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bEE (T AR REAHEHFEME) (2021) BUHEH) - "RE  —FAEARESETE )
B S BRI, (United Nations Educational, Scientific and Cultural Organization * & UNESCO )
HIER » literacy , 215 "ERA - B - R BNG - CEREREST - WRAAGESER B - BEA
AAVEEE - A2 HnE K ERGHEERE |, - TEZERE T 28 ) NWERERELES
HER - DIRIEAGR - FWEREALE TEEIEE S ) DIk TRIEBRREEAE | WG 0 RHEEFRE
TEFRE R - FUARME - RIREMR RS R RE MR ERE ] (M NER ~ B0l » 2019)
PIERETFEE =R ERE )] THEHE (visual literacy ) ~ NELEIRZEE (content-area literacy ) ~ 22
BlZ2# (disciplinary literacy ) 4 88 IFHIBHREMEAIE2%E (Guo etal., 2020)

RIERERE B - XFEGEEE ZMERREY) (HRE - IRE - 2018) < M THT
BAMENREEERERS - THREMRELNRBIEEEY rE B NEZRHE . — - T9tE
o REESORRFERGE 570 (Halliday & Matthiessen, 2014 ) ~ [B Fr iR UEIIEFREEE (Stieff et al.,
2011) ~ ERVAEEERYEENTER 2 (Wellington & Osborne, 2001) -+ 0] EEE 22 4 B FE R EE SR Ry
RN - CHEHEERRXCE N RIFEN G (WEFNEE) - HEE Rt e Z 8 HEEE
HARE (semantic transparency) B8 - BhAh - B4t nTgERIERERE SN E ~ SER FE R SO RIS B
B0 Py~ AN SCA RS & SR S5 (R 3R T S BRSO B R A B AR N % (Hannus & Hyond, 1999;
Jian, 2016; McTigue & Flowers, 2011; Wu et al., 2021 ) ° AT S » A28 4= B R RLEE SCANE E A Bk
B - BB BHNKE » RS RIIREEEROER R - 17 BB EREZRIBE#E (content
reading ) [AIFLAHFZRAR T fig o B2 A 71 B B B2 B S BRI FERZ LUK (o FH A BERE SR - HfRHLA]
RETR DA B e AL RV SRAG UG 2T » S B AR E A Z I BERE SR T 2SR - BRI 24N » R
BB ERERT - NFEIRENIVEAERR TEERIE A - g R RIS E SRS - A1 HE
FmE IR E SRR - e A N FIRREEREIERT - FEI BT - AIFFEF PR B A RRE R ST
FEF - WA R R R R TR B - DA (AT B R R R SO

IRENEHEF i (eye-tracking technology ) & R 58 & PRET 38 & W1 TBIEEAY /77 (Rayner,
1998) © 5% fiiy %% Fg A ok A 2 M A FE P R BE 25 1N R B2 2 SHI R BR AT+ R B2 R AR B

(processes-oriented ) HUBFZE o EAEFELRETALS (2022) [BIEET 30 4 (1990 ££—2020 £ ) FRETRIE
B SRR FRAR RO PR B - BRI R I LR B A Rl oo 5 - D8R/ N4 (D PRET A
BERERIEE S R AVRRAHIFERE <5 SRl 2 BB RY IR BN 75 = PR T B R e A E IR BU RS & S
BRI ELEIS 26D » DUR B2 REEE SRR S - 05 R SRR R TR B E T (RAF AU ELRE -
PRI > A0 EFral - RHEEBSCEE A FF 2 22 Ml aa s th /2 8 B 22 A Bl A P e PR Y B R R — - (HE AT
BN SNERT 2 s s IR B R A E A HE BRI BB M T (AT FREE) FE
B T HRRER TR RE YRR AR (Jian et al,, 2013; Jian & Ko, 2014; Or-Kan, 2016) - HfAR}EE S E
MR TTREBOOR - A4 EEERIEENWERERE S - FRHEE A S REEEAE
W& ATREANS] (Hannus & Hydnd, 1999; Jian & Ko, 2017) - | f#ErREL A f1 (A BEEE R E2 ST = RIS B HR Y
Biirsrs et E BEEAFEE - Bk - AR H TR IR B E R o 24 B R R B SR [FIRE EE
I Al e s IR AN R BRI - H RS AN FIRIRERE i A R R -

(—) MBXARBEIEFRIREHE

AR B2 AR AR R B2 SO B A A R ) S IR+ S SC & STRR B IRAESE - BRSO, B
MEEERE L RIE R ERE AR o WESCARRTBRE - RIEZSURTEER A MR R ARG = &
TWREF AR HE ARG SRR HERERE RN - SR EaE 1 RIECRH
SRR RHERE BT s B 1 - H A B AR SR B R RS ORRIEE T - MR RARES
FERITE (BRS04 0 2008 5 BRI ~ #5504 » 2017 ; Halliday & Matthiessen, 2014 ) 5 2. f££}
BrEE S e ARSI ENEA R - SRR RET R E RS - REE AR A
g (] B2 4l SRl A2 AR ( Wellington & Osborne, 2001) 5 3. RIS ASHE BA L ITEE » ST R
A AR Fr B o BN — S S S T R BT E MUERYFHE (Jian, 2020; Jian & Ko, 2017,
McTigue & Flowers, 2011 )

EREERHKRE - B EE - FREE ZRNR B R R AN 2%
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THEHAEERE PSR E r R B - fERER R E S I REEB R L N EE - (5 - 1 R IR
TEAET IR S R - B AR T & s [ 52 TP G2 22 H e B (H AT B S8 = REAH BR TE AR AR
B THBE A4 8% (Canham & Hegarty, 2010 ) 2. SEABEEA SR @ 24 ICRIES
BEREAPRIRE - BEEE R EE ORI R B G - B E G 25 L Tl B RN E I ThEE (Hannus
& Hyond, 1999; Hegarty & Just, 1993) - 3. FHIkEH, « BEREE SCOORNY » SEENEEH 2SR EGE
TIARGERE ~ BRSO R HEATAHUE. - G B E N S i A EE AL - TR S A R DB R
(Snow, 2002) - j&LEEFE ] RE S E BB EE R RV FEE - Frhl 2 HRENREERT TMER
#H7 (McTigue & Flowers, 2011) - 4. AME[E SCEHAEFE S iR Paivio (1986) AVEEMGHEER (dual
coding theory ) B Mayer (2005) HIZBERSFEAIZEE HER (cognitive theory of multimedia learning )
S B EHGAE ZE R R A A2 R R R B E R B - 3 RER S B Fr R S A A B - Sl
& LR HOE s B — R AR e B AR A5 Wi B B A R A -

BEAh - — SRR 5t 38 B B 2 AR a Rl N R A (60 FH BERE SR IS 1T Bl (HBIEERE I B — (M E R
BT & EEEEETRRE - f1a0 - BFllE (2002) ks - (KBRS T AR E
5 P B A R s 0 Y P A B S R R (B TP Y 22 52 - A5 SRR - S BRERE ) B2 & R - AR
AEff ~ TERCRTRE S SRNG - MHA I BERE AT A BB S - BRI N EEth e R iR B - I G R R e
CLHYBRE N RE AR TR  (KBIRERE T2 A G RS » W AE (R By 5RE - (M DR e /4
BECEEE BRI R - R R 5 S RVE RS - R EBE RS (2011) AIEUX
A Rt 7R SRR IR - R B S B RERE N 2 BN A S B SCE T - EHA
AEHIME S B AERARY HEE © (REIRERE ) AR A A (B M P Ral O - (OISR S e
Firimt% - 08 DIETT R SCE E - E R th BRakE RE ) B B SRR S RE D RIE RN T 12 2 13 BREVE
DEFARFEHEARF (Jian et al., 2019; McTigue & Flowers, 2011)

(Z) BMBNERRRFRMEERER

FHPAZRIE T PR RT R AR AN (AT R P R S B Y ER AT RRI G 2 T e B8 - T R S8 R e
— BT

1. BiZ%E (academic word ) SLIEEEWIE (semantic transparency )

EREREE S P E A2 HE AU ERRIEMES (Wellington & Osborne, 2001) -+ B4
18 H# ARSI SRR R s n pE A — U305 - B W N EE IR e EE) - EthrTaeid
R o BRIHSCEG SCE (2008) fEHI B2 AR R RR 22l - IR ER A G E R W
HIGREEE R SR AR RN - NMEGZRRIRARIE Tl ny 2 - thEsEsE|
HEWHEAETEHRE - TR " 2AE HE A G g KRl E RAETRATHEE LR B—%
Rt D E B A R R 22 R B R R —iE - EEM MR AR —HER , < ERHERE
T Em th AT REE AR B2 5R s B2 B E il 18 B B R AR BN e 2

