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The science curriculum should provide young
people with an understanding of some key ideas-about-
science......5.3 INTEGRATING VARIOUS ASPECTS
OF THE CURRICULUM : It is essential that the

different elements of the science curriculum discussed

in section 5.2 are integrated into a coherent
programme. (p. 2020)
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BiE#E T (National Science Education Standards,
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R

LESS EMPHASIS ON: Studying subject matter
disciplines (physical, life, earth sciences) for their
own sake

MORE EMPHASIS ON: Integrating all aspects of
science content {NRC, 1996, p. 113)
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If teachers are to teach for understanding as
described in the content standards, then coverage of
great amounts of trivial, unconnected information must
be eliminated from the curriculum. Integrated and
thematic approaches to curriculum can be powerful;
however they require skill and understanding in their
design and implementation. (NRC, 1996, p. 213)
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Chemistry and physics are fundamental to an
understanding of the life science. And chemistry,
physics, and the life science are fundamental to an
understanding of the Earth and space sciences (p.
27) °
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Project 2061 1 &2 Benchmarks for Science Literacy
—E P e R LATARE T -

An integrated picture of the earth has to develop
over many years, with some concepts being visited
over and over again in new contexts and greater detail.
Some aspects can be learned in science, others in
geography; some parts can be purely descriptive; others
must draw on physical principles. (p. 66)

HHERPL R A 5 B BRI R
Mayer (1995) 2 LIHIERZ%% (Earth System) 2K
EEhF BRI RENARE - 128 » BIREIE
SRS E -~ HUBRIRGE SIS AHRE - B2 fE ] 42
TEAEHIER R B TR AR TR PR - AR
TR Z RIS REE MR B E T BRI -
HIRERS » HRELUMER R E RS F oA aRe e
FM o BT RE 5 BB B LS R R A
BAESFEEEI > EHEEBEHIRRROEEH
5 BEMRIREEANE -

LtA: > Mayer 5 Kumano (1999) JNERE » 4
AT EATIRIR M KB R R AT
R - MIERRAFRI 2 R SRR 75 VA TE I 75 1] (E B
HEHEEN - BEAER - @R SRR
FrREAERER LR - FE L BRELENSHER
HHERFLER RS R BT > RS2 TR
BENER  TEBUCTCEE  MAQUE
% o AL Mayer B Fortner (2002) #2Hi: [2H
HHEERE (secondary school) (R} E2zRfE - H Ay



B o ERSEEPRBEEMFREREE > Al
MEGAYERE ] - FENE  BEEEBER
RO th R A B F R B X IR -

WERARSBIRE » DHIERMIFS £
RS RIE B - BB SRERIRE e S
(HFRFEEY - FEAMHEERIIEER - ZBHE
Befr -t -OHRM B FIRESESF
(National Center for Earth Science Education,
1991) > B AIIRHILL [HEER B4R ] (FRMENE
R BB Trend (2001) FERBHIRARMAIHK
%> BEEEBREETEERBLANERENET] -
HILE R » MR EGRERERERACEEE
REBHERE L KBRE » BUSSFEERIHEE -

Hit > RRBEHESE - HRERHERR
HEBATEARPEFET » BFRABATE
BIRKBIBFEOMBEM S » WAFRE TS 0]
TR % - B4 {FH#i458 International Association
for the Evaluation of Educational Achievement (IEA)
e —EREER R 25 (Third
International Mathematics and Science Study, TIMSS,
1995) K TE 1999 {FE24TH] TIMSS-Repeat HIFRTES
& WAREER > EARBEKNHEFER D » HEK
B2 (R HBEENHRELFHCIALLRN
FLEZ R G (Robitaille F » 1993; Martin 55
2000) - HUERELEE CRAE) FBRMEERERE
LR REENAE - HA]ENE - HElZ&§H/)
BHE » HAZEERORRRRENER R
FEEITENER » AIEE ZRBEE LR E
HHRRBERIER » HBCRFEF SEF ol R M
— BRI EREN 1T 218 -

