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Construction of scientific knowledge relies
critically on the application of a set of knowledge
inquiry skills and the understanding of scientific
epistemology. Central to scientific epistemology is
the understanding that all knowledge is constructed
by humans and is subject to multiple interpretations
and errors, and consequently, method of knowing is
critical to account for the validity of knowledge
constructed. Argumentation is an important skill in
scientific inquiry because it incorporates both
theory/explanation and evidence in examination of a
claim. A claim can be retained only if it remains
intact after vigorous argumentation. We predicted
that argumentation practice is an effective method
for enhancing students’ knowledge inquiry skills and
also enhancing their understanding of scientific
epistemology. In our previous study, we examined this
hypothesis with science issues. In the present study,
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we extended the study to technological issues. One
hundred and thirty-six college students were randomly
assigned to one of argument stand (proponent vs.
opponent), argument method (individual vs. dyad)
condition to practice argumentation with one
technological issue. The effects of argumentation
practice were tested with another technological
1ssue. Data showed that relative to control group,
practicing argumentation in dyad can enhance one’ s
knowledge inquiry skills in terms of total number of
arguments and criticisms. The findings are quite
different from our previous study using science
1ssues, suggesting that there are differences in
scientific inquiry skills and epistemology between
these two domains of knowledge.

argumentation, argument stance, argument method,
knowledge inquiry skill, epistemology of science,
science, technology domain.
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The Effects of Argument Stance and Argument Method on Technological Inquiry

Skills and Epistemology

Construction of scientific knowledge relies critically on the application of a set
of knowledge inquiry skills and the understanding of scientific epistemology. Central
to scientific epistemology is the understanding that all knowledge is constructed by
humans and is subject to multiple interpretations and errors, and consequently,
method of knowing is critical to account for the validity of knowledge constructed.
Argumentation is an important skill in scientific inquiry because it incorporates both
theory/explanation and evidence in examination of a claim. A claim can be retained
only if it remains intact after vigorous argumentation. We predicted that
argumentation practice is an effective method for enhancing students’ knowledge
inquiry skills and also enhancing their understanding of scientific epistemology. In
our previous study, we examined this hypothesis with science issues. In the present
study, we extended the study to technological issues. One hundred and thirty-six
college students were randomly assigned to one of argument stand (proponent vs.
opponent), argument method (individual vs. dyad) condition to practice argumentation
with one technological issue. The effects of argumentation practice were tested with
another technological issue. Data showed that relative to control group, practicing
argumentation in dyad can enhance one’s knowledge inquiry skills in terms of total
number of arguments and criticisms. The findings are quite different from our
previous study using science issues, suggesting that there are differences in scientific
inquiry skills and epistemology between these two domains of knowledge.

Key words: argumentation, argument stance, argument method, knowledge inquiry

skill, epistemology of science, science, technological domain.
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FEE (true)~ #2157 4815 (belief) » FRBy » T JE &4 fg;iéﬁ%n*ﬁk%éﬁﬁé%ié??ﬁk
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5B ERTE LA AR & B8 B R HFE  FHE LA B A 698 AR
Wem B ALTTAE AR » fldo » 35 E (2007) 6987 7% F 4R 3¢ @ HHFH 2 At a3
FRAMN R ZAGHNTA TREMNET AR THABRRREALBEEY
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Jo 38 3 — B 3 o RABR B 7 R EIE 0 (3) 40833 (RIRK ) HEE A RE
BARE R HIED - B REF2ABHOETRNERL —BARRKE EFP2EHE
% (scientific inquiry ) » LAZEAEFH L 403k b 69 AT B 1% - Kuhn, Iordanou, Pease, &
Wirkala (2008) X35 @ A2 a9 4B TRz - A2 TEHME LR
Rl TIER B G AN ERET AR L0 ZHEBREN 1 1. A
WA MELS L E R RS RY A - 2. HF2AHEAGRER A AR
B JRBp  BRAREIA R AR EA T AAR (FE2R) rEEd R mIEF&E
HETHERT THB, 83 FAENEMPEBKERITNH %’% BB AR A2
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WEEEMT R AW A E R R R ARPNEHEZ R (Toulmin,
1958)) o 39t 4 ZABL MR K ¢ ¥ —RA £ R« % A5 X TR MR BRI
=k kPt BRI AR BRRILE A AT T8 E X4 B RA8F G o sLsh
WP RAR MR LW BRI R TR A T ERALLRF E5K
S FAS B FI SUH 58 B T 3R a0 AL+ A Bko T $ 38 48 BB B Ao SABUR % -
SR — SR LA R ASUR AR R R N R A AT R — AR e
S b TRLR B 60 454 - QBB ET T 5 R B A B R BRI E N RS
MR8y ok e 5 4 ) 3 o SRR AEAE TARE T+ E & - mpk P AR AR
A RSEER ) S o — B EREAFIE N CLARMBERERZ
P47 4 by AR 8.4 W45 (entailment) AusA32#% » Kuhn and Pearsall (2000)45
B R ERZ e A AR T ERELSEEHE  —ERARE
(investigation) + 45 F %3845 LA E9I £TRAFH)  — AR B 4% (inference) » 45 /&
P PR A% 23845 IR 3 AT AR 40 5 B - Baron (2000) 745 i+ AL R 4EH B 89
ARy TS PR R I T AR o M 43T S A e e s R R AE TR/ BE 34 52
AL TR T ARG A 5160 85 R o AR —MRIL (reasoning) 4975 %)+
S B A AR R AT X T+ — 7 o RS A 0 R 56 2L A
SHIEH o AR ERIBEIENAE 5 — 7 @R R L R e
BRI A EIRIGEIRE 09 B R B M% > L AT MAE (theory-based
explanation) - 72 s Pk #2487 0 4 B ABAE A 4ok TR 47 — {81 2 3 440 0
RHBR 2RI BRL R AR C oo s R A A REE MR - AT RA
Bk Jo R B ) BT BRI AR ) R A 2 — b AIRIIOE R R A
B RS AR KR % + JLBp A 2354 (Popper, 1968) -