Beoh - EiEFFRE R DA RER T EAIEE EEHE (semantic transparency ) A B (Libben et al.,
2003) - FARVEEEEHESS T —(EARIEE E R HEE R A ERRBIAEE . (Libben etal.,
2003) - ik EDGER BB ARHEETEIE - Packard (2000) f8H AL - HodGsEESH
CEBEEAR/NEA - R - REABEEL - BRI R - RIHGFAREEEHERFE -
AIRE H B B A B S R R S OR R A HEER B - A0 BOlPRS - FARAVEEEEHE R MEES
BATAH B B RS IR - RISLEA R A& 53 R =FEZE AR - G BB E =M=« (1)
P EEHFR R R A R R s B A E R UIRIRARE - 15755 7T DU E M RIS EOR o3 6 1 H 5
7% BIEEGE » 10 electromagnetic induction FEREEE (G KIRSETHR B S EERIERR) 5 (2)
FEENE R G R B RS B o W R FR I A B REIBAN - (REEE T MBI R A H A2 - ¥
JEEE  WIBEEE S SRS G ARSHERI R S - TEAWE - H— - 2R
B » Al hertz ik (BHEREANL ) 3 H T - B R 2 IHECZ IR A Y4488 - A penicillin #2EFEHK (Fy
HEEREETTUER) o (3) FEEPEHGFRE S EREGFRREYINERM - BB
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HEGrErER  BEFEN SR - MBS a0 S - W08 MEPSE (Doppler effect 5 5 HL
B AMA AR TS AR (L) -

Hul - (EF DB e T GEE B E SRR E - SR E A (2010) DAAFRZE
EARR N bt e 2 82 - PR OSGE AN S el BRI FE B I RE S R A8 - R I - 1A
ARFEEEF (GEEZEAEE) B - BRI R R B bk 223 20 fEAIEHRIREE S (3R
BRI ) AR T 83 280 o FILAIH - FZEMER AR E A IR s - sl ARIA
HHEBENTRE A  BEFRIEBUEHEEICR - Lee FA (2014) HILIE EREE
DEFRFEAER KM (9—15 %) RRIFRAVE XM (11—17 5%) - FEEEERIBEERR
PRIV AL - IR 2 EE P EORETIS R (RBEERD) FEEHIE TS - B —ET IR 2
FEFDFEREIR - HEMER 200 28 - 205 ZURREE (0 7 RE BB Z(EY - DUtE
L HERE PR S RERRE RE » IFSERE IR BB B — JOHI Bl - IR R AYERCHE ) - el th A BT (R E
B e MR - HIERAER - BURFRCE NS A E A th S BT AR - 12
HEFREEEHERE  EEFEREN - SEAEG R R LRy mH - BEmEZMH
HOEE S - DA SERGHE R T AR T AR B S - DRI L B K R A SRR P o AL ~ ST
AR R ERE VPRS- HE © (REREE AR M H i 2 =R R -

ER Bl oe s - FRERRE RV S A BIRERE ) M e R T R EGE A S - AERTRE L)
H—ERIRET] - AL - AT RIS R o w Ry i R R I E R E B R AR 5F
KA RENNIF VO EEEEEERF GEW) HEE (B rEHE - B 5 g HRR
FREE ERTER -

2. BEEHE 1Y o) s

TEESCRRE S - NEIDhEE ~ PR R i B SRR B B AR RIFZHRY © Levin (1982) 1R
PR eSO RR B P ARSI DhRE SRR AR AL s RlE 0 (1) SEEfiERE S - DheE(#ERE
SCEME I - NOKATRENS B  SOIREUEASCARNG ¢ (2) REIEE R - ST H 538 s
WA - fESCRERL . (3) fREREF - BSCRRBIREE R P B ESR - AN E R
ROt o EEE RS EEE M T SCANE 5 (4) fEEEMEER - FEIREES - NEsEEE
NHCERHISOR » e ROk B B BRI = BESORE RS - DLk (5)
EALEEF - BREERNZOAE R - AEEE S S CARBENENEE - B ElER T - (¢4
i P4 S b ey AR AL ] P (LA T RS S Y R B ARG R

LT N B A R B ] ST ZE 0 F B A 25 DL Bl 28 SR e i R =R
& Ff = (Hannus & Hyond, 1999; Jian, 2021; Jian et al., 2019; Mason et al., 2013b) - 4 - A G
W AR RS AR A 22 A B R R R+ AR YRR IE AR A I B - IR A FE AR 224
FelfFoest 52 » AT 22 45 o AP B v L fo 1 AR 28 = A B 1 B B 28 DO B R M B R B2
ARG © [LAh - FRERAE R RI R R & BGE & 5 2 F 88 2 RRER B AR SRt E A iy &
1 HORHHERE AR A SRS SE B -

(=) BXBMRRAIREN AT

SCRR B $H3 H SCER RARR BT SR 2% - Tk £ 2 E B ST IR e —— R TRl
FHANAIERIFE (morphemes ) B¢ F N SCHYREBEMRAS £ — (&5 © A0 Andrews % A (2004) BFFEA
[FI G4 2 i Pk B 22 28 (U HR B IR AR+ Brusnighan B2 Folk (2012) FRETZRAYVAE S (ERIGEEEF -
ARIBE A R SCRIF R AV E B B A RIRE RSB 2% - AR E NG A th i s rI IR BT
5t - R REl Hm LA T =R ERAHRREIT e H Y ~ TR DU 3 -

Jian A (2013) HIWFFEHERT L SOARBIREAVER BT T - sk b SO Fl S A RE 3R (context
effect) ° RZWIFEERGRIRNERALE > IR =R & A VHEF 0 T SO0K - DUk =R Ry R
BRI SOOR « EREUR - AR BN SR T - R e Y B RE R B - S HE
A ) 25— ([ e T B Y R B T ( first fixation duration, FFD) #i9H BE 25 - (AR HEE REE MRl
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A AR A (E B 5 5 (E52 - PIER I RE A EE — JCE A SEmL IR ] (gaze duration, GD) HUEHREFIHE R -
1B R A A I B R B TR S I R R B (E ) B Fr s 28 - S W (EE R R &
78 (rereading time ) ;& SEV)EFNGEE R )T - HARBRAEREBHER a5 HARRI R - MESRIEpIE
W F H AR E e N — A S GRS R B R Y B Fr 5 2 B 5 - W AT LAS A - fEBSRE VI -
AEFRERERY BT R TP E TP U R ERR - (BN E R R AV R AR - MR REM AT - I
e Py HE A A W AR Rl =R B B - DI AR B APEEE -

Jian 2 Ko (2014) HIME—SWI7E8 SRR R R TSR RHE A E - R s
a (PIELERESE) NUEANE GRYEEESE) Mbsed B BRYEE S - WHHERE S EE A
VVHEE S A A PGSRV o WhITE R (Y R A B R e ) R A R
MR SRS B - ERLRSIRRGE EAE EL - v R R 2 B AN AR Y P R T 2 B e Y B R R T e~ [l
3 (regression rate) K - RFEHEAE M LT SGRERGAMAIR - ZHBFEANIENY)
HE - Al AT Z R BRI A BRI 5 AR - fER)in e P B A R e AR IRENEIE
Fle HH o L A R RS WD B AR - B — e A e A B (P B B 26 — (] BB O (2 B -
FERZ P E AR _EAAAr 4 SEmies - R A E BB EFARVESR - BEKHR > TR
I 72 BB R RN R Y R B B RN R B R R AR -

Or-Kan (2016) HIBFFEEL Jian £ A (2013 ) AYAE{L - SEFFIREREHEAT G - ORI R R ER
AAERIFE S AR R A R SOR  DURE AR B ER IR0 i FH BE R SR - BRI SR AR R -
FERFEI - AR Gl B A 2R — (iR B A BRI R (FFD) W MERESE 225 (HEUEEE G AR
RIS —CHEE R (GD) BEIEH PP ERE (mean saccade length, MSL ) BEREFIERER{HT
A% o U B R R SR A B A R B (2.45 1) MERE S VEHRER (1.37 %) - WHFERM
PR IR (R RA S BE B RE AR Y - WOE I AR - DI AR B BLA -

AEEH Sl SCRRERRY - 15 DB HY B 8 TR B2 Bl el 2y - R A P SR F R0 DA
BhH SRR R Hrp N EH SR AR AR A R O A A RS TR - Al B b
HIZE5 > Rl RAEMIIE AR - sLEMIATA - B RO Lt S B il sa s A e P AR DArR &2
AR RITITE - RICANIE A R N IR EE S R R S R F R SR E AR - M — P 22
Aoy Ferm v R =RERERRRET IR - DA T MErh B2 A B ER IR Sy R AR B B 2 A

(M) EXRIERIERER

TR SRR - A W G 5 R 2 2 E IR GR AR - 352 Mayer (2005) HYZ RS
BT A M (cognitive theory of multimedia learning, CTML ) DA K. Schnotz 8 Bannert (2003 ) HY
] S iR 22 A A (integrative model of text and picture comprehension, ITPC ) ° Mayer HYZo 148 E2
B2 Paivio (1986) ATfEHH 2 #EHEH R (dual coding theory, DCT ) BEEEIIEY » {RE i & [E (%
HIEE SO T E N E YR B EE ;1 Schnotz i Bannert Il & —3HE [F BIGEL SR i BHIEAE -