B~ R RAEUE AR

RALIZK » BRCHBHE - BEREREHE
HEEARBE R - SIE2EBSRE - B
MER 2 ERIEERERE - FERSERRAZE
BERANEZEES - ST RERRE thEE

£ o FmE NEREER ] MERA) - THER
w s TEEAL - THE2EA) - & [ EiEEH
B | BBy o BRI M ATHE o FEE AU
FE AR EA MR 2R BENE BRI R
(empirical study) FERFEH
(—) FER THR7E]) WOSEsRng > fEIRERAN
HIERE} B2 E ik (achievement) FIL{FIES
HERELEZBHIREEE | (attitudes toward earth
science) EHRERIAI (Mao, Chang &
Barufaldi, 1998; Mao & Chang, 1998) °
(=) EHF [rEaEmgR] PEER  TJLIAX
b S 22 A SR R B2 L 0 AL E BB
Ef e BREL R Rk B S B A BRI
(alternative framework)  (Chang & Barufaldi,
1999) ©
(=) FIH THEEE ] NEERRE - oY
A FHIRBI 2 EE R (Chang & Mao,
1999) °
(19) HuBRFERFERSEGRIZEA - n]REE MG E R
A B A HIREI 2R AL (Chang, 2001a, b;
2002) e
(1) %% THR3E] & [&1F2E ] i N850
AN PR > n]REE g R AU HEER
ol 22 22 2 ik DL R At T3 SRR 2R g R A
(Chang & Mao, 1999) °
T FEERR A FARAIA 58 2 IR B — Bl R R
FEEFERAHEEX - BB E AT CAIRFE
HEAMEBRELAN > AR S EREABEEE
By (BEEARZR - LERBANAFEHRR -
BANPE— AERHE@ARNBIB T EEE
SR ZNE - B TRIEEERNKEFEHET
AR GRS > HRE B H —ERENE
VIl & 2R HBEE B BB ENHZEEH
Mo NMEREIR R EHUE P B ER2RHEE
B HERAECIREA L ERRRD - At &£
HHIR BB FERE SIS BB AT

=
¥

45




ydeifouow

46

AR THIRRF RS TS %o
#] [Teaching Module Development - An Earth-
System Integrated Theme (TMD - ESIT)] » FHBRE
Dt E# B S N B A R B B R R RINRY »
HEMERGR A B RE 2 R B ARRH -
EBREE - 372 P EERNREH IR
(Rp.a7)  —HEHRE BRI RH S T
FORHERERTE BRI - W O BRI 8 SR
R FRRGRE T E M - 15 SR8
[GIREEE -~ BRRE - SR - A
(Engage, Explore, Analysis/Explain, Apply/Evaluate,
EEAA) | FVUEERR) [Z2EEMEAL] (A learning
cycle model » [&—) - HEHH ¥ = (HHERAHF E
& (Themes) [HIERER - RARK T HFHE ~ #hEK
EREBEHIRAR ] ORI B R Y THIER R M-
REFER] (6Higk) - THIERRHM-TFHBERE
(ZEA6HRM L PRE KB AZEIET) - LUK
[HHER R RIRKE IR ) (6 HiaR) F3E4 20 HIERE
] 2E— R B AR B AR B % T LB o

51 EEEhE

PR HEBRARAE S

TR

lif] — - HEER RAER S < B EIR A

[HOERRAR-HERERR ] CAUBILER - FEs -
RES A= AT = R BB LR =R
NEEMF IS KEBREENIT - [HIERR
M-TFAERERB ] TILENERE LR
B > WAEICED - AR AT T R R TS P A
BFE » DU AL BRI & P SERUE SNV AT - #E

ZRHIERBERITE T [HER RS- KRR ES
TREAEILES ~ il ~ RE =R E 3BT =R
Bt BB LR AEPED - BRI AT A P TR E R
BRI -

[HUERRAR-HUER B IRRS | S IR P
RS EREAGRET RS » A A SR A %
EEPHERE R RERAISEIIE » B4 E
HIRARFEA - Frld > DU T RERRTE - e
SIREER A AR BB - [FRF - AUltE 20 fif
MNEREENEHERFES —  GilASHR
FIEmA A e MEERME SR HES
B o DGR ER - BEES R SEIR AR TN
KAFRMBREEERESE 2458 0%EY
PIENISE  DUNMEA TR )T T E A
BT SRR AR % T R DL S o B
TR SR R (R BN B 55 5 M TE
FUB R D RIRB) TR IR EE R
BEETTLGENR - WL > [HIRRF-HIERE
R CRGEHER T R ESE & -- A HESE 3
HUERERBE A B MRS > iR E ESE CEEH

