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ANE < F |

HERE T HEFRE (literacy ) AYEZ ST - REFLARN AR B R AL - B A MRS
HE) - itEEEMSMHEER (£h% - PHE(A - 2018 5 Niss, 2003) - BERRHRENEH IS
HEHRIETEE - ERHEGEEEE (DL REERS E) el BREHEH
BRIIIRE - AMMFIERBER R FE SR B R AR AR TR FRYESR - — 7T ] DS B SR S YRR S
[t ~ (EAEFRfE - 55— T HIRE N B 2 FE A IE M RERE (Jankvist, 2009; Whitin & Whitin,
2004) - MEEOTFEH T ERRTER (Lim & Chapman, 2015; Young-Loveridge, 2004 ) o 22
BRI S R A R R HEE A B R A D PR A AR R A - R ESE IR - X
RS E R URE AR EE - EE A REE A N ERE AR - 1 HL R
e REERE I RIS -

SRS 72 E 7 2R B A SR S REER ISR (Mayer, 2014) » {B LI E R
EFFRBITFEAIETR (Dee-Lucas & Larkin, 1988, 1991; Kolloffel et al., 2009; Leung et al.,
1997; Mayer & Jackson, 2005; Osterholm, 2006; Watkins, 1979 ) - BfSRE, (equation » BV FFZZ
formula) BVERERRFHR (symbol) #iii Feah SCHY—HHAURE - NEREH (picturemdiagram ) Eil3Z
F (wordB{ S Fitext ) HY7EFRIPMELAZE - AR B SO & ZERAYRERF R #T ( semiotic
systems ) » HR BB ERFTHRRERS ] H RS HEIZRZ BLERATR - AHE DR —SCR - BEFFZ A
i EMmEPkEE (Adams & Lowery, 2007; Schleppegrell, 2007 ) « # B R 3~7 &5 i (F & 2R R 5
RRIVBIE LIS - fEXEPEERER AR RO AR E R HET - A e
fiit ~ BROMEEE SR 2 BARREIRVEE - AREERERAFEN RS AR (BRIEEE A » 2020)
e ? &2 A Feny s —(E HAY o [RIZHE(E A G B SR BB e e - thAR RS
EHRRER B 2R E R - 5 (EHAEMET O ITHERE - AR 7R Z 3B K E A E
B BRI EEENE - RIELEE T (Analysis of Covariance, ANCOVA ) B[ e # [: 151 5

(Hierarchical Linear Modeling, HLM ) Ft{SHY 78 i3 &3 [F] 2 LB ERELMIAET iikZ
friamrE s - AR EEE FUAE R T TR AL -

TERCBUE SR AR BEAT - BT BT (BIA015 ~ 2/5 5 0.25) ~ 755 (B4~ — » X~ +
Vo =02 m) ZAh s AU RAYATEE (technical word » BIZNKEL » SEATIOE ) - DA
J L HH FHEEEF N R HENTEE (subtechnical word » FIAIERE ~ AHEEL - =R~ R) (RIAE
FA 0 2018) o BEESCANVEEIEEER R A WREES A & Bl % EAYE (O’Halloran, 1998;
Schleppegrell, 2007 ) = fI41 - 3+ (-4) = THEREFHRIVEZ - ERFGHEAIEEERSE M3 +

(+4) = THIRGEEE - BEREES A% - O’Halloran (1998 ) FEHEEE AR LA EEA »
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=X (expression » fFl4[-16x> » 80x » -16x> + 80x)  F4J (clause » FIZl f(x)=-16x"+80x) - F
&S (clause complex » AN f(x) =-16x" + 80x ~ .". f(x) =-16x(x* — 5)) VU(EEH -

