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Abetrcict: This study identifies and gompans scisnoe content standards that ae approved by departments of adusation in
six glates: Calitomia, Comecticul, Michigan, New Jersey, Texas, and Virginia, Specifically, the siudy examines the goalsy’
visions, the oreanizingiproenession pringiples, the sirands of seience oonent, and earth scienge content found i the staks
curricnlum - sandands  compared o National  Seienge Education  Standands,  Although  many  siaks followed  the
reoomuinendations of NSES or Project 2061, the fonnat and content of the st seienoe standands reviewod ane wery
diverse, The diversity seems 10 reflest the diverse perspectives and noeds of the staks, The wsulis o this study provide
Koran educaiors and eachers with usetul models or examples & ingorporae Kanean natioml selence qurriculum guides

inte the sciena curiculum framewotks of their reions or schosls,
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Intfrocuction

This study is a part ol a project investigating, the
content of exdiibition in Smithonian Natiohal Muscum
of Naweal History and American Nameal History
Muscums with regard 10 school scicnee cutriculum,
AL first, w develop A framework for analysis, sci-
ence curriculum guides of the staws around Wash-
ingon, DnC, and INew York City were ¢ollected and
reviewod, It was assumed that the muscums refleet
inw their exhibition the school scichee curriculum of
the stawes nearby, This will inctease the auracting
power of (e muscums over the cachers and stu-
dents, because school administewes end oo encour-
age field wips w the naweal hiswory muscums whose
exhibitions are well aligned w0 their school seienee
curticulum. In the process of daa collection, sey-
cral stales had w0 be excluded from  the  study
because of insufficicnt data, Major sawes such as
Califomia, Texas, and Michigan were added 1o the
list 1w identify pencral aspests of stale content stan-
dands in US,
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Recently, scicnee education refonn  movements in
US have focused on developing curriculum  guides
at natonal level, such as Projeet 2061 and National
Scicnoe Education Standards (NSES), Although NSES
provides recommendations 1 improve scicnee oduca-
tioh in various aspeets and levels, conient standands
of NSES give profound impact on American school
scicnce  cducation, stale scicnee conient  standards,
N&F=funded  scienee curriculum  development,  and
commergial scicnee (gxibooks, However, cach staie
i supposcd (o interpret the  recommendations of
NSES with s own perspeclives and  needs, and
develop ils own science content standands (ailored 1o
iz neods and contexis,

Undeestanding, the  experienee of US stwes 1o
incotporate NSES 10 their siale seicnee coteent stan-
dards provides valuable insight (0 us, bocause Korea
has very centralized educational svstem and National
Curriculum, however, al the same tme, reeenily e
Korcan Ministry of Education has a new poliey w0
swengthening, the vole of local offices of education
and schools in dewrmining, local or school curricus
lun from Tih Natonal Curviculum, Although ey
bad limited autonomy in determining, (e content of
curiculum, local offices of education ot schools
usually failed 1w establish local or school cutricu-
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Table 1. Sclacted states and documetits analyzxd
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i httpewiahecuen rhapr il hocumentsseis et emsatk-pt 1 pdr

Cannectict o0 a5 bittpep st ekl unyunse, him
Michigan (MID 2 bittpe e rwamichipaneaviisn ey Semene_ Sk 122906 Tl
N Jersan: (NJ3 195 httprtsww st s e umesark s o’
T ¢1X3 196 htfprthewa sttt s et chapter] ] Finckes bitm|
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lum 1w meet the local needs and contexts” and
ended up with curricula with linle diversity, Lack of
cxperienecs in curticulum Jevelopment at local ot
school level and lack of expenise of the educa-
tional adminiswnors may be atributed 1o this il
ume,

The purpose of this swdy is 0 investigae and
compare how six staws in Ul 3 incomporate NSES
o their own slale seience ¢onlent standands and
witwl kind of imentions (they bring o their curricu-
lum feameworks, To achieve this goal, the {bllow-
ing, rescarch questions were formulaed,

I, What are common and idiosyneratic goals of
visions of (he scichee content standands of six
saes?

2. What are he organizing/progression  pringiples
of the seienee content siandards of six staes?

3.What are the sieands of he scicnec conwent
standards of six staves?

4, What arc common and idiosyneratic parts in the
conkent of ¢anth scicnes in science ¢ontent slan-
dands ol six staes?

