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gLk o d R T RGRALATE P M PR AR G AR 0 T 2 W E R R
FThROEBIEEL A F o BFAMAK > 20 BRE2OREE KT R B
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Heilo B BFHL L4 § TER (choice) B R v F - BAKF AT
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v g F AR IS o b4 1 Pokras (1994) #-1Y AL 3 i AR A LT PR
(1)zz a5k 42 (problem recognition) ~ (2) z_& F* 42 (problem labeling) ~ (3)4 47 ¥ 42
F #](problem-cause analysis) ~ (4):% #% f# ;4= ;% (optional solutions) ~ (5) i% ;4 &
(decision making)~(6)#4 7 (implementation)- # [“‘]% % D’Zurilla ¥ Goldfried (1971)
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FRRN AT R ARAS R (A)FAR AR IR AR PR TR 4'.m
LIEfRAS R R A IEEA “f EHA Y R TR HRF AR
F X2 HiFwe O)HFEFR DY - f‘“%*ﬁ%a*"%ﬁp\ AHERR T
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7 OM AR e 11% B AR RRAS LK ERLERY T
e Hp ez FFE(31 p 3 403 2 1997) > 4 w1t i Pokras (1994) #73% chFR® 38 f2 4-1F 42
22 Grinig 4= Kihn (2005),2 2 Ratcliffe (1997)#73& crd- R in A2 ch B p (5B £
1) o % LA T ik L au@aer & Jf Lgm 2 R Fjg f g R 5 B ernfd B ois
BLPI B R 8395 0 376 2> RiRA B T2 R g R Ticd 2 kS
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21 RREfRAE A ot i
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(Pokras, 1994) (Griinig & Kihn, 2005) (Ratcliffe,1997)
BHH g 2 IR 3
L% R 5:5 o *fr i %E
A B AR R T REFS B7F 7> % FIAF R &
FED EEpEao S TaEs 7% B 2
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7 FETEH i Ak gk
EHS %
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AT

Rm oo 3,;}_‘/\}4 %,Lm;% ,—' ?F{Emﬁ%lh“’fiq\ik#}x?’,ﬁnﬁcﬁ
SRER AL R - A AT AR AR FERYEN- B G A I - A
P B (Grinig & Kihn, 2005) o ]t > 38 4 AR i 4 g3z & 2 F -] gL - Tallman
4 Gray (1990):}F] B - A F o 0 PR AR TG 8 T AR AR A
G 5 BER o HEF 2 A4 > EF A5 0 blde o Pata ~ Lehtinen £
Sarapuu (2006) % ‘G AR N R F F R 4 (R o ¥ ¢k > Barnes £ Miller
(1989) & sy &5 4 el 4 231 EF 4 K4 F Y @I NEFRF FATD
42 - Stefanou ~ Perencevich ~ DiCintio £ Turner (2004) %= 3 & % { 45 41 > 4o
EREH TR - B RS S RiEe L w
# & 4 & A i} Cohen ~ March £ Olsen (1972) T3 I ehE B H-5% (garbage can
model) - ¥ &5 £ * #c B A K35 0 & o F)p > Kolkman ~ Kok f= Veen (2005)
2k ARERRRE ASESIRFENERE > T NG EPER
R T AR B TR T A 4T T"T%T MR ke ke w T IR AT TR A

FERAFITLIEAET A R AAFfe P TR R e

Decrop (2006)%F & i+ {32 4p M e~ )f;% B R E AR UT TR
FE £ 1 (1)SEUIZ 3 : Neumann£2 Morgenstern>t 1944 & % i %8 57345 2 2 Edwards
31954 & A BEAF LGy o MEFOE KBRS IRA IR Y B
24 ehyt sx(subjective expected utility, SEU) » = $RE_F &30 if 11 &2 & 18 2 [ et
b o fe ASEUTLG £r R0 AL > RFIRAA PR R 1= 7 s L AR L
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A R eI 5 (2) 8 F 32 (prospect theory) : 2t 32 34 2 _Kahneman{eTversky & 1979
EAE U f’?“—%ﬁ#i&%ﬁi b EE BRI E > (€ F] A el
HoE - BTN AT 0 AT ER G A e Hf T%E'”‘J—%’L\% HEro YR
WEE R A 0 - W F g o R AR R AR IR T = e 1 (Bell,
1982) ; (3) 1%y BABJE I (T3 P pF R AL 4 3 Hom B PR R LH B anie
Fp e RS B2 AER > & LGB REL Y oI g Tl i 3 0 T
- 5 B e BB (T RESE IR A 47 12 17iE #% (Simon, 1955) o fe 4k L E iT L
RE 7 /E—;T B Rk a4 foiedk (4)12:% IR SNRPE S WU R A s PE o N A=
N fﬁﬁﬁﬁﬂ%ﬂg’ﬁ%%ﬂ?ﬁ—i wrEF A RS % & (Grunig
& Kiihn, 2005) ; (5)4 T is ik & aJ FRLELTE AR SN ;
B EAgse ~ Eis ¥ '?'\.m’ LG BHNEE s oo HE - EE R RS
Zd e w At isd i fﬂ.#—a\ °

