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A Study on Developing Exemplary Science Teachers’
Professional Development Evaluation Indicators and
a Weighting System for Taiwanese Science Teachers in
Elementary Schools

Wen-Hsuan Peng, Lung-Fei Lin, & Ching-Chi Chen *

The research aims to construct an indicator for exemplary science teachers’
professional development and to explore which capabilities are to be possessed by
exemplary science teachers in primary schools based on the perspectives maintained by
science teachers with different backgrounds (science teachers prior-to and under
employment in primary schools as well as professors in pre-service training institutions).
By employing the Delphi Technique, the research establishes its indicator and compiles the
"dimensions" in the indicator into a weighted survey to study the dimensional differences
among science teachers’ perspectives. Purposive sampling was adopted as science teachers
are invited to rate the degrees of importance for items listed in the questionnaire and 161
valid questionnaires are collected and ranked based on the dimensional importance.
Alternative Analytic Hierarchy Process (A-AHP) is applied to calculate the weight
distribution so that the differences among raters of various backgrounds and the resulting
overall capacities identified can be compared. The results of the research show that

”

“classroom management and lab management”, “professional teaching skills,” and
“expertise related to science” are the most important capabilities for a science teacher
according to the viewpoints shared by science teachers of different backgrounds. The
weight analysis results show that the overall capabilities of an exemplary science teacher
may be determined by their professional teaching skills which accounts for the highest
weight (20.22%) of the overall capabilities, followed by science expertise (16.13%), and the

classroom and lab management (16.13%,).

Keywords: Alternative Analytic Hierarchy Process (A-AHP), Delphi Method,
evaluation indicators, exemplary science teachers

* Wen-Hsuan Peng, Lung-Fei Lin, & Ching-Chi Chen (corresponding author): Doctoral
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ket T3t HRIETER A S & (5L > 2006) - EVEETE 1994 LR FHAARE
IE TETEREA ) & BTEREEHRIEEREZ UL (S5 2003) - FEZEHI R Z
T R BARMEREHEE WEESESE > B e R ER BT o By
BEEREZ EI G & FRAVRNE (BARE: - BUBEE ~ BRERS » 2006) © ZEMEESfE AT
SUESRFEREFHELOIAE R - BER A B WRE R - BRENRE - L
B AN B AR BB AR R A H IS - AT H SRR E AT & nTHEOR BT
G > TNEBE BRI ZRASE (RIS » 2003) - +HEHYE IS REE T A#EIH
B TR A AR - (ERTE R A O R B TP oa A AR A ELE T = R
%t ~ AL~ ERUEDUR GRS ~ s3] > ZER I SE R T R B R T T AT
HEMHAEAZRE ~ ERREVERN (REH > 2004) o SN BETE SRR
AR B R

FPETE ~ REEH (2005) FEBEBORE AT SEE] - JEE] BN >~ HA - BRE
BRZPIEHERN > BRI LK A £ RS WHASSENEE R
LB - = A E A IR BAVETE - B ED (2003) AFHHY T RIEBHEEKE
BIREATE R B et ok - AR E b NG A ~ BRI~ RS -~
s HfESE - e R BRI EGAYEE - RIS EE RS AR SRR 5 /R B
ERESIRAEERS -
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H AR EE T B R - R BRI A A BT - RIEETE AT 82
BPEGHY - EEREMEE M - SES (20060) A HETESSEAERAER
H—IR - EFEREATE R B2 SN EERZE - (BEREEET N 25T
BRI/ NS ~ BE R R B ARBLA TR I B H AR - B S TE R R 2R
BERIRE ~ BIERE - B ABIRYE SRR LEEE - SR OERE S - 2ERE
Z0Emt7 e (National Science Teachers Association > f&f NSTA ) (2003 ) AEBEANAIRIE
LETERHIE T B IARIZETEE HARE£E (Standards for Science Teacher Preparation ) » $i5
HRHEEBET AR HRIE NSRS - BHEEMREANE - 5RITET) - Rt G Bk
RIRAHBRE BB ST ~ —REBERTT ~ SRMERE ~ TEREEH R R EoRE R - sTE R E
SERCRAERARE S5 - RiR L2 B R VR BN S S AR U7 1 R B N TR R 2 BTiRE
TIERZ MR » AW RIETRE R & BN B N BT R S Al R AR E -