R b B RFSR e LS A AR - a0 - sEBER A Ey TR
DAVeFRR ~ TR | Dlaor ~ TEITIEE ; Dl g < @ FFaRA SRR IRECSC K15
N TR RN E SRR R — o A - FEERFIRIERRIS L RUNA S - fial
HL B A T BB BTRIRRREIRE S, Sisca v an - d s e o S {HEER
R TEAY AR - 2K H R AR AR g B & fEREAERY /75X (O Halloran, 1998,2008) -+ fil#ll » £
ERRIIFEE (Fo)RFDR BB ENRE) ~ 158 (PR FEx xx xx) ~ B (FIA080x &
80 xx 3 +5x7{XF3+(5x7) ) - O’Halloran (1998) DI A INEEEES (systematic function
language ) BHBLATEER ORI - B RAVBRMERSH A A RERS (rank shift) AYBIS: - gt
E—ERIEE S AL T — R I RE IR o B4 - x x x x x /222 EL% (participant ) x5
T2 (process) x FfLARAIT4] » M CRERER R & — 8T — @R 2% 0 5
AR A — B 5 PR & B B A T80 - BIA-16 = x° 5 QU > -16 x X553l T a4k
F-16x 5 [H= 2 % o AT LAFEIN ERIRE - -16x° + 80xiE FAJWL R - 22 A{E @R T4a)
G [ (-loxxxxxx) + (80xx) ] - gt ZAIREAYRS G AIE LS E AR E - RIS
BRYERE RS E M S B E B R B (BRIESCE A - 2018 5 BRSO #5504 2006)
T 2L B R i 1) 2 S R B BR  ARAE. (decoding ) 2T » (A » 1E3HEE AR 58 SR 43 i o
R > BN E (X x 3 > SH80NFR(ESO +x ¢

AL R S SRR 5 LAY R AR LR BHPT FF AR A B AR R - RN IUEE R E R (R
BIEER A RIEAOERS - DL T SRiRIF RS H BB x° +)° = 644HY) 2 T B LB et
Rl - Tk REARE - MARMEERISCEE—EFH - FEEEFR T & R
R o FEIA0 » AR T "Rt eRg A o G, - R TA) T ARG RS
HEFH 6,5, BRUG RIS A 6, ) SRR T B Y45 Fr el - BRI BEEb i B s A o) i 5 B
figg - AR ENEREESH T EEEIE S TR AR AR - 2T S MR E R
R -

- BREVFREHBEEE R

11 Pt B = B SO SRR W B R B RE I SE R - A SRR H B RE S R BB R R Y S
A HIRME LB AR SO R 157 (Dee-Lucas & Larkin, 1991; Mayer & Jackson, 2005;
Osterholm, 2006 ) » {E5 L7 ERRIE S B2 B 75 (Kolloffel et al., 2009; Watkins, 1979 ) » 8%
R e BRSO R MR EEE B HIRE T E (Leung et al., 1997; Watkins, 1979 ) < & T &1 E
LEZE IS BN RESIRA—ZHY AT REIR AL - ANEE 6 [ gH L P SR B TR HYRE S A5 e X
ZE R SCRERE ~ WAL ~ WET 5% o DURGE G AR AR IR AT RERY 72 SRR 06
HRERL -
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INTH * VAOONVIN « BYES 12 « B lmsss FhE [5-F Y
YLy > TLHEFL
(pdxq) wi B o= g
VAONV HEEE e Wik HEE (1 dxa) [ (L661) 'Te 1 Sund B o< X3y
...... » HLL B > YelLiwy - (38
VAONV el L % b [ (6L61) suppem gLt = YELiyf « [(38%)
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Dee-LucastilLarkin (1988, 1991) ##5 » 4 FREBA DR BHRAE LI F 25
HIARAGEE B2 - HRRE S 7 28 2 BHEE SC A H gt B i R 2 LR A BE A B AR HUFE & © Dee-
LucasEiLarkin (1988 ) {8l FHRRR i ig JJERAUSCE » RPEERKIS504] - Hp&G M 1 1A R RIS
EEREIT - Rl —RCEA R —RE o BRI SE A R S R BB R A R
F—ERRARIMH - 23 E W FE T IREI WA » X ENE— A ETEEMERE (EF
e HaBREES)) - R AEFREAERN AR AL RAGE LA E R ERRIGEHEE - (HH
o HT BRG] B SR E N2 RIS & - BETR » Dee-LucasBilLarkin (1991) DI E
HIFRHIRZEA: -~ RiRAE N E (RERR2IM254]) HETE A B 5 B R0 B
P« K98 — B9 A) SRR E DUOCF ol S B AR B3R (BIa0Ap ~ p
pe > piE )~ B (B pr = pe + pr) » DARAREFFREZR FUE R TR » FIAILL T 2 HE AR —R
AR SRR BB AR

