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Teaching Behaviors of Teachers: The Role of Moderator
in Teaching Mathematical Conjecture

Pei-Yu Chang Liao? Pi-Jen Lin 2
1 Song-Lin Elementary School, Hsinchu

2 Graduate Institute of Mathematics and Science Education, National Tsing Hua University

The purpose of the study was to explore teacher behavior when playing the role of moderator in teaching
conjecture in mathematics. A teacher was selected as a case study. The case was a sixth-grade teacher
experienced in teaching conjecture. Collected data included six lessons of factors and multiple units.
The analytical framework is based on the ownership of activities and ideas to form the role of teachers
in the four quadrants, and the third dimension is added to represent the five stages of conjecture teaching.
The role discussed in this article focuses on quadrant Il —Moderator, which is characterized with the
teacher having ownership of the activity and the student having ownership of thought. The results
indicated that the role of the moderator frequently occurred in the validation stage, followed by the
justification stage and formulation stage. Teaching behaviors consisted of recognizing, comparing, and
integrating. In the formulation stage, the moderator asked students to compare their own conjectures
with those of others. In the validation stage, the moderator asked students to express their position. In
the justification stage, the moderator called for an inclusive relationship among the generalized
conjectures. Students were required to compare in the formulation stage as the case teacher asked them
to look at additional mathematical relationships, whilst they were required to compare in the validation
stage to clarify the similarities and differences of the premises among the conjectures. In the justification
stage, the case teacher asked students to compare in order to sequence the conjectures to be justified. In
the validation stage, students were asked to integrate or select the most complete and representative
conjectures.

Keyword: moderator, teacher role, teaching behavior, teaching conjecture in mathematics
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Second Graders’ Concepts of Place Value Represented by
Problems Involving Cuisenaire Rods, Coins, and Cherries

Hsiao-Hui Tsai? Yuan Yuan ?
! Chung-Ping Elementary School, Taoyuan

2 Department of Mathematics Education, National Taichung University of Education

The objective of this study was to examine students’ developmental levels and performance in relation
to the topic of place value. Accordingly, questions featuring three mathematical representations were
used: cuisenaire rods, coins, and cherries. A total of 431 second-grade students were enrolled from four
elementary schools in Taoyuan and New Taipei City. The research tool was a self-developed test with
18 questions on place value for units and tens. On the basis of the students’ test results, questions were
sorted according to difficulty, and four-fifths of the questions on ones and tens were used as the criteria
to create three levels for classifying students’ development in relation to place value: chaos level,
construction level, and understanding level. The main findings of this study are outlined as follows: (1)
64.6% of the second-year elementary school students constructed a two-digit place value concept and
reached the “understanding level,” 24.6% were at the “construction level,” and 11.8% remained at the
“chaotic level.” (2) No differences existed in students’ performance in the three representations of the
problems involving units. However, on the problems involving tens, students performed better in the
coin representation problem than they did in the cuisenaire rods representation and better in the
cuisenaire rods representation than they did in the cherry representation. (3) For problems involving
tens, students performed better in problems represented in routine manners than in non-routine and one-
by-one representations.

Keyword: Cuisenaire rods, Place value, Representation, Canonical base 10
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WEER A R EHIRE - ARA KRB A A EE M EAYERM: - A St > TR E
EE REYE o MHERRZERE Y - (R AE ISR AR A S A AG Y RE B BB A il L B B R~ ER
iR B EA < ( Baranes, Perry, & Stigler, 1989; Carraher, Carraher, & Schliemann, 1985 ) »

TEER T » IRy T —F04 ) i A E R A BB LB - Ea8F
THEATEERE - B EIETTR IMEARAER T — ) RIGEEET A LIESIE 50 aIaR ek - &
Ty B AR 2EAVALERLS - FTLEER B A ERY  HIEARRCEL BRI AR
BB ARG T E (Chan etal., 2017; Hiebert & Carpenter, 1992)  ZAif » E.EMH

=t
by
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S BT HGE SRV - AT AERE O R OETRE T E+ ) T T 10— ERER
YGETLEAENIRES DART AR F S WAEAEDE (Baroody, 1989; Kamii & Housman, 2000 ) -
AN - (A F4lS (B R BT RS, - AIRE S B R EA{E (face value) FEEL
RILAE R mAVE AR R - A RZEAEE IR A DUZIRIA IR SR ERE
5 | BTSRRI BRI - (E MR T EX BRI Z%: (Fuson & Briars,1990 ) -

TEFE N (2017) DUEFLERE R¥ 52 ] Ross (1986) Fffla 7y iy =8 HEH1T7 5%
SHERESOMES - W RICAE IRBRAR ~ S8 Blg AE — MR 2R - ot — » R 4E
AL (B SRR B S G T DASYJE - LR A fE L =R R E TR =R - &R - K
By H— AR B AR M N B RO B AV RO - T AR A A — G B B B - 22
IR =FEREYIMEN RS T - SR EMB A 2R HERA T MR R R i
7MY o MEAHTTAS SR BME AT BRI AR E] - —RERRy AR A R S B2 AR AR & RS
5 REEAHH#EAEER - T HZ2REEHRREY - A GEi eI E M E HEEERR
g BRBSEEIRRELBIRTRED) - B @A/ VEE JTRIEVHTT - TR
ORI TT - B0 o B AL A SR DRt o EERVREYIHEIR R A vl RE RI4R
BB BRI - HA » 2 7EFrE AV ERESOMERHE - B8 E RA 9 & - HrgEHAS
T 18 B T — % (iMEEAPAT SHEEARE - RE g ER AR EREYIME TR
W ARG o BRAh o SRS IER P T BRI B E R R R EA 2 B T &S
& PRLAGZ I T B e ARG FFE T B S R B L PR B R R S B2 AR R SR A R 2 -

Bt AIAFTBHE IEZH T EAYAR S » DUBSEE A FIR ) RS 2 A A (E 3 R IR 2 -
B4 AT RIS T BB ERUER B H &b —2 DU R (B8 B B BRI - 55—
AR AET LS 07 EseE T Bk A 24 B An NI IR BRI - SR ERIR A - 5= T
FERRLL TR E ST BR TR E A B A EE B ER & - BFERRE -~
SHERENBE » EREAREITER o AW DIRPKRER G RS R Rt -
HRIEFEHATIGETIVELE - PRIUE T B S ER Y MBI E R E - S sE
F A (2017) WUIHFEESSRETT - AR EMENRBVEN T IR » FIRE RN ETE
EFE DA R A AR e o IERF ML AR A A 45 - SRR AR R RE R ) -
T BTSRRIk IO ARTRE » B IORER - SRR R - aTDIREA E R R
BB A AR RIRATHATE -
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W

» BESE5A
— ~ WIFEHR

AT B AEETRE A (2017) SCRIITERET - FIURERED N 24 AL E R
& B EREZHONE IR & T S B AT SR @ AR (AR - AR ST UG (EHUSE T ZUEEE 481
{ir SRR AN R FE SR - MRAVERE AR B PURRED N - Horh =FrbkE i / FEEAED ] - &4 4
{EPEEE > Gatdt 311 rERA:  S99h—Fr Rl BRI ]N - filiBE 7 fEEEHR > 3£ 170 524 -
HrAL T = BlE A B NS T /(8 - DURT S R kB NEE > (IR & BERAEUE 25~29 A
LI e

TR

RUWEERSEANMEMSER - KRS EMSAERTE - DU st ERTSNEE 2 4
BB Rty A TR -

(—) fir{Est=RE

AW T A EMES NS, BIEAREE A (2017) HIAERESESR - FERZRE 27
REHEg e - FREN 9 E(E A H - SR BT H AR 18 7 - DUPETIERARERY - ERakeE
Sl ESEH R F AT - RS H 3L 36 @ Hrp 12 JE R TR~ 12 R T 88
W~ 12 R TR o AWML ERES AR AR - B 1 - SEREYAETSE 6 E
(B H et 6 B+ H - (8 HAvE R EPE R T — (88, M+ o8E H iR
BT A EAREE Ross (1986) B34 > 53Ry T — (8 (" BT AL ) AT IEBH T -HE AL -

*1
L EBESHIBBAN A ARER
FEER fir g HEY Vi REE
— (& —{E & & fiz AR 1, 3,5 7,911 18
(one-to-one collection) pdes 13, 16, 19, 21, 23, 24
bk 25,28, 30, 31, 33, 35
—{E— (&% iz AR 4, 8 18
(one-to-one collection) FEka 17,20
bk 27,32
BT AT AR 2,12
(canonical base 10) FEma 14,18
TRk 26, 34
FEGIT M-I H AR 6,10
(noncanonical base 10) fiEs 15,22

TRk 29,36
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RTINS T EAVERE - AT S8 AR B N R AR TS (20N
BN T > TESTH SRS AR 1 N EASET THESE R & M BT RASG T T
fEIE > B : IR 1 ERYSBREIE(RE 5 (EPAT » DUk ot NS a pA rRER  - AT RE o
RAEA, ~ TeslE, - THEESk, =REREW) - SR E R =AY -

1L HRBARFEEH CHEESS 1#)
( 1. Fr@sir—-BEEIAL » T2k 53 BEMA R Fiey: 32

@llllllllnﬂllllllllllﬂlllnlllnﬂ @ 999
O @ B

2. SRMEHREWIEE CHIEREE 13 &)
( N3, Fr@eHr—-fES ELAL s T2 &kZ 87 wepinyz 7°?

D AR AR AR FD
Auriay ”