FEAE AT ST S B S I S B LEER RV I - RERABL OB 2Rl - DUTE Ry
SLE S EEHEISE RS (EORE > 1996 » 1998 5 = FEI - FR4{F - 2001 ) - H
RETERE @RS TT - RIEEENRZEAHE — » HIE —ExSMER B ER
GBI E ARG T S ETE T ~ FHE MR B - AR BINE R HETS
B/ B S S AP RS R ERESSE » 2004 5 SRS » 20042 2004b
T > 2004) » B LUBATEET R NS AR AT A R SRS B R S R - B
BN SR BN LT - A SR T By T 4 S ) | ST
B o WP ZETHAERERE - RIEEBER AR AR 2R PRI = W
FHE ERVEZEIERRE - B — AR BT ECEISEE R R S 2T BB A R ST
b BRI EEIB AR - TNERZ AR - AR R IR AR BRI
BENE R B R RO AARI 38 R - HiEF HEIRATE S B A E R 220
HY BAGEEIE - MR AT B B T R BB 2 & SR s IR SR A S A (BT
B2 2% - {5ENNEFREERRIANESN - FBLS T SRIAVEHEREE - fRIEeHZAVEREE -
RIHFEA L A& AR 2 M ER - S TEHAREE T -

AW B AE 28 —E 0 A R P B B/ N TR HER 2 S B R BT R S R ~ B
EAHEIE RS - I ERLL R BAT R N B E R NS E S R a1 - iR,
HYBRRE s 25 » DU HE BRI ZBETE RIS - iR A BRI EATE Z
KAE o R Z 5T HEYAIR -

(1) FReEMEERIEEAENE AR - FRH—EE MEER A EE

-134 -



B F ke AP PERFHRELEFBEHBESEL AP
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(2) HFEAEE TR ERE LY "B MEPER SRR R ER RS,
iR ER -

(3) BIL " B/MEER SRR EF LSRR, RN AY -

&~ SR

Rl &3R5 B R VR R AT B R B SR S R B AT DU ERE R 3k
TR TARRE SRR S R SR B B B RIRE A RHRA P ORI E A BEBEE

—  BFEN SRR E R R N

MEAEH S (BET > 2003) f5HFREEE mEMESEPRIEBZEEBEH
EEEZ BAt > RHERATER S EA H TN - RitEERr e S EEaEE
HIRHERENE - FAPEEHEETEERIBEAYA I - KR IEHETHIRIRAS £ - ¥
FLRE ~ FIRREEL(E 2 L > 40 Shulman (1986, 1987) 5 H MR EE RN 7K -
(DN EHE, (Content knowledge ) 5 (2)—FEZ 24055 ( General pedagogical knowledge ) ;
(3SR ( Curriculum knowledge ) ; (4)EE-EHHEAIH (Knowledge of leaners and
their characteristics ) ; (5)ZUE RS AR (Knowledge of educational contexts ) ; (6)E2F}Z;
B 5% ( Pedagogical content knowledge, PCK ) ; (7)Z{ & 1 &2 B 2 & S 4y A1 5%

(Knowledge of educational ends, purposes, and values, and their philosophical and
historical grounds) - EZ5H ~ T ~ 5RS4% ~ BREAD (2009) s8R EEAETZIEH
BRERA - AREEE - B4 RARBHR - Hopkins 1 Stern (1996) #E{TIE
HEME ST - SEVEEEBEVRE © (DFE QRIESEL . QEAREREEN
i (DB EHVBEREL © (S)BLEIBEETETERES) 5 (6)fZ#&RETT < Lopata ~ Miller A1
Miller (2003) #5HEEZETEEERME ~ BERITBE AR A B R
HYZET - SRFER ~ SAE (2009) SRVIEZETE B CHYEERE /TR B TRERE
A BB A IE Y s BB AT DT AR S S B R A s B SR - BREER ~ B (2007)
5 R ER RIS 5 86 2o A 2 R B 2 Bl M EE 1 LB A (B i 1 DL S (S ST A ER Y R A
FPE - SIFLL (2006) F5HIEEZEN (quality teachers ) FEZ B M5 B AFHIRIE - AE /7 EL
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ELE S FIEE A IEER AR - SERBEERE - — AR BT A E R
REIJE A ESRE  BREE A - TS - (BB - K G B ERECE YRR
EEEHATEME - A FIER - DB FRIE AR S W EFRE - $HERERETE Y -
GIEER ~ MRORIS (2006) SXRFIEEEENE R FHRIES SEMRE A ERAER - 24
HIYELE RIE, ~ BRSNS AIE - SRR AR - STE AR EHAREE FIG © H5RtE
(1996) SR FIEZEMLVA B EA B S E fVEERIEPIRIE - 25 2 EERER R
BRI - s8R BT R A A By PCK A REfE i BB EHIGE - =4
JE& ~ BEFmZE (2004) FLRER/NRIEZETE R FH IR - (DFGERIEE PCK Mg b Fy
HERATE  BHEETEE - wHTSEIPRRIER AR )T BVE H AR ERVE B B -
QB HEERERGE  TERERBEHERELE  SEURERER T AETRER
R SHEPIRECERTT - B RAFHETARA A - Q) RNEM BRI - Bl S TEEE
A E REENECER &

