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Mathematical Literacy Reader Development and Validation:
A Case Study on Negative Numbers and Fractions in Grade 7
Abstract

The purpose of this study is to develop a set of "Mathematical Literacy Reader"” to cultivate
mathematical literacy among grade 7 students who are entering the stage of abstract thinking.
The main research focus of this study is on the development of texts concerning "negative

numbers™ and "fractions." The study Consists of three major topics:

1. Research One: Three versions of junior high school mathematics textbooks currently
circulating in the market are analyzed as research objects to analyze the content of "negative
numbers™ and "fractions” in terms of "Zhi(to know), Xing(can do), Shi(make sense of)".
There are three results: (1) There is a convergence in the distribution of content across the
dimensions of "Zhi, Xing, Shi" among the three versions. The proportion of content in the
"Zhi" dimension is all above 70%, in the "Xing" dimension is all above 62%, and in the
"Shi" dimension is all below 24%. Additionally, the distribution of items across the three
dimensions did not differ significantly across versions (x2=5.987, p>.05). (2) There is an
independent trend in the distribution of content in the "Xhi" dimension across the three
versions, with a tendency towards less content in the recognition dimension. (3) The
perspective of reader disign influences the format of the questions.

2. Research Two: Using the ADDIE design model, a research process for the development of
"literacy reader™ for the "fractions” unit is conducted. There are four results: (1) Design of
textual content avoids excessive use of professional terminology or vague questions; (2)
Following the " Performance Assessment Chart " design model can supervise and revise the
expected goals of the text; (3) Visual operations and the introduction of unit fractions can
check and inspire consistent operational learning of fraction knowledge and skills, provide
problem-solving representation ability through real-life application problems, connect
fractions with geometric creation concepts to enhance literacy learning, and provide
appreciation of reading literacy to build confidence in learning fractions; (4) The design of
literacy reader adopts a multivariate assessment mode, which can observe learning obstacles
and changes concretely.

3. Research Three: An empirical study on "negative number literacy reader" is conducted using
quasi-experimental methods. There are two results: (1) After learning "negative number
literacy reader”, there is a significant difference in the performance of negative number
literacy between the pre-test and post-test in the experimental group, with "Shi
understanding™ increasing from 3.5% to 25.9% and "misunderstanding” decreasing from
11.8% to 2.4%. At the same time, through multivariate analysis of covariance, it is found
that the mean of the post-test of "Shi" in the experimental group is significantly higher than
that of the control group, while there is no significant difference between the two groups in
terms of "Zhi" and "Xing"; (2) Evidence of concrete improvement is provided in the
"negative number literacy reader" for addressing learning obstacles in the process of learning
negative numbers, such as detachment from the minus sign [DFMS].



Based on the research results of the three major topics, suggestions for the application of literacy

texts in teaching are proposed in this paper.

Keywords:
Fraction, Negative Number, Mathematical Literacy, Zhi-Xing-Shi Teaching Construct,
Mathematical Literacy Reader, Mathematical Competency Rubrics, Conceptual Metaphor,

Visual Operations
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58 T A e JR Al MR S BRI AR 3Y - BR4ERZ (2018a) 45 - T IR, A0

3



"RETT ) BV R DME T RGNS SRR E HE o I TR AER T
FRIREAZE B R4S HE - il — R OBENS - TR BIEE THR
(affective) ~ {7 B (behavioural) ~ FBA (cognitive) : SR BB - T - EEBHEBL
REARE (BHAERZ - 2018a) » BB ZEHY " RBE ) B EEEDIIIRERCR " HIEk ~ BETT L DA
SMRBILIEE - A B 5 M R SRR USRI e s TR 2 HAEAYAE 51 o w4l (5] & 52 I
(2017) B R B ERBEARER O REEEEA DBV ER(EBEEE, -

BRERE B EES T ) Ay T 108 R4, BRERELS » MEskE (2013) FE T
FEREAEE HISR A EAN S RTEGZE [RIET7E] - B T R0773 ) Ry 12
VEBEERB B REARE - DA DR TR - BiE - BE L BE - Al
BFFERAA LY TR0~ AT TR ZRERRE 12 FERBEEERREH I - (E TR R
BEECKREE TR PN ERARRG O e RRRFHEF FRELT N
S rm il ) (FLUERD > 2018a) o ARHRERSE (2013) B T ADTTRS ) BMBEGRALE - 1 4v ) 3o 8
PRSI fRR PR W e &~ 7 ) AR A Lo gy 210 2 e i i f b B~ A
FoorF e A TR TE RPN G F A F R DR RS ARG
i A1 e REPRENCEETE RIBEFEF -TL BFEFL o

TEEH 21 HACRH I ARHYZRER - R im B s R A - ERRGRSHRIE
& R e R IVEL E S o AR I AR E N R IR I ER A T e AR A
(VRS A REERL - B2 AT 4G T AT REE S - Frl T BEEHM L IR
JEZ ECHEERENBEIET » B H ' AETEIRGEVRAT - 15 DA S AbR T B2 55
WA B RE AR BLTE ] - $R (LB EIE - #5255 - MY TEAYDIAE - FNG s [HE
AT E ERVAETEZE M R BT E S EGEE R A - BT % - DRSS AEIE
Fo S BIR G EREE - W AL BLEA SR R R R -

Eal BAEE R REET - AN BTN BEREI R S AGERERS
SRl BT - SHEEER R EBIERETRTT A ¢ AR (2016) T R - SRIEELEM —
ISR R, ~ BE4ERZ (2021) " SR R ARG |, - BR4ERZ (2018a) T EmAMIT ARy
ZEFENSRERME ) FEE (2016) T BERE T BIRBLHEE | - B E AT

(2015) " FHEE N ZHEBM I - EEwmF (2018) T 28 ~ Frim k Era g EH
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FPHRERBENWZEE-DURREE B - StEBERERZERTH  FHH
(2021) " PR RS M AR G T R S AT ) o BRI EL = S (2013)
P RERAEN B T RS AR RETE I SPEBERER BT ERA ¢
fR<ezia] (2016) " ErPEER RS L B ST E A T BRG] )~ RO B BAERS (2022) T EER
skAER T R —2L 7 Er B EE RG], F o Am{THERTT TS - B HAVSEER T
DI 28 Ry SRR N YA g -

AN ZE D o 0 JREYME B oy By I 1Al | 0 B — 2 F A PISA (Program for
International Student Assessment [PISA]) JEzF1 OECD H#EEZ &1 EF (OECD, 1999 -
2013) » BEESTE PISA BRI EEEEE - e A B OB T HEB SRR EAE
SRR 2 (Areepattamannil, 2014; Jirges et al., 2012; Roth et al., 2015; Stacey, 2015) ;
H TSR EERAE TRy A i B R R R AR S A E A - AR NRC (2001) $F
WEERR BRI TSR JT— LS H A - HRGTE - SRISEETT ~ B MR
R MERE R o WSS ERE SR DA EE PISA ARRSE HIE (BN E 4 FEEE AR G FIE
B2 Y L B R E PR RSN R RE R ) U4 - 20U Gatabi 55 (2012) JEF B —
e A TR R AR R R R B RS AR | o TR A R R B R
DA H ARG R - B2 0 H B ioaB R 2 TR 1A A E ] B2 RSN AE 2K
R ERE - PRI T R DGR E R > Wile BB E G R EFUAMRE - ST
A —{[EF 5] N 2R e E IR S B B T TR 2B AR T (Chen & Chiu, 2016)

B8 > AEmEEINIMITTE > B SR S R R B BRI R E
ALK ZRRAVBEAF 78 - NS HERAE TR R EHVER > RS
HakaEt ~ BEREITTHVRTT - ZEFENGRE - OB RE ORI BT - ELEEE
HHEEREHLRVBE IR T BT LUERIRIES I - shaIAERE SR AT . -
BEEERIAE T > EE AR A B SRENEE - NBEE LI
BAENA PP BLAENEE ~ TN R RS R A LR 17 8 A Y B R A TS
2\ o AR fEERIRZEE R T RIREINSMYAERBTZE - BB R LA R GER 5
FREANET > PR EREE NS RE RO —ERE -


http://www.ater.org.tw/journal/article/11-9/free/08.pdf
http://www.ater.org.tw/journal/article/11-9/free/08.pdf

B WIEREE

FREAER T NEIE s EEAVBEEE R - Rt R RAVAR K E & (5
REZE - 2008) » FFIERLEHAENMRENEEZNASE TH - g e 23RS A BRI
Y EZTTA > BB P EIR A —(E T RIEHVAESR (FRIZR > 2013 ; Schmidt et al,
2002) > FFFE E AR T S EIEE BUR REME I E VDA (E5% » 2018
Valverde et al., 2002) - Ft DA Ay SE 2R E P RE SR AR EE Y T ISR R 0 ARG
IREARIEA S/ D THERE ) (VEENW - Wit HEEEET A 0ZEN -
N Ry V)RS SR R A s T ER BN Y S 2B S8 R EE 2 (Niss, 2015) -

[FfeHt > FRPIIIRF—RESOA » DURSHBER R ' /AR SR IET MR RER
Bz o REMEHE G HAR - sERE I SOREET I B AR R - AL SO T A 3
PEZAEIIMET - FrLUERASOR > WHESH NSRRI RER - DI
B L IEH G TRIVEHEENRSE OK0 > 1979) - aEE - B T #ERE
REJTHVBERAIEREOM - BR T RS RIS A BB REFGRELIE ] 2 5 > TR R At B e
FIFRHY S R R S BT - DU B SR B M SRk R e M s JE M © SEREHY
SO AWGTRE AR By T BERERGEOR ) RREECCR] » TR AN RS R 2 HAR -