3. EMkFEEWEE CHIBRSS 25 %)
( )25. TFTr@3Ar—-{BE ELAL > Tzul-R2&kZ 16 FEI B Bk P a2 52

s Shed iy b i AR id iy Rl s
2 O OO O BB () TS

DUREL Pl R EARFRE RGO E T =250 5 (RS REN 2R
FHAER)
1. —{E—{E8 : 05 4 BV 4 (FEETEATR 0 20 ([EfE RS —E—(EHEY -

( Y4, Tr@rBR:— -8 ELIEL > Trul-RokZ 26 MEiA RKediag: 22

@ BE QaEaEarT Q@ 99 @ 900099900
P IFIIIID
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2. BT HEAI AL © 4055 2 RERYSE 4 (HEEEFTR > 30 EfEAZE L 10 (AR R—1 - 3£ 3 %
TSRS - DAL Ry BT I A R > INH 23R T AN A (EAH ] -

( 2. FTr@5H—-fA EELAL 0 Tish-Rirk: 39 MAiM Ropiay? 32
@ 96 @ HHD D ) (@ O D O
@ D (AT
3. FEBITIEA- AL A - 2055 6 RERYES 2 (EBETHAR - 10 (EfEASE AR5k 5 (EFEARSRHES - 1
HEFI 2 SR AL 2B 20 BRI RO TR -
( )6. TrEsoHR:— MR EIAL 0 TRk i 13 M Rediay: 12

@ Qe 0O AR @ @O

(2) 5t AKZRERHAE

fir [Ei e, 36 B - BH—E—57 > Mair Ky 36 57 o MRIE S EAE (I B (B SAY SR -
SERSe R AE - FERETAE - NIRRT RIRSerOm CREEFA - 2017) > i
B2 AR R AL FRERIZRIR Oy o = (K - RIEAE 15 RELL b A 8-y P RERYERAE - e
R— VIR | ¢ AR A RSV E R 15 B AR - AN EET
T ARV ER AR - BB T TR - R R AR A BB R RO (B AR B i B
{E L BERY 7R B 15 ML E(E A B RER A - Bk E k= "B, « RECE
R Bl oSt - F AR A B YRR

(=) rERERRERAI TR EIE

ARUERRS 2019 4 1 H DB ool = (8 —eEaf ekt 86 (i BRA i TTem! - BT ke
REFy 72 i > W LANE— 24 (5% (Cronbach Alpha) H#EfTEREIHT - T IHEEA , BEH(EEE
Fo 86T 5N EEERER 87" bk R ERER 87 mfE (Ei  EHAEREER 93;

T EEEAVEEER 97 - BOTNBRHIEEGRE(ERE 95 - R (2013) fEHTITTHEAY
WE— PGS HEZRE 80 DAL A E ez - NILANER T B S RIVEREEEE -

FR ISR A AL - (B REREW) LA - NEEAYT TR > R HIERE R HELL
WP B AR TR ) B T ARRk ) AU SRR ARG - AR
[EINE SR RE A LA FIBR E & 57 - P S4a OISR A4 - DU o8 FTRE 2 3R A SRR IIE e LR 4R
SUEIM R BRI -

LAE (=%) T HEREA, — Taglg ) — Tk,

2.BElHy (B&) T8, — "Ik, — T HERBIUR

3.CHElEy (Br) - "1k, — T HERBAR ) — T8
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=~ AR

AHTZERL 2019 F 4 HIEE] 5 A2 fl#Er T IEZCHIM] > Mo e BT E AT BB
B 5= S FRZ P BB - ArA R MERAY S A RS B (& M (E A 5ERR » A
SRE iy - BETRITSE P - — P 5 E (A% - BEHCH) - HRBRIIEL -
ARSI E MTE % - BEMRE AT - BECRIIHEREERE © T SO/ NI FEE G R+
E—(ERE P EE Y (FRECEE TR REHAVEREE () o fla: 1258
{E& ey 1 CEREE B IR ) AFRZ/D 72 FBIMEERIERSE () - A28
7 FEMERRERE TIERER - BEEEREA RIS > RV ERAIIRELE 20 XIS - ER
oelss TEE TS IR - N2 IR A 35 7o e HOIRFEMECE: -

» BRI SR

FERFREEME R - Hat A THRTED/ )N 19 {8 —FRBLHR Ty 481 22 L Rez ks - &CHTIFRY
R R RS R - HET ARSI AR R 431 {7 Hh AEH 147 (7B &H 1455
C &A 139 17 - WL E AL ERE S ERTE - RS ERTE ZEE A Excel fEZET - A LAERHEHAHY
HARHELENGSY > Jellmilitiast RS AESHENVE R > BLUHER AN %
{EMSSEE X - FREAEL =T FREVIMENG I R E TR AR ZE T > B
HERE A ARV BRI SR HER -

B~ DIt R e
— ~ ZESEENUEMSERE

AN LA A R4S T I — AR R R AR AR A (B S BRI (R 2 45 SR B B S 38 IR

ayk

(—) ZHEGBERNERGER

PEZHENHIER A HET48LML - AFRFIRE A KA RENEEGER » et AR 4311 -
ERAEAEIOREUNBRAEE1A - A2 » (K20l A1 - ERAAE (AL RE H HYE B3R £:88.6%0%96.1% »
B BIR F592.8% ¢ L H A E R E[E]F65.7%280.5% » PHYEEPR F570.0% o [EEAAE
{8 i TR R - FTRER SR B BR R - B (EE A B R E i - R
{ir T REETER A 111 = e PR R B
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=2
ZHEGSEAE A ER SRR EAVEER
B FE HREAR

5T 1 3 5 7 9 11
BERE S 93.39% 92.6% 91.2% 93.7% 92.8% 88.6%
A

RE5E 13 16 19 21 23 24
BEHZE 91.9% 91.9% 90.0% 96.1% 91.9% 94.4%
1Rk

RE5E 25 28 30 31 33 35

B 90.5% 93.7% 94.4% 94.4% 95.8% 92.8%

i HEEAR
St 4 8 2 12 6 10

R 69.4% 66.6% 71.7% 71.2% 68.4% 69.1%
2 i

HE e 17 20 14 18 15 22
SR 71.2% 71.9% 77.7% 80.5% 71.2% 68.0%

1Rk
R 27 32 26 34 29 36

eSS 67.7% 66.6% 66.1% 65.7% 68.9% 68.2%

(Z) ZHGBENMIEBMSERREXR

Ry 1 AR H AT N AR AR EA MO {ERSHSR RS - A RRIg 2 A0 E R
e RIS A AL ERE S REY 388 - AL ERES SRS TR H ¢ 18R FTRE R
18R MR - Bt > e B VB H BTy 200 (80% ) FyiisfeAe (Usiskin, 1982) - 5375
PRt AR AR SR A AR (E A B PTRE SRR TY - MRFER ARy oy = (S8 g 2R - R 15 L,
A B FEREAYERAE > SRR — TR L A 1SE DA BRI - Al R
PR BB TR BiEid 1SR LL B A R A - BB R = T
R - PRy RS - a] DARIEZ g K =AY 8R4 L REAE L FTRE P E3RELLAY
it B2 A AE A H A =R EIE A (%~ BT ARG T ) E
REFIR S T -

TR A BRI IERE T SR ha VU 824 18 T (i (E R H YRR - A2 i 8 (i fir
AL {ERE HAVEREE - SRl EF SV R AENEESIRN - SR E T — IS 2 E AR R S S5
IRE - MEEE SRR T I E A E - S BRI EEE - R THY
WAL ERAE SRS $8 T TS GEE ML (B H - tediEm (2R E R G R EE R
R SIS AL E R - BRBIRER - ERAERE 36T 6RO LAS Ky AL AR FTAH Y -
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gRA[EKamii (1986) Frafy » 4> FI108LL{EMES: - thpEfERoss (1989) @Ay " &R,
¥ T B SRR R > A5 RIMEYIHIAR EMEEES - SEETIA AR
TEBEN > SRR N S SE2RE MU L (ERE H - AE(E AL AL (ERE B LIRS - NIt
W E R E U SR FR R R K — 1o A BRI i B B - 431 R B2 > K
= TR, AVERAEAA2TAL 0 (563.6% 5 B T I ) HYSRA BB 10611 - (524.6% ;1 B
— TUHUEH ) HYSRAEEASLAL 0 511.8% - SR A EMSHI B E I - RAES

=3
B EAER SRR REEE o
J&R REL Epaye ZiltE otk
RS 51 11.8% 11.8%
J8R— S 106 24.6% 36.4%
JER= FHfFEHH 274 63.6% 100.0%

Ross (1989 ) S43 4R E2AE Y 6RE B v S ME M H A AN BUR0 - ) A B EHEM—REAIA
BR8N (EABISN) » 5553.33%  BLARIFEALE - PRI FaR B LRI L E RS SR L LR b 5T
AVERAE (SEEINON) 47 - 22 rlREdIMiuraBZOkamoto (1989) Firilt - Soish & " ENETHES
EA-HET SRR (7 > TPV RS B ERFRE RS OIE T - IEFE A (2017) 436 Ra s
QPFEERIE R = AW — Bt DU S HAYB0%(FE Ry A s » [ _AReR SR B Ffg X
—HJH63.6% > BEE I RIR T ARIIZEER - N ERIRH AR A (& REF(EREA