PETAT AR S P B (R R BT S B R BRI V2 52 - BA N EIRR Y
SERNG - FGEE ~ oK - B AR - g RBUNAERT RAIRE GRECE - ZRE0L»
2009 ; FEfEEE - FHEYE - T —IJgH > 2006 ; Burden, 1981, 1982 ; Fessler, 1985 ; Fessler &
Christensen, 1992 ; Weinstein, 1988 ; Huberman, 1989 ) - Mulholland 1 Wallace (2005)
B S — A RHER B TE BT 2 (student teacher ) Bil%f » 453 W(EZHET (beginning
teacher ) F|Ek AR AN (established teacher ) 7 10 FHYFEIZHETHISE - KIRFEEH
BNk o7 iR B2 EE R3S (science subject knowledge ) ~ —FEZ0 224135 ( general teaching
knowledge ) B35 Ej15#% (interactive knowledge ) =47 o W5 g HFHEEBENFEZ
B (RN [EINF EAR SR M S S Ay U7 o] RAHRA AR 2 B E A 5L - BT
EEE AR RIGRAY 8 - — BRI e B B AR AE i) [RIA G DB AR~ 52
£~ fHIE S [EMA A B8 - WHEZRENEA RIS ARGS - BT A SRR AR A
fig » ML NEBEOVBEE  IEAETHE - BUEE—RBEAERERE - IR
EREETLAIGH B O BRI R ) - RN K R RRAEER s - — ISR
MSE - H 2 HR H —AEEERRNER AR A = S T BRI R R R BRI 8 - B
HENRIHEAEA: - &K - tHI& G AT A B - Fr A SERE4A] F R ERY &R B Bh =
ATHER DGR EHE R - (BRSNS A kD - HEADUE
BRI ZEM RIS A - A 1 -
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B 1 FIEREEMANERE RS (7 B Ao BRATERET ~ ¥EBENE B R KEN) — ()RR AR
b)—FEHEBHAE: (F B8R4k (518 Mulholland & Wallace, 2005, p.785 )

Gy Bl - AR ERBETHY R RS - NPT ERSE A F g AR » Bz
FIRERE - 3R IR EAY BRI RE R 225 - RIER BT A& i SR
R ~ TEFUHE ARG ERICE S B DL R YRS B AR B ER A ~ R R &
ZITE RO B AR R AL @GR ] - R EEAA B M LR - SRR s b BT
KGR EF A EMH LR 2B » NIEEF LA Mulholland A1 Wallace (2005) S fHYRHEEZET
FIFEE I LIGERE - SEORIERREN A FIRHH R RAY R - RE 2 -

EEEEET % =L

2 FEFHARERRETRRE RS — (R SRERAE (b)— KB (OZ BRI
w (OETESE ARSI (RRBEEER () BRI RS
(&% & Mulholland & Wallace, 2005, p.785 )