Research Methods

To comparc and conimst the pencral aspects and
the content of ¢anh SCichee i SCIChEC cohichl Stan-
dands of the major staes of US, six stalks were
sclocied. Al fivst, Marvland, Virginia, and West Vie-
ginia were sclected from the region around Washing-
wn, DCa and New Yok, Pennsyhvania, Connecticul,
and New Jorsey were selecod amound New York
Cily. Marvland, West Vieginia, Pennsylvania, and
New York were excluded from the sy because

only limited data could be available from  oneling
sourccs. Major stawes, such as Califomia, Texas,
Flotida and Michigan were addad (o grasp (he pen-
eral wrend of the stawe scicnee standards of the US,
Flotida was also cxcluded from e suwdy bocause
of insuflicient da,

To anabyre scicnce curriculum frameworks of six
stacs, the  documents  provided from  the  depan=
ments of the stales were anabvzed (Table 1), The
characteristics of staws’ scicnee curriculum  {rame-
works wete analvzed in worms of poalsivisions, pro-
gression  principles, clusicring levels, and organizing,
sieands, The conwent of canh scicnee in ¢ach state
was also analvred ob the basis of the catcgorics on
canh science wpics of NSES,

The analvsis was conducted by one graduste stu=
dent majoring carth scienoe cducntion, and two s¢i-
enee education specialists, The rescarch method used
in this sudy is document anabysis, The analysis was
based on ihe documents and daia wene collecied
when they were explicily staed in (the documents,
On the basis of the charcieristics identificd among,
six stales, the similanitics and the differences in the
s sciches conient siandards  among  the  S1aWCs

WEHE COmpancd,
Results

The staics scicnee curriculum  ftameworks  were
analvzad in {ive arcas: goals or visions, Organiring,
principles, progression  principles, standand  seands
and canh scichee coment by clusicring, levels, The
resulls were presented for each rescarch question,
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Table 2. Literatures refloctad ob the stanss” scictes currictum framewotks

St -
, A
Lrteratunss ¢

Nediazl Seeienen Lalusation SErdands (NSLES) i
Benehmarks for Seigtes Lty (Magect 20613 i
Soope, Saquenes & Coandingtian -
Serdands B Technalogical Liarn -

What are commonh and  idiosyncratic gocls
o visiohs of the science content stondords of
Six glates?

To understand the backgrounds of the stales” sci-
enee curticulum  frameworks, lilcramres which  had
major ¢ffocts on the stawes® documents were sought
The curmiculum guides recently developed, such as
NSES and Project 2001, listed in Thble 2 are
rcporicd as major sources of st sandards devel-
opment by three stas; Califomia, Conncticul, and
New Jersev, All ihree staics csiablished the  con-
ecpls and conwent format in their own o curriculum
model based on *National Science Education Stan-
dands” (NRC, 19969y and ~Benchmarks for Scicnes
Licracy™ (AAAS, 1993% In addition w the major
curticulum  guides, Connceticut also referred  Stan-
dands for Technological Literaey™ (ITEA, 2000y and
New Jersey referred -Seope, Sequence & Cootding=
tion of Sccondary School Science” (NSTA, 1992) in
ils stale conent standands, respestively,  However,
this result docs not noeessarily suppest (hat NSES
o Projoet 2061 is nol reflected it the siate conlent
standards ol Michigan, Texas or Virginia, As NSES
of Project 2061 have bad swong impact on US sei-
cnee education, this rather means that they might
ool ¢xplicitly state about the background of the stae
conwent standards in the documents analvaed, The
liceawres reflocied are nol mentioned  in the sci-
ence contenl standands of Michigan, Texas, and Vie-
Zinia,

As scienee oducawrs develop e siae curticu-
lum {rameworks, they ofler the core leaming poals’
vigions (0 present the fundamental seope and skills
for all students, Table 3 shows the main thwee goals
in seicnce  leaming which are companed by the
stags selocted, The main theee poals are scientidic

liveracy, scicnce & echnology in socicly, and tech-
nology cducation, Although there is 2 swong rela-
tonship between  scicntific liemacy and seicnce &
iechnology in socicly, they ane catcgonized g wo
different Jomains in order 0 reflect the imponance
of §TS in scicnee oducation,