A BH# 77 % 3 A R4 (Wason & Johnson-Laird, 1972) 3% € %4 (Baron,
1905 )+ 75 Bp $f & € P ko i ALAS v 7 R AL » L B340 A T fi 1 ( Kuh,
1991) £EThRRSBBREIHREUG S8 THE 43 % (Johnson-Laird,
Girotto , & Legrenzi, 2004 ) - B b » e #+£ B4 AL b 48 & A —FAZ KB b
AR (refutation) - KB R AEIFAY - BT B T LRI - BAHE R
Rleh AAg - RN AL RAMHA B T ER > B wREHATHERT
FIT 36,4 6y B SR B £ 04 J 4 S0 B AR AR AT 4L F) © Shaw (1996) 457 5038 A% —
ERTHKRM R T XA 348 1 1. E7R#Y (assertion-based) R &L * 3 — 18 £ 5k
AR A SRS A AR 3] - 2. Wiy (argument-based) LR - H—
BERGLBE LS R NI 3. B4 £ (alternative-based) KB °
S — B S AR 30 45T 54 8 3 3 ) 399 B 45 6 2 5 -

FA R A S Bk AL i HE b o R L RBT AT 4 SR M SRR
we o X SR A

ATHRERE LG LB BT RA = (1) B A F R A0S
AP AR AR B TR o P B S AL A A — AT M 4 AR & ( Siegel,
1995) ~ o3t 43 49 7 X (Meiland, 1989) ~ #2185 3% & £ 3% %0 49 i 42 (Kuhn, 2001) -
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R THRAEBRIT B TIRITZI - AR PTL 2] 358848 M AR B e B %
Bt d  EERABEROEEY  IASEHRETTREHMNERGEE R
—BEAEHAERGEIRS (o BT~ ZRm 0 2002) 0 32 7T fefe iy AR £o3k
WMERGSZAM - AR R LTAR - SRR 7 R BATH BT ki
R A AT A2 Lo 0 R I LA AR B IR K -
WEBEAANHE — Xk ARHAZIMARRNE R M EHELR
LA I N R SLIG A PRI AR o ARy BRSO TR AARY 12
T EAHE REGEN G EEERA TR fod Ry 3035 E 8 KA
P % 75 6930 R S L AR 00 Ao R A2 R AR ) b 0 SRR AR E B AT AR IR B L35G A
EH RR F T hE ik AR R ] 89 2% % ( Lin, Horng, & Anderson 2009 ; ;£ 74 % 12007 )
HAIFER] - 5 BIR R B AN B FAMZ RN TR L ROWmFITRER
WEHERBR ARG BE AR ARPINELT » Ramere 8ok 2 & Ry e
AR BREY £ B LR
— BN R R 0 T AR R A B 8 BR N LR M AR R ey (4o Hofer &
Pintrich, 1997, 2002 ) - B AAR B Lok ad 9 2 AR @ A3 e0 8 B 03t T A
EZE B ARBROEENEZHFELDARRE —EAN TR AL TEHED
S0 B L& B g £ B (Kuhn, Cheney, & Weinstock, 2000 ) » & 2 333k 64 28 &
A#HA T EBR TS SR 50lny AN @A RARK MR G B @ wE
(absolutist) #4 miAB 3 F AR % U4 (multiplist) » & £ AH 2 7 2A3E 3|
P& E (evaluativist) B9FEF - JREp > BEMEEP(E R LR H — M BELEE &
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£ o {540 - Kuhn, Iordanou, Pease, & Wirkala (2008 ) #4#F % %3, » 35 B &R
RIIEH LA M4 ARBNRERE > MERTTHEBREESRE R
BV LR AERE) 2R 21 B S U RART YR FEMH TR £ EMRFE
SRR BATERER 35%  RAFHNMEFRBYGRLARFHLFMH
BYRRE o JbSb o B HER A B E SRR R RE LR B A S Ao BIGH PR BB PR A Y
A 53 A ZFE - 70%  HE - 5196 BB mHR > 2R 9% 33% ; B
o Bl — B AR B ey 43Ry kol A £ B o Btk ey 0 43 RosRey 2 A IEFL S
G AA R B B B B 669 B E 0 9% S UK 0 26%3 1%
F 0 o T AENEM P RA LA RGBT EBE L BN B
RE P 6696 5 & - T196 S BAE 9%  BEE 0 000 o FAEHRE 0 B
57% ; ##& > 219 o R T BAEFRI 0 NFRP AN IWRERREIFE L
ik HRENBHERMLRERRE  BRELBNCRBEN AN S81Eh
AEATTERYHAEL  RUERHRFE  2HELSHRTNBNELRE X
REBSHES - B2 REGRNE REL B AN ERIEH T LA M o %