EEHBMARSREN > MIRERREEE
A BIF 2R TR R IR AR 7T AR A &
B BECREREORSERISES - A
SENREEHZEHNERREEE > 0 [EEaA
88 HBEEILIARNAERERFRRES R
Bl (R E R R EBRRRE W] 5 2
LEHSITHE [ HbERCR BB ARAE L R E T S B
CGREZFIEES - K90) - 14 - HHFE R
0 BEH B TR = (E AT R R
PRAHEH R 5 T SRR » R R RS R
SR E B R BRI TE M - BETITER
EBLL THIERGR M S o iR R » B4l
BEINGEAFNZEREES > SHANAEER
#EE - WREREE G S EVET - Bl DI
FTE IR EIRE - B tholt 7 B B SRR




FREREEE (RESTIHEES - K90 K92) -
[HERRF-FAFHRE | ERERE L &F
P RESEB B0 o HEEEAZERERE
BT S REMFEEHESLEEEERRGET - 3T
BHHE ~ EHBIRIT - HamiVBESEERE - ~HE
BE R BHHOET TEESRIFTE (7 r i REHR 5 bth kA 2 32
ARFTERIERES o 1B R AMRR A R FRE B 5 ARRI SR
1 A AERRPAAR ERER - FREBERE
ERIRGE - RIS HE TR E (B RE A
B (ERIEHIBLRY o FELURIT SRR R B X
2EZE > BECERGENEE - —REFRN
1TIEARE] - BB R 2 - BAENPEMEN T
RIEEEE - BITS LRt - SBELIEBILET
KL T/ B EhE - BEEFIS
SULENRA R BE B - MRBE R R
HOESEATOIS AR B B R TR A
YRR > M b2t 5 EREI NI
FEIAREMRE [Nl MREE ARG - 2
L /NS RS HRARHE > 7
AEETLE - 85 - R - SEFOEARRE
MEERS » (KRR B CEPRVO(E A B 5 Z41
175348 - & B ERAERE B OIS H/MER
HBIMIA > ZHHEE—REFRAEFHZEEE T
HUTER « (EPUTI LB RN - B4 TEER
BB T EE - R A B RRERIREGR > dEn] L
RS EERENRGET IR > FRES
SUEE R TR BRI MBS B BN R R E RS
BREFAFREER  SLEP [/NES ] FIREETER
FETIT ST R PURE BRI R IR -
[HIERRM-FFILE R | BB LFSE
AL T ER T MRS EEENEEEAT
REIE MM H B E M BB o [HBCRIE-E I
iR | TR REIR - KZBRERB/HFREN
W EERZ B A SR - BARPREAR D
DiEarn e GRE - SR e EBEAE - B
el ~ BRBPIT - BEEEME - 2EEHETE

BEARES N E L > BAIREIRE - BETF
R FEERENSEENFERAREANLMHE
Pt BEERR ISR CT BGES A e B E
B > 2E W77 RBEN R C IR R
EREERET - B MALE BRI HEER
MR T 2 A M E R R N R — T
[EEIFTHEES S AU (BSEEARRE > Ko2) -

Bk AR-RARKEFR ) ERERE L fREL
BRI RAKERBETTEE - HIRRHAR S £
e AERERM - RIFARE R BE1E5
iR PR e H A E H T R Z B A TR
BRI FENEE BRI AR
i B ISR T H B E R EEES
Fio FILL THIRRAE-RAKER ] 36T T —EH
AFRIR K EH BRI BTG E) o HEHEAIEREE)
BR T SRBEARE BB R E S - MREET A EE
IKHERBEE o MR EAGEHEC RAR K ERE
HERAE » TR LA % R I 2 TR RIS T AR
—HREM % B » Hh BERE - /MHE
o EEGEE - B EE - AEBEEN SRR
FHENET) o FRRFREHAER (—HRB 50T
$) o RERGTEEESBRBELNTNEBERTT
o BAI R AR AR S - RREREIER
TR AR AL g - IR RAK E
AL