(+rZ—) > AN T SR R EEER 2 2E - 20 EREES ) (FHtl~
2N) > L ATREIE R LAY - 55— T3 > WIER ey BRI IR A R E] SRR FEARY
R ERHEA W] > IMAVSTEAHRES A N SRR ERE 2 Hk RS E
AL ERESEETL - — (8 H 2RI E 22t ] RE IS R ORI BRET SRS A A [F] -

o EGBEAE=ERAYEE ENERHER

(—) BEF=EREYME LHREER
TSR AR R AWM RN E R MR T B BT R - SRR R4 - AR
o R P15 77 £59.69 (FEAEZSD =3.05) + SR MIRENY V491577 £49.97 (SD=2.83) :
TR RER 291577 £59.65 (SD=2.88) - fy T — | B —MEREVIHENERF - LIER
BHE RO ITRE = EREYIRE e 0 B ErEREEE M 455F(2, 860) = 11.53 > p<.001 -
i =.03 > (AR =TEREWIREN PR AR Z AL - DIScheffe ZET AR I0ET -
B/ AR AR A A T OBUR FREAY PSSR R 2 5 > RSB S SRR 58

TR -
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4
=RERBYINE 2 BRI ER
HIERTEH I8 (M) B (SD) FfE HiRLLEL
L IR R RE 9.69 3.05
2. $8 M 9.97 2.83 11.53%3%* 2>1=3
3 Mk RTE 9.65 2.88
xx ) < 001

TIEEA (2017) SHRRAER AT s8I MM R IR RS - JRA R B
AIRE R RE ARG THVIEP s BB A N F R - A &R B OISR R RERY 2 BUIE I
AL G%R - RS TEAEESEIMRE LAVRIALL T IRBOR - (AR R B - 387
JEAE B R - B R RE A MRV ES - Fr D e e R B rp A R YR (Baranes
etal., 1989; Carraher etal., 1985) - ffit (RFEARIGIEAE B RAY)an - HCobb (1987) /i
S BN E B E IR o AT DA A LR LRV AEAE rTRE TR AR R AR o AN
FURF RIS AP FEV B SR B R 0% S5 R ST HRFLL B M R = - R R
TER IR HFE AN PR RS AZ RN - NS EREERGR - TR ARERE
ERE REY) > HaEZ b slEN 2R A RSB -

(Z) MR =EREYHE FRER
RO ERES ISR AR > AR HE— D R IR TR o Ryl RE B B R E 234 -
SR = RIS EAE H Bt 2R - MEHEE T - ZEREYIHE
ZEEtFRAIE 2R - st BB R R > SERERS - BAEL RERHEN P
1357 F54.16 (SD=2.46 ) SRR 9157 fpd.41 (SD=2.28 ) ; PRPKEIREAY P49153 57 F54.03
(SD=2.42) DIEE EHEE REUMT > Fha —EREY R P I8y = REE T 53R F(2, 860)
=21.55 > p<.001 > 17=.05 » BURE T H  =FEREY BN P8 A B =R -
[ 1% DAScheffe/ZHETTERARELHL » SR B/ N SFAR SR A AR ERES ISR PRy H > S8R
AR > HR R R - MRk R R E -

x5

i H 2 —REREBYRE  BRE T ESR
MERTHE () (M) R (SD) FiE E S dmein
NN 4.16 2.46
2 SRR RE 4.41 2.28 21.55%%% 2>1>3
3 kR RE 4.03 2.42

**% < 001
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AT R ERE L2 R E RO EAE R R 8
HRTEEN SRR - B BRI REE AP RN 5 > F(2, 860) = 47.78 > p < .001 > 77
= .10 o B2AIE AP —E —([EEE EH L > QIS RERI R B R - IRk
JHFRI RS - F(2,860) =6.12 > p=.002 » 77 = .01 - MERAAEA-fir FRE P ARG T I H
b AR =R A TR ER - 5540 BALEHTMHE- A 8YE H R b —{E—{E#
DU IRBI T A AVRE E 4 2RI —(E— (B R T A H s 2 8 A 2= 5 > F(2,
860) = 13.67 » p<.001 » 77 =03 -

PR (2006) % DI—F4RER A Ryl Se » SHE2 A BIE DIBITTIHEPETIHUMESR - IR EE
o W BHERL/D - AT - BEH— - SREAEEE DNIEHERR S  HIRERARZ
VBRI - MBI R EREMAIEN T+ ot - FrDIER AT OB 26 (E AUBREE -
B NE » AFCEETEUR AR A AR HI T M2 i B — ([ — (B S8 B R R
B Re A EA M ENEESE: - FITT MRS IS8R RIRE & DUSTE nT iRy LE -+ 237
BANRRT  BANOA TR R0 — 2R HE 2K [0 E RE - B ERE (R E o i —{E—{E
B > Al TS » BAEMER R EFFRR > TREERAEE L E AR
HIEEERFTEL o B AR BITTIE A Ay IR R R SRR L AR DR R RE R 22 - 2R — (I —{E S 2L
FIEBITHE AL AR R | WitEREA A MR 2R  RERA KRB A -
B2 AR PCRBIT PRI E R  » 1 H A m] DUEE HH SEAEHES 10 77 B R IR R AL (E -
B9 A T HAEEREIVERNL - SLEBFIT S BITIHERY » AR E R R - (RAEREE LB
i HEAL AYRE H s R ELIRGI T M DU — (i —(EEHIRE B (& » oS24 F BT e BTk
HT55

AW EIREE LT =EREIG T TR A E R - HIEPITH R ERAREE -
FIRER Pyl H Bta R A BN ZE - FIOIEEITHERREARSRES > T+ A2 —E "+
HIREAIICAZRE TRE M " A, R#EZ > HPea THESER T T 24005
BT s DUIRGITT M- 7 N BET IS - BRI M A M REREE =R > B8
TRIFBI TR R RE e A A PR R T =K

{h ~ SEmEEER

— ~ &

(=) NECA BB/ N BACARZEHUBFHIER - WEEMREHAFEBENRE
FEH

AW FEHITFEE AR MR 2 I - EERREIELALE - AT ES B IELIEE 80%

HYRE H B R R > Horp A 63.6%HVERAE AR T = " BRI, - iE LB AR AE TR T
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5 3 (EMRELAAN - FE- AP RER = MR EI A (—{E % ~ G T EOIT T+
ZREERE - B AL EMESISRERRIE -

(Z) ZHGBEFEERBYHE LA RENRE

FE=MEREYIRE S - A E R AR IR A L BIHIs R FTIEEIE
HEARED L AR BB TR TS R R kR AR ERIRE TR b2 R - i
— 25 ML R A RS A AR A = R I E A PR G i 52 - (B FIRERI LR 5%
W AR R > HIUS T RBRRE » SRR R - R R A AR SR AL
BT E A R AR

(=) BEETEEIBREYHERREE
ST AL H Frascet i R (—(E—(E8 - G PEayHE R I RO T L)
TRE - WFSTaEREURAEIRBIT I AL L > SR =R R LR IR AR § £ —
{6 —(EEHI TR - RS RER SRR R ENR IR R R G T
Y3 e > AR MR R > HIOR PR =Rl R HRBk i - 7 18 (]
TACEE o 2 [EFITT IR (26 R 34 7E) AVERE S AT H PRy > BURBITTIE
THERPR U S A A R R A TR

() BAEFIEBHTHE ALK —E—(E8ET i R T A T

BAERE B E LG TYE AR RRE > 283 EGIT TP A DL — (8 — (S EH I
TSR AR RN S~ — (B — (BRI HRY 7 A B EFITMEAEAr BEY G =R > &R B LA
B /EEDY - B2 BB ESFEEEEMRERAVEL MBS THIEEHRS (Ross,
1986) - BUNERAEANBELAIEBIHTIE AL fe—{E—(EEHy T AR —(E % -

o ER

(=) frEMSRETER T ERERG TS 1 BRARE  WRRERENER

AT FesE RS2 A AE FE FR SRR R MEIEA [ B - AV AL (E R - Ty EFRREE S IRBORE - &
REEHY TR R R CAGHR 10 B Rk 1 (E-HHVEAL - FTASR A TR ETE RS - B
YN TTRERE RS H AL - T B8t A AT bRYE S, - 2T IS AL AL (EHY
ERAEAGER > FRESLEL 10 fli— 1 (E-T-Avibe: - (ARSI BIRYREY) - SR LIS
TR R IE B > BTV RBRIE R fE T - i n] 2B 38 o IR R RAR R+ A iR 1
5 EEAE BRI S RGEEE - TR AR (bIR - FFLASEHEIN5R 10 Ry BEATAYRES -

ATt E53R - B2 AEPEPR TR LR - BUNA TSRk 2 400
e DRI (B fS0ESS - (A ERTSIRERSEA - SRS N EZ b R ~ S E0RE
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PR EFRAVALERTE - Frll - BETEREEN; - [EE EES B2 A S HEEREW > WEBZIT
TEGRCIE MRS - B AR ERESE L RPIERED WAEEIEHYEH -