TEK Ly ALEY AREHE KT L 0 blde D Thompson % 4 %2001
# 15 5 (Decision-making in planning and teaching) — % ¢ § sS4 4+ f7 &4y
WHA phoritF ol ¥ iRdp S 53 B 0 IDEAL 558 (5B £ 2) & 12
BAIER T HRE L 0 A A T PR s 4w B (D) B 42 (identifying the
challenge) @ FEia B REPF » HEF R P24 B 4 TP A W2 SRR P Rt
(2) & K Ag(defining) © #cfF R 51 5 2 B 2Rt A 2 cofp At 0 R
B i e i TR AR P F {odt ] S (3)ke AR (exploring alternative) : #fF 2R AE
PR ¢ IR FFF > RFERAFREPN FREEFHIHE SRR AR
(acting on the plan) : #cfF & ¥ & & ¥ v e3> i2 17 %5 5 (5)w kg (looking at the
results) : EF ¥ %5 & 24 chw i 7RG 0k L o gt 7h o Ratcliffe (1997) 4L 5
éﬁv%’.f" ALY B AR N R AR R Rk R t’v’ﬂii—%f;ﬂﬁﬂ?

S(DFIARAET doen K5 (2)F B A & 85 Q)T B A AP B S L 2 A
(4)’11* SA AR B chigai BE S B)EH S K (6)iFRred S ke
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# 2 IDEAL #-5% % (£ p Thompson % % > 2001)

P £~ ke tud
| ARk AL % Frip $F 2 AR R 0 S R E A B AL TR
] (someone) ¢ T ¥ | (something) » & & 4 £ IHFie5 R

Gt 2 B ag L 4R o

D XANE &7 R e o KR AR AL A R e o B A
LM T B L > UFELEY o

E i i A KRB AR JET A PEPEIRAR D ¢ hc SR LT
£ SIRF SRR

A BPFFFF FAIRFEFREF  VPREBVIEFRE a5 L%
PCRF o BRI KB L AR E R T B 2
AF G BRI o

L v KERRREL L o BAR 6 3 P Hp © PREE

AZ o

G %, f@;;ﬁ_‘-ﬁ‘;mgg,ﬂ » BE T dm & e —%u'x«}; i ﬂg_kj\ 3 )gym:lgrsix 5
ﬂ\lﬁ;,j {32, 2 & 44 Grinig ¥ Kihn (2005) 12 2 Easton (1976) ¢33 » #-
i—ﬁ\/n\ = 1T AR (L)% 3 RE &2 (discovery the decision problem) @ # i@ IR 48
R A Bk Sk i S O U L s8R B S LI L LR T RP
wo m LR es Xk { P i 2R $8(Grinig & Kihn, 2005) ; (2) ~ 47 B 4& (analysing
the decision problem) : #-F* X8 2 ek & (T8 50 2 € & (ol 7 PRBITER 7
S E S N o EA P L G a2 R 3E(Grinig & Kihn, 2005) ; (3)37 4R &
(define the decision criteria) : 3731 & S ek i > 17 5 | ¥rpFenikdf » BF F 374
e B R T ET > R4 AN ETEE R TR 4 B2 B & a2 ¥7(Easton,
1976) o 4 45 BIREEF PTG H - 7 5L RIS R BT B AL TR
R E Bf TR o T ORARR K LA - B R 0 22 R E ]
%1 (Grunig & Kihn, 2005) ; (A& & 3= ¥ 7 > % (developing at last two
options) : # 414 B ¥ 71> % (Grlinig & Kihn, 2005) ; (5)i- % 7 > % «vE A
(examining how to determine the consequences and if necessary drawing up possible
scenarios) : EiEFIERAL S X8 BE B XA #&miﬂfrfaz g
i#%ﬁﬁﬁ?i%ﬁfﬁlﬁﬁﬁ?éﬁﬁf b RRFIR FS RARTER
(Griinig & Kiuhn, 2005) ; (6)#x %_if 4% (determining the consequences of the
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options) : i 5F & “7F % zg,i, 4702 % > F N B f L N FEH L - H ¥
S E GV TR AR RHEAE D e X ?ﬁ & #1 5 i 5 (Easton, 1976) ; (7)
TR R R O R R 'L(establlshlng the overall consequences of the options
and making the final decision) : & =R TR EF F 2T FF > v EFL
F#73% % — =X (Grinig & Kihn, 2005) -

