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T AR REAHE R E AR E R R GBI E R - S EE LEER
BEPRERFEH - T BmE IR BRI R EEEAIRE T - IR~ BEE B TR TR ) (F
FHEWIE » NAER » 2016 © H 4) 5 DUk > FEHERE MRS 14 BEfEH - " BEln]E ) SR sa R il
R - SEE AN AR AEETRERRHE - -, (NAER, 2016, p. 53) < K - 20{4E
AREPE PRS- WDEFE IR BT - R ERRE AT B R -

BT 0 Alfieri A (2011) DL 164 THAUWFZEEITIRR ANEE IR AT - B3 T RIERFR 28
— » BPRZEEE (explicit instruction ) B EFEHRLLAIREIRZREEE (pure discovery learning) HHY : 56
o R PRR A BB B HAM R AR - B - HABREAET RSB nRe g N EE
% - MFEHEIE - TOE#ER] - DU B R E ARG A e A AR EE - 158 L=t
HPRR B EF » T H DR R s (I S B S 815 T —SWE YRR - E TR ¢ ok
ETERR AT P2 H B 2 e i A B2 B E B B SR BB A TR S S e i2 E e ER 22
T EAUERI 27 (Glogger-Frey et al., 2017; Kapur, 2010, 2012; Loibl & Rummel, 2014; Roll et
al., 2009, 2011; Roll et al., 2012; Schwartz & Martin, 2004; Westermann & Rummel, 2012 ) -

F—HH  LARERHI AW E R (cognitive load theory, CLT ) #i BL A #& A T T /E & 41 A |

(worked-out examples ) 3% : (E/TAATHRHSEIAY L (GIRNEEEE B - VBALE) 2% - [EEH
LA PR E E I - g R - BB NEF m] DS 2 b e R FE A A e ]
FEAFHIEEE AL (Renkl, 2011) o HEGmAE R AL R B AR 28 R M 2 /T - JESG T 5 IR
B DU HAEAR R E AR o 75 Bt & R Ry ik = B e AE A 1 S8 1T R A S R REL I AR e

(Kalyuga et al., 2003; Renkl & Atkinson, 2003 )~ ¥R Bf) LR SR B2 B T (' 1] i HIJ i e~ ] 1
WFFERE SR » WFFEE T R I AR Renkl (2014) 2 HIAY VYRS B RS S RIS - DUT /aH EARAY

PR B B8 — P B R IR R AR TS+ (L P 5% 2 780 5 T M 15 B S 0 g — 25 S A Rt 4 R 8%
(declarative knowledge ) * 7 5ll5E FH ARG EE A fig e B <EIE 3 ( domain principles ) ( VanLehn,
1996 ) © 25 FEEERHALL » UFE B ERR AR R FERE LAl ) i FH [ B AR AR IR RE - — T S > &
BTG R E I AR T2, » 2R 3 RIS A LB {5 2 B2 (VanLehn, 1998) < iE (@2 & #5
FH B RS A1 < B BH AR JE PR AH B Y SE IR B o 2 SRER 2 5 ] DS st A B Y SR S B A T TR S
LA G50 AT AP R B2 2 BB A [ B« AR » AT DARE P Hh G R R A g RE HO A2 B B E AN [RI R B2 2
EBRERZR - BOMEREYIM - 52 EEFIRIHRTS & AL R e R R — Mk - HIEE
FEDASE 1 I Bl D R P RE AT DA 5B 2 B A R R — L YAZE (Ross, 1989) o [LFEELFEH
#HPIERE IFAURRAS - DU R E R M I DU AR TS 70 A BN L BRI B - B2 E BN A H
ek s e FE A AT R RE AR B ( Anderson et al., 1997 ) » HISE AES =FSEY » [ MEFAT (declarative
rules) HYEENL o B - f{TIEIS AR EAIAAR R (FB53 ) FIERIRLAN - eSS —FE =R
EEE B CREBTI NN - BE G B EHI SRR A - R AE A EREE: - BBk
FIETEAL o KRRt MRS T v DL MM R o R 1 e AR JE R R B - B2
CURCER G T DR R AE R A RETRE o T (L s FUIT R e R e 7 R A s LR RE © B o » (B — Ry fig
RERE P ] DAAS & R — (H KAYARRERE r » S ARRERRE T LI R BBl - A LIFLRAIE K »
MBS TR A ERE - 55— » fR¥% Schunk B Zimmerman (2007 ) FIRFZE - B2 & Al RES FHHE H C M
RETCREAR T T RE R e R L - R ASH R bRy L - SR R M IS A R BT 1« S IU(E RS
ERRUAETT - FENFIRE B [ B B S Y SR - FETEACERNT - FERT B 28— RE R AYEpIEEE (IR
FERELL) o HIGIEREA IR [RE AR AN AT A I B A A i 2 A A - Sl H B ER o B A B
MRS o (HRELEBRELE T — P ELREME 1S B A (AT Hey i P A B g Bt (AR A PRI - R FR 2k
HETA R HEE AN S 2L EY -