BtiE Zakat— (v UG PR B SO > g2 HHE R B HYRE S » Hiebert B4
Carpenter (1992) 585y - BBl S B R R ARAE I AT(E IRV IeE = » B
s e B s ERMRGEHE > IM A LER T e AR ERE S 0 ER A
EIEES > BT VR A & RS A LUt EEAE R R st FRg rT YR 2 52 - AL
EFREZEEE - 1 " BESE N (metaphor of object) ; £33 » M5 B Sy E T 1]
RO BB SR T (Sfard, 2008) - LA =ikt (Vygotsky, 1896-1934) iy
T B Mm% L S B IS (T9E 5 5 (semiotics) B1rf17} (mediation) AL (Vygotsky,
1962) » Albert 3£ (2012) SEEE R4S Tk Ay ot B2 Blm I B o B P s R B R 2 8
55 N B BERHIRE I BCGERE A A] SR — B T WUE 2 S A5t (symbol) HYEERT » 402Kk
(PRI LUE I Cx, f (o)) 165 RS o] (i sV [T L AIAATE - B A el 22— T
RECEE SR o HAREER AL RSB R AT SR R I AR R - TS A SR R
FERIGRIE TR BIE EIMERBIEGE AT -



IR BN ER (BER -~ BEEETE) S - A awlT RSO 5 B A
GRS (PR Bdfpe (BEER) - BI040 y =mx + b - BEEFFREBEREM T BRI A
TE I =F8 1 x B 2+EH 2 EH-WEEE CZHEABIEE) ME 0 EEN
—fET > OTRE B R A EIRYSE S - RRF 9 HZ A HHRA (Dostal et al., 2018) - JLH &% -
TR A B EE IS BB TS —(E¥HE (Fuadiah et al,, 2017) - " &5% | SHR2EFLK
P EL B EHTHTTSE - BINERIE T REEEIEF AT © SURABIe4E EAYER -
SRR ~ TGRS T ARES » AR AR - B RS AR RN
PEERLE I - ARYIUAER A5 - 2023 5 BRE R% > 2005) - BEASEEEERMR
ERZE 2 EARABERNEEE BEEENT A DR &8 & B R
(Altiparmak & Ozdoan, 2010) - ZAMIEHE{FELH G - BERTHR MM B ARIE A TS
R & B/ NEE T RE ERBAIRESEEE (BRERF > 2005 5 Altiparmak &
Ozdoan, 2010; Blair et al., 2012) - 2270 - BEEREIYIEE > Bt TEEFIE, 1Y
IR AT DABHBA BT - {HE¥ 2 — (=5) I » A1 XEF2ABEE - BB RAE T RE
(FREZ: ~ B4ERZ - 2021) ; EEMPEEEREHFE TR L AR (R ) N - XEGE&
SREVZ TR  WIMETRSE - BUTERRSE - UUERRSE > R ELE TA ) S
SYURVE o TRERTE H MR Ry TR B A BB RCA SR 2 2B (Viassis, 2004) © FEA0
" & 58535k | (detachment from the minus sign [DFMS]) AL [ERE » 2 5+2—4+8 >
HHEEEH B E T~ SEEEN4+8 > BE5+2-12 > 504 T— | $ER 281
4 EHT ; ErEEEE AR B RE NI E2E 5= (Molina & Castro, 2021) « Kilhamn
(2011) 38 Fy » FHReAE A A Bl 2 a8 3 0y ~ BB - 2 s hE
HrhEEE KA B 2 E i -

HEt BV EENE - BT AR EEAETRyE AN - tET8 e ifc7aILL
B ~ FEC AT PEEEBNS 2T - SRR E H AT RR YNGR - S SR AU A
HEESF o EEEER AT B SR AT S IR EAE - BRIEEZSN - o Bl SRy E AR IR
o EEHEETIHYERE (Lortie-Forgues et al., 2015) » (21 1978 £ > FISAF L THE
(National Assessment of Educational Progress, [NAEP]) - #1¥f#845 20,000 4 3EE] )\ 4k

S (13 BEAD 14 B0 BT | SHBREET 2 + L avssiR s b 2 BER 122519 21



RO T EAKIE | &R F 24% AR TIEHEE "2 > MEFRAVERERZE "19 |
(Carpenter et al., 1980) - iZEEEEHmE 7 REHIRETJEAEETRAVELE -

TSN HUERER A BIPROERAT BEARRS T ER - BV
PR - LLTTE TR Y T R R HR S MR AR R
(whole number bias) (Gabriel et al., 2013; Yuan & Chen, 2023) » JREE 7438 (HRES)) &2
FIREME S (dense set) ~ BURBHIES (discrete set) » FTLUEIEH S50 5y B 1]
R ATRE » 405 B S 2 RIA S ¢ SR (AR B R R A BRI
AL B R . XREFS B R AR R A B TTLE
PIAYEE A3 FHI T+ BRI A N B L5 B -

A A XS
X — = SERIR Y-SV}
A T

T WTREERE AR A SREENL S x S = 2 g
B0 A g RN R LT R A el MITIEE > BRI -
CRMHESLERE T BHEERER T RHEEET | BRSIRT - B
SR ET > ML G (BRI - RIS, (B
BB 2008)  BECRASARUER S 0 EIiE 0 SRR S o R AT
TR 3 FERRLL 40 SBERRDL 4 TR 3 0 EHINE A R UR A T BT
SRTSE  STRDT ) N T SRR, ( Brousseau, ot al., 2004) -
WSS - S AEBAOL R SR - S B S A
R BUFS A FAEE AT A, R T — ) (B8 TRRE - To(Es - ey
ROMBAREOFBE 8 G% S 0 A B S S 4E5 (Thompson &
Saldanha, 2003) - ¥4 FAUELE S BIIFE 2 BA S TTHABMIE - TR
IE T BB B2 T S JEFRA S0 > — = FIERE » B4 ety J2 4 MO B 7 o o T
AR

SEHEOTBIERE > H R B AR T A AR B A SRR T AV IE ] - TiiE
LLTERIME T R EE ) fERMEES o RSP MR HE AT & (BIEA - 1
FOABIREE ) B - BB A TEHMEM L ESEER ZMIES - BT
All7&M: FE4E (Johnson, 2002) ° Selvianiresa B Prabawanto (2017) 722 Fs3 Al 244 B4R
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JE A 2 R A TR BB AR AT DARERSO R T R N A B U AR TR S ASRE AR TR
SEREHNERAR - [RING B S (A AR AL R TR S BUAERAHIRE S, - Ekowati 55 (2015) 1E 4R
AER A HY IR B YA BRI ST SR BA AT R I R ARAE Y RE (2 AR (R 22
AEFE R AR o FR SIS EEREE T ARS - BN TESNEENS
AP AR RE D F DL BT RS E IR B S (B2 KB DL SR AT LAl FE
H o BT HEE EIES T IE A EHR S E ARG R VR E T R ABE RS - E241
& T B ETEEF (Berns & Erickson, 2001; Ekowati et al., 2015; Maryani & Widjajanti,
2020; Selvianiresa & Prabawanto, 2017) -

Sfard (1991) 8/ " &%y, B T 3%, AvERE > mILUEIEY T FFRES ) SR
el R o A TGRSR ) BT SR SRR B B S E b R e o
SERBMZ TS - DL TR E | BT R BRI MRS - RS T Al
IRAARRE HIHE S B4 - Saxe FF (2007) tEE RS o] DR B2 A B0 73 B SR R Y B -
Atz H AT SR R B R BE AL 3 8~ B B MR ~ DU BB M Ay T
B B0« oy 8 A PR 5 8 o SO B A S B S M — Y (HEZ S BT DA
AR (Eart (BIZENE) © BLA - FER] T 8B EORE th e R 6 A A0 (] (e BRI 73 8
soan * HEATBEVHREAERR - U IR 3 BN — o 8y - TR ~ 4907
DEEEBSFNSRE G E o £ PREEERET > TR Y (L B AL B R
Ay - MR BHVEER R E - SEAMBEAENGES - REEE
BN B2 TR R Z - iR BB E E RS -

"o, BT AW WETE S CERBRA AR EEE - H "oy
FEBER AR TP e 2 BPE A N-T-3 4512 1% - BUERRIE A R 8 JRANEAEE
AAE I E ARy BUE R e SRR T Ee A R E RS - HERMAKR
flBi T NEEE - EAUHREERRE - BRIt B HN A R Z R 0EE - ARl [E
M TR SRRV EER - SR B R EREEAAY RS AR S - BRI
Skt AR DGR ERE  DURSREESRRE R I8y BEREEESOR -



F=F WIREW

AWtz HRRMER #E - ERERERuRER R T BESEOR > SR
AR B BEA T B L VR - % BTN M A TR R R R
AR BV —RER - NIARTIeEEE " & ot T o8 BT SRIERY
WG o NN RGHGEESOARSET - B TR0 Tak ) BURE T3 LA B CA ) 1YL
sTNE > BURSCSHHERIE T T Al BB WEET O - BEEERE T B
RESCA > BRERRTE SO T3 R AR 2 mIA T - 8 BL T BRSO ) T SO
s Z BB ERYE RGO o ARMAERTCATIL » S8ETEE BT ERBATE
SETER AR - HREEIT ] CEEA S A BRGNS —ESE HER  2BHR
BHELL T BRSO ) MR E R S o AR SO S AT DR R AR B B
ERERAE > TR AT T b A R Al &5 B L oy B O et

EERTAERE > AW HAY A T
—~ OITERET T8 BT BMRETE T AT R
= THERSEESOR ) B sE DI Ty E T, B
= TEEEEECR ) BERCUE B — UCER T AT, B -
AT MO & A AR B R S AR 2 B2 5 - DURCRACH R E A