= BEMSEEER R E SRR

PN B CERE A W A VAR A - B RIPRILEI RSN - FIRBEIEEAIER
FHm ML (SR~ 5RZ7E 2009 ) © SFLL (2006) 5 HIET & 18 RATERY RIS 4
(D FEEAM BT BUR - Q)58 bATE S B2 RS - Q)EETEHE - ()LEY
EEESE o RIS (2004b) i5 HRRATHCS B R (SR IR B B 5
SRR > WS AR B AR LB VISR - DISGT S IEREANE - RBUE (1999)
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0 AR WAk T 5 BT R A ok B AT B 7225 i B2 ol = B3 B2 B U i A Y A B B 7 =X
HYEE - B4 (2003 ) 45 HZUENERE 77 Ry Buhiim F AIRE ~ B2RIRIRE ~ 25 BEEAIAE
BEHEBE U - BINSMSIEREETBEE WE - B - SRR METE
FHEA Y B E R SR - BB " 2B HEEHEEAEZ & (National Board for
Professional Teaching Standards, f&iff§ NBPTS ) 2% Ay E LS E4T4: » AR = 1F
DA EZ 30 > AR Fy © BATRER AR A HVERE ~ ZUATREIR R B2 R R ER I
EHIRE ~ ZETREE] B R B HTERE - ZUENRER A4 e B R S B i T
B~ AR R Y — & (NBPTS, 2002)  Ho&BE (2000) 305 RIFFEITHE £
JE S FEAVRE Ry - (DR © STE A DA R A2 - QFEE M « WSS g 2
FH > Heerska s - B it - Q)% ootk - EAZ &R - BHRAE S
Mo (BN - AR - [N BE et R AR MBS A R A [E] 281
DA 53 LA [E R F R R O RV A » JTREEE (Blank, 1993 ) -

iy bl - (B BRI BETE R FHHVE AR BN E L EETHY 2 - HEA
AE - ARFFEBLEZERMETOR  AWt9T FEERIEEENE 7 5 P ER N
Bl ~ BEZERK B A4 ERHHI B B - BLFASIEECERIAE - BUEERTT - DIk
Koz~ HEERY - B RE R ALERE 2R AT -

= BEMSEEARE R R E ARG

FEREBAIRTE RN - BEEE - ZETERRE - ZENEEE - SEREETE R
RGBT AN T 22 S A BRI E AT 2 SRR BB A2 N BRI E Ry FIBTAVRER - DAREIREL
FTEYARE © NEEABTFE R BRI S R B 2 R fE R 2 IR PN S M R SR e B 6
W FEaE FUEMIM A - FOHAE (2001) RIS ASTAWREIER T > BFE()E LR
TR | SUBERRTE - BRHENE BT - BIEEReEE - RN - R
EIRA ~ RAERE T - QB AT T | MEREE - iR OITE - NERSTE
PSR - AW FTE AR TS PRV E - {80 (Delphi Technique ) JZ{HE
FEFRESRRUR BB S TR AR - W RE R - BT H SR R AR
W9 A (SHEES > 2001) - FERRIT FLEFRICR A L0 a1 B Bt e ZE Rl Sk s i L 18
FEMSIRE - B L EhH (BB S RE Mt O 1 3 1] Er s s\ LB P 2GRS - (e Rio(E FRm e
—EEREENZ —FS] (=~ B8 - AAREARYHIREEEA - REE R T LEY
HI > eI (50 - 1996) - (B BRI EHAIH R BRI AR /A S
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BERIR AR IRG - 155 TER RS E BSOS - BB A B E 2
B DAFE Sy WA B H ) -

BALIEEEEME ZI&E /3 #7% (analytic hierarchy process » fiifl AHP) /& 1971 £E
Thomas, L. Saaty Fir#& Y2 @ MRS 74 » BE SR8 N EEFRSHY ISR - 22 RERTER
MEEH N R AABEEHEAE AR ASRRTE - (5REIE » 2000) - AHP 4558 (LBlE
(BBt LE - B A B e P B e Ao (R{ESE - 2001 5 255
2 PREAD ~ =ORSE 0 2002) o AHP 23738 SR E BAH BRI SE IS Y 58— B 0HET AT AE i
TTTERBEFHERRE - RN RN EE RS THEDE(LIEEE N ER
& REERS » FORTERRE L BN o Phm R S 2 o th - AR AR
EH - [EEFS - HEFE (2003) 205 AHP %t Ao b E kT oM » &
b 25 S AR L & HA A T A TIRSE » SURUE AHP B 75 (SR EL ke  SRE Rl
AT — BRI 2FA%E SIS A S X BRI HoRS - 8 R RNy
FEs /@38 % (Alternative Analytic Hierarchy Process » fi5ff A-AHP ) - JATREMETEELE
A RSB E RS D - KIS —(ELEAERAYF9ME - BAH A-AHP &f
gt R N —(EE AR REE B &g (B S REEE - BLFT DAE R RS
FERAVSH S - A-AHP 7> AHP HYZG#E - AT LGB A SRAE SR HRE 2B EAVRES -
BEAH EEJE -