ERE 05— P B Ry R S IS BRI S AR BRI P 58 + R R R AR 5 [ e Mgk Rl
HOSEIA B o1 T R | s AR RARY S R B - B R S SRR E R -
BRI » SRR 5 12 70 L e A A B TR L A6 P B i B2 mIRE S SR EE HEE
PR HO A READ B+ ok T g 01 1) ot B o B G o < o B AR R 1 R T o B % e g R B
—MRALIIRE ST o T 1 PEER M RE B A (5 B2 0 B2 S AU 98 (Loibl & Rummel, 2014) - HEE )T
B REREE WA SRR AN EE - I B R ECEE D - kB AR TR SR R R R
HEEA R - RETRIGIEE - B ARG HEERE R R R E A R RS BRI
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B — LR RIS A E D - Ed " TIEEFIFEAT, FromsinyerE R E AR - B2
2 E R E BN A AHE o 5990 - S RE % PR AE 0 5] A e RE B BRI R 2 o & 1 T (Rl e o
FRE - AR P B WP R - i S R ) P AR R A B 2 R FR (L BT - FrlA - FEE BRI
FREAARIFERT - HBLERRAURER - sUE R EIREIES - (B2 - G PR i R B i (51 22 R
WA CRIER - BT OIS T Renkl (2014) H2EHIATOPE BB AT = (FMEES - 17 T T/EH
BUFEN - N2 A ST EE — P R 37 B2 38 3 S A QR Ik S R R A Y B R

i B 3R fige R ERL o {51 B2 8 BE Sy g TIT ST B B P P B R 0 3 D T R R L st B e (91 22
Bt - TERRIEEL » il BB B H T S F R R » MR R HoE AR (e (0 B2 A LB B2 38 SRS R A
RS (i 3% B B A9 8% (Kapur & Bielaczyce, 2012) © MifEAIEAIHIFIEAE » B2 4 25 Ll 11 e B
SERRAEIG] o G EREHSERR AR IR R PR DU B TERE AR R I 22 22« [RIBE - Ry T AR ER A MR B R e RE
ERFT s BRI A= TE - BAFEEIENEE AN AMHB R DAREE AR HIE S A - e gk
FIERERE - SR EE A 5 R 3E Se N R BB G MM A O B RGBT T A EL R R R A B AT RE
5B A WA RE S AR E BRI - S5 (8 EhiE E ] DA FER A (Chi, 2000; VanLehn,
1999) - [ALL - FFIEREERISE R A FIMETT LU - A RE R R R R RE P R i (5158 (1B B2 78 M S T o
FEFLAEERL 53 (Loibl & Rummel, 2014 ) o 2R[M - S5 LIRS A EER AT - Se B EHFRRRE - Rk
FETHIGIEE eI - B TR AT - R E BB  —2Y
BT« —HEEFHERMEE - S AR EEE » DO — R L E e g R e » 55—
R Ry B2 SEELE] o METE IS PR R AR 1 P % A8 T i SR 1) B2 8 1) R TR A8 T B2 B R AT i B Y
S8 o Sweller 8 Paas (2017) thigH » [iftiE SepfF o RENZ G @ E Ui hE & - H R 08 2 (F
B - MERIERGHER SR ERINEEES AR -