REsGE T EASRA S Z BB A, -

FUURET AR

AR AT 2 B P B R 8 B AP BT  FR H = (BRRA ¢ FRRECE b (110 45
8 ) ~ ZHEE (11048 ) ~ PIRRE L (1104 8 ) GHATHH - 2023 1 5RAYEE » 2023 5
BRE » 2023) « IAVATIFEEER T EIEREE B8 - DRFEEI R I RORTIL T I 3 A 0
o e B AR AR RS - SO S -

10



FHE AR

1. RBEARE

1B RERAGLIEREMLLRE - HATSGETAVSIE IR - BIFTEER " REd
A ) SRR -

2. BEBERE

TalE ANAYEURAE ARG - (EHAEEEE ~ A4UE - B AR TR IAREs o h e
R > AEWHR ] REEL B2 AT BRI - TEIMARIR BRI ~ B R RRE - WRE
B LHEBIEER - Rl - 15k PRSI 52 > SR R T R R
s L PR R R R AR AR R RERY RS T - mEA ROt B A AR AR ) (R
&5 > 2013) -

3. B{EE T (mathematical literacy reader)

AWTFEATEVBERSGE SO > Ty RIR R B E A HAR - FrRlst BERAe akat AR
REEK - {5 S HERBE M2 EEIRER > Whica tFFZEME (B
BE) EEFTARE - HIVESE 2 T AT N BEREEN - TREIR T
SRR A B R AR TE ] 2 51 > BRI B SR B R A B R A R
S > DU SR B U R R R A -

4. &1 (to-know) ~ 1T (can-do) ~ 3% (making-sense-of)

TRITTER ) JOMEZCTE (2013) SRR 12 FEEIBER B E B VBRI -
AL " BERE SO | ORI R R E T AT KA Z SRIE 4B TR - Al
BB R T RIS AT REST ) BVE AT PME T BB R R R R
HHEE BZE "R (RS - 8 ETE T R RARBE B 4R
Ao HAR > ERRLL TER, AU T RRE ) MR ERIE R AT BLEOM IS HHE ST o BE S

DRITER ) HUBRIEIRRE - BRI ZRAVEA SR -

11



5. HIfE (knowledge) ~ FZKE (capability) ~ FRSE (sensibility)

AWFFEARSE TR TR RN ZACEA > i T RITTER = R RS EER
W R Ryreae ~ i > B

6. MExEwm

BB R — T R B A B FEAVAHRA T - (2 B N NEEEE R
EUEMHESS - TR R AT FT T8 e Z BRGSO - P ) 2 SO TRl 2 — -

@
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FRE USRS

F—f BERR

S R T SRRV E SRS E R, T O RE

BB ST IR » DU A+ R B 54 T LR A EL BRI 2 (e

2014) - AHHERTHIE "B | N RS T (B
) I TSR REGTSORKIMRE - RO ) TR | WA
IRHER TR & ARG R 5 IS - SRR R ¢ L - LA
SR - ALRAEATT (R4 - 2016) - AT TR, 2 BEEL
PRt TR | HORREEIUE - DU - (EEASSEIBIEE - S TR
FRATHAS A AR 2 A | TR R BT TR R - A
S BB -

— . TEERE | OREES

"FE ) D FIORH - RE ST FENF-BBERBHBRE » ALESREEE
HEHELN—RERR - 35 FEARENEROEE - Ml —FE s
— LR/ NIRRT o 1 TR ST TR (B4R 0 2016) - KULME
1968 FEFH—HJ5E » (U ERHER A TR DI I AR CCEAVE S T d e g s & &
ZEGH A Fla HIWRALSAN KT PhE A H D uwm { Ak K0 1979
H 160) > B AR REENEEA SN T 28 VAR - BT 1972
FHETER G BN PSR (B A - BRER (1989) stREERR T
PRA A S ERA R BE A0 K BEEE I3EAEN ( SR EEEER
FEREAE ) AIBARERS T " e ~ JISRTE - FERTH ) AEREEE - HPEERE
Wl Ry T 0 R - B 3~ 32 E R & (BYER > 2017) < BT 1995 FEEk
ECREAERE T2 B A 2R & DA GEE 0 2005 0 H 599 5 #E
I BYERZ 0 2015) o RACCRAEREA T 2B EEEE RN ~ BT - SRR
FAGEER TR RE ) ERCEBEPEEL T - HEENN T RE' ) BREENE
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FHEHIAE oS - EEEER - R BB AP E SRR T AR
(B4R > 2018c) °

e 2 WS E K BT AR AT S B HIEE (knowledge) ~ BE T (ability) EALREFE
(attitude) « P[5, " & | —5 » FREFHNEARE - #FRAGEAE - A T RER
BT RE ) MAEENREEI T HEIVEIESR - IRy (RS - 2016) - &
J6g)Z B 7 5% S0 Competence ~ Literacy B Proficiency » DU 43 ZiLHJ

1997 4 OECD Z:it " ZEWEFRBLERE | FE % (DeSeCo : Definition and
Selection of Competencies ) [OECD/ DeSeCo] » B E#(#H T key competence | —i °
Competence AJ DL EEE Ay " AEMY L » ERIALIKE AJJEJREE (HR © Human Resources
AN E) A AT HEE - FrAB B E PG HYEENT (BR4ERS » 2016) < HE#7% (2011)
i — (RS F K Competence FEF: Ry " knowledge x experience x power of
judgment ;o 7E3EHE  HIFHE Competence FYFELRRE - 4K B T30 ME FE RS R fR i et
HETTAZITEIRINIE © S4BT » Competence n] DIFLIG iR Rysd k1 ~ BE I ERERERYFR
B BAMEEEE - B R EEHET RS - B KIEEE - Competence ¥3EY

TERE ERER -

Literacy 2k H N EPREE A 58 JJeF & 15 (Program for International Student Assessment
[PISA]) ~ ¥R BEEERFENAINER GFERNCAI2EBE AT 1 H) - PISA 2
OECD FirEEh EEAYETE @ ARG - FAEMTT R - Al
Competence [fi ] Literacy » E 52 I FHH K HMEF K/ —HES (HET - 2016) -
Literacy HYJF & F AR AE )T » LS N SEEBERAVRE ST - R EIRfeRIEEMIRST
a0 BEAMEEEARR Y AN A RER00E » ANRERUZ B I Literacy » MR AR T
seE WU VISREAEAR TR - Frll Literacy I [A] 272 15 S0 BB B Ry E B HERE

(8~ 5 5) - BT " 28 ) AR - DUT K Mathematical Literacy
SE(F B L

S proficiency 31 » FIEFFBONET OECD bl AR, - Tl | IEERIT R

£ TE M PR 0 25 B 4% N 35 7% 0 B 4 BB B (Common Core States Standards—
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Mathematics [CCSS Math]) #YE7 ZARIE proficiency (National Governors Association et al.,
2010, p.6) » BEERy THEGR, OREAER) » BCARER I ZAFPRIL 2 35 - CCSS DL/
1T RN EFREEEFESE (mathematically proficient) @ (1) JEIZL [ EN B3R K fi# (make sense
of problems and persevere in solving them) > (2) iR EL & (LHEEE (reason abstractly and
quantitatively) > (3) DAEEAR A G AT L3 A G (construct viable arguments and critique the
reasoning of others) » (4) DABER# T FEA] (model with mathematics) » (5) 75 SRl {55 F 74
‘&= T.E. (use appropriate tools strategically) - (6) JI3KHEHE (attend to precision) » (7) FER=l
= %5/ (look for and make use of structure) @ (8) FZLE#E I = B EHIHE (look for and
express regularity in repeated reasoning) (Ibid, pp. 6 - 8) (fE&EE) - [fiia /\JHEEEIE S

TTRARAE > RETEEIEIZ5tZ A& (NRC, 2001) $HEERSGRATHRHY LA - 404
S 2 HAA -

AawmEhxXe "EE > HEIKEEB " competence ; B¢ 'literacy ; Y
" proficiency | FREAEE R B/ 1E o B4 (2016) 7k Competence £ Literacy BEE A
"RETT ) 2B ATEERARETERI M (RIF - ROERET REREL) - B E A REE
FEREERE S (38 ~ 55 - B> BN Mproficiency > A Rt E TS | [HEISK AHE
FHUEHIREST (professional) » (i HEFER Ryl # iz LA (efficiency) » TRA[EREE=
BZRBEE TR, 2 b

HE > FEP TR E S 3 EiRéE T - Competence —gr G 2 1944 F-2E#ER
i E (NCTM) 1Yk EEFEZR B & (NCTM, 1970/2002, p. 244; NCTM, 1945) » 3230
% 1 EE] R e E el 2R RYRL
RSt R | Je A S RN A SR NI Tt
RGNS

The arithmetic of the elementary school can be and must be improved. The high
school needs to come to grips with its dual responsibility, (1) to provide sound
mathematical training for our future leaders of science, mathematics, and other
learned fields, and (2) to insure mathematical competence for the ordinary affairs of
life to the extent that this can be done for all citizens as a part of a general education

appropriate for the major fraction of the high school population. (WF5¢ & 15+ FHY)
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Z SR S NE R R B R — F VB BN - R/ NENET L HRRTT -
= HIFRCRAIFRE GRS © (1) ARMIRKRATRIE « BRI A Sl I A th
Eeft RIS - Q) BIFrAARMS @ MR EHE DUER HE TS B 5
AR - T bR Ea K e P AN —RERE - BERZ B iIZRER S
ATREMECRAT A = R ERAR AR T B AR L - BETR INE K RIBAAEA) (Jablonka & Niss,
2014) BEaSIE - /B T BERREIY ) RusER ST B SE R AT BA VAR ST o i T BERAET |

