather were identified in an inductive
manner. After descriptive information was extracted from the included studies and tentatively coded, we compared the
similarities and differences of the codes and categorized them into themes to answer the research questions. Finally, the research
findings were presented on the basis of these different themes.

Of the 55 studies, 32 were conducted with college students. Regarding content area, more than half of the studies involved
biology and medicine (n = 34), and mechanics and physics (7 = 13) and earth sciences and geography (n = 10) represented the
second and third most common content areas. Articles were most commonly sourced from the journals Learning and Instruction
(n = 6) and Computers & Education (n = 5). SMI RED 250 (n = 10), EyeLink 1000 (n = 10), and Tobii T120 (n = 9) were the
most common models of eye-trackers used. The most commonly used eye movement indicators were total fixation duration (n =
41) and the transition between areas of interest (n = 36).

The qualitative synthesis of the studies was organized according to two major themes: cognitive processes and
interventions.

a. Cognitive processes. (1) Eye movement patterns. The eye movement data support dual-coding theory (Paivio, 1986),
which is the theoretical basis of CTML and ITPC and suggests that the human cognitive system is composed of two sets of
subsystems: verbal and pictorial. Generally, reading is text-driven rather than diagram-driven, and readers may have different
reading patterns that involve varying degrees of diagram processing and text-diagram integration. Those who more often inspect
diagrams and refer to text and diagrams during reading usually performed better. (2) Reader characteristics. Higher-level
readers were more likely to utilize diagram inspection and text—diagram referencing tactics compared with lower-level readers,
and they generally had better learning performance; this applied to students in both academic-oriented schools (compared to
non-academic-oriented schools) and high-ability students (compared to low-ability students). People with low prior knowledge
(PK) tended to inspect more text than those with high PK, but no consistent pattern was discernible in diagram inspections,
text—diagram referencing, and learning performance. In terms of cognitive style, visualizers fixated more on diagrams, and
verbalizers fixated more on text, but the findings regarding learning performance were mixed. (3) Material characteristics and
their interactions with reader characteristics. High-ability readers put more effort into difficult articles, and low-ability readers
put more effort into articles with medium-low difficulty. High-ability and senior-grade readers increased diagram inspection
and “diagram-item” references as the difficulty of the task increased. Readers in the second cycle of reading decreased text
inspection and increased diagram inspection, reflecting adjustment by the reader. When inconsistent information appeared in
material, readers typically performed more inspections, reinspections, and transitions in the beginning, but this did not affect
reading performance.

b. Interventions. (1) Material manipulation. First, readers tended to fixate on signaled sections (i.e., key points were
highlighted via colors, labels, and arrows) faster than on nonsignaled sections, and this effect was greater for readers with low
PK. Readers performed better on signaled materials than on nonsignaled materials, but this pattern did not show among younger
readers. Second, readers inspected explanatory diagrams more than decorative diagrams; however, the effect on performance
by adding different types of diagrams was unclear. Third, readers transitioned more between text and diagrams when the two
were physically integrated than when they were separated. The spatial contiguity effect on performance depended on whether
the information was necessary. (2) Instructional interventions. Overall, instructional intervention usually affected readers’ eye
movement patterns and was likely to enhance learning performance through mediators of visual behavior such as text-diagram
references and diagram inspection. Reading ability and domain knowledge may be moderating variables.

Our results demonstrated that the inclusion of diagrams in science texts usually affects readers’ visual behavior but does
not guarantee positive learning performance. The key to learning improvement is the effective operation of the dual channels of
a reader’s cognitive system. Some reader characteristics (such as ability and PK) may play moderating roles in eye movement
and learning performance. Several gaps in eye-tracking research on text—diagram science reading were identified in this review.
First, more research studies should be conducted with preschool children, K-12 students, and adults. Second, future research
studies should include spatial-scale eye movement indicators and distinguish between initial and late processing indicators.
Third, other process measures, such as think-aloud protocols, should be included to help interpret eye movement data. Fourth,
future research should focus on potential moderators (such as ability, PK, age, and content area) or the factors that contain

complex research manipulations and were underrepresented in the studies in our review (such as cognitive style and type of
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diagram). Additionally, it is recommended that future research further explore readers’ self-regulatory processes by using eye-
tracking technology. Finally, the findings of this study suggest that instructors should also consider individual differences and
modify their instructions to help readers master the skills of reading diagrams and text—diagram references rather than focusing
exclusively on the course content.

First, the strict screening criteria used in this study may have limited the scope of this review. Second, some empirical
studies were based on small samples or a single measurement, which may have limited the findings, and the data pertaining
to some themes in the review came from a small number of studies; therefore, special care must be taken when interpreting
the results. Third, the empirical research itself may have been somewhat biased when published, which may have inflated the
effectiveness of the interventions. Fourth, this review focused on the domain of scientific reading materials, and consequently,

the results may not be generalized to other content areas.

Keywords. systematic review, text-diagram science reading, eye-tracking, reading process
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