The new pressure is equal to the sum of the original external pressure, the pressure due to
the liquid above the point, and the increase in the external pressure (over the original

external).

The new pressure p; is equal to

P2=Ap+p.tp

Where Ap is the increase in the external pressure (over the original external pressure p,)

B WTIRHLERER  XFE R - XEHMEREDIERER - BRIEMDUGEYE
Al - F—FEEHEEC M (PIINARREEE SRR B8N ) BUER CREFERE
1) HUEE o PR FH R Tl BR RS SRR - N am e R EE ERIRTE - BERE S E R B AR L
FFRAF - Dee-LucasBiLarkin (1991) k4 FARERA MR Z SIS AR - HEMESHEEN
ARUEEN - HaEERER - MR EHETERE I - XGRS LA T REAIEIR
ZHEERER L EfERTREREFE TR TIIEERESE - RIR AR E A S 8055 B R
RPN 2 - B RS P R B g LU SOl - FRPRRZIH ZE (8 I 2RO B NS » Al Dee-Lucas
HdLarkinflEFR " RERA: 2 3 ERE N E B =Y AT REMERE -

MayerEiJackson (2005) HJEsEFIDee-LucasEiLarkin (1991 ) #E{ll - MayerEiJacksonz £
L H AR E M R B R HE R - SRS INEE B - SRR [F R
H MR S LAET b - oseE MR - 2 LAR—B A RE S  IBIRIP G RIRA
HISCR AR » Z 3B WPE P IRBI AR A - BVE MEER BB S LA (AR (BN T 7*75% ~ %
= FPERIAE ) » A B REER 2 E AT EZ A E R LAyE R - fa0 > B —E=EHE "
FER S S 2 B TR G i 7 B R G REETE ? | R MR
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HARR <2 5 e B R R AL AE [ R - MayerEilJacksonDGH E P4 R HI] ( coherence principle )
RIS ER R ——& B L& R BB M AR B2 H AR — 30 Gl LT - T - 3%
FER B B ANE ELig A — S R B CF R ES - KIHEREERR A B a2 Rk
FSCARHE LB AR R B -

Osterholm (2006 ) tha#¥ » B AU F 3R A S LA BB FFIR I IRA S 1525 2 B g -
SR » AR[EfADee-Lucas&iLarkin (1991) WA 2 FAEFAIAIRE R » Osterholm A28 52 I
TEFARER b o ZFFE LB A S 2 AR T E TRENBENWREZE B S - HiFEk IR
B TR ) SORMRIRRE — » —RREFIEHSCE (IERFIRRR ) - SS—RRBIEH T 8ERE (B
FFafRR ) - 20R

If two objects belong to the set, then the combination of these also belongs to the set. One

says that the system is closed.

If a and b belong to G, then a~b also belongs to G. One says that the system is closed.