£ (2007) &9 A RADENFE R 0 REA £ ARG FARF RS
DAAIR WP R T LR AR ZH IHFARAZNERE  BORERERA AR
KERBEFFHRA T ORI o LT B — 8 AHFH 2 B A AR IR S0 AR IR T
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F(EFNRT) Xawpth X (BANEA) YT RERAER AT
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A - B RBH - BEARFTIHPHI X YA R oBERHEOBERR A
BT e Rk AR Bl £ R RS RBE » BBl #52 40383K
RBEAEHZEBHARAKN - bsh > ESERB—RBHBRE 2% 0 2015
MORB LG RBRRADBENRFAENIGZE BT ELeRNEANE
PO EM BB HMAZ RO B EAZEM S BB E B E L
A% 0 DB AR BATH PR Y AR 4 2 403k % UL B 9 3838 B i 4 4]
Moo FH2RFBIBHERER  BEEARYONBET EHETRAELEM &K
IR SLBt 50 F B bt —F ey 3RS Bt ea sty (B R ) Sast sy
A (BARRA) HAHEGEAN B TR EARERBHOBE -
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G- YL
136 4 2815 (F » 65 A5 4+ 54 A)ikFEH% &22@.&ﬁﬂm(ﬁk
KM AHFE) ERBERAZER AT mE gy XS A %R
WREE A SRR AR (IR 0 2006) —2& T ReuBay 4k EEIE A
ﬁ e REAHI_FATAEA —LFR - B BEXFEOSEE—EAEE
“HERARBOEE S AR I ERAILGTREE S JIANREERL Y X
&4@%‘%&%% RAGBF - AR T - 3RAR G LB R R E -
Q%ﬁ%ﬁi
WP IR E 25 F c AEAHERERNAHEHAOEE T 0 SRR
&&iiﬁ&&ﬁi% EHEMFRBEATZERRANASL  Th2dF (Ed
%’?éﬂ) A X (Rmmeta) ZERN AR EBITRHARE - R ALET KR
WERE SR E R ENRPEHEER AP T IR X IFZERGE
BREF N ZBRTTRREGRHEZ G REE  RHRHFERLRERF
. a@?ﬁiﬁ‘ti:$?3?° DABARE S MARBEAER M= - £EAGEYE
?"‘ﬁ* & B BARER PSR T BRI R E RR G ILI5E P i
c AR AREIA  HBREARBA—B B —ANELEY » B —AHEILE
ﬁ S AP LR I R g 7 B AT o EHI AR SR PIR Y -
F IR TR RE T =
FBE RN A LB BH — MR E AN LR T S W R
AR 4ES > B AR R I RAE BB Lo —BBEE - 2B RHE
RAGEE L F AARA LSRRGS AT ¢
1 saptrty e 2L HEFOERSAR RENFRE N FSRE=HE
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2. BAREM - AT S PE R RE S BRF A A ERFR—E X R
UEF RGN RIS  ARFEREE -
3. WAL - IS EERRIEREBHARS - o) ARE - HES
AERAIFRRBZERGAZAYGENHE - 2) FEBR - RS0 E
WA EBEFAES » Xy R T HRFHE IR EHERHAE
4. RBI K - o 5B EHmBRE TR X o R ERAFEZHIG  BE
B ERIE N B %A E5Rkey =48 (Shaw, 1996) ¢
5. %mEdE o RO T ALREH T HEROEEHMG > flo > Tao
A>B,B>C; 8| A>C ZAAIEMHH - - 2B A<CHLEHA AL T HEHE
EL LR
6. KRG HLEL > 5 RBELWFH—MHERELERGARL - HFERO0E
100%w &£ eh9H RAERBERE LFH LB X ERGEE -

AL AL P B AT B8R B4R B AR 7T4~1.00 2 ] - 34 4.90 -
FEGREm O E

A ERECH T E R A b Liu & Tsai (2005) P A3k &R 0%
A B & > LB R AR EE ERTRATRNR ] AR AL RS
Kby o 2. MBFBARERIETN o 3. A IBMAGEMY 4 HHIoBLE
F2 MW Mg 0 S FHso R LB E -
Az

IR E KRR EZAT ) S AR B HEGRER 2 A H
SRR TR o M B 0 S0 R0 0~100% 89 & & R B AL ETRZ KR
o BERAE—SABORE (1) BARBHEN 2 A H KRB S EGE N RF
LR R B BET R AR EROBLEE - 24 0 BB AR
RALFERHAEROBELAEL B AAAGHEBRTORAT  # 4
BEE oYl EALE M A LN &Rk BY AN ES
2 B st E o RAEAECRAR BT RER R HE o (2) AR W TR -
18R A AR L35 Bl ey 7 X 4T - 4 AR08 BRI EHRABFRE
H A2 484 -

