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— MATRREEH

FIEEfE R ( Problem solving » fifBAERE ) R AME X EZHEL o # K
BB E 3 (Information processing theory) R ER M LEBNEE - B
RETRE NIhBEEN RS (Holyoak, 1990) o MR BRI E Y
MIBALR - RIZERHBERS BB 1 (Holyoak, 1990; Stewart & Hafner, 1991) -
1E Gagne (1985) Fi7| B SERE+ > MEBEERE - 8% RS HE
B RS RE - REENEEGS BETTIRES L SR ERABMAS
SEARER BT B RN 5 4 WRE AR R R e e R —
(Champagne, 1988; Helgeson, 1994) o R H; » EERN 2T RMNT RS &
o RRERMEERITHI—M (Shavelson, Carey & Webb, 1990) -

Eﬁﬂﬁﬁﬁ%ﬁ@%%@mmmmmmwggﬁ’rﬁﬁJ%%iﬁﬁ
PERETEBNENBREMYUBIRE o (Stewart & Atkin, 1982; Driver &
Bell, 1986; Glynn, Yeany & Britton, 1991) o TR 3 % B 22 A RE B B 20
T HESMNERES: FHERENER R E LML - fERE NS 5
B B4 (Metacognition) % 75 & i °F & B 5% (Chi, Feltovich & Glaser, 1981;
Smith & Good, 1984; Smith, 1991) - LTI R + L RENBEHEEE » &S
RIE B K IREIRIE - 1058 B % (High order thinking) £ fE5E IR} &8 i
B BBRSRECHERRNEE - ERASHANBHEREF—HRANE
% (Uno & Bybee, 1994 ; {TBIEKEBEE® » 1993) » @& H, - A HE LSRR
ER#E  BERHRFBHTELHR TMERERREBE NN ERE » FaEld
NSRRI B HE BB o

EREANNH BRI AT TS BES 48t aaE . LRE48B2E
RXR %8 — 8 8 7T (Finley, Stewart & Yarroch, 1982; Smith, 1991; E&% -
1990) » (BHEAMMBERERL T L8 (EES) BB CHEBRENTE
% (Garrett, 1986) o BB R R BT 4 W BN B - ZINGIE Sl Yy
??%EEBK@i%ﬁﬁﬁﬁ’ﬂﬁiﬁﬁﬁfﬁﬁ?ﬁiZﬁ@fﬁ@ﬁEE‘Jﬂﬁﬁﬁ SR BN ET R
AHEENLEMY (Stewart & Kirk, 1990; Mertens & Hendrix, 1990) -
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SRR R IE R R T AR L MIPER: - HE FEHHRTIERE
ARSI KRR L SHE RS — B4 ZBER B
BE SRR FERE RS YRR FRIF— BB B ARIERES o

— - HRED
AW S EEN TR EHLEE KRR ( A ) NE—284 2 RESE

SER I ERE S R R 0 R AR R B R R B - FIRE » 1E
S SRR P S AR O RE R AR R WHRETE— B REREE RN -

B URIRES
—« ABH B RENER

£y Atkinson F] Shiffrin 5 1968 {2 H AR RHARAL & - MBS
HHUAEER 28 3240 (0L A0 1 X 2 IS A R SRR B R B VR U AR A2 (Atkinson
& Shiffrin, 1968; Gagne, 1985; Gagne, Yekovich & Yekovich, 1993) - &S
REBEGEALEE > BAL  AENARERRKBIEZE (Rerceptors) * &
084 (Sensory register) %G HAECHE (Short-term memory BT ERE
Working memory) * 5 #i 72 1& (Long-term memory) ° % ME 7 4 2% (Response
generator) 2B {E2E (Effectors) = o

wETEHERLAERE (28) A RBEEZALR HNEIABGEYRE
HERETERET - REBEENUHGENASBER W B E o LA
R I L PR E R 2 e A R FERETTRT HANRA RIS SR 0 &
pE R E R AR B R EYRER I ESE R — B AR AR o REIRC
BRALEETE O BSTHBASRER HERETEHRE (Retrieval) &
o] G B GO A RE AT - SR T (R B P R P A SR N AR - BN ESR R
HLEENTE  BEALAEAENE -FE 5 5% 13 il B 2 (Control
processes , BN%aXFR4N © Metacognition) FFE:#5 (Gagne et al., 1993)

= - HRERARERRIRALR

fEREBERYTTe » TR, (Problem) sEH 218 B ARAIZULI R A REILED
W6 50K IR EE (Hayes, 1989; Gagne et al., 1993) » & L - FIRER " YR