1. IR BB M (CTML)

CTML YR HIFEH - AP [ S8 SRy S R E2 78 PSR S sl B B — 3R - 23R
RIGHREE 2 H Ay PR - 2P amE Ryl A BRE 2 R R A B B A B AR - A =W E EAYERE: (D)
SEHE (select) : ESTARIE G 73 BB A SOTR - A TIERCEE S (2) #l#& (organize ) :
FE LFRCE e — 2 i B DA 0 R B HUE, - R SO (A UE RUAEL e BRSEETT - AR RE SR AL
FEEIEAL 5 (3) B (integrate) : FE A G {ERBIECIE i R B SCORBIRE A B S fi ARk - R
BERESUAS T I B S 7 R B B R O TR 5 - DU RS O R U B R R AR 2 EARE -

2. [ SR AR (1ITPC)

Schnotz 2 Bannert (2003 ) FfEHIAY ITPC H 5 a8 Ry i fERE 5 15 AL & (B (B R AL A AR - Al
A R =(EFE R - Hrh i EEs A AR B RFAE « INFE S AT A ER A g S 1L
SCRHYERRE R MR ESE A BB R E - WERE G OHEEE g 5 REGENG
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AE STt IR R EEE A ) A R O B (- AR S 5 i B A AR A B o B B R L B A
RIAIam A - R RR Rl R ST B E B R R SRAT - R B E A E et G A A -
DIrF R FHgE S BE "RORME ) (descriptive) &l - FIANMEE » 3XF ~ HEEAHE 5 DL
&R TEEGREN - A T, (depictive) &l - BlANE -~ Wf -~ EIRE - (EEHEH
FysEfE - A AL AR B G R BEE - e RAary A8 - & AR -

fr b > CTML A1 ITPC B 3 #l 58 Ry Rl & B FE R [ SO0 EE - RE R DSt e S M Fr 9 R Ui i AR
B AR RS R BT RN RS B RS  MARE i - ERLRAEEE A e R S E R 2
3 BB S R G P AR ) B S RRAR

(1) P NBERERBE AR

F AR AR (2022) [B1EH 1990 4F 2 2020 fFHYRFEE B SCAR B 9E 4L F 51 B in R
SSCI #1 TSSCI FYHAT] » RECAI - RFBAIFERR (41 - NFFEE - T EIREGE JJEE I REEES)
Bl AReat (A > DEEM G ~ BRI ECER TR REREEEZRTE ) WARTE  H - Z8E
DIREAE bt Fets &2 - /N R » R R B SR B SR R (5 AN BRI -

Hannus B4 Hyond (1999) 25— {E DR BREHER T PR aT R B S RRERIMIZE - A Ri(EEs : &
Ea— RIS KRB JTRYED NIY AR B2 AR B R A T AR S P IR S - RREER R A AR -
7252 LA Raven IR HHAYIEEE SORIBR(F Ry 3 LR HE - A5 IR BB - SeE) R E HLERE J7 R B RE e 4
R EEED) - CHEAEBESEAEYFE T (BERERE) - B AR HIRELER ST
S RE B RE ST S B AR S F BRI AR B AURE - DURAERE EAHRR S FMIE A B2 2 RSP -
fe BB+ AL 2 BB R E TR BRI A AR - B REE AR RE N R 6% TERIEEE L
FoREERER S CERE DR AT - HERE ) B e S R M A2 I M B B B A
BRBE FrEfUE - BSOS KB ER % - & RES) L E B B R A B RE SR SR - Jian Bl Ko

(2017) BIWFFEAEAERE LRI ZERTIRE - (B0 AR B IE - HE— P BRI 2 0 B e AS A AR Bl
FEEE - W LA HI53HT (sequential analysis) [SZBREEFERENRERERRGT - PRETHEMS © (KEIREEE A
AE 52 AR B RE L 2 [ S Y 38 R PR RR Bl T SRS Y 722 52 - X SEeE =R RE DA HRE — R
i — RN EER RIS E - G5 BB A AR B - TR SEAS IR AR - SRR RE I A N U=
HEEETIF M (total fixation duration, TFD ) FLEEFS B SCEANZ o (KRB IER AR - BB @
JEE HORFER ST M R P [ PL AR SRR R - (URREERE N S R M E B - &
B HEBRE IS - BARREGE - RIMSCESEEE 00 - 24 gHE L/ — R0
BERESCE - HeAh - BEWFTEth B B REE JI B2 A Y B — 3 B FE [ (mean fixation duration, MFD) #4
ERESIRAVER: » AAFRIRAE T2 A RS FERIRE JT8E < T e ¥4 s SR A B R S RE J1 2 153
B DU S i B - st BN EE R EHEHE - g i 2 a2 BeE 824
HIfR AR MER R - 1R/ EAEAVIREN ARG - WA THYIEIE - OB AR FERIRE SN 2 (B RHH B S
Z Y22 BB R A+ R VYA AR B2 A B S 2 B B S I BERERE J BT -

BEoh - BRDLE D E LI E RAVIRENZE - thE —HLEE H A WA - Jian (2017) FEET
PN R A A B A R R S SR B R B A R R H SRR A B R - AG R E - R RIFHIE 4
MR AR ER A AT R SC AR RE ST - HRR RIS By G [ 558 - ARBE RS SR AR -
T B IER AR R SO~ SO Hlid W B RE R R R - R B L B — PR (MFD)
FE W HEEE T ERE SCHEE KB (the number of succades between text and diagrams, STD) ° 5
—JR Jian F A (2019) BIRFZEERET N S AR BRI B SR 6 72 AL BHRE R - BZiftsein 2
B 2 B & 0 R AR R I R R R SO - B 2 R A BRI PR B BRI - AR ST A D
BN E S - BOFHERE NS - RDESCE  (EthE — LB S R REHE - iR
ZHERJERN SRR R R 2 E - I H g HEEEE A - Wu A (2021) tEEDIAIRS
R HFENERBEHNEIEE S RIF SRR NER - R A EE R AEE BRSO -
ItAh » Mason A (2013a) 87T RS E AR EH N EEBER B RHESA N FRED - #%
PSR 11 SRR AR BB 3 e =4 - WA - BBEEGH ~ SR E O KRR SR - iFSERG IR
e BRI - &8 B EEh SR HEE & A AR E RN - IRETERRIEUR - AR A
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i SCAE -+ el G2 SCHH A AR Bt S 2 IR - A AR B SRR RE EENE (I - B SOREYE
HIREGE D BB SR - FhatE e B B SO = R 2 n B AL - FHIL AT AT - R ERE
HAEMERME S R A BRSO -

fr EATH] - NEIREJIRE S FEREESCE A N E IR BN RIRE - R 52 i E A E S 2 AR E T R
BRrEE - A (MDGEE & A G REEIREIARE © EE HRIREERMEENEHERLERZ
EEA N ERREE 2 fla - EEER AR E A BRI E TR - FR M il E R
s R EYPENEREE - FTD B EE L IF M MUE R 2R H 2

van Gog ¥ A (2005) f2HIIREN B EEREE—F T 2 A {rRFER Y AR B AR - =R 7=
1. [ 130 83 (concurrent think aloud, CTA ) » BESR3E & 1EAETT BIFE LS [RIRG— DR Ef T OR B
AT ABERIREE T AR - (B8 A8 w8 835 7 R0 B 3 FEAE T REER DA BERE B AR 5 H RO YR
FEASEZ AR ; 2. [ B3 (retrospective think aloud, RTA )  f5AYE & TESE R B RET 5 1% -
EHEREHETT REFENEE A (HEE v sER e 2L S A BIRERF AT B IR - RIpElsE]
I EEBERMESEETE ; 3. $E/REN 70 55 (cued retrospective reporting ) HIl gl DA R FE A (2% -
Wt REE S CIREIE R - BENA RESCERIRER F o I ZERER A CIgRR & H Mf R g ek
REVE o WFFCEER RN (B I i R85 m] E W DA e Al (R A A 0 1 fi g R i sk A #2288 » 4 - A
REEB 2 BE RS G« EEE R ER MR BRNG 2B E A RE AT -

HET » S8R B AR RENA I O B T IR B R R e 40 2 AR NGB 22 B B2 AR RSEE
HHINFTC - R - APoe A SR RRE B R R EAE R EEZN L oEXETSERE
B firaasaiy - N EIRRERE IR B A AR R AR AR B RYFE R » AR NCE - DU & i IREE R
SRS o AR = (EF eI T