(=) HEEMALE SRR TR EPHT I REYHY 5=

AR BT AV H TR SRR - S AR BEIRBH TR R EWIHRS - Price
(2001) FEHRELAIEGIT T R B IR 4: » BAEMSE BAFHY o (HERCEERAT R
HERBEAREYAE > B L T HEEBTHTE RS > ST RE >
2 DU RIS CHIR - a0 = [ 78 H2&([ + > 2%(E — - BRSBTS (A iR DG T
MG NER - 40 7 E+ > 8 (E—  EEEESHEELELRE > DURET AT
TR - SN E—FREEBM TR T A EEREIT ) o BRI EIIRERRTE LSS - (HER
SIS B T A Z TS T3 AEER thiRaR 10 DINHY B - PRI EE Y
REBEMIEE R FEFRE LI TI L ER S EZ TR - siE i iz UER - 5
REAIA M ERER N TG T AZ T - USRS SRS ERmERr - Rtk
TorEIEETT, BT E ) BEEMES B EEEE A E I RRE AT AR O = AR A
EH L e R AR IR HE R (L BT - RERE H BB TS n 23750 - FRIEZSN - &
BIAERAZ ERME > W R ~ 889 ~ fEh ... F2RETH > EEEAZ USSP TR

Forn izl R AT RO TR T S URNE IR - B iR A A R -

(=) RRTE—-SRFEREEREFEYIRABENTRER A

AWTFE LR ~ AR RS 3 AR EREE I A BA-#E45H ~ LB R #E451 ~ DUk
AEEEBI A SR REDEEST 2 AN I EMS - SRR EERERBNERE R
HfERVRIE o HEA BESENRBHI L ERME LRFEY - BaN AL A ARE A4S
B o BUTIEEHIEERECERE (BE LA 10) - SEEAHERTARERR - Atstas s
FERRILIRIA > LR AHTFERIRR - AR DU — DR E -

et
AW RERH AT E (MOST 107-2511-H-007-002 ) &8#57 8 - 0 [E]R: R TUATRIE 24

WoestER e 2 A -
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SHERR

SHAFE (2013) - SPSS &t EHSEEY - S EEASET - #rith « ZEEZ -
[ Wu, Ming-Long (2013). SPSS statistics applied learning practice: questionnaire analysis and applied
statistics. New Taipei City: Yi-xi. (in Chinese) ]
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Research on embodied cognition has found that students who use gestures to trace geometric figures
while learning geometry perform better than students who restrict their use of gestures. However, this
effect may not appear in non-geometric learning. This study investigates this through the tasks of adding
and subtracting integers and angle relationships involving parallel lines. The participants were low-
ability seventh graders unable to master integer addition and subtraction on a screening test. A pilot
study was conducted with 18 seventh graders, and the results were used to improve the worked examples,
practices, and procedures. In formal experiments, 52 students were randomly assigned to experimental
and control groups, where they studied worked examples either with or without gestures. A delayed test
and interview were conducted three to four months after the experiment. The results showed that the
experimental group did not differ from the control group in learning time, cognitive load, and accuracy
in Experiment 1, but the accuracy of the two groups for the four question types was different in the
delayed test. In Experiment 2, the accuracy of the experimental group was higher than that of the control
group on the post-test far transfer problems. However, this effect was not observed in the delayed test.
In summary, the present study found good gesture design combined with examples that participants have
learned, enhance student learning. Also, for geometric materials that participants have not learned,
gestures led by principles in textbooks can greatly enhance learning. Both the research and practice of

mathematics education has considerable potential to explore the effect of embodied cognition.
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WA ELFERE I e A ~ LS ~ 5 R > FARRE - SEREUREAE M E A T (8 R # A
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H > DLRER] 50-90% - HpEABUEE Y - AT 75%0VE8E 4 AR IR &8 &R E hRE
B HAEE OS%N AT ARG ER DEREE - BURE R E AT IEGE RS R
# o 5 85%MVER A ErER A — L E B AR BIAIDARy 36— 17=17—36 Misr AR » BCE LR
—10—12—5=—10— (12—5) [MAHLEEE - FH—1EE RAVsER - (s " asafE Tk
B TAFESE ) fETERRD R = ERRE R BN E o (HIt e A e
At =R ISR R DR S > R 19+ (—6) =—25~ =31+ (—8) =39 DI}
—10—12=22 F$ERIEE -

Janiver R EEENTEE B HYZEAE 0 o X (equilibrium model ) 147552 (number-
line model ) (5[H Hativa & Cohen, 1995) » HiE RS AR " FH5Z 4 (opposite) FYTTE » XIE
RO TR - IAVERR E R A MRV ERZAGESE N R 8
ARFEER R B ERI B R AR R RS E) - IRV ERSE R M BB ER &0 - K
AR BT AV o H TGS R BRSO T BB -

Moreno 1 Mayer (1999) D&M LRI E FFRER IR ERAVEI L&
P2 17 B 22 AR I AE B IR IS MR RIS B P PR A © A — PG E iy B R g R 8
REE R H 7l BT RO - DL 4— (—5) =9 Bl BB ENERE R ES
FESER PR —ER TS L 0 (i E - W H SR aSniE EE U R EEEE S s
BRTIETHVERE - WIE | Fow 0 &R b B ST sl E R E R TSR G
AR SAV R H A /BB TS — 2R E R T 0 BB Euhn CR) BHEEERIILE
KGRy 4 - 520 BEEERR SR  BERKEREE R BRI A B S S - ARIRIEGR
R Z s B R F RIS - B0 R gn CRD BB R EmpkeiE
%k - APIE—S » W RF1ERRE 520 » ISR FERER AT BRI RS R - b N
Ui " Face Right |~ " Face Left | ZRER{FIERRTSE (FIAIE 1 6#9s%) » A " Jump Fwd | ~

" Jump Back | ZRER{EEFAYIEESE » Moreno B Mayer 30 Ry Bk AN EAEER T+, — L, 2
MERSREGERTTE - HEFAH  BRGERZHABEZBEN - (LEM—EE - HiR
SHAVERRS R A E Rt HIR B Bl — A0y 8 A3 BT R bR - Horp » (HeEAyRE
HIRA[ LA —2R > BB EAY  Eath GRS BB L2880 - B TIuEm:R
P2 BRI 64 ([ H - 45 RBURE BB R IE AT RIRY A2 5 L PERIAR SRR - 2480
Moreno #1 Mayer $#2fiI4H 0 505 » A DABBRAHAY IR 250 R R AR LB S A B il gl ik G 4F -

Bossé ~ Lynch-Davis ~ Adu-Gyamfi &1 Chandler (2016 ) #7855 2 bl {a] 208 45 1F & 80Ty
R RERHABER LR E AR BRI - 45 TEINE b RaR R BE A R
> B S EREID BB G RV ER L (HRE B B AR B R o FIa D R iE s
—3— (—5) =20 FEAAYERIAZE L —E/N AR — 3 iU B LGS - HEFIK
SERTLAE M /28 - — 5 BVE BRI E 5 S 2 VL E - HHER{FE/AEL Moreno B Mayer
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(1999) TEBERHEAFREEALE V& PERNITE - REREREER R T Ih— ()
A o {H Bossé¢ T AFE R - BEIANE ZE LR HIAY - (EIR(F RIS AR S E A s > BEDUSIE IR
Fo IR BB RCEE RS ISR MR » AR7EEE R Moreno B Mayer HYEEHEAEA
SEERTT SRR RE A BRI AR BE > AL FERE PErRT - IR A sk
IERER/NE(L > TAMEEAER S - §ETaREAZERIME (Fischer & Brugger, 2011) ©

Frame |

How would you solve this problem?
Try to flgure it out by moving the Bunny aiong the Number Line.

4 - -5 =

[S[8l7[6[5[4[3[2[1]0]|1][2]3[4][5161718]9]

lJlﬂpI

Face Fordt Face

Left |(Jumys |t Alght
Back

1 BEIIRERESREVRAIZERE - Bl Moreno & Mayer, 1999, p. 224 -

- WP E R R ST

ISRt/ B B R S I BB+ SRR BT8R (Du
& Zhang, 2019; Ginns et al., 2016; Hu etal., 2015; Yeo & Tzeng, 2020 ) " &3] |, Zf5kx T RIE 4]
BT D B DL SRR B EAR] - il p E BOS O — OF 2R - LLE ST R
PRI - R R T AR SRR « BEHREAEAR (Retmowat et al, 2010
Sweller & Cooper, 1985; Schwonke et al., 2011 ) = Sweller (2006 ) 75 AMIEREAH{EREE » T/E
sCIE g DA 5 =UESE © 5 (borrowing ) fEMEARK (randomness as genesis ) » i FIE(E R
sCEEEREARVE RS - B EBAYERENLAENE © Bt A IR &R IR AR E B
BB RIE - FTLAAFEBEERR A R — S T AR E S R IR AR E B EHEINE - (&
Y5 2R RS AR A B B A A A A R R AVIAS - KBS PR 2 &1 B ARG Lh a4 i 07 =0
HKFF/N o FRLMERPIEE | NA%S TEEE R RBES - (FE RS 2 e &L
D SRRAR R AR R T2 PO ~ (R ATV ERE - Van Gog ~ Paas B Van Merriénboer (2004 )
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SRR S FIR AR - Bz sfIER AT DUk R i i aS R L MR Se
BARISEIEE - fEkABET - BEHGEAEE S BRI » DIFPRARAVER -