HRTR L - BEIRE S0 PR 58 i RE B & 71 B2 2 12 S T 95 & DARE AN ey 1Y B B AR o0 AT B2 AR
R LA ERAVERRT - IR A BRI E SR BB H AT AR A&l (Kapur & Bielaczyc,
2012; Loibl & Rummel, 2014) - 4 - FHEEE SR/ NEAERE - HEH—[E-EH - 41« 2l 25
HEERE R T 240077 7 REREEF PRI &R - KREIA SRS E (H—
1k~ BIEZE 0 2016 5 Wong et al,, 2012) © B3 » #5 IS0 2R 2 ETE HH 2 2 BRI N AR B Y ME
B o AR A I E A CLT 2R 43 T BR 5 1R 22 2 A2 Hh B B8 AN B R B EHUSE AR (Leppink et al.,
2013) -

Frbh > ZEFADL B - R TR E BRI E - ATTHERR S IEE R - EEEEDE AN E
B EGETE R - DIBVNEERNY T AR Tt e | BT hERTE - ANEREE TR S
DAE BRI FT i 1 e TR 2% i R O e M AL 6 {31 B2 78 S PR W TR - S SR N B fer B ER P R s s 2 - 2R
FEH LA Leppink Ei van den Heuvel (2015) BHZE 26 [a) FE 5 55 7K & 2278 25 A JBk 0 1Y I FE B Y NAE
Bl TR R BRI AR B2 EE - &k oA TS Z2ERTRAIANTE ~ J5
1 » BREREIHI BT - DU R SRR EEE ~ PROERRELE - DR i B e S B Pl & R RE Y I B A Y 72
% o

( —) HRREAHHIBEES 2N

Alfieri A (2011) FEREEMERER (pure discovery learning) FISURAIR - T2 (HLEREHATY
PRRTEEREE E ] DL ARSI - A REG R R E B - Tt E R D a—HED
THISENS :© (a) IRAEFHBIPEZRAIESE - (b) FEEEHHRAE CAVEEIG R HE A8 R B8
8 () FRMA]5e AR e R TIR&E ] - PR B2 E B # ] BB R S F Rl B PR R i 2 TR
EAGEER T I RTBFEEEL (Glogger-Frey et al., 2017; Kapur, 2010, 2012; Kapur & Bielaczyc, 2012;
Loibl & Rummel, 2014; Roll et al., 2009, 2011; Roll et al., 2012; Schwartz & Martin, 2004; Westermann &
Rummel, 2012) < 555 » Lee Eil Anderson (2013) $REEZRAZL LRI FEHIEH - KRR ER
AR B E# P 2 E RS SR A EFRAY o MKHE Loibl B2 Rummel (2014) HYBFZEFEHT » 38
FHEL SRR 43 R dE - B283R7E (Invention) ( Glogger-Frey et al., 2017; Roll et al., 2009; Schwartz
& Martin, 2004 ) - 25 4E & JJp9 580 (productive failure ) (Kapur, 2010) FfEE - AT 55
TrHE L AR 7 R B RS -
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1. FEBLE

FEEH kD - BEH DGR RR T AGETTIRERTEE) - TERRIE B - fR At A RS
HIIEZR - BRI A DA FER T ARG - IR B (AR PR AR - (AR
— AR - T E AR AR o BRRERE G TR A A R I HEORE A
— Il PR T S EEZE BRI AR ER 5 2 - IELR B oy 75 mT RE M B B2 AR REHR HHEE HH LA B R AR A ik
FZE o —fRAEBLFEELRT - B2 RA AT H IR T2 - R B R EN R e R TR #f1HY
TR o (EWFEFIEIAE R - BEATRERIEMHEN SR T - HIFERAER - e AR R B R ]
FEEERKE] - IEHERYSCEE TOREIRT ] DU IRFTH HBRRF BIURR K - BIR TR B AT -