RBAEREE MR- RAKER] FIEEH
KATLIBIR » BAERTIER S T EE3RTT G5
B A8 eS| EEREE  mEaR T hEEE
R L HPaEEE H A THHERA AR R HE  MEZ
HELERREERCRLBLT BEREA ~ LRFR
HR2HEE - A THIERRIH-RAKER] B#E
BB RARET - BRI - EREE g N MET R
SRR TR - BERTAT I R R BRI R AU R o
EEF—RIE - 2E8E [HBRRK-RAKE
fel ReEpMtMEE 2 T EEAETHEZEERE
R MBS - WA BREE 2 E 2]

o B

47



ydeiSouopy

48

AMRTER N 58 ~ BUERY) o WKL A 1 28
SEMVEES) o 18 ek SRAEERAE [EI A0 SR A RE R /) AR
AR AT Fn] DU Y - Rt
SENEEERTNERN OIS T BB AT
BB -

RBET S > HAMEBAYIE = (E [HERRKE
B BRI RORER ¢ TR T IE 7 [ 8
Bz M ] L33 3R SR A M B B 1 B R B TR R
CIFFFE T A 2 ST H R L B ET S I o
O EERAEIF % R T RERENBEERE
MRAE R MM EH B EABR T 2
AR EERIREE - HE 2 ZB/HES
B BB B BT -

{h ~ 538

TSR A RAL » B LR 5
& BEERTIER D RRESE R IR IR - &
FRBH BRI MR 5 - A
HEE - WINABEREAREMA 2 AR -

SERRS
’{ ...,.-.-
L o, GRS
& A
'

- BRI

% BERBEFRE-I I RER
B IRHANE —RIRLRR R R - AR
WERABRIPERE (B_REL8) FHBIR
ZRE (Bom468) HERE HRRAUBEE
(ERRELD) » ARTHERESHIRRARERE
HEZHIEN  MEREENASHRREERER
MBRE > TRt g ERATE [ —HER2AEHR
£ AgBEIRCRMEREEEEN ] ER (40
STS FTEZEINE L ERE) - RIE EEREER

REREE » LUERRARIF SRR F I F 2 SR AL
ek B — (A EEAEE S, (BRE) sEARE
i (RERRERSY) o ERAIR B R R A hRE
HERF R BRI TR » DR RS SR SRR R
FERI A S O] SRR R B R
TS - AT IR R S A B T
B S R A R A & R - BT
S TSR A 58 0 B SR R A S R R A
WIS A —REEH -

HIE R R A SITBIIR SRR R E G
TR B R - BRI AT e B A 52
1 RREB BRI BRI B - AT - B
EMRENES - AERFERES  ERERE
SR 2 | EE RS - et -

CE B

BHEE (R87) - BREEREILUTF—HR RN -
it BEER -

HEW (R90) - BRHVNBF—HFEYTRE : 5
ReaAgERE - 20 BE -

IRRETIERE (R90) - EA[{7T1E ? MHIERAK ] B8
& E il < BRI - RIBRERN > 9 (4) >
323-350 -

FHEZMREE (R89) - EBIMIIKAHBIEHIELE
Rt #E (EarthComm) 1/ - RIBHEFAT -
232 » 61-67 °

FREESREE (R92) - Z(HIERBL SR T R
B AR - 2EMERSR2E : RBHEE
48 (1)° 122 «

ZHZNREE (K92) < /it TEER) B
RAEER S - RHEBEERAT > 257 0 212 ¢

Aldridge, B. G. (1993). Basic components of the natural
sciences. In National Science Teachers Association,
Scope, sequence, and coordination of secondary school
sciences: Volume I - the content core (pp. 25-40).
Washington, DC: National Science Teachers Association.

AAAS (American Association for the Advancement of
Science) (1993). Benchmarks for Science Literacy. New




York: Oxford University Press.

Chang, C. Y. (2001a). Comparing the impacts of a problem-
based computer-assisted instruction and the direct-
interactive teaching method on student science
achievement. Journal of Science Education and
Technology, 10, 147-153.

Chang, C. Y. (2001b). A problem-solving based computer-
assisted tutorial for the earth sciences. Journal of
Computer Assisted Learning, 17, 263-274.