1. NEIFEERE IR EARE S HESEZHEARR (EEEEE) WREEIE » RIS g R
WEGAEARE? (DIE BB EE TR )

2. N[FIBHRERE SRR 24 AR B A AR (R E SR ) IR 2 iTan =l - S {arpeas; 2
A EEA M ERR SR BhEE 2 (IR o tT B - HEfTIREN IR AT )

3. T FIBHFERE S0y B2 A= B RE R 22 B S BB R AZ B ER FH RIS B 5 AN A © (A AR RE RS
AR EN I REAIIR B A M O S B E B R & 2 )

Jiik
(—) s REERRa

AT EEF LB P ERES 71 & EXRFEETHEZH - Mk 4 ZIRBIRKERE
M2 LRFPRAERERL - BRUEAR 65 % (37 %42~ 28 % B4 ) » SEERS 13.12 5% 1EH#E# 0.27
% o FITEMFe2EE S R SONGEE - HEEESGERIEEIIR ST o AW Fe(E F o #Ek B it ik
(2007) fmA "B R AP RE M AT | HETTRIGERE I - 2R B R 8
ERIERE M (15 3 PA ) B 23 %5 HPEIFERE UM (MR 12—14 493) B 22 % (KEEREREJUAE (11
SULF) H204 -

AHPFe R SR FRAT - BRI B (KIS NEIE - FEE S SN EERER
By g s N EIE - BEEIER L SRR E R AR o RIETEPTEE (counterbalance )
HIRET - = AHRERE UM RIE A A U 2 — 2 EE REA N IO SCEIERY - 1 EYEE-EY
ol LEE 2 AV EE-AY T -oH(LEE - RS 3 B bEE-ELE
EoAYEE-AYER 4 BLEE-HEE--AYERE-EYEE -

(Z) BRaH
AW seE IR TR (FERER) REHURCE - A2 HAER A ARRS MRS 5

MEE - AR RIEEAE TR BREOREE - ETERMRAIAEEIE A SR EHRIARE (R
#1) PR L: (1) BRXAEERERE LEDMERPIRGRER - XFEE - WREEES



956 BB O B OB W

(2) HRXOKMERR EDEEER (E1RF) - AFL: (1) #F  EFCRVEETEET

LAY —R 5 (2) WURAHEHER B RS R e AR IR rh e 3R (SR AR Rt I Sl e AT 2 (AR
ARIEEAT © H— o WEOREE (05 L H AR r G HR Eh AU RR A 72 B AN 2 (AL r SEAN (RIS R AT R 4
S0NE (frequency effect) Z# %8 ; H " BGEHEMAN R RE ARG RIS AN e HE " « HET
FFEERE B BIH CHFaE L a5 2 4 2 R e i SR e - S T Re A A RAVGEREEH
B (LEH - AMEREEANERE — 5 (3) B CEA T BRIR B R - B H BRI
R (4) FEANK Levin (1982) AU 4H - S BMIREPIARAY LT BIATIERR FE By T B & R
o CHEEREINA 80 [Erh=Cy) SRR B ARy b R (SPISERE YA 89 f#
) s MANER—EER CPER 73 Py 5 (5) MNRSORIIESE  dERE EA
RIRARAE - SRR ~ MASCRRYRIR IR BBR L S - BRI EE — B sl —sRE IS ANE
S et L EEL S BT E § BE  BEPMOUR IR SRR BB R — i - ERIEE SR —
BT A]EGR —SRIEIRIRE S - (B RB B S — S sE e -

AW FEIATE BB R B EUE T SR R EE - A AR SEEEE L EEA - — (L EE L
ER(TAYBR R E ARREERT - R — (A B OB R R AR BRI - 35 R B A RS N IHE A 7 85
i QI ERAG B - R F BRI EERME - DR EBADR B IR AT - esh
BRI AR R R E E 0 A — BB S (FEOEREER 94) - WEFFEARE R HE—
BAESRE (WRSCES H B PIE TN 2.67—4.00) -~ HEERRSZHEEDTEELH
FRRE SRR - BRESUAIEEE 3.05 - SEESUATHIEEE 3.15 (3 B EEE) -

=1
NARHHER 1R
T ST E ik [z LRSS

RIS #1k &)
(R Erl = Hi =t T
- BERHE ZUE (26) N = (76) Mm# (8) et (3)

B TR EE (61) T EE (161) BHEENE (0) fRse (11)
8 412 408 415 420
Gk 204 213 231 209
Ee— b fRRERE (130) b fHAREE (63) b RS (48) b AHARKE (144)

T RRRE (55)

T RRRE (63)

T R (73)

T R (77)

PRI SR BRI

BRI

BB — i

R S

RRBE L — %




rhER AR R R R ST 957

& 1
ARENEERAIREME (L |ERE T - miY)

BHRAT—RTLANRER

—HRRHMBEAT KA T TREMAE  Fo T TR
Je L R TESAE, REEFFREARER > EEARE
B EAWBSHERE - REY - E0 T THAK, QAL
18314 da ik F M - R— MR R Aty LR T A — &
BAATHOGE KRB LR EERBTA - ¥ Tk ey
I BN RAGRARA > X HRBRY > RRGARE T -

ERAEMERLEGER > R TRETELAT - BAGE
RATRBHOLL B " ATE,  ROERGE - FATEE
BFAERAL  REABGR LT RMEERE LY - MR

CHETAES  BEeh—BAE > §EFErTES  REE aes
AR EHARE  EEFALNKBLEALRBRER ¥ —BEET)
BRETHRE T VAT EBRAT -

ToRk IR R R A A A RS ? B RRIBE PR
HOEETRAT,  LRARTATORERTERIE > — ¢ ki el
RIBER > —ERREFR > B S Bl ey 214 -
m?ﬁ‘ﬁlﬂ H %4_[.&0&151_%#%@&&)\? HENME FHRENME
e Tl bR KA IR AR ) o MR e

TRATASURAT A AT AR - A R A ARG

S R G A & B — MR R R R 0 R

WA B - PR R R A AR S - B ARBA &

Btk RS HMAT  —HRER AR mAR ;ggfgggsgggggg \

AR G IR MR o FUB A R E I L Lol

BER  EBACEE—FE RS E LA P O yﬁ{#\vﬁ

RBFLRGERGETA - DS

Bt $ o Rothmsant  weds TRERE ) SR

ML S RERRR > ARBF bR S0 - L PHRE oo Sk

Wb TREEE T  SafbhbEaRERilad  — nones | (B * & @

RiERL KRR —RAERFTE - FREFER - 258  mEnR AR | BRR ABAR ="

A R IREABOR 4 - OF ek thntf A BALEA e TR oo B

#ASBIUR Wik BABOA S b 9 — A AR - fadtey wak | il | aemme
) 5 & 1 Em | A-O® B O% 2ER OF

ABZ i B ML E - RAEH L GABUMA - T Em | A-mem B-ABE | ABE ‘ zmE

(=) MEeTA

1. B

R RANT R E B B R R BB — B AN REII S - B S E R E R E
HIRRAIEERR » AWt seim S — I 2R s B R 5% - SE M Likert VURGE T T #E22 B1E HIURSUR
BT R R AR (1 ERTANE ; 4 ERANE) - S E RIS - 2%
S RATFERT B A SRR W R PSR 1,92 » HREMRIRAEEE T 1.86 - A
DIz Bt R T\ (B ER i Ar e Sepaldndt - (HE PR AR E BB S AR EE TS -



958 #E L H B W

FEIRENEEHTNE » 2
EE#% > 2007) EHIET > DLT
£ 81 FHHIEEH 76 £ .

BAERIREERET " BIRT A EAE N, (R
EAFERAE O BERE ST - BB 18 B ELEE - NI — kN 77

o

5%
iz
2

2. %

B B iR ) Bl A 5 3R L 1 S (e B R T 923 B A - BRGE B RN B B 3 20 7E -
FEH—EE 1 5 HEEER 88  H el I o 3 5058 0 0H ) 2 85 B S E N R S S G
$EE o DUT RS SCOARE S LB REE CEEZEE A » 2016 5 S HEESE A » 2017 5 Mason et al.,
2013b) - wBFTREFREETRES

(m) RERae

AR B FHRER B HE 2 4f EyeLink Portable Duo » HUEER R 1000Hz 5 F[E 2 =0 N AL GEED
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AT ATER AR BB ILA 11 18 » $EREER T E B SRR I R AR A S A AR (E70 -

fEHFZ » 2022 ; Hannus & Hydnd, 1999; Jian, 2021; Mason et al., 2013b; Wu et al., 2021 ) FRBHAIT :
(1) #EBEFEFH (total reading time, TRT ) $51E S Brlfh 2 B 255 5 B A A5 BRI ] - L& FE Bt
T R P B B R IR TR A Sl R R AR R M R - (2) AR KL (total
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EEESGHERERE ;0 (11) B@EPERE (number of saccades between diagrams ) $i5 Bt B4 ¢ 5
AOI EI 1 [H][E AOI FIZREINAE » [ B BERE AN [F] [ 1@ 2 IR S R -
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962 #E L H B W

x5
EEEHEENAREIEMRENE B AEIEREZ PO EIEEE
BEUR BEXAR FH P ELA
R TR ) & AR
M SD M SD Pt
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(Z) REERREMENEEEEH T ITHER