Among three goals, scicntfic litcracy soems o be
congiderced as the most important and  comprehen-
sive lenm, Agonding w0 NSES (NRC, 199%0), scicn-
tific ligracy is a poal that all swdents  should
achicve, NRC (1996) defings that scicntilic Livceaey
is the knowledge and understanding, of  scientific
concepls and processes required for personal deci-
sion making, pacicipation i ¢ivic and  culural
affhirs, and ceonomic productivity. In other words,
scientific liwracy implics that & persoh ¢an identify
scientific issucs undetlying national and local degi-
siohs and ¢xpress positions that are scichtifically and
eehnologically informed,

As seon in Table 3, all the siaes siess the devel-
opment of scientific liwrmaey a5 a main goal They
wanl schools (o prepare all students o be scientifi-
cally ligrate. For this, ten components are found o
be considered although all components are nol com-
mon (0 al the stales. Each sae presenis four
through cigln components for the goal of develop-
ment ol scientific liemey: key concepls & pringi-
ples of scicnee {all statcs), scicnfic mcthods or
process skills (CA, CT, N, TX, VAN critical o sci-
entific thinking (CT, MI, NJ, TX, VAx usc and
apply  scicntific  knowlodge &  thinking {(CT, MI,
VA), connection 0 other subject dependency (CA,
ML, NIw degision-making (M1, NJ, VAl own naw-
tal rosourees (NJn safoty (CA. NI, TX, VA) ati=
tude or carcer (CA, CT, ML, NJ, VAL and language
of scienee (CA, CT, YA),



Corrparing e Fomiats and Coert of the State Soienea Contert Stardards of S Stats i1 1L S with Brphasis on BEarh Scierce 339

Among the aawes, TS is prosenied a5 4 main
goal in Califomia, Connecticut, and Michigan, Mich-
igan has motc cmphasiz on STS (han other stalcs
do. Michigan document says that “as citizens, we
arc asked 10 make decisions abou social issucs that
involve scicnee and  technology™, Connecticul docu-
ment svs that .. by providing,  sadents  wilh
opportunilics (o cxplore the context of scicnee and
its applications, and v develop an understanding, of
the inkcreonnegtions among seicneg, (echnology and
socicty™ Conneeticuls cmphasis on TS scems o
be closely eelavad 0 its interest in iechnology, and
it is the only ste w0 consider ~Standards for Tech-
mological Lictacy™ as onc of major sources for ils
SIS seichod conlent sandards,

California  document  represents  specific  (opics
rclacd w0 STS as well as what STS means, as say-
ing that: “.. studenis bave the opportunity o build
connections hat link scicnee 10 echnoldogy and 50¢i-
clal impacts. Scicnee, wechnology, and sociclal issucs
arg strongly connected 10 community healih, popula-
tion, naweal resourccs, cnvicomental quality, patu-
el and human-induced haznds, and other global
challenges™,

Technology is recoghized as another main goal in
some stas, Although most of staes mentioned the
importanee  of students”  undersianding  echnology,
Califomia and Vieginia put up echnology as a main

goal, However, Califomia and Virginia show differ-
¢hl perspectives about wehnology as 4 goal, Calitor-
nia suggcss (haw ceffective scichee programs use
elnology 1w wach  sudents, assess (heir knowl-
cdae, develop information  nesourecs, and  cnhance
computer  liweracy™. It is thought that wchnology=
based models are used w0 design and puide experi-
ments, making it possible 10 climinaig some experi-
ments  and @ sugpest  other  cxperiments  that
previously might not have been considered. That is,
students bave the opporwnity 10 use ecinolozy and
imitee the ways of maodern scienee, Teaching sci-
enee by using echnology s imponant for prepar-
ing students o be scientificnlly and echnologicalty
liscrate,

Virginia emphasizes thae (e use of cunent and
cmerging, wechnologics is ¢ssentinl 10 (he K-12 scicnee
instructional  prozram, 1L is  recommended  thal s
denis” functional lieracy (communication) be improved
through reading and information retricval (e use of
lecommunications), writng, (wohd processing), orpani-
zation and analbysis of daw (daabascs, spreadshects,
and praphics progmmsk,  preseniion of ond’s  ideas
(prescniation  softwarek  amd  rCsOUKE  mAnAZEMCNL
{project management software),  Furthemorg,  (echnols
ogy meas W use of modem inswuments such as
computcts and software, a5 well as waditional instru-
ments including, micnoscopes of labware,

Tabde 3. Lducationnl poals of visions presatrad it siX sganes” sciebes curviculun fameworks

Gl Yiinan

Seientifie Likstas: i
& kene ootontls & principles of st '
& acientific Mot (pnssss killsy 'S
& eritil, skientific thinking
& e and apphe seientiie knowladge & thinking
® oannection b sathar sublect dependenay i
& deniginn-trzking
s onn Ml reales
& iy .
® Attt i, o 'S
® [ OF seiecs .