Chang, C. Y. (2002). Does computer-assisted instruction +
problem solving = improved science outcomes? A
pioneer study. The Journal of Educational Research, 95,
143-150.

Chang, C. Y., & Barufaldi, J. P. (1999). The use of a problem
solving based instructional model in initiating change in
students’ achievement and alternative frameworks.
International Journal of Science Education, 21, 373-388.

Chang, C. Y., & Mao, S. L. (1999). Comparison of Taiwan
science students' outcomes with inquiry-group versus
traditional instruction. The Journal of Educational
Research, 92, 340-346.

Iran-Nejad, A., Mckeachie, W. J., & Berliner, D. C. (1990).
The multisource nature of learning: An introduction.
Review of Educational Research, 60, 509-515.

Mao, S. L., & Chang, C. Y. (1998). Impacts of an inquiry
teaching method on earth science students' learning
outcomes and attitudes at the secondary school level.
Proceedings of the National Science Council Part D, §,
93-101.

Mao, S. L., Chang, C. Y., & Barufaldi, J. P. (1998). Inquiry
teaching and its effects on secondary school students’
learning of earth science concepts. Journal of Geoscience
Education, 46, 363-367.

Martin, M. O., Mullis, I. V.S., Gonzalez, E. J., Gregory, K.
D., Smith, T. A., Chrostowski, S. J., Garden, R. A., &
O'Connor, K. M. (2000). TIMSS 1999 international
science report. Boston, MA: International Study Center,
Lynch School of Education, Boston College.

Mayer, V. J. (1995). Using the Earth system for integrating
the science curriculum. Science Education, 79, 375-391.

Mayer, V. J. and Fortner, R. W. (2002). A case history of
science and science education policies. In V.J. Mayer
(Ed.) Global science literacy (pp. 25-35). Dordrecht, the
Netherlands: Kluwer Academic Publishers.

Mayer, V. J. and Kumano, Y. (1999). The role of system
science in future school science curricula. Studies in
Science Education, 33, 71-90.

Millar, R. and Osborne, J. (Eds.). (1998). Beyond 2000:

Science education for the future. London: King's College.
National Center for Earth Science Education (1991). Earth

science education for the 21st century: A planning guide.

Alexandria, VA: American Geological Institute.

NRC (National Research Council) (1996). National science
education standards. Washington, DC: National
Academy Press.

Robitaille, D. F., McKnight, C., Schmidt, W., Britton, E.,
Raizen, S., & Nicol, C. (1993). TIMSS monograph no. 1:
Curriculum frameworks for mathematics and science.
Vancouver, BC: Pacific Educational Press.

Trend R. (2001). Thomas Huxley and earth system science:
Opportunities for fostering global science literacy in UK
schools. In V.J. Mayer (Ed.) Implementing Global science
literacy (pp. 93-110). Columbus, OH: Ohio State
University.

B %

HEER AR SRR S B
- REE (EBETECRHIERBER)
- EEE (BIAIAFEHER)
- EFEL (BRIEFE—ERTE)
- B (BIUMITERRRDE)
- WEE (BIEWEHRRE)
- HEE (BILHIIERERTE)
- BRE (BIMIRE#ERTE)
- R (RURIZGARRSE)
- tHEm (BIUTIIENEETE)
- HER (BT REERGE)
- HEarE (EEIEAEHIREIER)
- BRER (EEIEASHIRMER)
- REFN (EBETEIACSEHIEREIE )

vikeltE - B 928 12H25H
SERRELE - B934 34 1H
FREZ: REG4E 3823HM




yderSouopy

50

The Earth-System Integrated Science Instructional Modules

Chun-Yen Chang

Taiwan Normal University

This paper first looks into contemporary trends in science curriculum and proposes Earth system as
an integrated theme. This article then calls attention to the importance of the inclusion of Earth System
Education (ESE) into the forthcoming science curricula of Taiwan, and finally provides some exemplary
ESE-inspired curriculum and instructional modules that have been successfully implemented in the
secondary schools of Taiwan. Based on the aforementioned theoretical perspectives and empirical studies,
a roadmap to an integrated science curriculum was put forward. Hopefully, this article could shed some
lights on the future development of integrated science curricula, instructional modules, and teacher

preparation programs.

Keywords: secondary school, earth system, science integrated curriculum, instructional module