B LA SR AR R A S R BSRGr I ZB » EHERE ST ~ &EBR A
JEHVE A RIRE W BEI IR - Sweller ~ Ayres ~ Kalyuga 81 Chandler (2003 ) 585 - FE& €<k
EARE HUERTT - SEEEENEARECE g — S i L C BB L - SRS DL PSR R
EREAEIARY T2 > SePIRVEE TRE G e 2 aRHVEGH - BEEGE NI E AR & - NI - T4
SABBRATH I AN R R R #5238 2 & LR B2 AT e B e s T
BIEREREHE AR » Atkinson ~ Derry  Renkl B2 Wortham (2000 ) [H]fgH 1752 #B1E2EHYCRK -
TEHVHE R = (ENER - 2 f8 IR E - BIansaE s sh B e =R E © 2@ p]
FHERC - G2 FEEERVHEPHETR - U E P EEREE T =28 EH
{ER7=2 - BIEEEET A FIRVER LR - AWTFeRy B e AR A E AR & fIEE -
[FiRF 225 Atkinson S \FrElErY =BEAZ - (L& BNV EERSCTREECE G E © £
#PIERREEC L - S F RGP RN BA EE IR KA G # bR BT - BNIERE T2
AHVRTE > IR R ECR 2\ BRI B B - SRS ER S - DlefE A E IR AR
PIERE - SERBIFEH A -

I~ DrFeskEt s R

Elt_'

KL EFELMERE VA Ry 52 - LU AR T3R50 B RV Fa B R B2 5 - 2
PRarA el BN - DIRAE T EIRE SR - FEXERAT > YUail—
TR PO (BTSN ER R 2k 18 faszed (ZE 11 ) #EATHIEMAZE - ILUESER ~ 4
DA SRR - AR EREE R RE R B B i AP TRE TS - 2l bE
I IREN(E TS0y B BRaH AR G TS fah o BRE S SRR A1 EEET R 2K
BT E RO T - B MR EER R OSBRI - B 1 EEE RS
TIR G EaE DA - RILARDHT 1B 5 AR M oARER M - R E A 1 HI B
B o SRR AV E TR IR ERF 2 B2 H 8T - AW R AT/ NE A
B R RS IR SR AINFZEAT(E F (Ginns et al., 2016; Hu et al., 2015; Tang et al., 2019; Yeo & Tzeng,
2020) - AGm AT s R

(—) ERRE AL AT SR G RGN R T - (& BE S AR B R R G LR AT AR
BN B

( ZOMRRE AR AE DAF R 22 BB R - 18 MBI S A B S R G LE A s -

(=) EREE AL TSR G RENIFGERT - (& BE S AR A& A G LR DL 3
REEHEABERK -
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(M9) REESIERAEAE L T EA R AT A TR - RN SRS R G LR L8528
SENEAE RS -

() REESIERAEAE L T EARERE AT MR - (& E A = BB a0 R B 1T EE R DA B2
EERIEAE R -

R~ ik
— ZRE

SBUARHT TR BN ERAVER A 20 B DURT T E2 - R iR e dE =Pl ER1& DL 94 fir - BLBKE TR

th ={EpteHg 46 AL THRE - BRENRE G EFINEHT =FTRIGE - REEEDIREREE N EREER

(AT BiFgsl®  TEFEREBRI 60 iEE B2 BT - Ei% T IREIERA

BRZEfIH S 30 iz - BEalT - 2ol B O IR A RBOBUER —(E H DAL MR E PT4REA

ME - HIRNETARERER A S BRI 25 &R - B FRARNEAR 24 A

(&9 A~ sl 28 A (216 ) - HER_EERAARIEA R 23 N (Z0E 8 ) ~ =]
28 A (216 A) -

ZHRIA
(—) BEIrsE R =N

BB H HILE S H B BB R BRI SR 4 > [FIF A E Ry B B —HIRTHIE R} - A
MER27 T Fuadiah 8 Suryadi (2017) HYBTZE4ER - HBEFE RIS HVER > PRI +IE8
IE—IERYRERL - HrE W — P EREE R A 1% | oA HEEAL - A =3 - 3£ 30
B o 55l EAE TR R T AR S SE MR DL B o AR A PRz A R > T

A H S BB 2R A (I B B -

%1

BROBGER AR - Bl - BRI

REAY %+ IR
E—#& 3 —(—7) T
&—1F (—2) — 6 T
B-HE=8 (—4) — (—1) AT
E+&=IF 4 + (—3) AT
B+1FE=1F (—6) + 8 T
B+E=8 (—4) + 3 AT
B-&=IF (—=2) — (—4) 7
== (=2) + (—5) i
F-&—-%& 5 —-(-2) —(—4) 73
FE+E—& 7+ (—2) — (=3) 73
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(=) BEIREE R

B —BEIBGERER - AR AIET ARG TaET - PRI W R R —4H > FEPUH
P REZE IR o DUSHER B 5B UE FAE e BRI E SR ~ EEATSE - O
ST ~ R AV R RAVEE(L - A05R 2 PR - BIAEE —8HEa By 4 — (—3) Bl (—
4) — (=3) BR T BEZ5E 7 e SO BRI E TR R EE 2 - Sl SR ARy 7N
R > AR AT RS o HLERVURERERY R s B > AR 1 -

% 2
EPEE RN E R PR
P Codl A 5 &
F—all 4 —(=3) BEREME TR 3 - (=D
(=4) — (=3) (=3) = (=1
H 4+ (=3) HEITIHENR 3+ (D)
4 — (-3) 3 - (D)
F=4 (=4) — (=3) TR E TR (=3) — (=1)
(—4) =3 (=3) -1
ZPUsH (—4) +3 EFREERHNK (=3) +1
(—4) + 6 (=3) +5

A B Rl (8 2) szl (& 3)  FEfbiEE A =D ERASCT51Y - A2PERE A
AEHVBAE > ZHIRAL ~ B ~ SRAVIEFRRE - DB —Te nRIEHE S HIHEIN, B E B ik iE
FHIRLAEE - LI IR TES o DR R R AV ER RS E R TR ERYEE - st
RHEAAT > BEREREFALTT - PR R TRy T2 - I &R EHBEATE R T
HERIEH) - BEELERTRRENR - RHEA F 2 BRI N T — TSt IS
7 Bl Em R MRS ANE Y AU EE RN 2ol B RE RS T LU E A T8
P ER @R T B UG FRAERVERR LAREER T, EHEEERE/D 7 FE00MHEA - 1M
BER T F IR R S B EAVERL > GNP ERQ & T R R R AT R e T BRI
B HERPIEEI —HREE > WERR 2 B BRI ERER - PaE 4 -

(=) BREUNBER & NEES A5
A% B e Mt R AL B 1 AR - (B35 ERAINT R - SRS W RE o Wl A -
5520 - NFTENT IR - S RNEEEENERAHREES - NIRIHS A EE A DGR T
BB - AEEEGRIARIVIEI N - Rt @R RR - SIS ey 2 36 7 U HfE 4
i BIEE IR HSRE UL - BI— X 23— A — R - 1 10 T AL — RN — i - 1%
o By TR SE AR R RIS e - 10 FRREAL S — RTS8 —im A E RGN 7I E—/E" 58
HEErFEE > B2l ERE RRGAZE > MR 1 2] 5 (ARER - FaikE
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BB EFET

B 7H%E 285

RO ERA RO - (EZpl et T o ENEER RS G ERM > (B8 F

i
Bil—>1| 4— (—=3) =
ik
4— (=3) =7
Pz _(E#FER—3 » BREEYE3 2 - K8 TEIRFTER -
(& + i EELETEERRTFREH)
; . . ) . . . f i AR .
5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8
QERFTHE 5 BRETEELE Dz—EgER 4 - LEBE HIRFFEE -
(DA F R AR FRREERT) 4— (—3) =
¢ &
4-3) =__
2 ERARBIIRGERESI—E
BeH—=>1| 4— (—3) =
fifg A
4— (—=3) 7
QI (B Ry —3 » FORIEHERE 3 2 - 45 7 BIRFTR -
CPERE S TR )

Y mtme e e

+ 4 + +
0 1 2 3

Op—E

t ; } !
—4 -3 2 =1

QR — 9 TR T
R T 0 2 9t — L G0 T T S 5 1))
v
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1 6 7 8
B 4 o SEAEMAR HIRFIEM; -
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ZEHEBRBITRE RS
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o —

(=3) = (=1) =__

4 BEITRERKES

() ETRBAEEREM
HFY 2l B R E PTREAE TS - SE R IR RBREA R M a RS - 4018 5 PR -
WHES% Yeo Bl Tzeng (2020) B (EHIAVERNT - WHHEE R & EBRIEHIHIEE R B FAYIE
1 - BREAORL e DASC 7 B B 48 P 78R ~ BREREFBER AR > LT HE B $E B TEA M
FEfrAHE ~ FRINALmEEE - o s EEm 2  E AR EE G > BEEMEE
BHEEME > sl ER S ENER -

() HT&REAEE R

T HATAEATENESISE Hu %A (2015) 2HEFEE SN - LR > &H{EFE
ey 488 P A RER 1A SR A - 55— RE A T S TE A B i P PR B R A - 22 R 6 - 55 BRI S TR A =]
IR AR E KA - BRI B R U ED B > B ERP BRI S CF BRI E LR - 41 - B - SAVIE
EW > AEF—EEET - PSRRI AP TER BRI - DR GBI A B A
FERUE - PR = DIHTEAAE SR SR BRI A S EUE - P ERIURRIH LLE (i A e
BIFEIEE L N AR AR - F R AR =PRSS — AR - P ERPUAIE AR
AOmEESEER L LA AEEIE - A E Rl sdERHAEs] - & VBRI T
EEA ST ARZER > EilR R H afa s 0 fransediE 1 1y
BEROF " BLRH A HZA I TARELLER J - 4018 6 Fom 5 imfZEdsE AR 2 & LR H



58 BB EFET B7H%E 28R

FRAEAT - BIAEERIRE 1 BB BRO R 55X M PT4RBLE R | - W18 7 s -

B A fe it — S - E 8 Frk o IHNEEESEMEM - RN TEED
IR AR E - 25 A HESE SAIMEARGEE - a0 - B 8 HYSREEE SR AL HE 6
FY 55 FEEURy 150 [ - [EfksE Zal B M ETHA ~ EraMEEAORISEZE A 150 & -

4RI P9 f e 2y 1807 FLER L 90 A 47+ B Sl — AAR T a8 - At 4R 09 1B) (Rl ) 4 I % ) 40 P9 A BLE i o 2y 1807 -

1

1] 48] PG fy A8 be 2y 1807

HiEk 3. ho5 B Pk LS M AAATAT WM A DD

5 HTREMEREM S - EHIAA

Ll A8 1, JL6R L S W aAa 4T x X BV E?