2. H AR SRR

AL ENRMET - BEFHEGIFSG RS AAETRRIED) - fERRIERE - T
TR BRI B R B B R - R IR SR AR T B AT (LA BRI R S i KRR B AR - R
SRR G A BB AR A AR AR B Bl - SRR A I IR AR - K RTRE
FECE T E R AR AR - AR B SR P I IERE R TG 58 - BB R PR L rTRE S AR 22 AR
A EIAIE 2= o AR IR B Z AT M AR EE DIRE B - AR R ISR
A ERASERRARR T2 L - FE sl R AR R IR TR DU Bl IR R 2 7200 - AR R B R R A A
PRI BRI A FEPRER M RE RS B 2R B P DAL RS Bl B2 A P I T B B AR A R IR 5 SR B
DR e B SR E th M B R ERARIRTE - #% - B G/ E Eierse R TIFED) - AT
TR R ER AR B B R ARER B I e 5 S IR R -

Loibl £ Rummel (2014) 58% » FEEEHEmE 24 S ANRE A R RURE R - WO TR b AR 6 0] 5 PR AR i Y
FARUE R DAS FEER A - (1S MRy B AR R AE SR Rl REAVEEIAUR, DRI WU B NG - Wh7EsE 0 fmiE bt
FeE B W R S TR PSR AR RE AR A% - R RSTE T s e e PRER ARt P B2 E A B A a1 -
5 IER R HPIREAEA - BHERRNIEMER SR TOREER] © A A& IRIRBGERREE
ORI B SRR A EL B » R > FEEBRAIGRITIRE T T SRS AR — (82 TH S B2 B
SRR - AL - R T EERRIEGIA T - AW REHR G FEE R E - MATE BRI —
B R RS A R ey b B 8 57 B2 2 R R R R - R T R R L T 2

(Z) LEEREHIRIIBRART

B (BT R BT HIARI A S R R TR 0B T — B R B E A e il -
T B R R A i AT AT RE AR A [ 380 10 38 B B2 B ) 8 R Bl B A AR A AR T 2R N — B - ERTT R
FFAIGE Ry - [ SERRAYMEEEL G - ATRES Io@ 2 A4 ¥ LS IERERE A EN 52 - RIBE A FE X 50 A
(Skinner, 1961) < #K[f] » FLEHFFRER - (A B2 AR FR AR BB+ 1 o] DURp B AU (E$5ERAIE S (van
den Broek & Kendeou, 2008) ° At » FTBIGE ML ERERM TN AGERIVER] - 5 [EEERE
FH T B S R i (A i R SR, BB B A RS R BUR B S, - T (R IERERE S AV BEf# - (Durkin
& Rittle-Johnson, 2012; GroBe & Renkl, 2007 ) -

SR » K38 GroBe Hi Renkl (2007 ) $1%f /B AR DIBRSROR B2 T RENUMF ST © G 2 5 50 3%
HIER B E A RETESERRAVEI B P at ; (RITM ARV EE ER G B S AR A A sE AR A - S
IEMERIFIH R M REE2 RN E 26 o [LIFFCoe8 T AERAvE 2 A (R HIFR A 22 5 U
PSR EIGI AR EEE - MR RENBH 5 LA R AV EG B e (12 B8 AR —THDIRE B2 Pe 24 Ry ¥
LRI FEFRH »  RETEBE AR A i (51 HR R (S Y 26 R 2R i R (T PR L B D 2 55 1Y - B i RE
ferpZ s o (B3 IR IE MEBLEERR AV E 2 - AU ER A 0 B (T{a/ B2 (Durkin & Rittle-Johnson, 2012;
Stark et al., 2011) © [Alth - FIFRFFRHLER A IR BASHE IR EI (] - BORBAEH LRI « HEL - DU R -
DU ] DAL BHAS ] S 6 S 3 B2 4 1 S SRV B 5] B2 7 o

EIRTHR BESE R A B AR ELE HIWFZE i R B 2R 2%+ {H2 - #R$E Durkin B Rittle-Johnson (2012)
HIBFSE » FEHSERREIDIZKEE » (hE TYEE: « B - WIS AP BOEER S rEtE » 2K
IEHER i REFE o B0 25 R s B A SRR R R+ Btk > 11T DA B Il AL o A L A 191 o o T O A
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AEAAE R - RR A Lt iRy - KELise A S BIAHIRT Bt SRR - SR AR FoAm A B
E2mid (Staretal, 2015) ©