S i

Tachrabys: L

i mentioned, ©x ephasized



340 Charrdong Kim et 4l

What are the organidng ond progression
principles of the: science content standdrds of
six slaes?

To pet decper understandings of the staws con-
wnt standards, the ompanizing and progvssion princi-
s and  grade  clustering wene anaboed. The
organizing pringiples for the standands do nol iden-
tify spocific personal and societal challenpes, mather
they form a set of concepiual organizers, fundamen-
wl understandings, and imphed actions for mosy
oomicmporary isswes (NRC, 1996k 1 can ke snid
that the orpganidng prineiple invohved in all te
stats cumiculum. framework is “spiral” (Table 4
The ferm “spimal”™ i clearly shown in the docu-
ments of Conneeticut (CTh An exeapt from CT
document is following: “cach theme s addressod by
several content standards and related coneepls thin
spiral through the grades, cach time meatod with
more dopth and breadth, and developmentally appro-
prine for the students™ Although 348 not denotad,
the principle of spiml scems 10 be connoted in e
documents of CA, ML T2, and VAL For cxample,
CA document savs fat “The standards are ompa-
nimd in osets under broad coneepts. This organiza-
ton i inended w0 help the meader move between
opics and follow them ag e Qonlent Sysiemat-
cally dnercases in Jepthy beeaddy, and comploxity
through the prade levels”™ However, NI empisies
cumulative propression in organixing s curriculum,
N} uses cumulative progress indicators s “by e
end of prade 4, students will” in presenting the
strands of science curriculum, It ¢an be said tat NJ
assumes scienes leaming as cumulative activities in
that they presents only what sdudents should reach

w0 by grades 2, 4, 6, &, and 10,

Among six staks, only three stals prosenied pro-
pression. prineiples of the sclonee curviculum frame=
wotks CT, ML and VA addmss thelr propiession
principlks of seicnes framework inelwding the skills
28 well as e conent required in seienee oda-
fdon (Table 4), CT sewnes coriculum  framework
deseribes an approach 10 selenee learing that stans
with simple, conerce cxplorations of the natral
world by clememany school students, moves ino
cxplorations and  explanations of foundational &=
enee coneepts in the middle school, and advaness 1w
explotations of seicnee concepts and relawed global
issucs during the high school vears, Michigan oon-
e slandands and benehmarks deseribe duve broad
catcporics of activitics that are common in seientifi-
cally lierate individuals: using scientific knowledges
congtructing: new seientific knowledpe, and reflect-
ing on scientific knowlodpe, The content strands in
MI curriculum. ane Jireedly nclaed 10 these opes of
aetvitics, Virgima shows that the standands of kam-
ing in cach swand progress i complexdty ab cach
prade level K0 and are representd  indineetly
troughout the high school oourses,

Natonal Science Education Standasds are presentod
in fy fonmal of pade mns K4, 38 and 912,
Table 3 shows the vadation of grade mnges used in
clustering, the comere standands of the six stws The
standands are pecseriod in the fommat of cach grade in
the staws of CA, CT, TX, and VA, But Ml standands
are cluserad for kewels of clementany, middle sehool,
and Igh school, and N ase clustened for grade by 2,
4,6, & and 12,

Table 4. The crmnizing sl prooression pringipkes presentad in six s’ sciencs content standands
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Table 5. Clusioring levels in six stnss” scionos oonigat seandards

NSES A T ag N rx VA
by
" , P K=, 35, by 4 KalnZh 34 5
Clugtgring . K LhL3 45 o ey e TR b Kah&hd4hy 10 )
i S . b Bl i T S ) £, M8, 1S by 6 i e TR G e
Gtk mnge) SREEHE b hment by § &R RO et
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*Physics, Chemistry, BiolomeLife Science, Farts Science

j'%nmgmmd Phyaics and Chamistry, Biolopy, Environmantal Svetoms, Chemistry, Aquatie Seioncg, Physics, Agtonomy, Gooloy,
Metoralay and Ooxanoeraply, AP éAdvancad Placementy osarsis, 1B (nsemationnal Baocalurenss) courss

What <re the shiands of the science
content standards of six states?