H—FrEE TR N P SRR E ) R T -

ZJ7> PISA HIFTEHL K Competency t(F Literacy » * #RITILHFHLE TR -
R HEER R—iEE S - TIRBEENSNE— RSS2 BRI AR L 1 (e EE - Big
52 0 2015) - £ NCTM 1989 255 5 N » TR E 1 A B e e s A B s pe I 22
4 (mathematically literate students) jE5¢ FHEE - M HAGARMILAE S » iEeRBH ILGEERE SR
ERFEE AL - W52 mathematical literacy i RyBE2 Z05 Y TflrsE - NCTM 1989
AR A REAR S Fre B AR IE SR R R B VAR B A « 2 B - HE O
BREJiea(E 0 - IR EEER M - EE AR R - DR E L - 1]
LI thiE s B AR B e v (8 A E B SR P Ay B e R -

FT 1995 F BB EE2EKEFHEZR S | (International Association for the
Evaluation of Education Achievement, [IEA] ) FT2a3HY 55 — JE B PR B SR EARL SR A 5 Rt

0152 (Trends in International Mathematics and Science Study, [TIMSS]) > B Xt E 2

AERIEEGE (scientific literacy) FRIE "™ * BRI R B %977 RE 2 > LHREER

PR RVRE R AIETRAE ST FOCAAGIA S literacy (FRFELERAES) ) HYF numeracy (GHREHIE
FHEST) o (i PISA NE$2H numeracy [fij 554 mathematical literacy FYJRINBIZAE THIRFRN T MEEH
Plg > BUEPRE - (8 SORGEAECHE - BEHFEER Mathematical Literacy A1
Mathematical Competence #EEEREN R ZRE - (PEEE ~ HLER > 2015)

2 PUES AN T (4R B H RIS FA0 R ¢ (1) They learn to value mathematics ~ (2) They become confident
with their ability to do mathematics ~ (3) They become mathematical problem solvers ~ (4) They learn to

communicate mathematically ~ (5) They learn to reason mathematically
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2 fe i et BF o F o R 2 R PR o BUEEEENVE BT E N BRI
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T BESRECE

TERGESUA ) TR E R R MR A BERA TSR IR - 2R 0 UK
sa T EISORRE E Ry — e I WA R S R A A A B S R P B TOR
LUK Gl AR PR AR » A RE S Iadat— (B & RIEE SRR SOA - T SR REEE ) BIfESt
R F N SCARSS ~ 795 saaAIETZAYETE (Adams, 2003 ; Lin & Tsai, 2021; Mason,
1980) » FT LASCAEE T /R T AR HRE & 15 B2 S T U DR - AR - TSR
RS BRAE R < B B BB T s iR AN TR 2 T BSOS ) B B ZR A B S SRS
WLL T A M T o BES BRI - AELUT A =M ERK o R
Tr A=/ INER IR ¢ S —/ NERERET S SO S S TR B ~ B8 /B S S AR R
B =/ N IR IR S A R B 5 RS -

—~  BEECAEE T
(—) BERLSIPR

Sfard (1991) HYEAG{LE SR (theory of reification) SR AEIEMERIVIPAK - HEIE
M (operation) B4 (structure) AR - DL T8, Ryl - ZEEIEERIEIERYREEL
(counting) %6 » #f £2 5 DA 5% (B0 E—Fn] fir {0 80 H5 £ 400) REAVBEY)
(mathematical objects) » Fe&S R EMERES (FREZFF > 2023) - FlANJe 58 -
MR 5 S B RO R e B B © S o8> SeEEBRIMARHE A 738 - Herscovics £4
Linchevski (1994) JRT2 t & 8BS BV IREBER SERE RV B = BLEBCA R MR HPR AP
fift o RHETEIRVE B RAEHERBIFT A RENFEP A > 20 + 5-10 = 20- 10 + 5;
BCEMBRAEIRGIMEEE R - RIS ERVAIRIEBIET - BRFTH RS EI&EsToEk
DFMS) > 41 : 237 + 89 — 89 + 67 = 237 + 67 » [fif& 237 + 89 — 89 +
67 = 237 + 89 - 156 (Herscovics & Linchevski, 1994; Linchevski & Herscovics,
1996; Molina & Castro, 2021) = FrLUNEEFEE: T HUE § ER0AH—H " A ERFE
AIRESIRME - B3] TR - kR TRE S o SRR AR B SR TR
R - Pl SRWVEOTER - TOrERAERIEERIE - DIRBEARBER
RFEIRIE > BB 4+n—2+45= 11+ 3+ 5 AR SGRZBRMER 4+n -7 =
19 - EEHH 115 —n+9 = 61 JRERFR{EK 106 —n = 61 » FR{&RKEf 106 +
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n =61 (RAEEEETS  ARTHEEE X - TR BI2EATETES) -
Linchevski £ Livnch (1999) 52 5y— ELB-F AU IR SEIRAT + HITID 2 (OB 4
B R A SRR BRI BT 2T A RS R -

3 Ky Sfard HYBEERE STV — e MRS - DBy " BT | 988
Rl e T - 9F > RESEREREMAN BT - S EE T
AVELAY (objects) - FREERA AT LAE BRI FRUIRE& R T 5% > IR E =
EAEPGERTESL - GERER T BRI ) BRI 3-a fERL ¢ ATERYALS
HAGHR(FIM AL (interiorization) - ERPIZCER R BrE Fh 1R 58 L HYBER S AHRE - i
PEERAR Ry B R 2 T AR S BRI S: - B2 38R —5 21 0 AYRERREEE +5 21 0 HYEHE
S Mz T —(=5) = 5 HAERNREEEHEE T8 - & E L —(E3ryY)
7 A (RSB - [B 3 THYAEE(E (condensation) J245 7] LAPEER 2 67 & AR
SGRFE AT - LR B E R SR RS AVAR ] - ERIEAGL (reification) JERK -
IRBIERE D PLa i Y B HE B A GE I - 2 IE5ER TPIMF A - IFEEMERAE
SRS EEBR G UHVEEIRREREIE A - L 3-b -

& 3
BRSO — W1

3-c

Concept B

| 9B (ObjectB) |—>
?

H#4L, (reification)

JE4E1E (condensation )

& 3-b

Concept A A1k (interiorization )

¥4 A (ObjectA) — WA RiE

(Processes on A )

ELga(L (reification)

#E4E(L (condensation )

E 3-a A1k (iuterifrizatiou)
=

SR BRI LR
( Concrete >

( Processes on

objects ) .
! Concerete obiects )

([EZZ:2H Sfard, 1991, p. 22)
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BV ARPSIRE 2% - AITEEETTI0E B IVERE - BIASBHyER 3 -
(=5) - LEEEYIfE B Bt T 2B ERES  Rl—rEREE TERE S
5 o fHE 3-c "IA  ERAVSEELEEEAEYIN A BEe L SRS ENEFE
HERIMEERY - AMEHERGYIT A (VEESEE - (RECBERRETAE - 25
4P ER R M R ER(E > 40 3 — (=5) = 3 +5 M A SR - BlA1-2 —3 —4 thAERSER
TR —(2 + 3 +4) > PR LEREERES R E R LI et B - A& iT4E
S R CHYEE - AIEl 3-c HEEHVETHHTIA (LA e bR A o

£ Sfard (1991) HIRESIE GRS - &R ATARIRES R EEE A B TR
e » [RIRF SR AR (b S A LB EPE BER S BTS84 - HNEELEE (L
Ay RE e S B IS IRy © 2RI B (E A AT Rty ML - TopR R — TR RESS 1 -
PR ERE R LM R R (R EE2E (BREZ55E > 2023) » Albert 5 (2012) H[ILA
BEEE A IR A AV SRS - BIELNE AR 1~ 2~ 3 ~ ...~ 10 EHRAITRRE
WEFRE AR > WAFRTMMIESEE "8, AVl - EEEMIE RS
RESO IR PP SO IR [ B B R Iy - RIBUR M MTE A T BHA IR 8RS - It
Aot fEe 1T T8, AU -

(2) MESE B e i

it

Sfard (2008) FRIFELML RS E B 5 » 45 HEERYI(FHYE 1 (metaphor of object)
AR I B SV AU L, SR E e R T S o MR A
RIVELE LU —TEPAEEIE - fE4) > Dostal £ Robinso (2018) 58 /&= AE 12
i VB SRR E A » " AR IRIE ) NSRS AR (M e -
B R T B B AR TR R E e B (A MR A Y SRS 2 —

AW TR R EE S BERE HAY > LR AL R R R R B R R B
Z T 2% - AT LURGH TR P MR IE & B (& 080 WAER - MRss
HHI e a2 E b a2 5 RErE R 84 - 40 Bofferding (2014) BIEE fyiE i
BHeHy T BERIRIE ) BT RS o W DI RSy B R A Ry S 4 -
—HiE NERHVIEE: - SR NERRIFEM S ER RIS RIS > BRNEERE
REHIRRAERC AR — Bt R R HA R - aEaR PR — &G bt
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AGEBER - BiFtt—HdS T RaRE - A g s A S T - BN
Gt BHYRIERI R > Sfard (2008) & H g KHVELE NMEZNAEEIE - RAERE
e UL 2 BRG B 2R - FrlUE A ARy TR FZ M E CHIA
FERVER; > BAETEER T » WAL EECEEIERE R T > ARk
THARTEERR o [FIR 0 G THRIENE ) PRERERERCHER EIIERY T I PR
AT RS o JRRHE AGSTE PR B (Sfard, 1991) - 1f " HE&E , B2
TAREEIRE ) BB A SRR T IS AR 2 EE GRS - HH AV E R
BB E A LI BRI IS B A A530 " W L FEE > DUBIRrE IS B REE