Decrop (2006)§F p #2558 2 (v L nFZF L& F A X T A (1) g
WIRE SRR KRF e G 4*@" B A G s AT AT R o - B
AP ATIRS 2 0 A REJOP R EX P LER S p e a0 o
Bflges 77 F%B - Zﬁ—%ﬁ’m@]’é*"%\ B A 242 BFens $ % (Gagné et al,
1993) o w112 > A - BATATNFRZ T E =B o k5 I I\ R E

AR R )’j‘*‘u{ﬁ?\“ BB kel A frag & e ‘Ji%ﬁfu{— B A
LI gt B Flenflgpeg s p e kB o ﬁ”*f‘ﬁ%{%i%i" A I e 4
SRL IR gl FE = AR oM 'mfa, ~ 4272 $i5 (Decrop, 2006) o (2)12 & A 4% en

FE R e BB AR ABRES SRR GRB A DHTFE £
- BADLTHEE S e HtpE ) AT F Y {%fﬁ“"ii\—“aﬁﬁ»‘“ F &
(Decrop, 2006) o & fig 8 P Bitivis 6 mlj‘irﬁi B AEY AR EBRY D
TE o EETA ..g..fk,.,uﬁ’f KRR P o EATER TR X B A G i#
RS RE P ﬂf;rs g3 A RehuE, e 7 R&EL a_(convergent thinking) ¥ 4T L
(divergent thinking) - R & L B4 hAF & R 2EPF > ¥ 0 M AR %7%
LA T BB LT et 2 KRR %\(&Eiﬁ* 2004) -
1t G P FFL AR DRNZ - F I 2R 6 TEYRE AR

% & 4 - i 4 (Baumberger, 2005; Chasek, 1997; Pata & Sarapuu, 2001) » 7] &
EIFEYVEEEEHHASAHLL 0 REFRBEREL AR F 5 v
FON R Ao ok R R o mjﬁr : Harwell (1998)% ¥re @ B2 0 EEA

STRAE A FRATFR T RDFFIEEAFFRE DG e Rdep RA R
sk w & o Policansky (1998)* o S ﬂu AIRAVR TR TFTY 0 B R
KFREZ T RFIZTF 2 EFF - SARFIFE - ALK ORERET
EFRNFIE S E &EA Aronson Blaney ~ Stephan ~ Skies £ Snapp (1978)
ik B endE B2 11 Jigsaw 1) > A -8 4 o 20 & ¥ iR (74P B ARk el 2 3
W RisE A w I Rl AR e

‘5\1 =8 Zp
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= HERMBRAETEMERT

EITHEYIRAR TOE S RFLMAI Y TG 573 bl
Slavin »* 1978 & 1§ & ¢/] % = 3£ % 4 ;% (student team achievement division,
STAD)(5! p Slavin, 1995) ~ ¢ DeVries &2 Edwards *+ 1978 & i§ 3k 7| £ Y55 FE
#i2(TGT)~d Aronson % « 3+ 1978 & #7 4] §li2 % = # (Jigsaw II)~d Slavin
1985 & #7ik d e ] de s 4 208 2 (team assisted instruction, TAI) (3! p Slavin,
1995) ~ d Kagan ** 1994 & #14| s e & ;2 (CO-OP CO-OP) ~ d Johnson v
Johnson *t 1987 & #r3F E thx | & % /% (learning together, L.T.) % -