@ b P47 S — B AL T A,

CHEM A1 00 06 3 A7 A
@esnrn ss
i_ o OO o et SR )
)
Ot mstazs HRARY s5° /) ¥
#7455 ;
Co R 4 A4 i A3 8 A 9 T4 )

M
X

@) H 8 T 47 M — B A
oF + ) AR H 0 AR X=55
(ol 4 A 4 06 3638 % 10 ) 42 f4 )

6 EEBTTRBAERRE
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AR AR LN AARTAT xRS DE?

@ bk P47 S — B A A,

(B PATHARH)
@eswprsss
/. (ErgmmAm)
39
@F munxst  SHHARY - 55° &
IR % 55 '
GrEEERmumM)

7 M
X

@ 4 8 4T 47 M — A A,
o E) 4 fidn & 0 A7 X=55
G & E MR AR /)

PRI T R B A R ER AT
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() SHTREA MRS 5

B HTREE TR R MELE S MER2E Hu 22 A (2015) JERFSEL(E FRYRELY > b5
JNRE > HIFRE R TS RE - B Gy RE AL - AN R A A R 8
B FNA = EAEEE A RERINEE - 8 N7 EA B LR A EE - B
REFTRENE H YRS - B —HIRb A S s &R AL - FERATENFE Az sl & sl S
FUERHVEREIRD » & MBI IS 2 RE R 230 5 =UE 8 #ufE2 F Ay aRE 0L > Bl—RE
B - e SR A B S J sUE R AL > (B 1R A e B ECUE T -

= - ERERF

AWTFENS 108 ERAERESS—ERMHY 11 F A TR BURETEENGR - e ILHy =Fra (EEE R iR R
PHERRAETEE s - DRE T AR T A =R EETEE ol - 224051 10 AT ARy
—RESEWE (&) DL BIEEE Rz sl E - SR REERIISEETERIER - dASCE—FE
PEEES - BB SRR E RN - B e ss — i 2l B R R — A Zal E A M ERT 22 -
WRATHEIE RN HI - ROER—2=8 - frEZa&eETaEh —HETER
BRRAREA ARy 52 N2 51 N WA s B R NH B RE s RS - SR E e T
T BULER MR - ERERHEEER M E AERE - AR E RS
FETIRE ©

Hhp—btanl UIFE B G iR 25l E S e BB Y _EIR > DU AR BRI B0 B -
BEAh - WtseE g S E R 2 5 e T A TR RS ERE—(ERGAR - fEE T Ri5HIIERERS

"+ BT RIEHVIERERE T — | EERIHAE EORBIEE SRR T RUER L - HFYATERT ST
W s BT E &0 o NIEEOKW 2 A B S 2 TR B S -

e —supIE2 8N - EhRH IR MIRERHZ IS P B P T R T T BB - 5 T8
AIERESR ST - EolE IEeRE ¢ AR R TRERE b - A
a0 QDR A ERZMEPIE - Er 2ol B U TR CAFEERIHES - 358  R
THERRZ AV RRAVER R - R 2 B ENGE S R R ' T R R T
BEAENE ? WREEY R T AR ? > #Eoe5 —AHSREERE | AR R TSR T EZWE 2 /W
R TARARE ? o $5e5 =AHOEER R T LR 7R RER LA a8 ? IREY SR A A
AE? 5o DWESRAZSE T RREEIN, &~ ERATIE IR E = A R TAE R R
FNENTE Ryfa] » S BB A TERE RIAE 55 PUAH SR 5 AR /TR B 25 it = (R R -

WA A7 B e I E B —FBIERE R BTN - WAERRIGHITTEREZ S A S G g R E il
et DUETHE SN - 250 R i sl B e st B i S SRR h - HhadE
WK LA AE FE B - E2 Ay TS B A iR - PZERIH AR TR R R - B —1%
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MIEEAHAR > RIE 3 574 -

e SEZslEE 5 rEN BTREENRHTREE I EIRREA R > BRI E S
A2 s LIS S 20 T REEAGEN S 2K > A MERZHEEEZHNE - @2
B > EJeR 2 sl s e BIERF R Ry _EIR > DU AR SR BRI BREA RIS S - fE
PIERERHSE A S QIO B EEZ Y - BRI HEH AIE - SHER—H0
R S 9 EOR IR ERRN T AVIE R T T EEE) - R R BT S e M R
A B > BFE R e LIBARERE © PZEfIAH R EOR B S IR R L

SERE R s pIERE 2R RIEIT RN W E B g g et - 2R
Hh STk B i 5 2 LR R TG - RS R S8R 2 58 A i A et B E T
g1 WitE RS TIREE IR > BV ARSI R R ATRE - FrblEEZHE R
HAVEEEAWE  EMEGENAEELHA - ER _GRRE AR - Pt EgSEER
IR TR MG T IEl 6

5 ERABRER S — {8 H TR S SR - BRI EUEF F 2 Aiay RN - BRI E 5
—HEEMERAT - SAEZERI TR LA E T+ 0T — ) R - SERONIBRIRMET TR - HEVR T
iz A P REE R R DU I EHE - RREERS
1. f£ R SRR ST SRR BBRAEHYIE BRI ] IRTE MR R IRERE B R > 6 S RS

RFERER BRI 7% -
2. BIRLEEAERER-E— > 4— (—1) > R AERIEE R TRk -
3. AREASEEBIRN A -
4. REGEHRBIRH A HCHEEESAHED -

PEEHEITE R AVIE S R o MIBRISR B ERH] - E5lE sk 2ol By Eh
fE - PSS HEEE) - BE) > SEEEET - &%  PIEE Gl sk sl E (RS 5 — BRI E
B —HERER TG R LRI SRR EETE - SR TSRS E
HfR BRI FE RS RN > RIS 9 Frr -
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T — EEoiRE B A — EEU iR E B — 2 8,
shsae | ) Hem2d @) | wEan
(#% % 15min) ' (#15min) (#;10min)
[1-338
—[y—mn —
R T84 ff-‘l& Firail A ﬁ%& 'Tr'ﬂ'%%ii
m) | ArEms > ARHER | g %
' (# % 5min) (é’] Smin) (g’] Smin)
|| T EEOeRER Ko FATHA A
y 5 % Ak B | s [>
Y1 (#710min) - (#)5min) . (9 Smm)
HEHR ==

B 9 HETH
2~ &R

R 3 BB iagET o 2B R TUAHEE BTN AR - DR R BR AL o B HEREFGRT
A~ RMELES B > o) RyAT BRREER IS RS HR > 3l R SRR DU S 4R
Bamts - BN - RS A ERMAITEBEE T 10 & {ﬁoﬁJL%$ W Ry 14 3 > RIATER RS S
KFy10+14- %D%Tﬂ%Té/EJQLE/EU%ﬁ Wedks > RGBT RS SRR W E S B o3 AT
TﬁE'EQIT_EIEEZﬂ!ﬁi?%EI’J vy UNEC

=3
BRUNBER RIS HRER
PEfIAH (28 M) i (24 ) i3
s AR g BEAEE P BEEE
BEREE (7)) 721.82 265.95 705.92 127.31 714.48 211.70
EER
HIHT & .59 24 .56 22 .58 23
BT ER .82 .16 .79 A3 .80 .14
TGRS .76 .20 .82 .16 .79 18
AHZZ B 43 30 52 32 47 31
‘MBS .56 32 .68 22 .62 28
T RS .69 33 .81 21 75 28
wt.\%nﬁh
&M B 2.11 0.78 2.15 0.65 2.13 0.71
S TER 2.35 1.28 1.94 0.80 2.16 1.09
‘MBI 2.68 0.78 2.76 0.79 2.72 0.78