TR
AARAHBAAKEGER TR RERFE BRI EATER AT R

BRYGBERFE R A LSD ik RATFAT R F o) TR e bt - 2

R4 BF H MR - AR A Bonferroni & 4T F AT % E b LA Dunnett T3 i

TER T H R St E AKERLE =005
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EHRFRB B D —EHRBEATRA SR ERB S RH % PR
VORI BELRBEARHA SR E £ R > Fu 13 =1.90 - MSE=1704.92 - eta’
=.06 2 3FREEAELHEEEEmA (% 1) Fq 13 =33.39 - MSE=1182.67 -
F<.001 reta’= .33 3 R¥r3pEM=91.21,SD=39.23) % ## £ R4 242
FEBR AR X 3 E (M =139.37, SD = 26.33) #1444+ % 35 % (M = 141.14,SD=
41.06)£ 2% - R AARBRPIATNBESRE ALY E  RER T LY o
ATHIT - BAAFRLBIRE LG EZFHHRAE] -

AE LR B L > A A m E N EYREHRS 6.52 (SD=2.59 * N
—136)’ w2 B8 % (Fy130=6.24 - MSE=5.79 - p < .001, eta’=.16) »
AL PR ENREERS  ERRAEART HEE REERV A
Y4 o LA LSD FATA 00 -FHS P b 253 > A E S %5 (p<.001) #a%
SEAET (p<.002)y EAR T wmprsa (p< 002)\ #yEsla (p<.000)-
EARTHPBAHREELBEZE N ER AP <.001) s EAES (p<.02)> 2
BARF wmrm (p<.02) - AL RA @ EZAN RIS - EAL R
WA R BT ab s 2R o

WmPEH M S A L HRBEHE Rl 2 ERBEFE (Fr130=1.19 -
MSE=5.45 - eta’ —04) A LSD FATME 6y -3 SR b i3 - ¥ AL Fhpia
FRITH) XA MR E RS > Birslam £ 23 (p<.08) WEARFHEZER
b E (p< 10) ﬁf&%éﬁaﬁéﬁéﬁﬁwﬁﬁ% T R# 69352 dpsa
B EE B RIEE (Fyo3 =1.16 -MSE=5.85 -eta’=.03 ) 14 Bonfferoni =37 2
-FHEMLBRER - AHRBFRETmairflan R SR EE  E&F]
bt RnmMERRES (Fso130=1.69 » MSE=0.93 - eta’ —05> 49%%A)i7y A
WK R ERAK 0 {200 LSD FAT R & T B M b ER - AR T HE
WA Ay %iﬁ%ﬁ.@%%%ﬁ%] w(p<.02)1 8 AR FHmeprap<.05) ¥ 8 A
FEEBR LGRS (p<.07)- H%Ek*i]‘i/%fﬁi&ﬁ ey Fo iR By B4 E 4045
g mﬁéﬂ&ﬁwﬁ]éﬁ&ﬂ& EBBEE (Fy130=1.92 - MSE=6.65 - p<.ll -
eta’=.06) » A LSD FATA L6 T M LL s 3 - AR S B8 AR Hhiia

EO R %%ﬁ/\/‘ill..ﬁ%r’%ﬁ“ﬁ%Jéﬂ (p<.02,p<.05)° # AEJ 18 ATt
Mgy EELBEREE (p<.06) HiaeyZERAREE - i%@ﬁa z
BRY AL IS R AT Aﬂ:jf AEEE BB BARRER AR S XIFHARE AEHR
BardE AT EAR TP AR RIRA AR S ORFRE -

WHRBAEM T 2R IEE 5 RAFEREBEE R B X5 R SURNER
RXAIPEA D %ﬁéﬁﬁﬁr%%giﬁéﬁéﬁéﬁxﬁﬁ% Fs.130 =1.15-MSE=6.95 -
eta®=.03; {2 24 LSD FE AT L 69 43 Lb i 8 3, B AR 3 BEi5 A5 A o 2
RERK BEARY (p<.06) REAR T mprm (p<.08) ZEBAHE -
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RPN EIREEM S B LIEREET LB REE » Fyo120=3.37 -
MSE=1.97 -p<.03 -eta’=.09; BAEHEANBEEERS  Sixslm £ B8 (p
<.01) BAEF@IEHiang £ B LBABEE (p<10) - EXANEHE LH
MR EERTHEYE » Fyo130=2.15 r MSE=1.65 - p < .08 - eta’=.06 ; Bonferroni
REATEAILRE R BALTHBEFAOXAERE ERS  EHaRK > =
WMERBEEE (p<.10) AX AW HEHEEL  BAEFHBHEES Y HX
BEANE S i 2 ira e £ B RBE - Fyoa =135 - MSE=0.51 - eta’
=04 -

BRIk o AR MR HEREREE (Fy130=1.64 -
MSE=5.26 - eta®=.05)+ LSD #/T¥ATM L5 - BAL T hpred &
BN BARTHIFEGORERAR @ ERBEE (p<.02) BALESHHE
B R LBEEERABAR T HEE (p<.05) HeEd 8 H#h RRAM F ey
WshIa B E M EH  Fy130 =2.66 -MSE=1.44 -p < .03 reta’= .08 ) Bonferroni
EBITFAILLBRERBREAL T HEFEANRER S  E4law)  —HE£88
WRAE (p<.07)  UREAAMBKRYFERNBEAOTX > UEAET RS
HRREEARY > MR AAERK  ERAXKEMEREE RBEE > Fi130
=1.46 - MSE= .73 - eta®=.04 )