SN Pz BB RS S R AR BRI AN - 2B E R T R B 5
WIS AR > DA PR BRI R B A SORAY BB - AR JEE RAG KAGT) - 7
REUR - BTSRRI MR 2 SUE BRI iR AIRIAE & - (BRFIRIER A R B R B RE
B A B ) S T R M R R R - EOR R AR B = b A BARE R SRR A B IR T — R 22 5 T
BIRE L TR L BRSO B S SOA - AR R AR R R m TR - b - USRI 2
AR LB BN P 5 ) el A P A R AR - (B RF SRR B 1 2 5l UL B BN R S e B
fEAEAHRE o Osterholm{{KBRRTMAS R R - BT AT AR F R 1Y LR SUR TR 2 [ B A RS -
H RS R — S B RE IR AR -

PSRN RIS - MR HSE 2R B - Watkins (1979) #:5% 7 3UH
BRERTFAR AN AR B S8 % - AlOsterholm (2006 ) WIfEGR-NH] © Watkinsfi 1 #EFEFF R H 1
S EHRFE T T RESGREE BE  IRE 5 (Ordinal English, OE ) B8 82 (343 (Mathematical
English, ME ) » EAZHE & BRPHRERRCANEYSOR - IS ERFRAYME » SERFHRIIME  F1F5RAOE »
HEFRFSRAYOE - BN AU E RGN - BEITYIAEIUEEE - DLO3AREAE TR $5: » il
fERE 7B N EEE N E A - AT EREGT AR  BEGER - DIRE
AHEERERIEER - sTRER 2R ENEEH  WlEEUZAEE=RINETEES
XA BV RN FRER © FEOTRE T —ESORTR - sl T8 RE H B SR ER R, - 7
REFEILE N FEREL - OEEINME - (HEERFIRANR A ER - MREIIHIE AN « AT
BRI R 2 R - AR ATFIRHIFI A EIEBEER AL - SE B HIOsterholm B AN — 2 -
AL — R —EHIFEER » Osterholm{E HIBRELETHYZE SR AGET 3 ¢ Osterholm iy RE DBl =\ R
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WSt R B2 A BERE IR B O RS - T Watkinsifll & 7 SCAR ERRFREROAIGE: - nlReq b 5 &
HIFRAER - HHEGUEHE T EER - Rt » Watkins 5 51 nl gE R B HTE FIRTE P IER
JER - @ & B S am T S P -

Kolloffel A (2009 ) FLigcA RIZRECAFVIM G RYSZERCR - Hfh BB Bl R (R i
R BB BIR A AR - LI 23HE A R i 52 B BB A AR ELEBEY IR & -
VIR S RUEE LIRSl AaE - LR BB IRE TLE R B - B E2E e ~ SR
FR SRR BEFERX OB CEEME - R EERE S - BfE —REHIRE
SR 1244 F RIS FRR - B R — REE R E R F 2 - ERIESE 7SR -« FEAIE
ff » DA BRI  Kolloffel % A FHHA Y R T EAR - AR FIRRAYE DL ; B
REENRIEFFAGBIERE » XFREAERNPERERE - SR a8 « SRR
Mt & B Pl aEEE 4L A (complementary ) ( Ainsworth, 2014 ) 8¢ 7TE% (redundancy ) ( Kalyuga
& Sweller, 2014 ) 25 - RN FFREATGEFE (BT - tHA SRR A EARR - 5
NFEIFRERHE 7 EAE WIS A B HRE M A EERCR - oG » BRI E R =
ZHERIREIMNS - #R =AW B IH (BESRE -~ FERp’E ~ il HRE ) #RRE 2=
5o HERG R B DU SR I Tt SR 2 5 (AR NAERE RN & b SR Z Y
IR R LG - Kolloffel 55 ARIMFFERET - BRI — H 2 FHISCF R B — R E =GR A
AR CHIBRRIE ~ REFNE M R 2 I R ) FA0L - i F e RIS A B AR Fe MR RS ~ XX
FHRIR L BRI XA RE AR -

Leung® A (1997) DL—3RYHIE G R TR - SRAIE G S B Tl E B EE TR
FIBHEE - PR T R AR EEI BT (worked example) Ry#ift » JUFRERA ¥R -
R~ SCFRRGPAIANT - M ERCE /1T » ESCFIRETET N R AR P T & R -

P =$500 Principal = $500

R% =7% Interest Rate = 7%

I=$245 Simple Interest = $245

[=PxR%xT Simple Interest = Principal x Interest Rate x Time
245=500%x 7% x T 245 =500 x 7% x Time