Swands arc bip cateporics meprosenting the con-
st of the sandands, By analyring the sirands, por
spactives Oof positons of the curiculum. developers
can be orevealod. National Science Bdueation Stan-
dands presents cipht swands dn the standands of sei-
enge  oontont as shown in Table 6, The first
catepory, “unifiing concepts and  processes in sel-
cnee’, I8 prosenod for all prade levels, beenuse the
understandings and  abilitics associaied with  these
concepis acod w0 be developad  throughout a stu-
dents oducational expericnees, The ofher seven ¢ate-
porics, which are wienee  as  inquing  phvsical
sgicnec, Hfe seicnes, carth and spaee SCICnOS,  SCi=
ence and wehnology, seicnee in personal and social
perspoctives, and history and names of scienes, ac
pregentod by cluswring of prade lovel K4, 3-8, O
12, In addition o the four iraduional
domaing, INSES  dncompored  stands  abowt g
aame of seienee and STS.

Table 3 shows the oonient stmnds of six staks
companpd 10 National Science Education Standands,
Among the cateporics, the common stands all e
salcs prosent ane fours scienee as dnguinys phvsical
sciene; it sciencs, and canth scienes. The strands
used in organizing the scienee curticulum frame-
work are sliphtly different by cach st The strand
of selence as inquiry (CT) s also represensed as a8
ezt one and more cawgorics of the Dllowing soi-
cntific processes (NJ and TX), scientific investiga-
gon, reasoning & Logie (VA), sciengfie investigation
& oxperimentation  (CA), mathematical applications

SEenee

(NFoor constructing & rellecting seientEfic knowls
cdpe (M), Wherens CA, ML and NI involves phys-
ical scionee, lile science, and carth selence as the
stands relased 10 seienee coments, CT and VA pre-
senis thedr standands in the fomg of unifving oon-
eepls in seicnes (Table 3),

However, thee strands are found ool 0 be oome-
mon 10 all states. The strand of science and och-
nology s presered in the states of CT and NL
The steand of seience in personal and social por-
speotives i peeseniod in the staws CT, NF and VAL
And, the strand of listory and nawe of sCicnee ane
not found in any state,

What dre common and idiosyncratic  pons
of ecrh sience in the science content
standarcts of six sateg?

As shown above the Table 7, the main ooneepis
of carth science defined in NSES are companed
with those of six staks BEven though many staks
developed twir canh seience curriculum based on
NSES, some conenis ane ocluded, incldod or
modificd according 20 staws” own perspoctives oF
needs,

NSES clustened the grades by theee groups wiich
ae K w4, 510 8 and 9 w 12, Followings are the
comery strands eneporizad by the ¢lustering  sroups,
The first groupy K 10 4, containg three main Qon-
copts which are “properties of  canth maerials’,
“obgeet in the sky’ and “changes in canly and sky'.
The coneeptl, “progemtics of carth materials’, includes
‘carfy materials’, “propertics of solls” and “osgils” 2
demiled contents, All six stapes comain “earth mage-
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Table 6. The strands peesanid i1 Six st scienoe curricuhen fameworks

Strands NSES CA T M N LS VA
Lnifing coneepts and poocsess in seienoe o
Sciienee w5 Ineuiry o "

Seientfic Poocess

Scientific Investiotion, Remsoning, & Logic
Irveskistion & Experiniention.

Mdathismatial Appliksions

Cionggronting & Reflecting Sientific Kngavedse

Sl oyt
Physia). Sceivee L ; .

Chental S, Chennigiry & Physics 3

Lifke Scienke [ )] '] "

Biirslayziczal. Seienms

Tarth sand Spuce Seienss -

Farth Scienoe 3 i 3

Astrengny & Speke Kuene 3

Sciense and Teehnobey i 3

Natune & Poociesg of Techonhows i

St it Perszngl. i Socinl Pergpictives 0

St & S i

Evininmenkil Sodies i

Risamos ¢
THigbory: and Matune ol S -

T pecsents esstatial koowledes: and skills for sciende Ia s curricutum,

: Propertics of makter; Enorpy transfor and trnsformations; Foreds and metion; Maktar and thergy In oCosvstomas Siructine
ardl Bnction: Hemdity and avelution; The chaneing aarthy Enarey b the aurth’s svewens; Earth in the solar sysgem.