BY HRZ - R EFEY i E 3L AR R TR LR &2
TEd RERFIRATAN e R ERFANREE TS R o g
BERSE RER L) ST DI I R )
LAFRNTER RIS Y c FLHBA L TRV T URE L B AT R
B4 > Ed JHHBTP AL R AR > BEVEFTREREY AR S5
w e F e & R g gh(Kam-wing, 2004; Pata & Sarapuu, 2001) & 5 »x
e 1 doikig T (Artut & Tarim, 2007) - B 4 SEH BN & T8 Y *ABRF A%
FKEF R NS T E /R TRE 0 LR HRERWLELH g ad
BACELE > A T ARG F R B foiv @ ﬁ'm/i—?; AL FHBIGVE TE Y
RV LER L SR BAMEFLFESM Y o R EN AT ORERAEY
Y I&RE -

*LL’*IHJLL_%ﬁEIL)J-‘JA\G\",’“}Fﬁ ;f“
o VR E R BT A Rk o i%‘
ALY R B AT G B M A S F MR P R
SRR B S Ao é;ﬁiwwﬁ€$ RN B
NT LS RS F S A RRE Y £ ﬁ’%#ﬂ_&i%ﬁ”
§>’ﬁ%ﬁﬁﬂwwﬁ$%W% BAESRCRE i o WA T 0 BB
B 6 FEYIEF2 AR TEYRERE ) R (DFLEEH

ﬁ@ﬁﬁ”ﬂﬁﬁﬁﬂmﬁﬁéﬂkméw’#@éﬁmﬁﬂﬁﬁﬁkﬁﬁ
FiML - Q& TV HHm R VR E L FIREH A 4 7 e Arig 2
FoQ)FEB & FHY ﬁ".»ﬂﬁfﬂi#ﬁxf‘g? FTRNADNT Booe o &a R
AR TGRSR -

$2 BB Rl i T
Wﬂﬁymw’%%ﬁ
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S BEBBRANLEHARE

FREPM PRBEREREAPHFAL 0 T UL R GARK T B frE M2
A Bo e k@ REREKE ARFHER L 0 < T 5 TREY
i M F Y A TR R Ak g (STS) ) (R 0 20050 F § 4 - F
FA P 2402008 ; s 0 2004) ~ TH#E (R R %~ BIR ~ > 2006 ; Grace,
2009; Kolstg, 2006; Oulton, Dillon, & Grace, 2004) ~ " B* 45 f2 /4 | (47 & » 1994 ;
36 % 75 ~ 42 12 » 2000 ; Dahlgren & O berg, 2001) ~ " & 5 ﬁénJ (zF+ %> 2003 ;
Knapp & Barrie, 2001) % Az K 3 Boo RFE KB EH o Gd 1 2 BT
BB RUERT DL & 20> o I MEF L 25 Iﬁf—&\"b’%%fﬁ%%(?
oo P B R E N EERE R A NI P el T A B R BT o i R B) (T
AHE--2005; % & %18~ 2006 5% & B ~ 42+ 12 - 2000 ; Grace, 2009; Kolstg,
2006; Oulton, Dillon, & Grace, 2004) ~ 12 % ;x5 H ¥ 35 %5 m{i&}i'f\?ﬁﬁvmsﬁc
Po(FR T 2003 ; FIFEC ~ &Rk > 1997) 0 peh s BEmE i iRy &
+ F4£(2000) % SR ZE SR FIRET B R FIRET B RIR S RER
FTRREKFTRETFLRLEFAE > FRZLKFTRHFET @I & LR
BB CBAEAE c B E LN FEEEY IR R AT RDORTHM LY BT
L 5k FiRfrm s R inin M m?f%‘f d P ARRE 2 ke iR B IR S R ER
BEREDFTHEHE R 2 R EFHEF P 2R HRBAM DRE FE o T
AP RELFEBRY FOBAH, AT HASL Y 2B 2T L HH
e M RS AR T RRMEFE S AR A A R IRBE R o

W~ GIS AR R AHE

Liu & Zhu (2008):% = GIS &5 ¥+ MRBERA L » 7 ik k- B R-FA) -
v FREEG - AT R T B R KRR 'lzzziﬁi‘* BER R SR Y
RE2 ?“‘Ji PARMATE e TR} f»m’?ﬁ:’*fﬂﬁ Lk S TR BLRAL Y P
B RGFEREL S UGISIEFLEY 1 B g Fﬁcfi % FTes 8 4 & o Stylinski
ﬁsmlth(ZOOG):}@é‘%’@ poOARE TR #igml’\ BBHCISErRF? Fif
A GIS BT auEsr > ZRINBEERE DT F APFE Fas #1535 &6 3
EF A HPFERE DL o I (1996) # N0 B GIS Bk~ OERE T
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CISEAT I RA NP E X SEZEEREH ST A RRBN AR RBENDE

s TP C FA T NBEFEDEAE LT EERESRE > B8
AP BPEY AR T TRFE L DEY AR ot @ 2 T E R ;_/r"L ’
FTHRAEL DA EEN o FRMFRNERR O A hEFHRE > (AR E
2 E Y BAERNE I Y Gy o