HERVERERETT -

FTeRfy "2y, (metaphor) /22— LIRS - 25 ERAVEM (FAERE
FI) A E R ] DUEAE RV E R (FAAERVEERL) (Lakoff & Nufiez,
2000; Sfard, 1997; Soto-Andrade, 2007) - R R0 FIEHEI TH » B BT IIEE
S - DLIABRG - EREE AN - BENaEgS A8 REMS
B > RIL AR A A (R R SR PR R B RO A R (R 255
2023) - FERFAYERE HEERLE BRI IAE R (AR BRI F BLE B iR S E )
R B2 E R B B REDT A REAREEIE - USSR a TR B (5
FRIATEIRCE - BELLESRINZ LB M T/H ) (Altiparmak & Ozdogan, 2010;
Dostal & Robinson, 2018; Vlassis, 2008) -

L N e s R — T Ay ot s A B 2 I AR BRI - (o BE A P A fi
576 R 4 irE4E (Lakoff & Johnson, 2003; Wible, 2005) - Z=4Iz " &R~ &
BARIR T AR BIERIIRLSE Y - RIS A BEATTIRIIRI AL o 5T
PEEa2E T Emple —EE RS > EiEEE —H EY R NS 5 S —(E
£ o Lakoff B Nufiez (2000) 2F FEEmg4 K W& <8Ik : " 25, | (source domain)
T EHAEE | (target domain) - YIE] 4 -
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LLT2 = (=3), WEALM  RHEZECERHABERI A - BTl
"2 = (=3)=2 + 3 = 5, HIA¥EREER AR Bt M E A ER
st —EEmARE AL ERRR - EEEwmE Ay B - &
SRR 2 — (=3) ) Bk "B 2 il BEEIHER 3 48 - BN
HYEITIR > AU E A TR IR R S A P RN R, T E R &
BB RAYACRIS - MRIRILACR IS > SRARAERGERE 5 - BERENHELIEFES
W—EZy - MEEEEWMRGERE '2-(-3)=2+3=5, - MENEEEH
H i - FFEERENE - 240 H R (BVEEE w2 AR SESHIEAE) » R
F RPN BETEIACIRE (a2 IEERTE) - Fr A e as) - A ARG
2B T S AR e AR TR BB E 2 & A XY - Kilhamn
(2011) 528 » AERACIFISEL H A RIS ERI (R BRI R - B A AE -

Damerow (2007) 7248 T AR | A1 T B AVEHEES » W ILE
BRI R EBLR - 55— B R R — RS TS s R A A A
YA 5 AR B R IR B - R A 2k A
(identification) > LA 8 i FR 37 e o P S e T o S0 B) R O - SN
CHB, T T LR BRSSO R E Sk - (et A
BE S (O o TR A SRR 5 A R
Sl - RIS 5 (ELEABIF) BT CIEMIP § 5 Ghgrmi
HEET o FARER 5+ 2 = 7 AT AR EETISMAEN  FRASTBNE
R BN AR RS AT IR R - HE R AR
B O NSRS G P A B B IR A BN — B R - B
~(3)= -3+ —(=3) =3 +(=3) = -3 8¢ —(+3) = -3 HMMWIET - LB
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BERE (EHEEE) kT AIMER ) DT ESFHLENEE - R —En
REEBHRN TR -

F IR (SEEME) ALEDL TR | (mental models) HYZEIAKFEE - &
2 FHRF SR B RT SR A AR R 4H sl Ay sy » 2R O sy | @& E
CHREAN S BV EI SR 5% - R E AR SR B4 - 2P15ER
SHE 5 B EB T A SRS 0 LR 0 V5 252« =55 RIBIMERERATA
BRI S YIE (V5 ~ 5%~ — 5) BIHEYI0E 5 RS - KR IEEERY 5 3 R A BE
TEHVEFE - FTLAER - 15— (BB R REUA T B T L ¥ Y RIS » e
HAEBTIGRFBHEET) - FFERLIESE " — ) Bl 2-(-3) =2+3 =589EE
B RS LEAE - AN RS —BICRE © BRI L BN EE
A SR EAVERE - RIS B RaYLEEA - fi—(a) = —a~ —(-a)=aly
THSRERIEIRIR

R - 55— R g KR IR A A E - AR E R A -
AIE A BRI ER IR B4 > &2 AIF R OB R R il g AR R -
FLL > —(EYEE R EBERYIRE - EEGEMR B — B REE &

MEELEE ~ B ~ s EEER S EATER - SEBERNET ~ BEHVEERE L
Rt 2 LS B EAR S D B R 5 e R a2 - B4 - Hoffer (2020) 585 %52
SCREYRIGHAERL - bR 7 2R LR JE &5 (surface structer) - B B 4
(deep structure) B - FEHIMHBEMERIFRAVELS o AT R CRTEEEFTRESIC 5
RNEFEES O EE T ERE ) BEIEMERRE "5 - (=3) 5 %€
BREE N E > MR BRI ANIEMERE AE " 5— -3 ) AVRBREL &
BIRHRAE SRR T - (BB RREN VR ER SRR Tt B A ? B8R
—5-3(-5)+(=3) — (6+3) ~ AREFEZHLEHNEFEAIT 2 MHRE
HTERE - SR AR R is e R AUEAEERY - F R AR - a2
RHE IR, -

FER S A 2SR SR BRI AR R SR T B SRR AT IR R 2 - tA]
DU ARy R E0T U Ze B E BV B sl E AL - DU Fr IR 2 E HAY
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(Hoffer, 2020) ° GIILISIAS [HESEIVERAA T - BEIEIERERVEL R b - W2
"Wy ) R TR ) U B A EEE S M

PETHRE R bt R 5E2F B2 THT
BTG o dao Ting g U TR R
FH v AL T o bldet B T EAHSRF > £ 7§
FoaoAFe A vz E R iR o fL ke

"ME BEABEAE  BEAETIYE B - GIMDREST - BiBEE
VIR - BT BB SR B S > TR RV BRI ER R AR A - 7
SN E H R M PIRE (BIAEE) MURIEN (L 2 AEmRY 2 - 28M% - REPRAL(EH]
BSEREEVEE - DR EBHE AR TR - ARG B bAYRIA - 8

RSO ERS T (e R B S B B PASE S Y EAS (BE4ER > 2018b) © [AIFE » XX
A PE—BRtaRioR TS, B TR 0 T 'R IREFRSEER
— o SREYRERE S R & EEERIIIR R A S HE S > A A LR
—(3), #EfF THRAE=, ?RETMK T ERE T IERRSE "7 - (2, 7 [ElF
i = T L AT PRI AR —4H—4HHY ST HSIL (binary oppositions) » 41 " & 21&IR |~
"ERAN > HREMAHEEER - EEERSHER - ELEE S ERIE

BBl RIS R A ST T RRERIREE (MOTE - e
> 2009) > GIANIEERSZ ~ FELT - FiEEARIR - [RIHGF 0 Ry S HRAE R A R
% AIEBIIRHE SRR -

Dostal £ Robinson (2018) 57 5 i 2 He i ia th FUE SR SRV E 2R -
BEENAESEFABIE > EEEENEERFNEEE > fiErE e
HE T RE (R M EAS HY SRS =~ — - IS TR A B & BT SR AV B (A B0 B E R AR (% -
HEEAHEE HIRKE - thU7ER - GE T BRGIE ) ERLEE  BAeRE
RN EE A BUER ST RECER - MRS AE O T & %UE
(Baroody & Ginsburg, 1986; Gagatsis & Maria, 2022) » {HiSkEHy 2k B EZER RN A

NENBRICA 352 - A e LR R ARG R BEA EEEFAE ] (Kirshner &
Awtry, 2004) -
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e AR 2 TR ) BECRE S B aeaT o RO S R R BLR S
EEA o SOK GEECEEADRER) M ERACEIEZIES A& S EAVEER - L
nae | AN FEECERIEIEE) - MR T ) RVERE AR S R R R
HYgEs - SOE— G 2 1% > B T MR EHEERER ) e T AERIE
YR - A0 S -

Cl]]

& 5
TEARIE, BTHEEEE
(3)=-3
e a —
3)=3

HEFRG EZHE A E 2% o e N (BB 2 EATE (@15
BRFTAERTAR) - BoEREE kR AR ZERTRTE) - 2AERE T 8RN 51
it T SR ERR ) AR E - ICEPRRES T Inas, 2RAER - TRER

EEEENR o BEEREEGEAE "2 - (-3)=2+3 =5 > 4K -
=9
PR T B E 1T
A B IR SRR E T
2-(-3)=2+43

— & Rl R e

(eI ) P VN

A B B 2-(-3)= 243

(s L 2 VL BRI - mEARE 318)

-1-3=(-1D-03)
— AT 3 FiHE 2 B 1
(?ﬂ:‘ﬁﬁﬁ%ﬁmﬁj) |/——\\/—\I/_\| |
-4 3 2 -1 0 -1-3=—-(1+3)

(feted b — LIV ERG - PRI 315)

A8 B % (visual salience) RI1H & FHAHEMEAYHA] (Kirshner & Awtry,
2004) - FLAFR 9 oo Eu T nsk , —fl T IR ) BT AR
Bar B ERVE bR RS - A DU IR B B SRR IR 2 RS
BHIRE - EE SRR AT DL B T INBOR AV IEBOIRE S - AU
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P B BRI 2 SR o [FIRRAVIRIE RN S R B IRL - HARTE
AWFFEES - BEHRIERETT - W DGREEE T B/E ) R RIREN S R
fE4EIR - LEUIER > ZREARIFBESGE TR DR EIRIRFY) » HBER
TS FHEEAEER - FRTRE T {EE T 5 EFHEREIE T 8 & B(LRE? | HER
(=8) — (=5) B R ER T SR EREER T I 3 [ mENEEEAER -3 > FHRE (-8)
+ 5 BFEME (3) M (-8) = (-5) = (-8) + 5= -3 - MAFKECARIRAE " H
R AV - B EAYEATEL - ARE - AR RS B S R R B
BRI - EEAAERM RS T BRI ESR - ARSI
FIRERLED ) HERSR
PLERRETHYHEY - BI40 Sfard (1991) Arie 2 b pciiEm - 2 HIERGTHEEHE &
BUEER PR B - BRI (PN S BTG P ook - EEIBESRAVERE - AV
B B ERR IS RN S By B SOREEET » AT iEeE = A S B LR R (FRYEGT > ST
BTk - BiE R E T AR SR E H A i - RIS E a8 TP R SR TR
& 0 LIRTTHERAEHYEREE -