1. R
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flse)ge 2 08 A AR RS R B B 2 At Fe A T R R A ) R AT AL - AREEIR AR
S Wl A e PR 5 — Bt Tl Y B R ] 38 — LA R I P ~ PR SR AR R~ HEEE
TRARE » DASC 22 B ) 0 Bl U e P P 22 22 - DURGER AR B R - A8 B RE » B TR
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3R 6 i R BT UG TR AR — JCHAE B i [ HUTE R L - SORBEAE E 2R » F(1, 62) = 6.04 » p
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FERE - BRERE VAR - F(2,62)=3.20 " p<.05 0’ =.09 » H&MERTSRE A BRI 5
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R ] ) o e P B i LB < PTG SR8 IR » (R B8 — JE AR i Py o] B B — S i e R A L -
BEHRERE ST » OB T ZRUR - ENMELZAER » ps > .05 < fTEFREEHRF HIEERE - RFE6E
JHEETHE - p> .05 BIFEAEEFENR » F2, 124)=24.98 > p < .05 * W' = 29 » FIEHENH
R P R R AR AR R IS RS AR o p > .05 o TEAREEIR I I HYERE - BHRERE
MEF TG p> 05 0 EFFERLES FEE - F(2, 124) = 41.51 » p < .05 ' = .40 » FARFHEAGIEEE
T P [ B R AR A L A T A N R AR B SRR » p > .05  TEEETR
FERTE S LLAUFEIE - BIGERE I TERUR > F2,62)=4.15°p< .05 n'=.12 > EFEAEEEE
R F(2,124)=5449 » p< .05 0" =.047 * MEMZHIEH » ps> .05 °

(3) BEISCRERZE - AHEZIEAE - D= EREE I B2 & M8IE « IR SOREE R
ZAAENEIE - ABIE RS TEIRENTERE - B B E  [E B R - D ] S B Y
AR T AT BT - R 1055 E#E  ERESIME R B - BRI EESR
p>.05 SCRTEEFEHER  F(3,62) =331 p<.05n'=.05 M0 EHMA SRR ESCHE
RENFEE L NEEAR  EBZHIER » p > .05 « AR HRE O EEEGE B E B2
fEstE M2 R ETENENRE - E—5 5 ERREE I B % ZE I R aE TSR EEE F BN
B F(3,62)=2.85°p<.05°n=.12 » SE4R7T R SOARN BSOS R EEE SN EESUR - £
[ R RS K BRI FE RS - BESEAE S AR - p> 05 - WAFHEEAFENE » F(3,62)=329 ' p<
05 0’ =.05 > [MACSCARWE RS XBEEE 2N EZ R » IWEELZAIER » p> .05 E—H5E
FEERE IR B S RE TR SOA ERE B EESE - F(3, 62) =331 > p< .05 0 =.13 » $E{RTTEH
[T ST A e T O % R B B 25 AR S SR 5 (KRB TR SOAR B FERUR » F(3, 62) = 2.89 >
p<.05° 0 =13 [FI A PR B 2 A AR FE BSOS

x99
B F R ARENEE AV IO SN B e =
e L R i e FAsgElE Fr FL R EELEE A
IR E BmgE B
M SD M SD M SD Pt
F—JGHE [ 566 5.68 521 679 524 9.44
TR ] H 4.80 4.14 4.67 7.55 8.62 1091
(GD) (#) & 400 429 472 134 500 9.95
S =1 786  6.09 11.66 1045 2374  23.05 s
K GEIHSF | >
HH 8.78 843 9.96 11.12  20.68 21.29 =
() fiFEreE - HHAR
& 5.88 6.34 5.75 5.57 1420  16.40
RA— =1 1352 7.61 16.87 10.69 2898 21.60 -
rff?:u? JLSRIE] >
HH 1352 9.57 14.63 1259 2930 18.87 =
(TFD) () fiFERE - AHAR
{iis 989  7.13 1047 9.8 19.19  17.93
P = 23789  74.61 230.56  56.64 249.10  44.57
SN 72 2? E
L o Hh 246.04 4182 242.64 61.03 22239  65.39
(MFD) (Z#)
{iis 24491 35.64 23349 5753 25493  46.63
- = 12% 5% 14% 7% 25%  14% =% >
U IR R G
N H 1% 6% 12% 8% 25% 12% fige s RHA
g 9% 4% 9% 6% 16%  11% & > K
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£10
T RIRBRENEE ETE X EHEM 2B Z R EEH IS RS EE
. B MEARASESCOR [MAISZAR EE N LEdETEY VSN H I HEAE A
R BT v
REST M SD M SD M SD M SD et
— =l 3.96 2.34 5.00 2.58 426 2.67 3.96 3.17 PR
[ y K ,\\\/(\7 A 4
(STD) e 6.27 451 6.55 3.78 4.41 2.99 5.64 450 s
& 6.05 455 5.60 2.70 4.65 2.62 5.50 5.47
= 2.87 232 3.30 4.69 1.04 1.33 1.57 2.17
>

[E FEIBE % K 84 H 2.36 2.87 2.73 2.93 2.46 2.96 2.18 2.46 i
& 1.30 227 3.30 2.99 1.80 1.58 2.70 227

(Z) RREMHERER

FRARIER B — A RE L BT REHIARA L - MbHe2 il IRB A REA R & 5 E
AE TR EAAE > Bl - #EH 5 D22 Bl PRl T St o — {1 P e o i 8 {1 B o O
CRRIERDARTERD ARG - DUEFT AR -

1. DY K 1) B R s 1

1 EREH - EREERRA AR L BEENEEEENRE  FQ,62)=324p<
050 =10 FAEERAEEZFENER - F(1, 62) =3.09 » p= .08 > n° = .05 » BE CARAIELBE TN
R EEZREE SN SR » AR LIER - p> .05 ; BB ERRERT - SEE I
i FH R B8 SRS ) R B 2 MR AE TR - p < .05 » (B ETPE BRI G « fE6F GRS
TRl I BIFEEE I EAE EERUR - F(2,62) = 5.52 0 p< .05 0’ = .15 » FAFERRE FESE - F(,
62) = 13.94 > p < .05 v’ = .18 » BERECRWHEGR IR S REBEE BN F 2 OK » B EEA
p>.05; BIFEEIRVERGE R - SRe I AR R SR R EEE L R B REE ST - ps <
05 ° TELLERRELERNE | BIFERE I B AR © F(2,62)=4.07 > p<.05 0’ =.12 > FASMEANH
FEHFE - WEMRZENEA » ps> .05 ; BEREAEIIVE R T 2T S he A 6 A LLBR R R B
ZINMERES IR » p < .05 - fEEMBREREE S F - BERERESIE EEAEE 0 F(2, 62) =9.57 * p < .05
N = 24 FRERGE FENR  WEEZEIER 0 ps > .05 BREREINE R TEHEE - (K8
{5 FH & 1) B e B Y R B S AR B = 0 - ps < .05 -

£1
AN[F BERE AE 778 1 VU o 2 1Y) B SRS 5 P R B SV P B A v 7
EEUK M (SD) BESCK M (SD) e
EERN (fg—R A A Y R R RIS ) (5 — P R [ ) e B R 30 AR
Pt
= H & = e &
BEJRE R o P A% > K
- 95 (.69) .82 (.40) 74 (.30) .80 (.42) .69 (.51) .56 (.26) a———
FTUEFEEY 26 (.35) 21(.23) 15 (.18) 31(21) 27 (.30) 22(.24)
HEFmELEE & 33(25) 21 (.15) .18 (.20) 20 (.19) 11(22) .06 (.12) Ef EP;EE
> T
LhsET A 31(31) 24(22) 14(.15) 24 (23) 17(17) 12 (.14) 5> >R

G B .06 (.13) 15 (.18) 27 (.30) 05 (.10) 14 (.15) 16 (.19) <K
o TEEEE R T, AREgEE -
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fE] 3 R BES 25 E S P BEIRE RS Y 5 0 BU - 5 SR 38 3 = B R e 00 L P B B R 5 T R Ll B

& 5 HHREEERE AE R SR R LB R (RS A T & B R R O -
& 3
N [ BEERAE 7 EL {5 PR 0 e P g S R B T 40 B

e RERE ST AL TERTRERE

6%
30% l

7

III%

25%

33%

SElUSFEHL = MERREREES o ECEGFE w BnRaRE A

2. 17 Fili -~ [EH A5 SR M 1) 65 1T 225 SO0RK

AW FEHE— R Ll PURERAFE G X o> By 17 T 2Rlg (3% 12) - DABHRERETT R Z 5l 2
AR B RR Y Ry 2 A PR T - R R B 7 ) B i P 5 o DA B8R B R R R O 1 FH R B
FyfcBATE - AT IRl TR BB AT -