WS MR EREN TR LR AEAET RS ERAEALNVRT
Pl AR 2Bl o) £ BRBAYE 0 Fuo130=120 - MSE=.72 - eta”
=04 ZALSD FAT RN LA - AL TR BERBHBBEARF
WEMERBRE (p<.04) B TEHRF OB > AN EALY L HHHEE
HMeER -

DRI E o 35 AP E PTG B 0 MRRE A 4E R N SBIE RN ERIL ~ B R IR A
W P ey R R RS R RIAE 0 (Fso130 =1.63 - MSE=10.18 -
eta®=.05); 12 LSD FEaT ML 69 b33 - A EH AR 603P3h % 5 0 din 4l
MERIE (p<.04) HBAEFhptae) 22 LENEE (p<.09) b
EART B Ea o ERBBEE (p<.00)-

Frii s Pt 2R R E (FS4.130<1.47 ) 4 LSD syt b -
B AR i e SR B e R A 3 AR SRR AR BR E RN AR a(p
<.03) HMBARVMHEZELBZNIEE (p<.09)-

Mz KRR AR e HARIR B EE LR X
HRAEARTHHAOT X - EAFBHEFABRIBR IO LE LR BE
PERER G AR EZE - A EN DAL BEN AR T AR RALTH LS
BRE R BEAERTSHBE > R HHEER  IMTALR HIRE RE693%3
DA G s R fot) E M - X R E BB UM BH BB AL ABAF A
H—HBHRAEARERBEIREH L - fa¥ey R ARF oA THBEDS
TR MAGHEREH T R B A RE e RS TS E AT a9 BT R Ty A
HBRAABRSORE - b a8 P E (2011) A 23RA A SR
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RE o AFE RS BART ity AHHAERANRE
B AR EABGRAER  AEBEF FXRE  Ribasty A\ 1588

WP R R PR T -

&1 HPEEBIE R REB NG 4L T

AR B K

# %R BiE BER FEH) 4a

N 24 24 27 34 27
HERS M 103.58 113.38 121.19 120.59 134.22
#E2REE SD 41.11 43.79 47.16 40.50 33.05

* DEHEH M 8.14 7.63 5.96 6.06 2.25
SE 0.50 0.49 0.46 0.41 0.47

IHmEBH M 3.38 3.12 2.57 2.34 2.18
SE 0.48 0.48 0.45 0.40 0.46

R¥%m2H M 4.00 3.47 2.83 3.19 2.66
SE 0.50 0.50 0.47 0.42 0.47

BRE# M 0.76 1.05 0.55 0.53 0.40

SE 0.20 0.20 0.19 0.17 0.19

+EEH® M 4.76 4.52 3.39 3.72 3.06
SE 0.53 0.53 0.50 0.44 0.50

* 2IEHEH M 1.76 1.30 1.96 1.15 0.70
SE 0.29 0.29 0.27 0.24 0.27

HMEE M 4.25 4.79 3.37 4.59 4.18

SE 0.55 0.54 0.51 0.45 0.51

+EFE_ XK M 1.42 1.14 1.48 1.03 0.55
SE 0.27 0.26 0.25 0.22 0.25

BHE-x4 M 0.34 0.15 0.49 0.12 0.15
SE 0.15 0.15 0.14 0.12 0.14

fREE s M 2.36 3.10 1.60 2.79 2.29
SE 0.47 0.47 0.44 0.39 0.45

x B EIE M 1.39 0.89 1.23 0.68 0.44
SE 0.25 0.25 0.23 0.21 0.23

AREBEZE M 0.74 0.62 0.41 0.30 0.27

SE 0.18 0.18 0.16 0.15 0.17

wEEE M 1.23 0.96 0.98 0.75 0.84
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SE 18 017 .16 015 17

2B M 5.71 5.57 4.21 4.52 3.85

SE 0.66 0.65 0.61 0.55 0.62

Fodliom_ Ay M 28.83 27.67 27.04 28.32 27.63
SE 0.60 0.60 0.56 0.50 0.568

*p<.05+.05<p<.11

2. ERMB EREHBIUTANDE

ARARER  BEARB—RBPHRE 2L Sk — B H2
P HoNBE 2R R RBANECHET SHEHIROBEEREE S R
3ﬁ'n \zn%\&ﬁ%#mnﬁ‘ﬁ e EmEre &R (£2) Loy 2