BT RS S SGE TRMERT - FRIES BRI EENHEES » REE G FEF
FIELZEN SRR BT LB R - USSR SR G B B PR AT THY S S it
ORI ATZET R E 7| - Wi - AR ER A BN 2SN E R TEH®
FRHEER SRS HEREECONAER BRI RN E R E
[EFEIRZAR » W S I FEIREE TR YVEIRE DL A-AHP ZETTH5AAHR 2 fEER -

2~ YIRS R

A EHNEEE —E T B/MEER SRR E RIS, (LI T @A
BR) > MEPRFEA FIRMEEAET LB AR 2 BB DR TR B T O 2080 » AT FTaRE
=80 EREHERITRE BN RE R RS IR TR 0 HL
AR AR RS2 A LB B RS2 B BRI 5T LR (5 - 0%
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A A [F o SRR B AT LR R R A TR R SRR - IR -
MRS R ENT LR B E R S RS © BRAH A-AHP ST bHE s Mg
FRAVREER > TEETERRY AT » DIE R RARETE S B G E 2% -
— BIEHR
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dp2  BEREMEHEHRHEHT VRS ~ NEEAFERERGT - STS 8
FERGT ~ S T

dp3  HEREREEE LB BB B A S - A TEREARI B
=

dpd  BEREMEBHEZLRFMEEIR  MEMEEE - MEREEREE - #ER
BHE

dp5  HEREMEHEFEZLAFEEBR HTo TV - SRNEOEEE -
=

dp6  BEREBMEZHAEZLRFMEEIR  LEHE - NEEARBMEE - NEE
AERRERRET ~ STS SfiEaks
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DG - AREEREWIBRTREEEET 51 A ~ (EBRIE22ET 87 ARFIESEHEERK 23
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EHETHERREE - W AT E S SRR ERE 2 > DIFT e SR 22
B SEHEEHIRE K - W5 R=EE 4T
(—) RIERLAGRRE

AT FE S FH SRR ST S SR A ST DA 52 R Bl B/ NEE R B2 AT SR A AR 5
MHBECRREDT B R ETTRARC LS 8% - (F Rdm BT FEF GHVEER B E - REEHToEE
FFE D EIRBE RSN TEER R ERIE S RERTUE B/ MEE RIS A
% MR » THE RAERE o SR ER TEE, c BomETEET TERL
RIS IHE  IMERREIEEE T - SGHYIRZIEEMHRE T etz Eht ) - DUEE
TRIGIRA X RE S R R B > B SRR S I R S i R A H - WIS IR E
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(=) NEZETH AR/ MEENERETZ BRAE

Pt FE R IR ZET L B B | B MEPERI AT, 28R - AT LIATEE
Z VEE, fERY TEUMEERSERMEEEE mEEERER )  eREY
It 10 fE A AR E B SRR © A Kendall FIEB(AEEEES - DUOREHIFCHEASE I
10 [ EE TR S S TS R — 8l - AGERFH SPSS &t HiBs/E Bt » DU
AR &R AT 2B A E R SRR 2 A B B NEE R R 2B > WL
Kruskal-Wallis B[R T2 4R S BB A 2fe i o A 6]y SRR ER AT LB RAE U RUE AR
THAYRIAZFIEIY - Kruskal-Wallis BN T2 BB IEHEERETE - HAVE
BEp k R PR SHEE (FROFLL - 1992) -

(=) EEELRGEHE I

RIGHELERLL TR ~ 450 ) 2 ERORME - (E R T B/ ME B R S B A
ZIEEEEMERER o DL 10 (85 RE(E R EEREENS 2 EE A - (RIS E MR
Fr (EE R 1 KB ER A EE R 10) o Ry L e oA 2868 A R 2 jgE m
REieR e R C BRI E (L - B eI R - ERERA A-AHP fILGTER
FEEAETTHT © A-AHP T2 2fs T e ~ F58E ) B9PERF &R Microsoft Excel
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