FEAE (R SRIS (E A - BIRERE IR E EERUR - p> 05 > FARERE FEHE  F(1,62) =846 p <
050 1° =12 BEESURMBEE MR BEBEE SRS 2O » B\ EIER » p> .05 - fEEAHE
E RS R SERS ] - BISERE T EERCE - F(2,62)=3.71 > p<.05 0’ =11 » FAESERIE FEEHL
F o F(1,62) =645 p<.05° 0" =.10 > FEEREEE SCRE R BB RS R EEE SRS 0K - W\
FEHAZAAER > p> .05 BREREIHIE R E B - mRe TR A [ E S A B 2 i B
REJIRH » ps < .05 - TEREEEISGRERIRIS B - B BEAEB% EEIER - F(2,62)=3.12p=
050 =09 FAFEAGEFENE - MEHAZAIER > ps > .05 ; BRIV ERBERR - &
REJIAE B F AR B SCGRHUE B R B R 26 N ERE TR - TEEE B AISEAR AR B - BRERE A &R -
F(2,62)=4.43 p<.05°n'=.13 FAHMEASE FEE - REEZE(ER © ps>.05 5 BREAEIM
BTN - SR IHEE AR R EEZE VIR EERRESIM - p < .05 TENEREEERN
FIRE - BERERE A EERUR » F(2,62)=3.63 > p=.05>n"=.11  Fa5gEM G EEHEE - F(1, 62)

=10.54 > p<.05° 0 =.15 > EIFECARTAEREEEE N REEE LN EEUR ; BEE ISR
T E I SRE IR S R RERE H R S A TMERE IR p< .05 -
r12 )
FHHEE MR EEEN AR FREERISE B MRS ER S 2 TS EEEE
_ e EEA M (SD) FiEUA M (SD)
MoOBRRER o pemmpmmams) (S MEESOREESAY) e
X AEREEE — — bt
= i {iis =] i {iis

- HeEEh A2(23)  .09(15)  .09(14) 11 (13)  13(17) .09 (.13)
=8 Hﬂffwii?igiﬁu 03(11)  .00(.00)  .00(.00) .03(.07)  .04(.08)  .01(.04)
o /R
b _
5 i 09(11)  12(13)  06(11)  15(18)  .10(15)  .12(.14)

b= 02(07)  .01(04)  .00(.00) .01(05  .00(.00) .00 (.00)
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£12
HHE SR B ERN AEFRERE S B AR ERA A2 FHEEEEE (18)
e ERESUR M (SD) HESUA M (SD)
B OMERES o pmmssmmEE ) (5 -RIERSORMER L) o
X AR pEEE — — bt
= e {liv = e &
T AEAE fe 04(07)  .03(08)  .03(.09)  .00(.02)  .02(.06) .00 (.00) BE>EF
f% TR 00(.02)  .02(05)  .01(06)  .03(I1)  .00(.00) .00 (.00)
i . )
# GEREEE 19015 .10(12)  12(15) 11(12)  .06(13) .06 (.12) Ef EPJLE
5% HiE>TE
& SEAEIEET 04(07)  .00(.00)  .00(.00)  .00(.00)  .00(.00) .00 (.00)
MAEEESGHE .06 (11)  .07(10)  .02(.05)  .06(.08)  .03(.10) .00 (.00) 5> (K
. H RS A9(21)  A7(17) A1 (13)  20(24) 1115 .10(.13)
% phidict ok 02(07)  .03(07)  .00(.00)  .01(.03)  .01(.05) .00 (.00)
e TR B 09(13)  .04(10)  .03(.09)  .04(.07)  .05(09)  .02(.07)
TR
5 e 00(.00)  .00(.00)  .02(.07)  .00(.00)  .00(.00) .03 (.08)

G EEGEUANSERR  .01(04)  .03(08)  .10(20)  .02(.07)  .09(.12)  .06(.12) <t &

] PR flzE 01(03)  .02(05)  .01(06)  .01(04)  .00(.00)  .03(.07)

ey —— &<
S Ak FLE S

wo IERE (08)  11(14)  13(19)  .02(05)  .02(06)  .05(09) > EH

5l Yy

JEHEET R 01(04)  .00(.00) .01(.04)  .00(.00) .03(.08)  .00(.00)

SE

AR E P AR BB MR AN R BERE RE ST 9 h B2 4= BERE R HER 1B SRR PR AR B T R, - DARGE
FREEEVER (EfF) BE (58 Z2 kg - AUsesa 2 raErEe « B
AR BRI - RBEREFEERRNARENERL - DURRENEI R B iRk Ekt - EISaF 293 HAD
HERE - MRS RE R

(—) SEEENNPELRBEIERE G HEERIRRME

AW FEEE I - f R AR A (R - RSO - ERHRERE D Th B AR AR IR
BRERE ST A ARG - WEEEEBYRIRR ST » Jian B2 Ko (2017) $2Hi & BRIP4 B9
AP AR R RE AT RN (2016) RISEER - BIERE DR ENEEE (ZAMEDS
FRE) - FEHAEEESCAH R LR ENGGEE - 5L SRR/ NEsrPERE - HiE
B EBERERE Y] - BSCEN A RRCIR BB AR R BT - AL - EEEESCRRERRE L - S
BIRERE S P EERIFIRAR IR G AR (A LERMEE N T 2L F RS -

(Z) hBEERHE N ERRIEERZ RS

L PEE I RS T TR 2R

AWHFE IR GmBIRERE ) - IRANGRSCASERL - Th B S BIRE PR B SR - R BRSO
AR - (1) EEmBIRERE S - b (RAVERAE  SPIOHESC - BRI P2 A 2 H R
T 75% 1 25% 5 (2) SRR IR S S 2 1% o IREREEES 2 Ay 1 SORE AR RS B
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B THERS B EHGREZR I o (3) FRBEIIME R B E R &R F thfdam - S8R 24«
B EXESD T RE - Hi o (REERE IR AR HEE R - BN SRR M REERE
= BREARE ST AR R R R S E ST - BRI E A BB - A SERE(E B R (S 7 B R SO
I - FEESCREIRERET - DAXFFEE (text-driven) MYBIFETT R U2 —(HB i ER
% o AR iR 2/ 24 (Hannus & Hyond, 1999; Jian & Ko, 2017; Wu et al., 2021) FE#ZE A
B4 p% \GEE (Hegary & Just, 1993; Schnotz et al., 2014 )  EREEIRDAISCF FEAYRTEFEFE - Hannus
Bl Hyona (1999) BIRFFEHEHIDUAEMR A4 i am = RRE SRR R 2 BRI E A NS - @ LR HIE
RIERAERE S (5 6% BYIRFRITERMESE R F s Wu SE A (2021) g R4 SRS = AR R
R A i3 10% 5 Hegarty B Just (1993) HIFE HIpE A GE ¥ 15 SRR [ SO - A Je il 5T
FHVEAE Y - A2 IREEEMBME A EE © Schnotz A (2014) FEEEE X FA FILEEF
FERSEGEE#HERFEHE (coherence-oriented general processing )+ Y8 1 T2 Bk 38 7 B O B =
k2 ¥ SCEAYE R - R R R R A B R 2 R AR H Y (goal-directed knowledge
acquisition) + EE M E I FRE R T ¢ TE HIR(FE 2 E R A A R AR € i
Fr AR E 2 A DR AGUE RIIMERE - fEHER T - HERES GRS

2. vR B Sl R A I T W) M) Skl 5

AN e I R R A i N Rl R 2 H RE BE P S (R RS BRI - AR R e = R
BB N ER AR —JCEEEER (GD) - &SRB EE B E R m 0 =R i
R EEFERNTE A HGIE - Bl il i EsR - R REee
KW MET T AR o S8 T T 3r AR e SE/INEEST ([ PR AE B B A B e i 2 R TR R T
NAFHIRFEREFHEML  Semiigifst (HEBIEIE A » 2010 5 Lee et al,, 2014) FEH 1/ NEA: A A
SCFIARETIERS W AR E R EE SR TIRERER S (EE ) B
fRESFREFR - N2 AP SR B i —JCEE BRI (GD) R iR i a s
KAV - AR BRI = I R A i irsr s - S EIRB B RE I 78 (FFR)
FH R FR AR R - (R TR B R A IR L E T RS - I B e BB RE R IS - TR A ARHE
HEHIGAZR - AWFoead Bl B4 2 R M A2l Rr 22l - PR A G S — R A B R R Wl hn B MR P Bt &y
EH 2 R I 22 AT 5 %, (Jian & Ko, 2014)

SR - AR T [FIRIRERE S0y B2 4 pE MR B2 ER A Grl g R B T BB F KRV 2 52 MG
T 1L B R F ) RS B B AR B - — IS = BERERE JIRYRE & AR R n R R FER R T (B
AAEE - M3 0 2013 5 Hannus & Hydnd, 1999; Jian & Ko, 2017) Al - SKERFER)GAREIERE B AR
—{E g B EETRIS R (FFD) IS —ZCHEEEHIFR] (GD) FERZELIRREIREE KAV - (HATSE
AN A BRI o HIAAIIGER B R i sz il 2R - HETHE M B e IR S R CAE)
B o W HIFFA R R R A PGE - B - AWFFEHEHNE R (8 R A ] e 21 F B RE 1R i
H AR IR B e al 12 A B 2 AR A -