= BREEUREGETRS

ARG ARG Rl > B SGTEERA GRS T ERN 5 > &
TEPTA EZERAR 2 EE) - RS ~ B - T - ERERHEE TE > NEGE TH
SRR EE - BENE - FEEER  BENNE - AN - BEREE -
SRFREFEAER GRIENT ~ AREL - 1995) o MSORERETHY HATRIFER (e 2 5 S8
IEFIEES - RN T RET LIER el IR B g E e -

TEAERASORA P B A F R e T e Z P EE 855 » (9140 ¢ Heinich %5 (1982) fTfE
tHH#Y ASSURE ZE2a%etei=t » ANEEETHFEE: @ (1) o2 EERE (Analyze learner
characteristics) ~ (2) BRAILEEE HAE (State objectives) ~ (3) BEf5 ~ (EIEEEETHHS (Select,
methods, media, and materials) ~ (4) {ii Fl 241 (Utilize materials) ~ (5) B3k 22735 % 52 6
(Require learner participation) * (6) SFEEIEIF (Evaluate and revise) » B ik 1/[\e2
BETE B ENE BN R LB ERG TR REXZENEERREESR T - [E
EEE =2 ] SRS T BB B i B2 E AR - MBI E2 4 B 8228 - Dick % (2009) #2H
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AV 8 TILERER - e (1) SUEAEREEHAE (instructional goals) ~ (2)
FE2S3HT (instructional analysis) ~ (3) FLERLENT HBLEEE F 5% (entry behaviors and
learner characteristics) ~ (4) 4552 HAE (performance objectives) ~ (5) S HIERIE HEY
[ (criterion-referenced test items) ~ (6) ZEEZEETLIE (instructional strategy) ~ (7) 25 &
BEIEAEEM KL (instructional meterials) ~ (8) gkat e E i/ E s (formative evaluation) »
(9) st R Ede&EMEST#E (summative evaluation) - HHAYBR 3 REEANZ > IRE
HEERES ~ SFREEEA ~ DUNGFERE - 559M& Gagné 55 (2005) £2H |7 ADDIE ZE2a%s
B0 I RAERER ¢ (1) 2347 (Analyze) ~ (2) 3t (Design) ~ (3) g (Develop) ~ (4) &
fiti (Implement) ~ (5) 5F#f (Evaluae) - {HH[=] A2 FAB SRS - MG —EHY
BEEARE - BRI RS G TR T B T - EaG TR FTORAUR AR
A - BEEL HE SRR RE TR -

ADDIE J&— {8 FHATRE ARG - HEEETRY 80 FEAUREAHER » & ADDIE 1%
AT BRI G > PR 2O R S FEE Y S e MR #E R (Molenda, 2003) o [FEFHEZAE
S AEWIEIE R 70 FACTHY o fRER NI R E TR T —(EES EREEE A
FBHEFIET - KPP R oo AT ~ Bat ~ S8R ~ B FER] (Control) Ti{REFEES - HEFZERIFE
FEEREAEENREEAIEST (#kE5E » 2023 ; Branson et al., 1975) ©

Branch (2009) 52/ ADDIE et RN AR R8T - e B a0 -~ 22
EIERECHIERARSS T i A A s B E RS - B ADDIE #EeastHa— P BR S A
A RREIE R SR (BRI a] A — (B PAFRIR B R £ 6 (performance-based)
FUEREGT - ADDIE #E2agatisisl > B— MRS bBE Gt - SR BIEEIE 24
1 8% Kt BB AR BN EN 5 - R EE BB 2T R EHN A&
A EZEEEEET (Instructional System Design, ISD) = (8% =3E » 2023 ; Mannaz, 1998) »
AHFEHY H B Z —AER SISO T > s S E A e TR 270K B AL R =L
ARHYEEGETEZ > AIE 6
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& 6
ADDIE Z0520E1 140

¥

(Evaluate)

(Develop)

(3H Branch, 2009 > H 2)

Branch (2009) #—57H] ADDIE 2S5 e — A A R IER 24t - TR L
RN E RG> (REPRFR S VBT TP Ay SRR D E I — (P& B Ryl - — B
imrF EREIRNFAEETEE > AR DIEE LRI - FRtGHRB R EGETEERT -
Branch M5RFEHABREA —ERGIER - ADRE TN © Se 2R BEERGTE T
SKIMZE » B > Branch $HAFE{EFEELAE TREAIERET > 403 10 -

=10

ADDIE Y48/ HE AR AT/

A nalyze Desfgn De velop lmpl ement Evaluate
et
Q. | [dentify the probable | Verify the desired Generate and validate | Prepare the Assess the guality of
) Yy P Y P q Y
O | causes fora performances and the learning learning the instructional
C | performance gap appropriate testing TESOuUIces environment and products and
O methods engage the processes, both
(&) students before and after
implementation
1. Validate the 7. Conduct a task 11, Generate content 17, Prepare the 19, Determine
pé
performance gap inventory 12, Select or develop teacher evaluation criteria
0 2. Determine 8. Compose supporting media 18, Prepare the 20, Select evaluation
p PP g P
E instructional goals performance 13. Develop guidance student tools
=] 3. Confirm the objectives for the SL:dL:I'lI'. 21, Conduct
E intended audience 9, Gcncn?lc lesting 14. Develop guidance evaluations
Q | 4 Idenufy required strategies for the teacher
E resources 10. Cal_cululc return 15. Conduct formative
Q' 5 Determine on investment revisions
potential delivery 16.  Conduct a Pilot
c Systems (including Test
° cost estimate)
E 6. Compose a project
E management plan
O
S Analysis Design Learning Implementation Evaluation
olmmary rie esources olrate, an
S B R Straty Pi,
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(HYH Branch, 2009 - H 3)

DUTERBHFE 10 By P& E% - ADDIE (e MTPE E Y H 1Y & e E T T i iE &
HRRGEIEN AT RE RN - Bl o T4s SR B2 H i - B HIEE R R 2= -
YR 7 Y T RS ARG A (Depiction of gap analysis concept) e

& 7
ZEHE T HTREEA 2

BFIEHIT (Actural Performance) TEHA®ATT (Actural Performance)

7Y% 7= (Performance Discrepancy)
1. #=&JHE (lack of Resource)
2. Th=Eh#% (lack of Motivation)

3. BRZHIGKELETT (lack of
knowledge and skill)

e - oilE R LR G B e R A ~ B HAR - DURSERH AR
FRERIVEIRE o TR REPE BN o] SEple— (B AT 5 - DUBH AR TR K > UK
EEEHE - MEESE BRI - DURFTH DUE IR E AV BREE » 2023
Gagné et al., 2005) -

BAIARER - WA BB 2 oS E R T REEIR AT RE & B R SR A - T 2E
W B EE By — BOEA RSP BB AR - #EBER BRI ERIET e — o 98
12 TTE F (Altiparmak & Ozdogan, 2010; Bofferding, 2014; Gagatsis & Alexandrou, 2022;
Vlassis, 2008) » #1F% 11 - BEHVZ LR B HE - HoWm=ia = © 8 Brvfr
B IUREER rER » DUk THUER B RVETER - R EAAIE S T HUE
8 ERITTEREER T HAEN SR ERAER - #ERER EAVI ERDR - 5
& EHRAERRLE - s (A% BEKE (IER) ay—2dE - fERERI —JuEE R
Fo o RIDUAGATEE = B8 B A ny S - Jroei " BJRE AURESIP R TR
HM5ER " — ) L ITESR -
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F_J 5&%?77?%5%5?

SRS a5t HH 3l
#5955 (negative ) TR RS R 3A0+3
B4R BRI HE B -3
JEgE (subtraction sign ) IR EE Sy 2+3
CICHE R DRy 2-3
fHZ (negation / opposite ) HYAE K7 8 -(3)
HTHE R TSR AEEtE A —(=3)

axaTPEEL - H HAVEME BTN S DU E /Y705 - LRI SRS
Z EEIE PR ARG T SO > SRR ERE N B & B SO T ol o I
PEEL - HPElG ZIR R - MECRATT HAR » ILRE A OGRS TRl » LRGP E R
S A > E 8

H 8
ADDIE 5 TIEE IR FE

— T

Goals )
Needs — o Strategies ——» Assessments
Analyze glelhads Analyze
oncepts |
Yes! ... Teach Theorir:es Yes! ... Test to
. the way your
to the Test. Practice e

HYH Branch (2009) > K 61

At Pl t P& B2 2 H BYBIE EAZ AT fB YRR DL S R B & A M 8 Y 772 (Branch,
2009; Gagné et al., 2005) o H,A]DIgR " ZEZEREEEL AL (teach to the test) | " Z ¥ #EZ]
E47773% (test to the way your teach) ; » LUHAZ0ER H RTHE(FAGEHRN] - BAPIACH - %k
i T EIEE ) BIRERIPRL - ESCARRGET T RILL T AFER BB TR IR - TR
LTy AR A - BB T LR A s BB E o ILRSURRGETEET
B > MIETRETARG 3 - (-2) ZHE N5 EFER)  ®ES +(-12) 2
M5 SR MR TS, © R PR TORNS 2 BT -
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HRIBE - HENZENMMAREERE - URMERERTERENEE
Mo TEIEPE B SE RSy - TR T E st EFTRNATA LR - WRE P ST E
BENR - HFEEREFREEN—ERENEEEN - PINAAENE - BEERISTIHE
frERREE T ~ RIERVE S EAF - HE A M 22k T - TP RMEERT - WS T
HTZEDHIEL (pilot tests) 2§ (Branch, 2009) °