: Foroe, motion, and erermy: Matety L peootsses Living svsieni Inierrelationships in eartdvspoos sveems Barth

mkams, cveles, and chanpe

rals” in thelr ¢uriculims mostly eovering K 10 4
However the coments, “propertics of soils’, ane not
included in the curriculum of Michipan, and also
e conents, “fossils”, are cxcluded 1o the ¢urricy-
lums of Conneetion, Texas, and Virginia,

The ooneept “obieots in the sky’ coning o
main  oohtonts:  “propertics,  locations, and  move
ments of obieets” and “the sun”, California, Connoot-
icu, Michigan, Texas, and  Virginia  oxcluded
mropenics, lcations and movements of objeets”, in
thedr K10 4 seicnee cuicutum, Only New Fersey
included this wopic “propertics, locations and  move-
ments of objeets”. Most staws exeluding M1 have
the fopie “the sun” in tadr curriculum, Conngeticul
presented the opic e sun’ in founh grade and
alsy in the arca of physies “Foree and Motion',

“Changes In carth and sky” is the oconeept oom-

poscd of “he surfaes of the canh changes”, “wither
changes’, and “patems of movement’. Due w0 the
importance and the fundamentalness, California, New
Jotsey, and Vigginia oontain these three oonients in
thedr currieulums over all through K 10 4 Conngti-
cut and Michigan involvod “weather clanpes” and
ragems of movement”, and Texas have only the
topic “weather chanpes™

There axe contents  rehed w0 canh  seiones,
atthough incladad in other science ancas, “Resounes”,
Tamal  disaswr™ and “Obsenvation wols' ar e
representative  cxamples,  Mostly the  contents of
‘Resourees”™ and  ‘Nawral  disaster” ame dealt in
Resourcss” (VA), “Enviconmental scienes’ (N]) or
“Feosvsiem” (CT) subiet areas. “Obscrvation 100ls”
are typically containad in “Scienec and wechnology
in soiew” (CTh
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Table 7. The sarth scicnce oontett standands of six staws at lavels K o 4

NSLS Ch T Ml NI ™ YA
W Propetins ol with mderialy
Larth materizls ) 34 1 K- K. 124 KJ3
Paopeetticss ol il 2 2 K-t 3 3
Pl 2z 1. o
W Obpact in the sky
Praopertivss, locabions, and movements of abjects K-t
The Sun 13 &M K-2Z 3 K13
W Clugees in earth and sky
The st of the wih cingss 24 F L34
Weather chinges ] K 1 K- 4 K2t
Thattesrts ol Prisyvenient 3 1 1 Fe 134
C o
Reailtons: P (Y )] L (YR Kaleded  (RSCOFK, 134
Naitural disswper £ 10000 I8 tLIVR) (RS
Obsaratihan ool 3 ST el

E&M: Forgss and Motion, STS: Scienee and Technology in Soecioty, LOOr Matier and Lty in Logsystems, Lr Lientary,

LYR; Lovisshimsttal Studics, RSC Rosounss

The second group in NSES, 5w & includes thiee
main coneepls; “sructure of he canh svsiem™, “carth
history™ and “carth in the solar system™, In 5 1o 8
curniculums, the conignts ranges are developed fhom
the objeets W the svsiems compared w0 the K o 4,

“Stuciure of the carth syslem™ s the  coneepl
included the most conbents and mainly dealt in 5 10
& curticulums, “The solid camh is lavered with 2
lithosphere™,  ‘movements  of  lithogpheric  plaes™,
constructive and  deswructive  fomees”, rock eveld,
“global paterns of aumospheric movement’, “waler
evele’, “soil composition”, “waler as a solveni’, ‘ihc
composition of aimosphere”, and “clouds™ are the
contents composed of, AL least 3 stales include the
firt six ¢onents in their ¢anth scigneg cutticulums,
which arc “the solid canh is lavered with a lithos-
phere’, “movements of lithospheric plales’, “construg-
tive and destructive forees”, nock ovele”, “zlobal
patierns  of  aumosphetic movement”  and  “waler
evele”,