245=5x7xT 245 =5 x7x Time

T=245/(5x7)=17 Time =245/(5 x 7)="7

HE 12 PRER RS =/ - MDA P B FR & o pls ~ R TEREJIIRRE - # R
BRE A A FSRE R T ISR B3R (s s ) - EEkEd
A=A R - B SO BN R AR RS ERE - fIaT -
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nxr=NxR Number of turns of the front wheel x Radius of the front wheel

= Number of turns of the rear wheel x Radius of the rear wheel

TR A TH M B B B — S RE T EAHE - ERERAFEREXERSCFR - ER=KEE
R (265788 F1105068% ) BAFRBIARA (SCFMER) AU - #5R 2 5 LB R Y
BT - CFRERER - MEZ2EBREENBENT » XCERANEEES - BN
Hha—RIMEL » (HSCERRIGINE 258 4] - H & FE RIS N B B TR AR » F55R
AR EHRHENES - FREIERESE - BOREER - SRR BN EEN - i
B ENEEERE - Leung® A (1997) {ERREIEMHE R TR - BB FREREHST
MR A S A E S EERARE ST » MRIDIE O RRaR - DUREBERFHRE
FIME - WRAXWBEZENER - A SRR SE WA E BN EE I E A RER
B R - R HHE - BRI LT RSO E AN -

RINFEERUR - ZHIHREER @S - 2B L ReF L EEE - MR EHZE
Ry WEpETE R E A - G EE - ME TR PR R I
Dee-LucasfilLarkin (1991) DIK Osterholm (2006 ) [RIRy AN & 88 FLEL ST 0 BT £2 1T X BR
MBS « 2R1fT » SWFTEEMRHEFIIRE S HSEE X LA AR5 » Osterholm (2006)
DUK Watkins (1979 ) F2R B2 FhAH LB AR AR ERZ A R RF R - DA R SR R B (T

TEE L TR MR INE TR R - R R E — (A R A T S
FIRFSR - A FDABER R SRR T-4] » (R - RITERRAHR R RIS S - Leung
A (1997) #SERIERRARIE X AR R "5 L - SCFERRA TR 2R~ BRI E T
BHERAERTSE - AR - Ml A RS - A TERRSR - BEEXAPR - 2R
Kolloffel% A (2009 ) RYEZARAISCFIR » S#ERZ A BT REEE R — A RE - A5
—{EEREG - R E R AR R IE 22 PE AR (— R ARSI 124005 ) » R¥EHI& R E RN -
1R 5 A s A EE R E N S ERIRRE - S R R R B B A TR A R RCR
U B S T R R AR AR RS AN S RYRTRE - Dee-LucasElLarkin (1988, 1991) fit
wEtE XD R BB X FE— AR i - o S F IR DA T Ron B E AR
B HWERAREIERE 20N TR ERAS AR MR — R — 8% B & AR 72 A8 A B e A
REEW RBEHEE Y T T4] ) G RBCER o KA IR #8578 K LTS T Dee-Lucas &
Larkinftysat » FERLAUT T WFEaat BlfRas o -
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= > Mo ER et R ek

AWoeEE SRR A » DU SCERITAS SEAE A S IR o A RME SR B e 2 )
HHCETT IR SR CEN R AR ER - B LR T SRR LB R BT - AR5
F¥FiDee-LucasEidLarkin (1988 ) H{LIYELET » L@ X FIRIIN A ME SRR HXXF - &
R E R A 60 F 5E 2 AH R B~ B B Sl - (S M BRIk A A =R (2B
WA T E AR T OUR ) e kT gk —)

AW ERIR I REET b CFRIGIEEEE R - e JIKEARY © fefEs HMEEq) -
HiEtEsEE Rz « G0 » SR "Bk ) BB—(ERAs# I E X d = 3