Z Wo A = & 2005 & #7950 (Investigations In Environmental Science ) -
2 LR KFTR LA NBREERERE > FE N - 2 GIS chkE e
‘é’zﬁ%ﬂﬁgm AP PERRI G Y T d EE - dr o BA VG EE R
”ﬂ{ﬁ: Pl LT & > 3 sk = 2§ Y z55(Zahm, 2005) - & § 47 1 2 m GIS

%ﬁﬁ% HeF 4 p RPFAPM o wgiﬁﬁ%i%4’§§ii$
&”ze-%i’f} G ORREARM TR T %J/\ GIS jksd » RE 2 p 2 A nd)
EDOF AP fer R E > L EY AT P%?*ﬁﬁﬁﬁﬁim"é
(Radinsky, Alamar, Leimberer, Rodriguez, & Trigueros, 2005) - = Edelson (1998)
FL#ER> F i Fa HRIGROPEREZRZTNEY HENF > BT
%aﬁ% ETRBAD M R > LAY IRT A B ELE R % 2 A AT

¥ o é%@;ﬂw PEL T RZERENF o Fa B @R L L > Rl R
CER ARG R P A R EA TR PR L AR DIFR &6 R
FAHFAFRDPERE -

AR R AT chp IR K AL L £ R E A < rE 22 MyWorld GIS
ﬁ@’iﬁ%{fﬁﬁﬁkﬁﬁﬁ%%%ﬂ%ﬁﬁﬁw’%ﬁﬂuﬁ%éaﬁ
B S i&#ﬁfﬁ;ﬁ??‘ﬁ‘i B B E " GIS o T R R
Eﬂkwéﬁ FH e BRG c FARKITHMEE > T ikdpp 2 AL ko BFTH
el p e AR e > 4 T RGPS A enF A 0 B &%~ MyWorld GIS
g e gbeh s B AT UE A L TR R NEFHRB R e o 0 R PET 44
FHREE-H A4 GHAcE RIBEE o S FREF o 4705 2 i 0 iR
A ikfppe mEREFHRE R FTRZIRERRES N o

% HRRFGE
AEFTHEYEED SRR FNFTHRATEZ AT HYS A A FARR P
- EF% 32854 s 2009 & 2 GRB "%‘*«ﬁ_&z fL2_ '—)% LoE A R

fP PR F A H 4R > &P 2~3 ] PRARARE R 0 B3 4 BikAR o RS 11
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The Effects of GIS Software Embedded
In a Cooperative Learning Environment
on High School Student Decision
Making Abilities and Conceptions in
Water Resources

Po-Yu Chen' Ying-Shao Hsu'?* Hung-Jean Wu' Wei-Hsiu Hsu*

'Department of Earth Sciences, National Taiwan Normal University
“Graduate Institute of Science Education, National Taiwan Normal University
“yshsu@ntnu.edu.tw

Abstract

This study aims to examine the changes of students’ decision making abilities and
conceptions in water resources before and after a well-designed course. We used pretest
and posttest experimental methodology to collect the data and the participants were 32
tenth graders from a high school at New Taipei City. The research instruments included
a decision making ability test, a conceptual understanding test, and worksheets. The
major findings indicated that student’s decision making abilities and conceptual
understanding about water resources were significantly improved after the course. It is
possibly because students shared their gained knowledge with their groupmates through
Jigsaw Il cooperative learning, and developed their decision making abilities through
enlightenment of guidance in the worksheets. Moreover, we integrated “MyWorld GIS”
into water resource course which helped students select organized data to judge the
options based on the criteria and view the data across more than one layer in a way of
spatial distribution. Therefore, this kind of technology infused course promoted students’
decision making abilities and conceptual understanding in environment issues. Therefore,
it is suggested to embed data managing software (e.g., GIS software) in appropriate
instructional designs (e.g., the decision- making approach, Jigsaw Il cooperative learning)
for learning complex topics such as environmental issues.

Keywords: geographic information system, decision making, Jigsaw cooperative
learning, environmental issue instruction
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