AT RS 2.46 0.96 2.38 1.06 242 0.99
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ST RIAHAYELE R RETHEITELN + ANOVA » GERBUREIAH I REIE =2 F (1, 50) = 0.07 » p
> .05 - HEER—HVEER AT REAEES NERHY 20 B - 7l 10 B SR 2 # 0 1Ef
RHVEZ Mt 10 kR T Z I NEAHMEEERE - & TSI R AfTaH b 2 G 8 2alE
TERI{% 10 BEAVEERER » SERAEA] (2) A& 1038 (2) B "FHF ANOVA - &EFRETR - 127
EHRIEATEAFR F (1, 50) = 0.00 ~ 2HRIY EZRE F (1, 50) = 0.73 ~ Filtg 10 EEZR F (1,
50) =045 » BIREEER (ps>.05) 5 WA MEREEHRIRE - £ EAFEH F (1, 50) = 0.06 ~ 45751
HYFZER F (1, 50) = 2.16 ~ Fiffz 10 B EZSUR F (1, 50) = 1.46 » JREGEEIE SR (ps>.05)
PR B S R R A A SR R & T R 5] - Bie S8R HEEOF R 10 RS
HRAET T -

BT BB A BRI AT R (2) < Al ~ 12 ~ B R (3 ) B A+ ANOVA »
SERATBBHEE AR BURSKOIEM F (2, 100) = 1.59 DURAHATHY FZRR F (2, 100) = 0.00 25
TRRE 2R (ps>.05)  {HJHIBRA T B R BRI 2252 - F(2,100)=36.02 > p<.001 > 7/ =42 >
R L (AT .80 B SR S8 » MES MBI BIS B AR.79 JREE =
ARS8 (ps <.001) » {H1& ML ST BRI fREE 725 » p> .05 o TREESHEHZE]
77 XEAFH F (2, 100) = 0.03 DURAHRIHY T 258058 F (2, 100) = 2.77 M 725 (ps>.05)
(ECAIER ) E B ER B 2 5L F (2, 100) = 24.03 > p<.001 » 77 = 33 » SCR{ALLELE T - M)
BB E I ER.62 BAE S R AN.AT » IR SR B R TS5 TN = .47 B4 .62 (ps
<.001) -

PH¥TAT BUREMRR SRR A A EITAE A (2) < HIERAT (2) By A+ ANOVA - 4551 1E
ATEB IR AR 2R - BARECEEA F (1, 50) = 2.81 ~ ZHRINVEZRIR F (1, 50) =
0.74 > DAR R EEER F (1, 50) = 0.01 (ps > .05) ; BEBAEHIEME T - KE(EH F
(1, 50) = 0.39 LARAHBIHYEZRER F (1, 50) = 0.00 SMERIE =R (ps > .05) » {BIRRIFRIE
2.72 B E SN HIES 2.42 » F(1,50)=5.44 > p=.02> 17 =.10 «

RIAH A B BRUR - SO SRR ~ BRI 10 fEEAY R Z R B R A $ 1
SHAHET TR A ¢ 585 - ERSEH  EE S N /A TUE A A B SR B 7R A > Hop =
R EERAH AN PERIAH - 1E— & > BEERAH.88 RIAFERI4H.68 » 1 (51)=2.18 » p=.04 » d= .57 ;
& —BA=2 .92 K EGHIZH.59 0 1(51)=3.96 > p<.001 > d= 94 ; B — & =1F » EE4H.92
KIAZERIZE.68 » £(51)=2.62 > p=.01 > d=.67 : &+ I1E=1F * EERAH.67 /NATEHIZHE.89 » 1 (51) =
264 p=.01>d=-69 -

R 4 HEBAIRIARET - 2GRS EEGN ESERIR - DI RERAL - ZERE
FERNEE AN - 0 R T BB EELE BN SRR Rl R EE R R DL Z 48
M ° SRR E AR REBE S B S A UCEE - TRy Rl S BB W 0 8 > 73 S T W
REEVURE ” TR E R B -
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=z 4
AT A E RIS SR
PEdI4E (28 ) B4 (23 ) it
gy fEAEE sy fEAEE sy AR
B () 199.79  34.30 245.22 46.97 220.27 46.12
THIR
&R B .59 33 .63 31 61 32
TSRS .86 23 78 29 82 26
&= B 32 30 .62 40 46 38
S S 39 40 38 42 39 40
POHIE T
TR IER 2.36 1.01 2.37 0.87 2.36 0.94
MEE AT 2.41 0.81 2.28 1.19 2.35 0.99
(el pesieyEs 2.97 0.95 3.07 0.92 3.01 0.93
T BT 2.54 0.80 2.61 1.11 2.57 0.94

FHEAAHAV R E I T TR ANOVA » S5 BURE sV IR 245.22 ﬂéﬁﬁ%@ﬁ’\

#‘“ﬁ%ﬂ%ﬂ 199.79 Fb > F(1,49)=15.90 » p<.001 > d=0.99 - BTG — 3T BLZE B RAN S ER5)
AHET R ANOVA o $55UT BRI EHHREUR » SCEAER F (1,49) = 1.39 ~ 4HH1HY T 25

F(1,49)=0.06 SHZE72=5 (ps>.05) » HIRHZEER 0.61 BZA{E A HIEE 0.82 0 F (1, 49)
=18.32 p<.001 > 1= 27 - BB E LRI > X A (ER R E 25 F(1,49)=4.53  p=.04>
17 =.09 o B ERALE B3R .50 B HEE S EHIAH.36 > F(1,49)=335p=.07> 1 =.06 > {H
HEGREE =5 > F(1,49) = 1.32 (ps>.05) « NACH(F A - SUE TR T 2005 -
1% MBS P B R4 0.62 B = A EHI4H 0.32  F(1,49)=9.22 > p=.004 > 1*=.16 » {H{FE
MBS AR A RIE R F (1,49)=0.01 > p> .05 5 JHERHISCRAEE BREH F (1, 22) = 1.97 Bif
HI4H F (1,27)=0.41 |SMEEEER > ps> .05

FFLAEHAT (2) < Hil%gA] (2) ¥7 BB Rl M o7 B HE T A+ ANOVA - §55L7 78
TR G B OAERA F (1,49) =0.31 ~ 4HAIHTE TR F (1, 49) = 0.06 > DLURCHIERRIHY E
PR F(1,49)=0.02 » ErflAHZEES (ps>.05) o BBBHRIFI A » A AEH F(1,49)
=0.01 DLUSAHRIHY EZRER F (1,49) = 0.13 BEEER (ps>.05) » (HEEBRIR MG A E
3.01 BEZ SN IEEHER 2.58 » F(1,49)=12.09 > p=.001 » 77 =.20 ¢

BT RBZEER - RE I ERA 58 S r e P BT T30 se i) - /DEl
ST EAE— A E BE G R R M MIAS L& H - (e H s N 2Rl a2 w#@p )% -
M AEAT R KBS A o Bt B Y © —& » BEEE S T IEREE - RIgFPZK » E5H
GRS T RN TS 8 B T EERgREHnF
o TEWERYFEAERE S IEMERRE - SEERAV T AGRISERIVE E o F RAViER G iR Frv s
EH > BRI REHIMEE R A AR e e A TR R R - e N - B—EEP
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HysZed B NBrA IR N > 55 SRR AIRE S D o B — Al N R R En(E
IR T T Ry -

TR —isaRE-L T ER AR 5 (85 R EREELIEE RS —E
Bl [EHE L ERETTARIELER (21/24) EEih g (8/28) 0 x*(1)=18.19 > p<.001 > ¢ =0.59 -
Hik o ol BV SO AEMAEUAMERBEIIRGER - SOZEEPTk - S8R A
HAHB > BB AHREEERAR: > (1) =0.73 ~ (1) =0.03 ~ x*(1) = 0.08 > ps>.05 °

x5
IS AR AT RIS SRR

PEfIZHE HhasH e
(%) (%)
B —EBIRER
1. SEEEEEIURAE - ARG AR 53.57 41.67 0.73
2. BEIERERE HER AU S MR - —HYLL G 28.57 87.50 18.19%*x*
3. EEEGT ARG 92.86 91.67 0.03
4. P8R EBITEAE BB 89.29 91.67 0.08
BERHTREANE
1. P& ISR A S 2 (o] [ (e ER ey L] 32.14 73.91 8.82%%*
2. AeIEHERR R HIERTRE | ARREREARAY LR 10.71 8.70 0.06

*E p <.0L. *** p <.001

B AT RBZEEUR  KEL D B 7 S e S A P B B E B D BRI A T

DER Sy Rz AR REAE S T B L= 2 HARYI I TS - 1R > EERALAE T HIA
SREEEE o BRI TA NG BB A2 OB 5 —LL@3h{FE LI BIRRE - BRI AIBRAR
(e ELR IR RRMEY - REESNRE - SUEEE W - Eolaisk sl BEEEnE
AW EEHRETRITH 5 - SSREURERAIRFFEIP LR S EHI4E - (1) = 8.82 > p=.003 >
¢ =0.42: 23 (U TR 17 sl st BB MR - g 8 Lzl A mlE
12 28 frfZEfIsHANE R 9 (r Zel BT MIET - SRS BI(F - BURE SR e AT -
AR EEAERIAE S YRR (R Al - i HER 2 sl MR A S AR T & - A > B
BRsl AT 8 L2 EHVEER (TER.81 - BIER.38) HEMAM (F8HK 2.75 « BE
3.13) - BZERIAHAH LI AR - MIBECHICERHE SR - st 2ol B A IR I I ERHY
AR R AT 5 - BRI RO AR » 1*(1) =0.06 > p> .05 -