2% ﬁ&ﬁﬁ_xﬂ im%%éﬁx@%+aw4%hME6m’aa
=.03 -

WA E XA HYE > RRIERAM EZEBEE (Fy 133=47.90 -
MSE=3.85 -+ p<.000 - eta?=.42) > 1A Dunnett T3 ¥4 T4 H M LBER > B &
ERAHIFHILHRD  REAmI I FREHED  —F2E28F (p
<.000); R#@mmAGErR Ear ERELBEE (p<.05); A& XKL
WELBEE SN R EA (p<.002) £ R #HmaH a2 EBE (Fan
=57.43 - MSE=4.00 - p<.000 -eta®=.46) > LSD F/4 P34 M b i g3 - k¥
MAORMBBHRR S FELREAHNRUBERRD AR A E4REaR
R¥tae 22 %8% (p<.000) 4@ 2B 8% (p<.01)- £ERH
BFEAREER @M £ RS (Fy133=3.97 '"MSE=0.90 - p < .02 -eta’®=.06)
A Bonferroni FAT-F 3 # R L 5 A& R R At BT 28 E 20
Fwm (p<.04) iR#@m (p<.02)° ZHRHEERLBEBF AR BE G
A — LR AE &R A ey £ B8 % (Fy133=46.78 'MSE=4.95 - p <.000 -
eta’=.41) LSD ¥4 FHHMLLR SR » B & L REH DR E D NH &4
E% (p<.000) LR ¥E (p<.000) % —faMey £ RA| FEEZE -

HIENE c AAYMBEE L EEREE > (F2135=0.24 - MSE=7.01 - eta’
=.004) o 24 3ehEIEE (F2.133=0.94 - MSE=2.10 - eta’=.01) » X AN HE
% ' (F2.13=0.25 - MSE=1.72 - eta®=.004) » R & APy £ B L REE - 12
F XA TAEE (Fp.133=4.27 *MSE=0.50 - p<.02 -eta®=.06) b 41 f £ 2 25
%qumWB$&+%%%mh%ﬁ R¥EEMIRGXNEE RS 1R E
MmERBE (p<03) AGHRAEAZBEAREABELE (p<.09)- -

BLIR 89 F 0k o 4% b 4538 (Fyp 133 =25.87 *MSE=4.40 -p < .000 eta’=.28)>
24 Dunnett T3 $F44 P33 M b 80 3 R$ 2R AT R MRE Lo shia B %
53R EAP<.000) 2B A EHREAMEZETRBEE  AKFREAXESE
%R & 4 (p <.002) o #IE £ (Fo.133=10.69 » MSE=1.37 » p <.000 - eta’
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=.14) > Dunnett T3 F4#% T3 R Lb 4530, © R ¥ 2R @B BLaN 3B IE Loy srT8
BHESHEEE (p<.000) Hibafey 2 RAREE - BABEGEMER
Pa¥% (F,.133=11.69 - MSE=0.64 - p <.000 - eta’=.15) » Dunnett T3 %1% 35 3
MR BR > ARHRTamRM s FREAEBEESNREEA (p<.01) st Y
@ (p<.03) R¥fm@iplEa—_miwEZEAREE -

Wl o BB BB TR L 0 F,yo133=49.83 - MSE=0.48 + p < .000 - eta’
=.43 > 24 Dunnett T3 4 P H M LLRE R B E ERAAE RO B ERBEHIG
BRI VN AEHR E(.000) 8RR $4(.000) 1% —mfley 2 BRI RAERE -

DRI E o S E AT A ARIE L 040 3R N BB TS N B A R B RIS
day s AR b ey R e e % Fy 133 =63.89 - MSE=6.47 » p < .000 - eta’ =.49 -
2 Dunnett T3 4% 34 $F e B L F) & 3R 40 PR35 BLA0 3 s 1 BR300
A% R & 4a(p <.000)#2 R #H48.(.000) » % —mfley £ BRI RES -

P oh o AR LMHOBS TS 0 IHORRBE 0 Fn =775
MSE=60.88 - p <.001 - eta®=.11 » #}#HH3hAEH (51 B & A7 B B e AH R 3%
RERS  LSD F4&hidar r HEEEa (p<.01) fiR#w (p<.000) 4y
EREEBE PR _FWHEERBRE  LEMESMRER > LSD F4 T3
R Eb s AT A B B A R AR 2RI SR LBEEEWE E4 (p
<.04) $1R¥m (p<.003) Fp.133=4.55 - MSE=5.30 - p < .01 » eta®=.06 - # &
HEFEAEFF BT LR EN R L LBEESZNEEE (p<.03) ZRHH

(p<.003) s Fp.133=4.64 - MSE=8.23 - p< .01 » eta®=.07 -

ERmE  AOHMEGREN LG ARE RO T AABRYER 20
H—BREZER AREBEHZERRE REGIHEE - L3R B3R T AR
WA L EEE o KA KRB PR MR E MRS —EHKE
TREF - ARG AL E @Ay

k2 HERBEXMEREALARFITA LN FHE

A &4+ 5]

A& AR %

N 60 58 18

U IRBESREE M 139.37 91.21 141.72
SD 4.44 4.52 8.11

R EE B M 6.03 6.59 7.22
SD 0.33 0.34 0.61

x X HHEEH M 4.47 0.95 2.28
SE 0.25 0.26 0.46

X RO B3 M 1.20 5.12 3.72
SE 0.26 0.26 0.47
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* R

PIEHE

X Y

* B XSk

RN ER TG

* IR e BRI

* AR RK

* SR AR

S T

Foslsm ARy

X Ko Bk e Y

o3k BRIy

oG _ 1 M R eg

* zoilism_ b

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

SE

0.58
0.12
1.78
0.29
3.32
0.34
4.42
0.34
1.27
0.19
1.18
0.17
0.08
0.09
1.02
0.27
0.42
0.15
0.25
0.10
0.28
0.09
1.97
0.33
28.07
0.38
27.95
0.30
28.49
0.34
24.58
0.32
26.48
0.37