FErREE R dEFRE LA OFRL360 - FRDI2MEGEERERLFER - —APFEARE -/
AR AR B R SR B HER YRR ttﬁ%ﬁi%i%%%%@tt%%%{% A A
ERREER - Al - ZAHERETE IR AR EL LA 5 360°H ELR SR AR Rk 15 | - FFA0SC

5 BT ) PRSI APIC~ACHF Bl S - Th | PR =
FTPACBCMPARL » IR dbB i fIFLAE » S5 PABE CM (L | -

AR T4 ) A R A A 5 o ) B RE O A R 7~ 0 — 18—+ 1T SCER bR B S ) Bl e ol =
O EEIE AR - IE EE HE I O B S B RIS B = (BIAILLE]) - 235 FRIRAE
THIE R _EFEE AR S RSB (Dee-Lucas & Larkin, 1991; Mayer & Jackson, 2005 ) »
FHITRS ] H A YRR S5-3I m e (B R R RO RE A Bty - o AR R IR B R =Rl - 5390 -
K LeungSE A (1997) REFNE 8RS - FEASCF RO AR AR A RRE I 24 - TTEE
NEAER B HREEEERIE )T - TAIERIERAEZH — T -

R BRI HRE 101 R 5z B BEMZ W ZWE - AFesEs 7 A2 5 805
BEAREE R ETF - SRS IRA IR N FERE - DTSR 7e s B E AR A&k -
PRARAEERE TR A T8 S EUE W L R e 2 HURET /7% - (AR SR & e Ry 24
RESIA— » JRENRE TR HE R B - ST ARAE KA S 2 R FIHLMEZ R (Powell et al.,
2017; Rau et al., 2017 ) - & i@ @A (multilevel modeling ) /1 B EHER A 1B R} R (E
BEE R (A4 ) BHRERGRE R (AIEER ) » G HERE G X5 I AH A B A7 50 B (5 B B B A X
T PET DG P BELE fr st SR B AT R RTRE « KPS AR IR BIG T A B2 AR RS - T R B2 A
HHARARAS SR AR R o AR — B Y B A4 2 A B2 AR RIS B e i 1 (A 52 M
EHHIAZ D EANE - ERAREAER IR S ) - — HE S8 S R 1 B i = 4 1T
MERYERER - REEEUR(EIRAERR « BEINAVIEERER - 2B T v R A AR R BL HESR (Hox etal., 2017;
Raudenbush & Bryk, 2002; Snijders & Bosker, 2012) - K[t - AHFSE G HFER A TL58 8 o fr
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HLM - BRI 7RIS A A AR TR & KB RIS ee T R E T
RHIRF > 5 S SRR OB T A B2 A ] \ B AR IR AT - Whoe B A 2R A 1 P -

Level 2 BT BRIy
BRI E-C )

Level 1 B
D R IERRRIR
TaEy

sEIERE

— \
e | i
£1

RRHAE
XA
RRA BSR
LN HuER 1L
R B
a5

HEAD * hRA

AR E 4 -

(—) BHERRRS SCE D R B SR AR R S BRI ) - B - (SRESI
R T e

() FEIRAAHT AR B S B2 2 - S BB BIHLM 5 6 (B R E 30 2

A~ BETETS K

— -~ RS HE

SEF A B » Hrb B BER VORI o 6 EPER © 306447 — B4 « SEPURT
B A T B R (SRR B PRIEE69~89 » B2z sfairerh EDLE - MR T 2
B BREAR299% o AHISERLIST ELF R B2 (R R E -
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W TH
(—) BF#BEI M ER
8 P feEE P e P AR R BERE RE DGR - 2 I sy — B ERIIRER AR IOBRE B — %
Bl =2 AR A AR By (MEERL - &R - 2007 ) - RLHIER S (R AR SCBIRE A N EEY
BBE  NEL—BUMERECR. 81 » FRAIE R0k, 78 S0 T T A W R [ A AR BN [ B R
HHIRIL « AHIERHE R OF - FEIRF{E2077 88 - #5771857