Durkin Eil Rittle-Johnson (2012 ) 5% T ([ L& I 2 P i E4E « Bt - [EHESIEE RN H
FIFEFRIF 2 s HR - R R 2 T IS ik o BERRAVEI BB AR T RARE
A2 — LB S IR/ NSEER o (R - BASE AT L # i fE R e DA R B (S S 5 1E
MERIRE S EEAZ 055 - FTRA » fEARHH9EH - #PIEE B R E A - PRF R 2350 1E e B g5 R AV i
Bl - R R ETT R E ZE AV G EOR B B AR P SE AR O 1 B SRR R A - REL R e
TR EZE -
(=) Rarrigss
1. PR 52

Sweller (2010a) FEREHI AR HIHIFEE b » DAERE EEEE BT REENTEAH) (element
interactivity ) E{F R {EREFTIRCENZ FRATET » TR A BRI FREY BT EE SR 7FE R R
e Z 8 - Sweller (2010b) HE—FEH - FEilEH RFEALTTE AR AIFE SR T AJEEBEN
SRR « B - DAAEYECER B R 2 A SRR ARG - T R R B YRS - /2 CLT 1Y
HEANEE - RIS T » 22— EELolE - EEEREEMAR - EEERTRERAERE -
EEEE BN - IR R E R EE P OB B SRR R - e E S
TR AT R PR AR - o R B T eGSR T E KR B WA B AR A R - By
TIRFETEHI A BRI SEREE - TFELEEN A =R HIEH - HREA=ER - Wit - TEEmEEE
FIR R A TR ER2 AR - ftbl > HEEENS » EHEEREET  EEEMAETER
HE T TR REm A ERE - BIFRAE T 28 2 0IR0 51 6 2R IR HE e Rl ANk E - R R R
RN - (KR A B TR B AR E 22 TR IR RE A &t A DU T Rk (B — 3SR 20165 SR
2018 ; Kalyuga & Singh, 2016) °

(1) WEEETT (intrinsic load) ° N7EERHEEE IR ELEEZ AR - B RN A8 TR BT
RIE © (ERRAIAE VRS - IR B SR B MiEt - RE R R H B H AR R A 8T

FE -

(2) SMEATT (extraneous load) ° SMEETHES R R AT BUBEE HIERIHITE T - HELEREI
EANEETTRE < EREAEHAVEREE - e S F AR AYRNE BB B A R A T
FERE TIFCEEAFRAIER - BlIMERk 188 EHHIMEALT -

M8 AEE (T (germane load ) R T EEH Ry T ik NAEA R - KW &E AL EEEEHIIEE
&R - FEREAFEAVEELE - AR R EE TER ARNEFREENEER - €12
— L AIRERE AR © KL - AW e LA R (F R T Fea e T R R - FE N FIRER B RSB R
EXEE PRI A B OME B far - SITLRE L I ERH H RE B R R R (T e P B M B e O] - T DAER
B RS R P IE AE R AR -

2. BRI £ 1 LI

RIBINME R NTEETRRR M - REFIATE B2 ERaE » W E SR - HRTEHEEE
A BRI AR B SR » KR B LU N RE%H (Briinken et al., 2010) ©

(1) FEBifirEiR (subjective techniques) - {REZ2E HEEHFH CRAER B - 5 ZAYJ500
25 T JRR SR ) LR 5 TR P DR {8 TG R ) (75 S P B R S

(2) %8s (objective techniques) © FHF BT REFE - ARHELERE HRY LSRR -
W RBY AN - FEEEE A - MRS S SRR - SR EEETE (dual-task measures) -
DA B2 ETE R (R 01T Ry - AOARERRE B ~ REFLISORIET » OBk~ BUBE LB -

bt 7 A RE EENE RS PR FRR A B R - AR AR PRI R N R B NME &
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fif » BRI R A RRAY TR E R AR AR AN B AR B R B R (= —h ~ SR - 2016
Wong et al., 2012) ° AL LA Leppink i van den Heuvel (2015) BEEERYZ [0S & RAK = HEH
BTN TEERSME AT » TR E R B R A F 2S5l -