0.52
0.13
5.64
0.29
4.50
0.34
4.09
0.35
1.53
0.19
1.09
0.17
0.45
0.09
3.78
0.28
1.41
0.15
0.40
0.11
1.53
0.09
7.12
0.33
27.52
0.39
27.36
0.30
28.09
0.34
23.85
0.32
25.86
0.38

R

1.22
0.22
4.94
0.52
4.72
0.62
4.17
0.62
1.06
0.34
0.94
0.31
0.11
0.17
2.83
0.50
0.89
0.28
1.28
0.19
1.17
0.16
6.17
0.60
28.61
0.70
29.22
0.54
29.56
0.62
25.28
0.68
28.22
0.68
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*p<.05

A RAR R RGHg ( EHFRRY ) BHBI X (BARHBA)
HRBGRAR 0 4R IE KA A LA R 0 B B o BT E A SRR A EHE
¥R Eagar (0 2011) B3 AP T X EREM 2 LoBIRERENZE R
Mo EANRPRETHERTOATRERE ZHR B A2 R P oy FamgiZEa s
[ e B SE S 825 0 B SbiB B3R PR H B AF AT Ao kIR AL 09 2 B A BUK A8
oy SAEFT AP oBRERBAEMOTAERZOREERL S BRF ~EH
GI1E A N B AR ERER A LB - (B AR B i S R £ 3R A
Bl sFpt L UARATS 3850 A AT BUR  HR T IEBT AR 4N RE - B b F
ZERPORERENBRRABRELE - Mb R BITEABFRE HRAHL
FoIR WAL A B RIE N REE R~ XIMEHFI A~ AABRORE EAE
RO LB ERABPR BT WA &S 2 hm B RIEE A
2HA L BAHBRGE R BRAFERE RO T/ 12— ROGBFR
BERRUEAPMABNGLEBE o

FE LR R T AT BAF BGRAL Avm i £ A8 & RS TR PR Y ph ks T AT
HAEF R AR RIRFAL D — MO FHEGRARN AR B I DIHRIBBEES
FER A R AL X F R REBER R EH S LS A g 0 LA RERY
Pl S R ey IR E SN 4 R AR B SN B A o AT B
A T EATHEAR F RS BRI AR S OBRFRIE - B ey REL
BHAPER M o BN E AL AT AR R E -

BUESERBITHAREAS FHLEL T RE LR  FL2LERAR LM
o FRAFAH PR B ERBAGRAOTE HEAHHRA LT R RIoeh 32
MR AN Ed RATHEEFTAEN > RSB EN Y XBREL A
RATH R B BRR T 55 A BRI R E - A e 20 A R R A Choft R Ao
EH-ETUYANTE  REARATENTREZINOETY SLEAKESLRE
HEHLONAE  REE TR R R —RALBRER Y 40 P45 & Bk
3 BRI RAEBARAET BEERWBERELNTREMERE
FORGAEBRENTAL REREEFUEATXETHRRARTOES A
AN EEAEA S BB RBH S — RN B R E B
MRAETT % — 383 -

£ it

ILHE (2006) . HFHEERGMREE P BERZHE AL RBRETE
IR AMB LR o

BIgE o~ ZpEm (2002) . GRRIER TR SFAMBHAEREINVE K

15



PR R

RSP > 150 129-161

i E (2007) . BN ROHBHPVHUBETAHRBE LN BE - BFA 3K
%

£3mE (2011) . ARSR ~ sk L3 Eom 3t o A CHH ol R 2 B AT £ 3830eR 40 %

B BAeRIRARITERSE -

Baron, J. (1995). Myside bias in thinking about abortion. Thinking and Reasoning, 1,
221-235.

Baron, J. (2000). Thinking and Deciding (3" ed.). New York: Cambridge University
Press.

Hofer, B. K., & Pintrich, P. R. (1997). The development of epistemological theories:
Beilefs about knowledge and knowing and their relation of learning. Review of
Education Research, 67, 88-140.

Hofer, B. K., & Pintrich, P. R. (2002). Personal epistemology: The psychology of
beliefs about knowledge and knowling. Madwah, NJ: Erlbaum.

Johnson-Laird, P. N., Girotto, V., & Legrenzi, P. (2004). Reasoning from
inconsistency to consistency. Psychological Review, 111, 640-661.

Kuhn, D. (1991). The skills of argument. New York: Cambridge University Press.

Kuhn, D., Cheney, R., & Weinstock, M. (2000). The development of epistemological
understanding. Cognitive Development, 15, 309-328.

Kuhn, D., & Pearsall, S. (2000). Developmental origins of scientific thinking. Journal
of Cognition and Development, 1, 113-129.

Kuhn, D. (2001). How do people know? Psychological Science, 12, 1-8.

Kuhn, D., Tordanou, K., Pease, M., & Wirkala, C.( 2008 ). Beyond control of variables:

What needs to develop to achieve skilled scientific thinking? Cognitive

Development, 23, 435-451.

Lin , Jzu-Jung, Horng, Ruey-Yun, & Anderson, R. C. (2009). Effects of argument

scaffolding and authoritativeness on science text comprehension, Paper presented

16



PR R

at the 2009 American Educational Research Association Annual Meeting, April

13-17, 2009, San Diego, CA., USA.