B STimEEEER

T —RENEGERAE S EIGRE] « BHER > DURERHIE A HRIR - B E HER
ZRELLEE VR =R - BESITREA 20 BURERRRARERA R - FEHIERRE1TT
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> WAL E R BRI S NBRA TR A SRR B N - 1M S At = B
FARHP AT E AR > TR AR Z s\ AR 2B L R T AVE DI E 2 A Y > 8
A RE L —HEBIER B AR S B A A B R R AR R (S P B R B IRGE BL » 1A AHE HEER T ol
o HER T REBIREUR > S2EIEEA I 2ol & M E CERFEEDIRERREA > i
EEEGHIENREST - — BRI S MRS B s D B B G B 2 s B &
SERCE R - EFE AT AL ORI B — B ERUR - U BRI BRI - AT I
BRI A () B R 2 Sl AR - REAREM TS - TRRIHSESE LR
FITERKAY &R 5722 alE GOV 5 508 HEE - (2R #EpIry % - =
AZHERRNEEATRAER - BEHEEH G EERIE S ERER R T AR
Bk BREICHFS T EMNREECE S AT TRALZHAHNERC 5B LR
B JTENE) - (EAEERE SN TRIENY - BER B T AUEHE AT Re A H A

s £S5 EHERHOT A RER  REHHFER TSR EHERNE =% —
FE T ARIREE TR B 2l /b TR - Aiig M Ehed I & sfny st AR - R
RTEHEGET A SER - ERERR BISRARA T - RIBESHRZARG T > BERENRE R
IESRRFTE1ERTSE) - B TR ERB I R EWE R - RIEZER T RIS EER R
ERAEHIIREERS o T E R Bl T4 AR IIRGRRI RGO E B A HIE (E T — & F- > {252
A A RE AR EC NS BRIERVEN(E > NI ERILERINI S E BN - 5 - INZel & Ry{RAe
MVERA: - ST IR AIEERERE Y] - BIIRIERERAIERSY - BT SR ERE - R E AlAE
EABENVEERGE - M B ERF SRR - 5= - ABEIIREZHE2E 1B
RN - BT 2 G Hm DL C B BEAYT 2R > AESTET Sweller Z A (2003) A
tE > EERRATHEYTA AT RE R A R UER AR - AT B B AR R - M ST LASIRAYIBCR -

T _CHTREAETEES BRI BERAEEE SR - Bl SRR SN Edd - 3
TNE B A SRR AR IR TR A Y H AR B A A TS TEB AV EEERIE & - 1
Hie B SR EUR T W2 EE A E M B - B Hu s A (2015) USSR —E0 BUR
TH 55 1] RE SRR X AR A B A R BT (A R ey S Th i L LR HE T B B S R M R 5 ]
JEA > BranEIRIA S G40 - BRI ARIEAEE RIS =5 > A Hu A (2015) BT
HEBAI S (RHHERIHAVE R A —2 W El X o\ BRI E RS RZHE R
REESHIERA - IE AR ER SRR TIH5T - DA S H e B -

AT E R AR Hu S5 A (2015) ~ Ginns 22 A (2016) HYEESE - £ 7 =FIVU(E H
ZIRETIE S ASR  RERRET RS TER AR ORI - RAHAEAE S B E B R R g A A o] b 22
o ATRESRIARR T BTy el A RE D ML H R E R R 20N SR REEET
ERHAEE > e EEER _AEEEER L - EF 5 AREBHEENERME | A2
HEEm e - A RAWA RSS20 . —MRVEGISEE AR TR R P TR B
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BRI - BT E S AISRTT BB Z R © BN —E G EfEIF i 2= - (1
B P2 A SRR T S T (T R AT B SRl A T 2Ry 8 (el YR - Bl R 5
FYFZERIAHAE BRI EE - IEAEREBUR - MEPAE Bl F 2 E I B R E SR R B A SR P i 5 - BB
TE AR BhHERE A 1 ~ SR(LPERAY R EE - (HFE 15 (E H 2 1% - At ErHEAE D ES
IR BIEE SRR > thoAae F S ] R S [ SR P R M R B AR St 1 Rif i STk
P EIHY © ASERAVEN 2N & & PRI A B EEE ) (Mavilidi et al,, 2018 ) -

Bl AT SR FNEERE RN S S -t BTSSR R T B R Ry AR
BT AR/ N E o HELRERIAY R g - 2l B A E T N RE TSR o R
BRETIH LIS (EHAEE A S AEE - EBvEEH - MEARETERA - SAHE
HEE RHVEBRE L SR ETH GRS N2 5638 (55 S S A8 R B o R B i 2 3R
HY4ESR -

SGefEl— - s > DEEEPHTEEERMER - BIERRAE DR MBI (Du
& Zhang, 2019; Ginns et al., 2016; Hu et al., 2015; Yeo & Tzeng, 2020 ) —15/4 Bhzs @ ZHiH LI
A e MRS A H SN R IR AY 58 00 - BREETRTTEEE R, - BB IR (RERA AT R, -
B IRRE T ZohA B RSB 7R 2 o & i T84T - A[E Bossé A (2016 ) f2REHY » T35
R B S E R A MRS - AR E R RS AT - EER - EEAREE
gPIFE RS ~ B TEREN ~ BUAER - BRI A BN A BRI B RRE - I REIGE AR
A O Ry It — S ERE e B DB LR IE 520 - ARkt et EAHRAR AR IR R > B ET
BRE GRS - 0] E 5 E 2 AR BRI B N E A (5 P B B — s B A T
8 SRR REIRE U & 2 A 2 HHGRSE I AsGE T N EEN T8 e E s
By REFITE T RS R SR A BB TRE R RS2 ERWER -

BHFEBTE SRR A S A (E B BRI FT 45 IR - BEFR IR T =00 e (228 ~ Tk ~ R (E
M) ZHEER > JEREE TG IS S B G -

BZERIMEVEEREN - RS > ZRBAN &M ZA B EHE &5 L2 E H 2 E
T RE S BhH B [E (G 22 [EIYEEf#E (Du & Zhang, 2019; Ginns et al., 2016; Hu et al., 2015; Yeo &
Tzeng, 2020) - AWFFENE SR _FERHZH BRI - BRI E LIFEEREEEN=
AIPHE ~ AETE SRR ER VR - geta TG FEHREE GRS - By
T EANGETEIRVHEE - WSS LIFERET AR S - EEE R = H &
st BHERIVES - AR CAARE AT O AT Y AL O -

BT MERTEER 0P - Wilson(2002) 245 YRS R R KB [ MEA R - IAEAUT Sy BB —
bgEE L ATFHE1E R 07 MR S AGREUREGETE - EEEHEEN L e aRNFEEA
BERRA e B T BT 1AM - RS TR B AR BB - e B e BB - 4RIRAY
3 ) BE R BE T 955 - DURFER AR Y U7 m) R B RS (U A By 223 -

4

=0}
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BEHREMERVEER O © BEAVERPE (manipulation) $EERERENVE BB ESE - #EAAAR
AR AR EBE AR AR - AR R B B8 » AN E AR L T RS2
e FERF R ERE RS R EE M AN BB ER 2GR0 (de Koning & Tabbers, 2011; Pouw
etal,2014) « EUHIETE YN EIEEGEE - P BBGET » EERNEIRBEGER B2
VUK FREEAIEE SRRV E AR Rk » BB L% - B/ N -

R DARSER MR B S TR B A & A 2B R G A sk (Ginns et al,, 2016; Yeo
& Tzeng, 2020 ) > {HF-ZHEEFEN 0] DFET TR IR (R HEELE S eS¢z ( Cosman & Vecera,
2010) - BUEHRAE LIFEREE H BB R RIRE B R B T35 B2 RN R K
WEMBERFHNEE - DESEATERE - R ERBEEMNINE » TR EASE

FRERAE H R RIERE -

{h ~ BFERRHISEARIH ST

ASHIWTFER B 2/ DU FEPURS - B R R EHEMRBEIET] - PR EEEHEEHR
B RBEEEA R - A BEREES rHEHT] - SA AR ENS 2l E e
IR AERE - HEBREEIR - BESEEZSEERG > DI el a8k - 5
RE S A SOHEHE AR ST RIAY R -

- RIBNERUEEE — AHTBCR - AR R 25 7 B AHIEE HE 0 2
R L 5 - 25 R R bR R R Y 2 el (ERTHIRYRE D & & SR SRR HE A
A RTEES) > MACRIEE A Z S E RAHIRE D EAVAR B ERRCR -

F= > WEFEI R REBA - FrCMESREENZHE EA S BEEBRIRAR -
REEWER LA E S EAER - BEFARIFERBTCH T AR R - nlRsZsl s e i 8l
SEEE - ST TFERLR - REGEAIRETT - SRR EE & & BRI R AR
Ig -

it > S EAURIR S - INARITFER 2508 7 Bl R AR = 30 A &
Hegat sy > BEAERER LR fRE AR - E2stEe 1 e/ busy
2B EATARFHVRIR M2 A BRI - SRt M e EEEE T Ay
R TR B BRI o ARZCHIYBITE EAE AU I IR AR A B\ B - 2 = B 2 sl
RS -

RARBHFEE bR TR BRI S WER 25 AT DI A F e HEIH - DUREEEMRHY
FAEHETTERET 594 AWt HERB ST BB H B AR - BRI RR& (T BLZ (T B ke
FE—FEHETT » ARACHT DA B AR a T AR SRR E BB BOR B AR b B HSSCR -
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