(m) H5ERRE

AWHFELABLNA TR T AR BB R | BHITRER T - PRI Huang (2018) DATHY:
A ORER 2 SRS FT B S A — B 2h - LB B = (88T ik - 7350y« SERRERIE - HRIFRELE -
DUR E2 28 A0 AT FH T W 000 BT B S O RIRR R e s B R T REME BB LR BRI | - WFSEE i b Y
FIT R B 1S 70 A PR S g R Y e P B o (1) 52 280 B 2B R PR - R BB TE - SR IO IR PR AE - 4055 1 P
o AR = AR E B RIDURE R — 2 B H ER S E MRS e RT RIS o B g B ik - 1Y
FHEFEAE A MHRIAUERCE T - SR B BIERRE o DU 2 BIRR AR R TR Bt B -

SRR MR T - SRR ERE A - — LRSI R RE - SRR
REGEY - BERESE P SR RE O 1 23R (AR - (B SRR TR - SeRIEF N A EZE AR -
DA % Bl RE BT RINES I S - AR R E BFERA 2 B 22 B {1t FIAH BR < Sy e R R 3 B E B A8
o T ARAEA R R E B R Ry Al - FRERAE T ARALMIRYAREEZ R IEHE - S — 5 TE - DABTREEE IR AR
RIS - BEREEGIRY H B2 SRR AR B MR (] P SR ek RO AR AR B - T PR A Y B RSB R A Ty
TREE R - fERREEHETHBFROIREIL T - PRE AR - BT - fELS R R R B
CANES e ISk 22

*£1
FEREM
G R
e o
G i S R — LR e R R
/u/,;'? EEE\ E\
PRI SRR S B — LR SR — R

TEEFIAE R JTTH - Durkin il Rittle-Johnson (2012) FURFZEEEH » S IFHEFISE R & FI[FIIF 237
AGFEREAEVELLE: - A DU SR (AR S B AR - 1T AR RE RS I T3 AR e i« (AL - R 9EE
TESE (8 8 TE - S AREAY - 53 BIER A DL (] s A RE R R A - SRR It — A T —
I (BERMERIRERE ) BIEREE B B A A TR 2

Rl » AR48 CLT DARAHBISCRR Y 534 » AN Zeak DU RE IR e RREA T -

(1) BB E S HIEEE ERELE - MRIEIREE - KR R T R R RS - RN
PR A L 0 1 22 28 P R P R R - S P E  INFE R BB R I B T R 2 2
(2) BRERTR R R RE A I 1 B A (51 B2 2 Y JE R i A - B R B A B AR B (]~ PRIEARERIE] - S

e B B L B R RE I B A 2
(&) WM

WP 73 BT ST ER SR e v e i B o () 22 28 2R R TR 1 R FE ~ SME R BB RE A e B2
BEIEREZ - Sictanl S Eia

BRI R SR M RE R A SR B R T S B PR (AR ] R L vE B B e B TR - S P9
SMERT REEBERE A BRI R © B {EEIRBRIE B R AR L B - NS ERBRHEME - R
TENEFPANR] - PRI - R #EL AR AN I E B T S 722 5 - AR > 3 IR EE O IR AU B FH AT
7t (Kalyuga et al., 2003 ) -+ HIRJeifRERE FTRE & & pk B2 R B IR nTREAYMAR S - BRI B (St EK
FNHIYME B Al B R A e BERE A » AR R S REAH R RO SIME B e B = R S B AEAH - AT (615
S e REHEL E2 B T TRk A ) RS B A R eyt B R R P BeIRE A 5 LR - AL e R B P R Y



R B .