Meiland, J. (1989). Argument as inquiry and argument as  persuasion.
Argumentation, 3, 189-196.

Popper, K. R. (1968). The logic of scientific discovery. (2" ed.). New York: Harper
Torchbooks.

Shaw, V. F. (1996). The cognitive processes in informal reasoning. Thinking &
Reasoning, 2, 51-80.

Siegel, H. (1995). Why should educators care about argumentation? Informal Logic,
17, 159-176.

Toulmin, S. (1958). The uses of argument. New York: Cambridge University Press.

Tsai, C.-C., & Liu, S.-Y. (2005). Developing a multi-dimensional instrument for
assessing students’ epistemological views toward science. International Journal of
Science Education, 27, 1621-1638.

Wason, P. C. & Johnson-Laird, P. N. (1972). Psychology of reasoning: Structure and

Content. London: Batsford.

17



18

PR R



RfL g2 4 74 FE S &R 7

p#:2012/10/18

FAL g %

Pk AL ATE R S SRR ] B SRR R

g (1)

PRI 2

3% % 100-2511-S-009-004-

gr

AR PERT

R SRR TR




100 28 LY 25475 & %

CA

*

T 3

IR ERE % %5 £ 100-2511-S-009-004-
FE LA AR R e SHEBE T HL S PE ash s (D
i @ O(F o
T P B3 F
4857 p FReES gy | FFRF (e TR E
Bo (s (W(ZRR | A s R 2
Ao F i) 2 = #Kx) #H e o= ¥
A )
LN EN 0 0 100%
. o R R
o e dp A T aR 2 9
W F T Ok ki V)
EET T 0 1 100% R Y/
A {E‘_f—? o
L3 0 0 100%
B PIPTRN L st S 0 0 100 s
© EE 0 0 100%
e 0 0 100% i
Pt # &
#1 4 0 0 100% + 2
LN 6 0 100%
e F A4 FLA 2 0 100%
Py
AEA) [ELlesrE |0 0 100% '
N 0 0 100%
e 0 2 100%
B g AR IR 2 |0 0 100%
S H - BRI
2013 Az B y¥
i 1 European
he FiT ot g on 0 Congress of
R R 1 2 100% Psychology » A &
B E DTN g
ERPIES B
IR
R/ 7 L2 0 0 100% ¥+
el R 0 0 100% Y
C Wk 0 0 100%
e 0 0 100% £
FTHS
A& 0 0 100% + =
LN 0 0 100%
T R ) 0 0 100%
Py
("R [BLlesih |0 0 100% '
iz 0 0 100%




H A5
(B @i tds
5 hoyE B s d S
HEE L RREE
ARV RPN AL P-4
42 Hutne g ¥
Vi S SN | R 2
E G F A

}ljo)

g

’i X538 P

freks

—

LSRR FRTE

RISk (5 IS E )

isl;bt—[g;g,’/‘—% %\ (rI"ﬁnB Tsai &

" : Liu, 2005)
s [ ) S A C
'y AR
3 |R M E BeRb ks K 0
% |xH 1 i i B
ol EB AR 0
# it g /1 vy 0
HEETI 0
PRI R (RR) 4 144 136 * %&ﬁpz’ﬁﬁ 8 mF g
TR TR EER & o




R g A RT3 5+ %4 574

%ﬁp;sz@vgw RAER EXFH PR -FL 525 §
B (fRAESFTEA2H RE - BFLAE-HFRE27 i) LT3
LHBHIF AR Y FEJCARFRAL L FHBE LS (F- LR
LA FERFEADPRE - E 3D P RHERIT- FETR
W= Pk
(A= p % (Gsep - 1100 5 5 ')
(15 % % b
HEES F A
RN
pYA Fly; .
2. PR Ak A F D IE LAY R JIEEA
wr e wd [ragdza~4 BERY L
AL w0 57 Ee
g oL HE [y He
## 1(U1100 F 5)
3. ’ ’I-/—'-k'ﬁ

AR E AR ALIRT AL G R
B (Rt F ETR A2 &
500 F 5 *2)
WAL AR R TR AR Y it 2 - BRI R T R R IR EEC
—‘k’é’ﬁ%ﬁ#ﬁ, WRETTVR I A B RT e 1 (2 - o AR iﬁﬁg‘iﬁmﬁﬂi R
BO(EEAPEE) Hha S (BAREA ) 2R3 (2 8 F 5 ) H$amiE ) #a
m%‘f Ve o AP AGRERY B Y Henis Bl R Y 1 2 B ehdhaeki o Hhnrark
FURROR R e EE L BT RE S APE RGNS M2 SHEE A
@i Hrh R L R R e PR RALTTR R Y A ek ] 0 2 L E L F
FREG RESPEOBFE T A Y o PEHREOE Y EBERP A LA D
A FEE Y B A B A AR D HAR S AR Y ax s E A3 B4 e £ R
%W¥°ﬂ“1ﬁm’ CERAFRAHPFEPET R LG ] RORRE% 0 F AT R
WIS AL o ARAPRE R ,@;pim@.mﬁifq\;\ SR QR
FRE A2 A MR PERT S5