B - H H A2 R i SR E AT IS BRI T DA/ NS RE T R
BT RIERAR RE MY SR BRI BRI SR AR AUt - DU sl AT e S Jeg e Y S
ARFELNAIHRIE - NEE - B PE BB S RN 5 | B AR M PR TR E S -

PR - HHAVERHE B E - WAL B B < A8l 12 HYF{E ADDIE )it
12 BILEHEFAE  BEEEEE T E - Gagné 5 (2005) S aEE (R FEEREE Ay BLFE
B * ORRMERGEEE M - TR B AE S (AP B - SREE TR AL B IS AT R
WSHIAE - Wie MR i TSR -

Branch (2009) 7 ADDIE 3%aT#2 sfr llss iR s st N B EE T 2R E
(intentional learning)  [fi-F/2 " FEEHIEEE (tentional learning) | - HLAFLLERIEE Ry 1 (H

R T S B s T T A ES AR5 [ A B R B LA BN 2k
EIAEE T | ZEEZRIFERRIE SR BN » &R B RGE SRt T —(E
BEHeRE B ZhEsaR 12 -
<12

[ ZIEHVEE ) H T EENEE ) HIEE

%= B35 (intentional learning) 8 = 2275 (tentional learning)

1. H:+ERY (planned) 1. #EE1EHY (unplanned)

2. HJ5AHY (directed) 2. BEHELRY (existential)

3. HHHMEFSS(HY (guided) 3. FEEEZEHY ~ IE{EHY (incidental)

4. HHEHBIMERY (purposeful) 4. JEFEHAMY ~ EAMY (accidental)

5. HA BE AV B 4 4 & (defined teacher- 5. [EAY (opportunistic)

student roles)
6. 1Y (formal) 6. FEIF=CHY (informal)
(824 Branch, 2009 - H 7)

tgk/ZsR > Branch R HiIE 2 HIRE ROV - A HONWEZIEXAVEE - 55
AR AT (e #E 22 Y 5 PG ED - ettt T B IREEME - RERIEEIRTE NN
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BEARR LR » FEHE T ERE TR A REE (e —EEE) » GEBEE - RN
HEYRIHSRESE > eSS NS EEAE T SRS RS -

ADDIE "] DUE BRI T 2 M BT W EA T 0% 220 OB -
LET7ER - Akt PR ERAE T - R BB B AT HAY (teach to the test) - (EFGAM
AR (T HEE ) BERENE > B EBERIBHIEE (test to the way your teach) -
TRRIRAZ AR T A R A5 A0 TR Z A« TS R A R IR RE AT 58 2 SO T iR
FEFRMZ HEUIET - BHEEE R SORSGET NS - HEi iz e e sy -

= BEAREER
SEEMATESENEEESAES » TAECESRE - FEMRTR
(Cervetti & Pearson, 2012; Fang & Coatoam, 2013; Shanahan & Shanahan, 2014) » DL F]%
HTRIANVEE B9 SRR - AENXANERTRRAENES 72 IRERE
X IR E BRIV AL TT 20 o AN Ry BT R B B SR B SR Y A
B MR BT 9E BB 2 U SR BI N 25 8 5 AR [BIRARA 7 5 55 SRS HY SRR -
(—) BESRET
BERSURRM B & T R R - BRI R AR - BB AT R A B
TEEIFE PR A% (RREAE ~ BE_EH > 2004) > O’Halloran (1998) t58 A #=2 e 1A 4R i
BERFIE - B AERPANETEET - DUAGES EMIRE KRN © Dostal
and Robinson (2018) gt i # B2 SC A 43 By 58 HH SUA (proof text) ~ J5H BLVA SUA
(algorithmic text) ~ FEY/IFHE A (algebraic/symbolic text) DL f8 SCA (visual text) e
s HSCAR T DU AR Y e B R S R E o R —EE R
(demonstrative reasoning) » ZHERLA AV E L EI LI SE picHEREER A1 - Fr L E B
TREEEEM: - REM: (Alibert & Thomas, 2002; Hanna, 2002; Polya, 1954) - B[I{E#41t
Tymoczko (1986) ¥IEERHHHAIA N ENVEL » S RBERRERINIZ OB EE
M- EEEP > - BEE T - LR feg B o v 7 1ALyt (paraphrased) »
€ it (restated) 2 4 o (filled out) » | Tymoczko f5H{FEIH 5 UL TR EHIIZ
T [FERFR AIFP XA HE E R EARR I - T HAE TS S -
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Davis £ Hunkins (1986) th:f5 (559 °] U7 B (E A RIEV A & T a] DU R Biss
AT ~ SwRaHYERRL - ] IR BEPReES o B IHP RSSO
BN E (R A T EIEERAVEE) TS - S@RAEEN > WRAEATERRT
%GR B AL BB A - L) ABER S I BRI ER 8 2 - BUEEsE Ay
teE 770 SRS LRI AR IR E A G R BV SR A R E - 12
IR aE ) - HUR=EIHRYHAY -

UEEE ) EiREEE PR SA CHIE RS E R KM A E R
—HEARERERY 7% (Dostal & Robinson, 2018) » H F U245 (control
structures) > B[l—EbiH & Ay 2% € Bi4E 5 (IF-THEN statements, FOR loops, WHILE loops
%) - FTLL Dostal B Robinson it Ry Bl s BUA A B BRI
& o ARMAEERS CAER R AR RIRE SRR » Rl Al R EE SR E AL 2 BB
TEF ISR DAEZE £ - RILHFE AL T RIS ) B BRSO | -

iz 108 BYERSis o B B B AR B — R« sna ~ LR BT, ¢ 7
FE TR f PR MARR B TRR, F FV R B 4
o AR AR R SR R (BB ETEE 0 2014) - SRR R IR 2 R -
Hiebert £ Lefevre (1986) fHE AT AERIES 77 » — @ BERHITF R EARSKEID
N E - e HERETT ~ FAIHYPNGR LSRN 52 B - ARG SE — BB 12 Y

TR TESRSCA ) PR (RN TR TR MR ) YR -

Hiebert 81 Lefevre 5 Ry hatZ A% - MR BR SR B0 2 AR E IR PR e kAT
WELESRAESS N FtanT > AVEREIH BB TS N-1 25 iR - ZRMAE eI A
AR LA R B — 1 - SR RIS SRR E R~ BRERRYEFE
ERAT Ry ANEER IR (R R RORIEE &R AE PP RV - [E41 - Hiebert B Lefevre
IR A A SRR —E T EFRaEES—EEFN > —HH
i T RERR Y > AV TR e R R - BRGER  SEEE T o AR IR
B —2-3=(-2)+(=3) =—(2+3) > HVEE R ASAYIIRTTITE R B BRE
Ry B o BRRY AL - AT R AR SO R U A SOR -
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RBCCRTER R LILIGEIITE % (generalize and condense) » : HA7E R 52
HEFMHEI #0522 (Dostal & Robinson, 2018) « EF4EEH A FFHRHT3E » Pimm

(1981) 2440 = GEAE (logograms) > $HFH(EEEEMERAEAVRERSE > 0+ > — >

X v+ 2 s
FHEUMR  X0a - L N 2 HEEEEENESR - WEERE ERELR
FMEERRE . HMORPR T TR (BT R - AEARTESETORIRERE -
AURET LIsREE > 40w~ p i 3 EIE S ABEVEER BB - AR 0 t2AE58
H IE B HTHE R ALY B0 E 8 BRSCSCRTH R a » b~ ¢ FHUBEEE
HERIESR > REMNT R x »y » z B RABEEBERE - LRBETHE
T— ) BRRVEEEEESR - /R 5 — (—12) HUREEE o W TR, B T & SRET
PAERVER SR T EEZEETH - WHERRERCFE bR RAYRIR -

FHRREEEN S —HEY - W AFRSREIERE - BEERIFRERGIA
AR ERBENETNES - EERMEARCR B 5 ANEE T A (NCTM,
2000) - FREATLAZEERE (SBEEE) B AR ERERTT > SEHERY - Tt
FERaNE e © thie (e — L R AP BRAEE M - REHY ~ BRI
BnLAEeRE - 500 T RFSRAVIESE ) o RS BRI AR > AT ERELRIRA (R o T
AR AT (52 S - 2007) »

il

TIRESCR ) R RAITHEET A - Dostal & Robinson (2018) 78 AL S
BB AR RETATAOR T2 - RAITSL IR B AR
BRI - ASEFOREFHGRAIE - FoL R | TR
{4504 (relationships) » B {4EL & FRECFFRIIIR o 2RI IR 5 - Kirshner
611 Awtry (2004) 5111 " LRSS 1 (Visual Salience) | s FLA 1B 0BT
BRI 9 ¢ WIS atel - SEot /e MBS MIBAR A E 2R ZL BT - TE LR
BT A TR 2B O] LAFE Rt > B I R » L
AN B HHTERERRAL - AR IR R L A R
i FALPUESCR 2 FIRVSR R FIDERR B B E 2 (e BCh

EEERR - BN IGREERY RENENEY -
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(7)) BRI BLIE T R

Brozo 5 (2007) 585 + S2AAF BRI T EIM SRS - R Rt M S SE
RSB AN - TR RAY RS - 224 — B ERREREE PR sy hGeE B
8 FAGRAE (Lin & Tsai, 2021) TSR EE (A - RAFEEFR
T S AE SRR T E0E - Harlaar 55 (2007) 7545 R TESE T 380401 ol B3
(learning to read) | F1 " {¢Rd 58 275 (reading to learn) | AYZ 2 - Mckenna Ei
Robinson (2002) EF&H 1 E2R Bl 8 (0 & = £ EAYRIRIFRE © —MEEFHAE (general
literacy skills) ~ B2} £ £ 41 3% (prior knowledge of content) ~ E& |47 52k B 38 15 e
(content-specific literacy skills) » #[I[& 9 -