(=) BEAShm AR Ba

te— B H B B AR RS2 AR AR (ARG - WA R =REEM S EY RN T =&
o TEL > TT ) FEEAE - PR REHE - WARER - AMaER - MO=APRE
- B BER  IRAEHR - DUCPTIR B IR % - W0 1293 - WE— S0 3569 -
ET]

e
S'7 557,

S

%
><1l

) 3K

SREERRSCEIE ERREERE (Wad 0 1996 0 2003) - ARG TS ERYH A HIES -
SRR R B R PR ER T 2 AR B I IR B ~ R ORI ER-F AR A P PR BB s Bl > DUROR B
R LR B B R S it > R SCDL T ERER ) THEERSEE TR ) TR - Pl B HEE
BERRNERREN - HFARAER - B "R FHPOCE M - AR T30, - Ry T
T I RECAS 5 F 56 2 R A e B R - SO R AN A & AREAT SR - DAER2ZNSRER SR
FoBl - RRCATERASE E07TiE T2 B SRAVESE - LI BR gk 7] R B2 R AE LS - Bilan

T ERGEEEE s g FPITE THIERS BB BRI 22 R h 2R g BSPITIRE TR 1Y
7 0 ERRTERRRLL T s* =(r+h)* —r® TR < eSO 2 B U IERENE: -
PAR S Fle BTG 1 - bR T — (L3RR Bl — (IR BB E IR RER] - WD414
REAETHREATRES - DESCORA AR HIRE H -

SR R B ER S R B TR T R TT oA A - T BGRER ) B R EH ; T HhER
F Al EAEaR  MEAXKEOAEIRNER " &5 BN =AP A EE K
PEBTERE » =ESCRIIBISE A BIAL ~ 5~ 54) > SRR R AR AT A IS R TR — - HErdk
S E] 0 N BAE R RCASERARIR] © BRSO B 7S - e sh ol ARAS BE  SCRIGILAH A FE O fRERRT
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Reading Popular Mathematics from
Equations or Words: Comparison of
Analysis of Covariance and
Hierarchical Linear Modeling

Chao-Jung Wu Chien-Hua Cheng Ling-Chia Chang
Department of Educational Psychology = Department of Educational Psychology Department of Educational Psychology
and Counseling, and Counseling, and Counseling,

Institute for Research Excellence in National Taiwan Normal University National Taiwan Normal University

Learning Sciences,
National Taiwan Normal University

Abstract

Understanding mathematical reasoning is challenging. No conclusive evidence exists on which
external representation is more beneficial to comprehension: equation or words. This study involved
299 high school students and examined the effects of external representations and participants’
abilities on reading comprehension of popular mathematics. Because students were nested within
schools, analysis of covariance (ANCOVA) and hierarchical linear modeling (HLM) were performed,
and their results were compared. The materials included three popular mathematics and
comprehension tests, all of which were in the domain of geometry. The main difference between the
equation version and the verbal version was the method of representation used in key sentences
(only one, five, and five sentences differed in each of the three passages, respectively). The other
sentences, illustrations, and tests were the same in both versions. Students were randomly assigned
into groups for each of the two versions and completed the reading comprehension tests, reading
comprehension screening tests, and math prior knowledge tests. The ANCOVA results demonstrated
that the equation readers outperformed the verbal readers and that the high-ability readers performed
better than the low-ability ones, but the results did not indicate any interaction between version and

ability. After the exclusion of the effects of school-average math ability, the HLM results found that

Corresponding Author: Ling-Chia Chang, E-mail: alcc@ntnu.edu.tw
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low-ability equation readers demonstrated a nonsignificant difference in performance compared with
high-ability verbal readers. The benefits of using equations were discussed by comparing the
linguistic features of the two external representations. Furthermore, the results were compared with
previous research in terms of passage domain, cognitive load, focus of measurement, and participant

characteristics.

Keywords: external representation, linguistics, popular mathematics, reading comprehension







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