3. A I BT RE T () v B2 20 B 36 I 25 1 5 A A L S g 3

AWFeEE » S REFEE IR A4 B R R AL SE R E Y E B - R S EEE I E R L
HAHLEAE - Mayer (2005) HIZEHSEE LA SmE HHAGE B 2 A0 © AHAREEEE S 1 RE
HEIEEE 2P Schnotz B Bannert (2003 ) B[R] SCHR AR #E A R RI 54 3 38 5 B 18 (G i Uy R B
ERFFEWEE B MAZE - D EREESCEFCA BRI RS - BOCESREN R - L2
Bt e 5 £ (Hannus & Hyoni, 1999; Mason et al., 2013b) ° fAAHFZEH - Bl [EFHRIIRR EhFEE -
DA SRR B 1 0 BB W T - BELGE LTS 3230 ANE N L EER  NREEE ISR
FIA[FIFEIA -

AWFFERR T fH A SEE R R - B T S EE SRS EEE o SRS R R R
FEER P E N - FEE AR B AR SRt P AR SR B Y PR G R ARRERE R R s A
EERYFEIE o f2REN I S B R ERNMERE BN E RSN (BRI RAS )
H e RSB R F R RS B S A S RSO o MEFE Jian 2 A (2019) ST AR A M Ak E T
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BAEGEZNER ORI - DUN 2 BIRGIE A [F] BEREAE J7 AURE 2 e B R ER [ 1Y
H e

EBIREAE I A S O MBI S E S 5 o MRS - SRR - E
BRI FAR AR R BT - B RETTE A G e B2 B ] B E AV e - HA R 5 o ke
HERBIERE & - WHE Jian TN (2019) WHFEsEE - BIARARIVATFAUERAE - BERE e Bl A Ry ) thAd
HER - IS SR ETE R S PR RS - SRR P L R ME—EEECK (R
TR RN FAR SRR ) T A 1B B TR AR - AP f8 e 18 ol i T B v BT AR P Y A
SRS > DAL R e A 2 B A 2 IR ) R Bt e HL At 1) 26 - i oh B R RE DAY rh B2 2 th & o0 i R
HE T AR R B ] ~ REEIRF AT 0 b DL EBUE B B = BRI L (BN R BT IR
PR VU SR I B P2 PR s R AN R A BRI - (EreE ST REAY B T BRS B E YR SO B 2%
FRAER - ANt TPREJIFE B R E SR REE - AL Al S Mt i = Y SR e e BT I S
AE BB SRS X - ENVMEBERERESTRIE A - ARSI A P2 3 o B A RE B R AT 5 70
PEBE RN HARRE IR B4 - HLOE S5 1Y I B 3 o B R B A P2 (o o R SRRV Y B
oM o RS - (RBEREAE I E D ARRE D HESORE R R RS FI BRI L A - EL B n]RERRME » QMR TE
FEAYE B K R K - (BRSO E A R R MRS B R = -

4. 7~ 7] B 3 RE 7 9 v £2 24 S B8 i kL 4 1l B St T 1 195 T

AWHFEEEIR - = BRERE ) B AR OGE A B SRNS - TPBIRERE N R AN - (RBIRERE IR A A
BEA 2 A R B RER I - BEECE - R I P AR A (R R 1.83 (R
AE RGBS - B LR BERERE RS 1.31 (BZA5 % - i -hBIRERE TR S 1.59 fEfErh - it
ATDAMSH » BRDAZESE Fr A R RE SR - = BEREAE 0 (68 P B R SR s RE B KR = » DA 9
BRI B RE IR O A Z BEREE K BEIAE o Bl e e B e 2

RBEAE IR A - &H AR KRR R S (A0 SEA MBS - BEEE G
B o HEE B =R KA RS PG =R - O SRR RE T £ A v R HE R
BOHRESBIEVE N - AR EIGHERESER D - DU E CREES S B ISORE
afl >l Hogste— 20 (0 A LLERYAG - Ba e H BVBERETE D - 0 SRR B ol - e AIE (2002)
HIBTSE - e BRERE B AR & B H C R MR LT RE AN - hBIRERE RYrhERAE - R BRI AYRE
AR KRS PRI (20 > RS » EHA) - KBREAEEEE ORI - {522 AT GRS R Ry e -
11 ) B A i B S FH LU A S R ke - B sV S HLBRE e P T8 - (RRARERE IR ERE - &%
FHEANALE&RBEREERE (20 ERERAIS  NERBEEN) - KT A A BRI
LEBIRR - AfEI R BRI CR 2 R IR - sUE BN H CHBREERNER - e A ERBER
i (HHEDURIGRE R L - B0 AFIHEEmEB SR > R HEE TR (2011) AYRFEAHELL
HIEIR - RBIRERE N R EAE B Z RN EGE TR T W EH R EL R -

(Z) HAEERERE

AT E SR Bl R LA ARSI E o AT R ER R E S R EAR B R A B A R 2
R RAIIE - HEARE AERIEIEIEE E SRR o EIFSE LE A h A A R RE R S
HIRE AN FEAR B SRNE T MRV HE T BIR - thEANREIE B KRB NEEFAE SIS - hE
EEAREHAEREEE - HRANFFERZEHEZRAEE  EFEEREERE ST
[ © S5 PTRERZ BN AN ER A RO AR BT SE 8 AR A AV E B R A2 — » BEAh SRR DARRARIEI 4
g BT IRBI B RE SR 8 B DA A B i 9222835 (Trevors et al., 2016; van Gog et al., 2005) - filt
ZEREEE ST o AT RE 2 BN INE —(E DA T T E R R A S E RO - R REE S
EEIRE AR TR - MIE R R AR B E B S s IR AR - (e B E S R
HERISEEE L AR E RS R CTML (Mayer, 2005) A1 ITPC ( Schnotz & Bannert, 2003 )
HHEREEL © SRR DM ST MIE SR B RS RS - WA IS R R AR E B - HBTE
—rL o WAISCi AR » 2ER ECCEEM R E R o AT FRERE 124
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HUHR BN B2 E R AT S EER IS SR BT - EREEULT CTML F1 ITPC RYER 35w » FFhlEE
S W8 R EmRE 2 S0 R A B B SN R e S R T e A - JRBN T BT 5 (top-down) FYFERERS
& RMFREREIE THEmM T ) R ENMEERAEENRE B EIEEE R - fla
EREIRE S G B E NI W RIRE RIS re S B HOE R BERE I AR - EORREERILER g ARE
TRERER - o B O B R RN DI T W BB AR o LLAN - AR AR BN EIRIEERE 1
B2 R RARE R ERE SO SR A N R IRERE SRR - Bt o BT DU B G AT B A B B A R R R
TIRERA » NGRZEHER T WL B B BRE SRS (FIHEELZE A > 2017 5 Scheiter et al., 2018) * FRAJHETT
ZEACHTE MR - FIA0  AHEE R B R T BERERE ST A 2 E R RO UE USRI (AEE 3
FLTIGRE) - FhorE B A T B A e W B RE SR IS 8 - (S DUET R E Y
FREER A E R ENMERE D EAE R B GRS A MR (EBFEAER - N ER
BEREERY) WG - it EHERRIGERE I » BB E TR AR AI R a2 -

EFCIRS] L - thERE AR - 55— AWFFEE T BB R R Ml i = R e 22
Efirias  H—RERIEEERT - B ZEMAREE BT B3 - SRR E A ISt BEEE AN
FEELT SRS - WIEtEtE () ~ h (BFEHGE) K (F:8) EBEEUHER SR
e s B AR R IR - BB AR E B AR RS E S BN R T - HAHse L - [
RN FEA IR FE r] DT B R R SR I F SR - DETERE &8 5 EE - (HREREH
ARG E R RS - S B R SR B R A HRT -

2530k

AR REAE A A (2021 453 15 H) {EIEAAR - https:/edu.law.moe.gov.tw/
LawContent.aspx?id=GL002057 [Curriculum Guidelines of 12-Year Basic Education: General

Guidelines. (2021, March 15). Amendment to Articles. https://edu.law.moe.gov.tw/LawContent.
aspx?id=GL.002057

FAE - BEE (2022) 0 (RIERESCEBERECZAHERD - (BEOHER) - 53
773-800 ° [Wang, T.-N., & Jian, Y.-C. (2022). A systematic review of eye-tracking studies on text-
diagram science reading. Bulletin of Educational Psychology, 53, 773-800.] https://doi.org/10.6251/
BEP.202206_53(4).0001