H 9
5 B = FEEH AT R

R

BN SR

R
FAE

2% H Mckenna, M. C., & Robinson, R.D. (2002), p. 9

9 N —TERRAIREE » " —MEERGE ) AT — AR
SRERARAE ST ¢ 5B MERRAIRGRE o T B R R A NI ERE T E EEEME
(FEEE PRINE SR > 2022) - FERIBIEEH IS HARSEE - B R AGEESR
SAL RSSO LR A R iRt - BUer | RIEE 7] DAR B S22 S PRER MR R - &2
PREE =FERRAIRGRE " BRIV ARG RGE | RIS RSN BRE b 5 A R R E iz
FRISAH 8 BT 7t 38 3R A PO B SR Bl S L A e T By~ BRI SRR R RCRE T S YRR
=iy N (FEREAE ° 2016 ; Lin & Tsai, 2021; Schober et al., 2018)

FIR B SOR N AIHEEEA R B e A » BRI - B s Aot
HAME - HE - BREESENUSHITIRE - SUR S ELMEE 2RI losE Bl - F 0
FREESCANER - A EE IR B SOR R B A SRR S DU R B
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BRI 1 SO T E R 4R 5T B L TEIHR AR - BUE AR R 9%
BT BOESS - SU e S EAYINEE GRIELE » 2016) - 4lE 10 -

& 10
P [
77 X2 =p % = EE =z =
MR EER pere= FIEEFR WTE :> HEEEE

I Mckenna, M. C., & Robinson, R.D. (2002), p. 16

RIS et am - BRIEREA  E— eV A B G ry EE RS - HEEER

RIEEINS @ FimeREEEREEE - A BEENRERTT SRR EmEE
NANNE @ EEEREENESR -

/NG

FEARNSOREEES T - BlE T MERE ) EF > MESECRZRZETERIR
15 o PEERIAL T AITTE ) SRERBEAEEREERIES [ 2BV - ARKIEBEFE
ARSI SRR > BT AR R B M R PO i Z B T (A0 H > B E R T3
s - BMHERREEETNEER G RIS RAYT T Z RBEE T B E Ty
skeE AN RSN - SRS B R AR e B R AR 2 B AL B R B
ESOASERIE Tam Al - DAEAHIFE S SO S DLE A R B N 2 B AR - ik
#7% ADDIE ZEaat sl R E e SRR T - JeP e G E VBSOS
FHRTEOEIT ~ St ~ R~ B - ERPAh PR ER RIS B B IR BB B R TE IR - fa
RN FE Z BRGSO T Z AT IR B R -
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FSE WFRTE

AW TR R AE 11 > EEERI = (E 5T R Z g A A - O
WgE— - Eil AT B TR BRRE T ARy BV E N - AR
RO ZE— 45 IR DUREE B SURIRET - 5 T BRSO ) S B T Rt ST iy B
B BT TRV SR SOAB S - FRIL Y R (ER e A H—
SECUAR B {iclE ADDIE SEETRAR » PRIE A
DIEBOOR Bl - #EATRGE AR B R 2 BRI > BRI = - EN R R B
BRI TMERHR ML 2 SCRHIFE SRR - AR = ~ BE7E =20 R PLr 8

Bt~ BEEITTAE /PR - SRS SO SR n TR L E R g

& 11
il XA AR e

LiG s G BN

FLAAE

|
BrgE— B TR TER ) EiREO
108 SR FRBEHNENE

|
SRS SO R SRR A

—

BRGSO B S LT iR

»la
L)

AR5 TR MRS SR

DA - B B
|
3 3
x £
| o= mesmmms | | o= sacocEams || g
i — BB —EgerAnm || o
- | -
5 25
{fcH ADDIE Jfif2 .
SR HRERIT
SERRA
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BRI S B e R Ll TR S ) 2 > AR = (EWTFEFERE T AILL T
Fo— o THES TR =) M o EERRI AR — - SBIE - 2 - WE(ERAE
FEEEBE T BHBMERANES > B TR 2 23T MR Z b5
HiE SRR BRSO SRR W FE T o WP SO FA
HEESE CFR M EIT - ANAFE R ELL T8 BoTlERY] > HerHT 2 s
AR EMHEAEE L  B=ARMIE= - $1 T A% BOTETEREISE IR
Jiik o
WF— ZREEBERSATEITHR
— IR

BFgE— L ZAIE 108 SRATAVEEZHL » $HEH - 4~ A=ERABREREZA
8~ DEEEITET O RS AL =R T A Y R MBS R o i B AL -
A MR TP AT VAL ~ 17 ~ SRA R TETT oM - WIRBM N ELERTT
ATHTAERBIAN A 25 - TRMIB BRI E N BB IR E Tt tg - DUETT R EIHER
T o WEZERARAE 12 -

& 12
SR BEE T EZ RE ~ B ETTERT TR

AR LR (el
SR ET SRS DT SR EEDT

\\\\\\\\\*l*/////////

M H B &R

IR RA R LR M A T R TR ERE
EEREES A T RT3 ) PIRRHYZER

v

A A
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= UIEERAE

AHFE— DL A P P i A 2 = (lRsAS » BIFE ~ 2~ RRARZ B e B 3
FRIEMURBTIEREA - ALL T &%, 81 T 0%, BT i g o R s 107 5%
i Z BUER AR AL - S EREE S L&Dl T Rd, B hER > HEHRTTAKR
[FE/NE > MEARBAR S B IRE R — (2 EIEE > NG B2 ENETE RN
R (EEHA A S AR S - IEFRBEERE /O ETUEBREETT - BR
B~ TEIHEZE 3 - 6 (EEIT 0 ZRE ~ TEHZEHE 3~ 6 {EE T ARRE ~ TERH
ZPk4 > 5 T > WEHERANEBE AR AE -

READ - BRRN R B HA e HE 2 HAYS [REEDH - S AR > ERA 3 H
AR FERIE - H A 2 EE R BUHBR AL (R Y AR © ZRN S EayE B2k
2 HIS [REBHEE LA AT - BRI ABAERIM A 5 B - AP A 2 HRIEEUED)
(RFIAZE) ; WA SRR E H 200k 2 HAY5 [REEELUR | HRVERE AT - BoRe
ARERARIE AN 1 H - A2 WA REREDBRIE N SRA HIBE R AHR
HERMERIERIME - BET— B R AR E - hEE BT - 578 IR
EEAIRIZRAE - BORSIAGTE © 2BEIT - RIS 2 2-3 6 > PNHRZEHENSS
TR EBEEEIUET (2-3 - 2-4) 0 {2 2-4 BETEHENSEE T IR o ZERAT S
RARFF By 24% ~ 45% ~ 31% (i » 2022) » 2% 13 BRAATHRIE R -

#= 13
=R EE T FEAEH

B R 2R AR
{5 FH FR A By tF1124E8H) T FRARZE-’H) T ERA124E8 A)
;’;giﬁig%ﬁﬂ% 24% 45% 31%
AR E S 210 215 225
agr =RIZEHE 1-1~ 12+ 1-3 1-1~ 12~ 1-3 1-1~ 12+ 1-3
Bt BBASTEH 60 (28.57%) 64 (29.77%) 62 (27.56%)
8L FERlLHE 2-3 2-3 2-3~2-4
ot HINEHEHE 22 (10.48%) 21 (9.77%) 21 (9.33%)

H R BT R ] 1970 4¢ 1988 4 1959 4F
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=~ EIR

BHFE—HRM AT SRS > ANEEBRIE LA EA Tk MEREEE
BT LI E B AR SRR T R0 738 ) (e FERR AN KAy o038 > DAR BRI 2= il B (0 B
B0 MR 72 28 g o D0 o] CLolil el - 2021) > B T B RERT EARZE
( BREZF ~ BL4ERZ > 2022) > MR EER T AITTas ) SRRV E TR - R T&k
MHE TR 17 RREEFERZEAI TS (PIEREE ) AYRE#ZER] > BTl
2Ry AR o RIS B R R SR EL A R B (R - A03R 14 - EEBRE
W 2B FIFLLAZ - A-D VIR AR AF AL S EI R - Hrp C FRAmREn T A
A, B TERAY > GREBET=FREE o D ERW TS B TCERN
TR o

= 14
B T S 7 B R 5 L PR P — L 7 B3 P
2 JESE A | B C | D
HE PR ML 3E AR FE — AR o (REAF — Mo Bk _

v JL’ } rr — | N ) =]
T;:Z %;i HOREH R ey d o R R o SRR AR R e A o BOR iéi?;;::iim
o gy R RO HI R - EM@HER [,

' i A e ¥ o - )
2 4 I 1 1
REMEHI OISO F 5 3% a[LIEEEE 3%5 1E 1
BREETHOCH =Gx9x@x4  |HiFpriE 3=3%2
S - - M
EAE REM T3, 8 M-, e "4~ 47, N
B3I N B L EEL P ET ) BERRFR C wERER D
x 14 QILL 7 S BORPIERE - EERBEER - XEER (IB) D8HERAER

Fo  HEL A SR TE » B D SR E = L 2 fEBUBIRGS GRAFECE) PIVE R
TSR » TR AT AT — N 2 TR e BB ) BRI 26 « FTLABE IR 25 -
BEZ% D SEARIEIE C SRV BESL AT - (8D SUHRERHS C SEUBFIR B ST
ST - BRI TR ) MR ATE  BHRE A T OYEFS LHIE L D
S - L IR R A S B o BRI S TR AR AT
GEARIESORRYIE - AP ES BORE 2 JCER RG] - (REEREER AT =g
SPR AT BURAAI L A12- 7 1 172 888 1 - B2 0 SIEERTBIIRIS
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