[t
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22 ) (Problem space) ATHA - S5 » RIREZE RS Hy) 5 R _E (Initial state) -
BHHEGIRE (Goal state) ~ #{EF (Operators) 5 — i R &I & £ (Constraints) Ff#H
B o FERER BB A IEAS B BRSBTS P R s TERIEIR RER T B 1R
REFVBTE - 1RIB Gagne er al. (1993) E: » FRRERE W R R RE 2 B (Represen-
tation) ~ {18 B ER AR T (5 S RRANAAE o Hayes (1989) HIJSE M » AREE:B 2 Y
WEFFBRES « BETRRGRE - FIRESM - SHEBME S - RITHEHENTEEE -
Mayer (1992) HI 52 55 AR RE B 72 77 53 £5 P 0 o 1 B0 o O B PO S G o T LU OB
KRR EREERET, BEELERMEREGE L B IRF {5 1E 1 B RO RE R
R RESENES— B (Domain-general) #1455 B P94 (Domain-
specific) HYMERE SRS LA 70 ARIEHE - 32 5% 548 (Gagne et al., 1993) -
RS SRESNRER SIS - HRREEMAMOMS (e
THRBEMIAE ) Domain-specific knowledge ) HREHERBAENE
R fﬁ%ﬁﬁ%?lﬁtﬁﬁ‘lﬁﬁﬂﬁﬁﬁﬁﬁﬁ%%%%ﬂﬁ 71 R =1 S E o)
R EHIIEYE » 025 R R B BIE (Newell & Simon, 1972; Chi et al.,
1981; Chi & Glaser, 1985; Chi & Ceci, 1987, Hayes, 1989; Ornstein, 1990:
&mm1%zG@memL1%mom%%giﬁE%W%ﬁiﬁ2§ﬁ’%ﬁ
REARREN RS - — s - HREPEMRFLBENS  ReeRSan
R KB MIRE - HATEBRES EREY » 515 TENE R ) MRRREERS - B
E%mﬁﬁﬁy’ﬂﬁﬁﬁﬁﬁﬁm%%%ﬂ&%mmamqwwcm
Glaser & Rees, 1982; Larkin, 1983; Smith & Good, 1984; Siegler, 1985;
VanLehn, 1989; Resnick, 1992; Gagne et al., 1993) o

= BEBRACZHE
%ﬁ%%%W’ﬁ’#qﬂfﬁ_&_%@ﬂiﬁu%@ﬂ’ﬂﬁﬁz—- (Stewart & Kirk,
1%msmm1%1;ﬁﬁﬁ'1%mouﬁ%m%5%ﬁ'%$ﬁ~&%ﬁ%
WHERE (40 : S8 - ol BFE  MELFEs) . BREAIER - AT
& (Laws of Mendel) S2Wi#5 & (Meiosis) % 5 T - MERH S XEES
(Misconceptions) - T2 H 8872 |F pe ) s (M 28 4125 (Stewart, 1982; Hackling &

Treagust, 1984; Moll & Allen, 1987; Collins & Stewart, 1989; Kindfield, 1991;
Stewart & Hafner, 1994; Hackling, 1994 : & » 1989 ; HEE o 1990) -
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FHERERRESGRERTR L  BERNBRERERENTERRNZ
— o RIS SR R R B B E RO R B - R ARRRE S - B
TERE G B8 Bk (Heuristics) 1 LA#> 7 BAHEFR B F A9 T I miI{F , (Working-
forward) 2 EMESERAREE B4 MEEMEREST R R T G E R AR (Stewart,
1983: Smith & Good, 1984; Hackling & Lawrence, 1988; Slack & Stewart,
1990: Smith, 1991; Kindfield, 1991, 1994; Hackling, 1986, 1994) -

2 {RFGZE
— - IR

AFEEUGIHE (G - %) 2ANER P2 FR EBEREYZ
EHETHNLSLEPHE 5 "o BEB M, (Statified random
sampling) 82 " S #¥4E , (Cluster sampling) #9757 AT - Ffk N+ B
EAZ S ILERTRIEZ ST B BERSRE « T BEMREREE BR&
B4 2R - SEBEERNERS DRESET AR, % AHEIH
sy (M) i (SD) » fLEHE S (M+1SD) BESH4H (M-1SD) - B
mAAhE 10 £ HENBEBEA (£1 ) » LUBREF (Think aloud) Ad &
ik (Interview) - 1T T BREDEENR, -

1 TEESEERNR, TREEZRESET XM

24 R 1 51 BELBBRER (1557 HEY)
SO1A B 400 5
SO1B £e8 38 &
502 5% 34 &
SO3A B 19 {&
S03B B 12 1%
S04 T 39 &
505 5 3% &
SO6A @ 20 1K
S068 2 16 1%
S07 Q© 15+ 15
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—"WMHEIA

O TBEBET R | (Achievement Test of Genetics, ATG)
FHERBAEEBRE (BHE - 8ET > 1996 ) » SEFHE -S40
HRESRE R CEELME) - HY@EMlE SRERER > LRELESE
o ARl TAMSEMEEE ) (L Cronbach o7 ) {5 0.80 - Al B,
FHBEARRFCEEBEME -

O TEMBHEREHIER , (Problem Solving Test of Genetics, PSTG)
AUBRSERAER, XF4KE (S9/0M8) » RS 2AARERAS S
ENEEEENR " RESSTE XA, MHE - SETHS 4RGSR
BRE - MEERFMEM 2 /M RREB A RNERT - BN BRESERNE
REA LR BIRBRRBEE (Hypothetico-deductive) RI5B#2 (Lewis, 1988)
WAHERRE 1 - 2 EBERESORAEN  BRHT "HREIE , WHE