Bl (2002) - CEI/ING ~ (KBIRERRARAE ) B2 4 BRI AR SR MG 2 L 9T ) » (RPIRECE ) -
16 » 65-104 > [Wu, S.-S. (2002). A comparative study in the use of reading comprehension strategy

by 5th grade students with low and high reading skills. Journal of Special Education, 16, 65-104.]
https://doi.org/10.6768/JSE.200209.0065

MUNEE ~ OfE (2019) @ (RIEERZERETIRFE CAFER e LS It ) - (HE LHEER) -
50+ 473-502 - [Lin, H.-H., & Wu, H.-K. (2019). Validating the standard setting on multimedia-
based assessment of scientific inquiry abilities. Bulletin of Educational Psychology, 50, 473-502.]
https://doi.org/10.6251/BEP.201903_50(3).0005

BRHEE (2020) ¢ (REEESHEEARAMEERTE  KERBERER) - (HE0H
B ) 52 459-488 ° [Guan, Y.-H. (2020). The effects of phonological recoding on Taiwanese
students’ reading processes: Evidence from eye-tracking experiments. Bulletin of Educational
Psychology, 52, 459-488.] https://doi.org/10.6251/BEP.202012_52(2).0010
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Scientific texts are texts with multiple representations (texts and diagrams) containing specific narrative styles, signal
representations in pictures, and difficult academic words. Students may struggle with scientific texts—whether through
having weak reading ability, over-focusing on text, or ignoring scientific pictures—as well as with graphic comparison and
integration strategies. Therefore, students often face difficulties in understanding scientific texts. In particular, academic words
are translated using different translation methods (such as paraphrasing and transliteration), and the understanding of academic
words may be affected by semantic transparency. The application of eye-tracking technology is suitable for exploring how
middle-school students read such content. Few eye movement studies have focused on academic words, with most exploring the
cognitive process of adult readers recognizing academic words when reading plain text. Therefore, understanding how middle-
school students read scientific texts containing academic words is a crucial topic.

This study used eye tracking to explore the cognitive processes and strategies of seventh-grade students with different
reading abilities as they read illustrated scientific texts as well as to examine how readers cope with academic words with high
(paraphrase) and low (transliteration) semantic transparency. The three specific research questions were as follows:

a. When seventh-grade students with different reading abilities read scientific texts with different levels of semantic
transparency (paraphrased or transliterated text), is any difference observable in memory and comprehension performance?
(Assessed through free recall and reading comprehension tests).

b. How do seventh-grade students with different reading abilities recognize academic words with different levels of
semantic transparency (paraphrased or transliterated words)? What information can be used to assist their understanding? (Based
on academic words as the unit of analysis and analyzing eye movement patterns).

c. On the basis of the analysis of eye movement patterns and cued retrospective think-aloud (CRTA), what strategies do
seventh-grade students with different reading abilities adopt when reading illustrated scientific texts?

Participants. Seventh-grade students (N = 65) were divided into groups based on their reading ability through a pretest. The
high, middle, and low reading ability groups comprised 23, 22, and 20 students, respectively. The average age was 13.12 years
(SD =0.27), and all study participants were native Chinese speakers with normal or corrected vision.

Materials. We designed four illustrated scientific texts by manipulating academic words (paraphrase and transliteration).
Each text was presented on a single page, with the text placed on the left and two colorful pictures on the right. The number

of texts related to physics, chemistry, and biology themes, and the number of characters and words in each text were evenly
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matched. Academic words were all low-frequency, and word length was consistent. Three types of diagrams were used, namely
organizational and interpretational diagrams and tables. The paragraphs and illustrations of the four texts all had causal contexts.
Texts on wireless charging and blood type had high causal connections, whereas texts on radar and penicillin had moderate
causal connections. In terms of reading order, accounting for the order of experimental processing, a counterbalance design was
implemented.

Apparatus. We used the EyeLink Portable Duo (SR Research Ltd., Ottawa, Canada) eye tracker with a sampling rate of
1000 Hz. A fixed chin rest was employed to minimize head movement and perform eye movement correction. If the average
error of the gaze position was less than 0.5°, the angle of view did not require correction.

Procedure. The research procedure was divided into two stages, namely the pretest and eye movement experiments. The
pretest consisted of an academic word familiarity questionnaire and standardized test of reading ability. In the eye movement
experiment, relevant guidelines were first displayed on the screen to remind participants of the experimental procedure and
precautions, and then the participants were requested to read the practice text to familiarize themselves with the experimental
procedure. A 3-min reading time was set for each official text. After the participants had read the text, the text test was complete.
After the experiment, the examiner asked the participants to perform free recall and played the participants’ own eye-tracking
video to prompt CRTA.

Overall strategy use during reading was analyzed using one-way analysis of variance (ANOVA), and use of substrategies
was analyzed using two-way ANOVA. Reading ability was the between-subjects variable, and word type (paraphrase or
transliteration), diagram type (organizational diagram, interpretational diagram, or table), or text theme (four texts) were
the within-subjects variables. The dependent variable was the performance of reading the texts or multiple eye movement
indicators. The CRTA interview data were used to examine the connection between the three reading ability levels and usage of
17 substrategies, thus revealing whether seventh-grade students with different reading abilities apply different reading strategies
to read illustrated scientific texts. The following are the explanations of the research results from post-test performance, eye
movement indicators, and CRTA interview data:

a. Reading comprehension and free recall: The students with high reading ability outperformed students with middle and
low reading abilities in reading comprehension and free recall. The students’ free recall score for the paraphrased version was
significantly higher than that for the transliterated version.

b. Eye movement (academic words): The students adjusted their reading strategies according to the semantic transparency
of academic words. The gaze duration for transliterated academic words was significantly higher than that for paraphrased
academic words, indicating that transliterated academic words require longer to decode. The students relied on text messages for
scientific reading, and the number of references to sentences in texts was significantly higher than that to scientific diagrams.

c. Eye movement (illustrated scientific texts): The high-ability group decoded words more rapidly than the middle-ability
and low-ability groups. The mean fixation duration of the high-ability group was significantly shorter than that of the low-ability
group. Furthermore, the students realized the critical role of the table, because the revisited fixation duration, total fixation
duration, and proportion of fixation duration for the table were significantly longer than those for the other types of diagrams.
Students with different reading abilities exhibited differences in processing various types of diagrams. The high-ability group
devoted more time to analyzing and reanalyzing the diagrams and recognized the causal context with a high correlation between
the two diagrams in the wireless charging text and blood type text. The middle-ability group recognized the correlation between
the diagrams and texts, and therefore, for the wireless charging and blood type texts (high diagram—text association), the number
of saccades between text and diagrams were both relatively high. The proportion of fixation duration for reading pictures in the
low-ability group was significantly lower than that in the middle-ability and high-ability groups, and the low-ability students
were unable to distinguish the correlation between the two diagrams.

d. In terms of the three reading levels, the high-ability group used the overall strategy significantly more than the low-ability
group. For the 17 substrategies, the high-ability group exhibited the highest usage of illustrated information and integrated
graphic information; the low-ability group exhibited the most frequent usage of key cognitive errors and unclear reading goals.

Studies of eye movement during reading with CRTA have been mostly conducted on adult research participants (Trevors,
2016; van Gog et al., 2005), with a distinct lack of research on young readers. This study may be the first to focus on analyzing

the reading of illustrated scientific texts by middle-school students using this approach. In this study, obtaining the subjective
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interpretation data of the eye movement pattern of the reader, rather than indirectly inferring the reader’s reading process through
eye movement data, assisted in deepening our understanding of the reading process. In terms of the interpretation of academic
words, the results revealed that middle-school students, similar to adult readers, devote more time to decoding academic words
in the initial processing stage of reading (Jian & Ko, 2014). This study also supports the theoretical views of cognitive theory
of multimedia learning (CTML) (Mayer, 2005) and ITPC (Schnotz & Bannert, 2003). Representations of text and diagrams
link and organize the meaning of the messages through dual-code representation, integrating the presented information with an
individual’s prior knowledge. This is an essential step in the process for achieving the comprehension of diagrams and texts. The
CRTA data revealed that high-ability students often use inference and integrated reading strategies (such as the use of illustrated
information, integrated texts, and diagrams) to correctly identify the type of picture and amount of information and adjust their
reading strategy accordingly. The middle-ability students often used information extraction strategies (such as finding key points
and rereading), whereas the low-ability students often used negative reading processing methods (such as misunderstanding key
points and unclear reading purposes); the low-ability students’ methods increased the difficultly of learning and understanding
effectively when reading popular scientific texts.

In this study, we selected academic words for paraphrasing and transliteration. Future studies could conduct in-depth
research on semantic transparency, such as designing academic words with high (paraphrase), medium (phonetic-meaning
translation), and low (transliteration) semantic transparency to further compare the process of Chinese academic word
recognition. Moreover, the amount of information in the illustrations of the experimental materials of this study was not
controlled. In the future, expert validity evaluation, among others approaches, can be applied to evaluate and design the

manipulation of the information content of the illustrations.

Keywords: semantic transparency, academic words, illustrated scientific text, eye tracking,
reading strategy
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