BERFER BT AR SR E B B S AN E] > AN FE AR E R 2 R B Bpa B - HIBE TR R Bk A eE -
T e REAE A ERT R AR 7 R BRI - HEERERE AN B (el B = fA e Bl - B FIREE I BEER T -
(SRR AIRE I I REBCE IR e Bl R © BRI - WFFEE (RER - S RE A Z2 B AT R R PN T B (T B
RSB o MEH Rl AV ER B e 2 (R AR B B B - (AL AT RN SME A 12 B
HAER - Rtk HP SRR AR A E B B R AR S BIREAE - AT R 5 S A REAE B2 TR AT Y
A A At e B S R e BRE A -

BRRNEE PSR 2 R A AR B B B T A B ] PR (EARER (] R R v i B P B RTEIRY - S P9
SMERT R EERERE AN B YRR » FRRA R J0AE B2 P e 3 O R B AR D) HL 3ok 23R AY 5 Xtk
A - IR sEE e - NFEFE PR B SR B A LR AR B (] - PRIERRERE - Rk re R
P S RIRERY - M MIATERIRINE ~ SME - REBRERAE M SR FEE =R -

BRI PR SR A R O A S ER B AR SRR B~ SR (FARER (] - R 5L o Bl P e i P R B R 72
% o FRSERTIEE RS RERL TR I =B B2 Rr P R K A B BERE AL B o) B = FA SEBeIAEAL - 1T
e B AT RE G AR MR ERE - AL - Whoe ek - JofR Rl e SRR B ~ FRERREIE - R
e 5 B L B ] ) 0 B i By B 2 R S B -

BB e S A A S ER R AR SRR B~ SR IFARER (] - R L v B Bl P B P RE I B e 72
% iR AR R R TR AR AR - SRR B E SR A £ EAE R A B A% - [AIIEEAIT
Fe e A LA 0 0 L 2 A B A B R R (R R A RER A 5 HLR - R R R e (e SRR
PEFIFRARR: - B ERRER E RS2 B N AR R E N BRERR - It - PR B am A R R R AR R
i L ] I B ol B (A LR B ( Durkin & Rittle-Johnson, 2012) 5 i f% » (EfERLUEREBLLL
WEMER Y - HREE A O S ERERE R FRERERE D - £ H—RAOBT - bIEH
EREAF IR EAE LA R R B B E R -

it
(—) BERHR

AW E B S Ry o E B NSRRI E BT S 105 (ZEREE - RSN E BB Ak —
EARHETEER o MEBRIREARR/AER N EIBVNBEE R —RREE 12 flit58 3 BT - Ft - &R
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The 12-year Basic Education Curriculum guidelines emphasize the importance of discovery activities in the curriculum.
Therefore, methods of implementing discovery-based learning in the classroom and achieving effective teaching goals have
become a major topic for current teachers. Alfieri et al. (2011) conducted a meta-analysis of 164 studies and reported that
allowing students to only perform pure discovery activities may be detrimental to learning; however, assisted discovery learning,
including feedback, worked examples, and self-explanation prompts, can benefit learning. Studies on assisted discovery
learning, have provided empirical results regarding the integration of problem solving and example learning. These studies have
indicated that learners who cooperate in solving problems before receiving direct teaching or seeing examples perform better
than those who first receive direct teaching or examples and then solve problems. However, the findings of these studies only
demonstrate that solving problems cooperatively and then studying examples is a more favorable approach than studying the
examples individually and then practicing solving the problems. With inconsistent experimental conditions (i.e., cooperative
vs. individual), distinguishing the effects of the variables of the timing of problem solving and the type of example learning on
teaching effectiveness is impossible. Sweller and Paas (2017) also indicated that most of these studies did not control variables
appropriately and that they changed multiple variables simultaneously. Therefore, the experimental designs of these studies were
fundamentally flawed and could not isolate the effects of specific variables. Although some studies on the integration of problem
solving and example learning have analyzed the learning process from the perspective of cognitive load theory, this is only a
theoretical discussion. Studies have not conducted actual measurements of the cognitive load perceived by the learner during
the learning process (Kapur & Bielaczyc, 2012; Loibl & Rummel, 2014). In addition, for studies in which the experimental
participants were elementary school students, only one item was used to evaluate cognitive load, such as “How much effort did
you use in the process of learning just now?”’; in general, this cognitive load could not be accurately measured (Huang & Shie,
2016 ; Wong et al., 2012). Furthermore, if the intrinsic and extraneous cognitive loads perceived by the learner during learning
cannot be known, cognitive load theory cannot be used to effectively analyze the learner’s cognition and information processing
during learning (Leppink et al., 2013). Therefore, this study excluded the effect of cooperative learning and allowed learners to
learn materials individually to avoid confounding variables. The “basic quantity and comparative quantity”” unit of mathematics
was used for the experiments in this study. The researcher conducted an experiment to study the effects of two factors on
learning outcomes and perceived cognitive load: Problem-solving timing (problem solving first or reading an example first) and
the type of example (comparative example or problem-solving practice). The multidirectional scale developed by Leppink and
van den Heuvel (2015) was used to measure intrinsic and extraneous cognitive loads perceived during learning, and an objective
reference value was used for the learning outcome to observe germane cognitive load. Therefore, on the basis of cognitive load
theory and the relevant literature, the research questions verified in this study were as follows:

1. Does the timing of problem solving and the type of worked-out example affect the intrinsic, extraneous, and overall

cognitive load when students learn to draw line segments, operate line segments, and solve reference and comparison quantity
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problems?

2. Does the timing of problem solving and the type of worked-out example affect the test scores when students learn to
draw line segments, operate line segments, and solve the reference and the comparison quantity problems?

The researcher first used two factors (timing of problem solving and type of worked-out example) to design an experiment
involving three exercises: drawing line segments, operating line segments, and solving a reference and comparison quantity
problem. Second, 105 sixth-grade children were randomly assigned to four groups for the experiment: reading examples first
then comparing examples (group 1), solving problems first then comparing examples (group 2), reading examples first then
practicing problem solving (group 3), and solving problems first then practicing problem solving (group 4). After each exercise
was completed, the cognitive load scale was used to measure the students’ perceived intrinsic load and extraneous load. Finally,
a learning test was used to evaluate the students’ learning performance in drawing line segments, operating line segments, and
solving the reference and the comparison quantity problems.

The answers to the first three questions of the cognitive load scale indicated the perceived intrinsic load, and the answers
to the last three questions indicated the perceived extraneous load. Factor analysis with the timing of problem solving and type
of worked-out example as independent variables and the test scores and cognitive load indicators as the dependent variables
was performed. The two-factor multivariate analysis revealed no significant interaction effect between the timing of problem
solving and the type of example on the students’ perceived cognitive load or the three test scores. The analysis also indicated
that the perceived intrinsic load of the students who solved problems first was significantly higher than that of the students who
read examples first when solving the reference and the comparison quantity problems. The overall perceived cognitive load of
the students who solved problems first was also significantly higher than that of those who read examples first when operating
line segments and solving the reference and comparison quantity problem. No significant difference was observed between the
comparative example condition and the practicing problem solving condition in the students’ perceived intrinsic, extraneous,
or overall cognitive load No significant difference in test scores was observed between the different problem-solving timing
conditions in the three tests; however, the test scores of the students who had seen a comparative example were significantly
higher than those of the students who practiced problem solving when drawing line segments.

Four sets of materials were designed to study the effects of problem-solving timing and worked-out examples on learning
effectiveness and perceived cognitive load. The researcher used the multidimensional cognitive load scale to successfully
measure the students’ perceived intrinsic load and extraneous load. When the experimental conditions were controlled for and
the cooperative learning variable was excluded, the experimental results were determined to be consistent with those of previous
research regarding worked examples (Kalyuga et al., 2003; Renkl & Atkinson, 2003). The learning performance of group 2
was not higher than that of group 1. Different learning examples may be suitable for learning different types of knowledge.
Therefore, on the basis of the findings of this study, the researcher proposes the following strategies for educators. First, because
of the nature of problem-solving activities, learners may perceive a higher cognitive load; therefore, learning materials suitable
for the level of learners should be carefully designed when implementing a strategy that involves solving problems. Second,
the comparison of examples is suitable for learning conceptual knowledge, and practicing of problem solving is suitable for
learning procedural knowledge. Finally, when designing teaching materials for comparative examples, educators should add
incorrect examples to the materials. The correct and incorrect examples should be compared, and the learner must be asked to
explain why the incorrect examples are wrong; doing so can repair the learners’ knowledge and enable them develop the correct

concept.

Keywords: discovery learning, comparing solution method, cognitive load theory
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