(378 ) HERERA (Hypothesis testing) FIRIEE (B 458) -

= MAEF

Fr#itiz 10 (LB FRSIN T RIEMRAERIER | 84 KB EEHRAE
U7 FAETTRIER - FIBRIRATIGHIER (Protocol) AR B #1% + £ Smith (1983)
AITBE F DAS A R RE AT B B9 TE B #7435 (Coding) o

FRMEREE AT RMRRE S R EE Y - 2t B S R Es RS
RSO S EEERT BRI ES RN X B - BR
R R B BRI AR R 2 P AR RE SR UE & Lol S — 5 1R 3 B R A 0 3
BEEEARNHERERR B -

B RREMW

— PEE NEMBRENE, HRE

m§2%%vSMA~SMB~$D~$M%ﬂﬁ%5ﬁ$$&%%9@
m%*%%éﬁui’%ﬁﬁﬁﬁ&%oS%A\S%B~S%A~S%Bﬁ
S07 5 5 (IREEHEB DR 4 88 BSHEER 40% o £ 10 (84t » S05 %
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®2 RS T RMBHENR ) WRESER

BeERHE  E Bt 5
1-1 1-2 2-1 22 31 32 41 42 43

E—‘E

SO01A 1.0 1.0 1.0 1.0 0.0 1.0 1.0 1.0 1.0 8.0
S01B 0.5 0.5 1.0 1.0 1.0 0.0 0.5 1.0 1.0 6.5

502 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.0 0.5 6.0
SO3A 1.0 0.5 1.0 1.0 0.0 0.0 0.0 0.0 0.0 3.5
S03B8 1.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 2.0
S04 1.0 0.5 1.0 1.0 1.0 1.0 1.0 0.5 1.0 8.0
S05 1.0 05 1.0 1.0 1.0 1.0 1.0 1.0 1.0 8.5
SO06A 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
S06B 0.0 0.0 0.0 0.0 1.0 0.0 0.5 0.0 0.5 2.0
S07 1.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 2.0

*M1-1, REBIEE VNG, HEH-
r1.0, #RE%; 0.5, R AN —PIRETE
Froy /AEEH

8.5 8 REERABITE 5 S06A BEH | B SMEXRRESE - IR
=, Datma ko BIERAREE R EE B A b R R TR AMBMR TR
EIE R DR S AR AR IEE -

St SRS AR T S 60% 1 5 (B SRR AERE R BT — 4 ( Hx)
TS BIEER 40% 5 5 MBERBRERTEREN—HE (Z4) - R R
KIS B A F A NEREERERRERME A v L £ O N5
1 1 o) 52 AR - RIS - ZHE 4 SRR Z LB AR R - fi R IR
ReBRRE - kAL RRAE B ATIG E RIS - oAt i 7 A7 25 S /N KR
RBRE—EARE - T B HERRREARE A S BB AL M R 2 R EER AT
e » RATHEN Z 4 AR A T L T HE S M R, o M —#5R 5% Smith
(1986, 1988, 1990; Smith & Good, 1984) KT IS S ERARST o dRULATAN - BBAEPR
AENRESIRNREYSRERRNEERR - —HZHEREMR -
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A Study on the Performance and Strategies of
Genetics Problem Solving of Senior High Students

Kun-Yuan Yang*, Yeong-Jing Cheng**

*Teacher Education Center, Chung Yuan Christian University

**Departmeht of Biology National Taiwan Normal University

Abstract

Based upon the results of the Test of Learning Achievement of Genetics,
ten students with different achievement were selected from 395 tenth graders
in the Taipei area. All the students took the Problem Solving Test of Genetics
using a think-aloud method. An analysis of the interview protocols for the ten
students revealed their performance and strategies of problem solving in genet-
ics relationship between the knowledge of genetics and problem solving in
genetics, and the genetics misconceptions.

The domain-general problem-solving strategies utilized by the better prob-
lem-solvers included shifting, justifying hypotheses, considering simplest condi-
tion first, and checking results. The domain-specific strategies utilized in solv-
ing problems included designing genotype symbols correctly and recognizing
the proportional relation commonly used in genetics. Contrasted with the
reasoning strategies of better problem-solvers, the poor problem-solvers tended
to use goal-oriented strategies as the better problem-solvers did. They domain-
specific problem-solving strategies utilized by the less able problem solver
were using different genotype symbols to represent same traits, confusing the
meaning of genotype symbols, using incorrect terms. The misconceptions
possessed by them were in the areas of the application of probability in genet-
ics, sex-linkage, and designing genotype. The problem-solving model that the
ten students revealed in this study was consistent with what had been proposed
in the textbook. |

Key words: Senior high students; Knowledge of Genetics; Genetics Problem

Solving Performance; Genetics Problem Solving Strategies.