“Eanls history™ ¢onsists (wo main cotucnts, “the
carth proccsses we see today™ and -fossils™. Califor-
nia includes both content but Conneclicut docs not
involve anmy content of them, The other s@wes cover
the content of “the camh proccsses we see Woday’
(MI and TX) or *Tossils” (NJ and VA) in their cur-

riculums. And it reveals that Connceticul docs nol
cover any conwents reganding “carth hiswory™ in its
curriculum,

*Eanh in the solar sysiem® is comprised of -solar
svacm and the planes™, “prodictable motion”, “grav-
ity and its influcnees” and  tthe sun, the major
source of energy™, Among these conlents, “solar svs-
iem and (he plangs” is in all e curriculums
exeepl Connggticul, *Predictable motion™ and *grav-
iy and its influenees” are in four s cumiculums,
i CT, W1, TX, and VA, And “the sun, the major
source of cncrgy’ is the topic invohved in thnee
stawes of CA, CT, and TX,

“Eanh svsiem®, “Resources™ and “Nawral disasic”
arc the learning substances related o canth science
in 3 10 8 curriculums, Califomia and Texas include
these substances in canh seicnee arga, vel Conngcti-
cutly New Jorsey, and Vieginia include them in other
scicnee arca, lor cxample of “resources’ (VA), “¢hvie
ronmental scichecs™ (IN) and “Seicnee and Technol-
ogy in Socicty” (CT),

The last clustering group, 9 w12, includes four
main ¢oncepls which are “energy in the carth svs-
em’, goochemical cveles, -otigin and ¢volution of
the carth system™ and “origin and ¢volution of he
universe™, The contents ranges are developed  into
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Table 8. The earth seichoe oottt standands of six stws at levels 510 8

MSLS Ch (8 § h% | MNJ 1D Wi
W Structune o the grth st
The salid gauth i kpenad with o lithosphens 6 7 MS 5
Sovemettts o lithoepberic plie o} 7 o 5
anstruketive ol dhestrustive R & 7 MS 58 S 5
Rk avle G s S a8 5
Sail compoition MS
Wt aveh 5 MS 56 6
The eampusition of awepbane MS
Cltls &
Glabal pedtems o amsplstic: mrssment > = ME 56 24
W Lanhs history
The wirth proosss: we 68 ok a7 S 5
Pl 7 -8 2
W Lath i the aokye svbom
Solar sestem and the plawts S MS ] o &
Pogdictable nmEian S 8 2048 e
Gravin: and ity inluenes & -8 5 &
Thie s, thee maggor sates of e ) ] 0.8
C oo
Larth sstem 56 (518 ¥
RESAITEY o S
MNetured dissspor (515 (LY S (RS

STS: Scicnee and Tochnolosy in Socisty, MS: Middle School, LYR: Lovircnmetial Studics, RSCr Resources.

decp understanding of science coneepls and  pringi-
ples in 9 10 12 curriculums, Yirginia is ¢xcluded in
the comparison able owing w absence of the 9 (0
12 lcaming plans in s curriculums, Connecticut
presents the content swands for 11 & 12 as an
advanced curriculums,

The concepl “cnergy in the carth sysiem™ con-
tains four contents; internal and exigrnal sources of
ehcray in canh svaem’, cthe outwand wanster of
carth's inteenal heat, “heating of carl's surlhes and
aumosphere”, and global climate”, CA, CT, and MI
include all the comwents in their curriculums, TX
involves all the contents cxcept the wopic “the oul-
wand wansfer of ¢arth’s ingrnal heat', and NI does
twd contents of “the ourward  wanster of canh’s
inermal  heat and  cglobal climawe®. The  concept
peochemical eveles”™ is composed of two Qontenis;
chemical atom of clement contingd in canh sys-
wm® and ‘movement of mater betwoch  rescrvoirs”,
CT. ML, and TX include these two <coniehis, but
CA and N include “movement of mauer betvween

veservoirs” and  schemical atom  or ¢lement  ¢oh-
taingd in canth svslem®, respectivelv, The conegpl
“otigin and cvolution of the canh sysiem™ conlaing
four contenisy “(he otigin ol the solar svsiem”, *poo-
logic time”, “the ongoing, ¢volution ol the canth sys-
em’, and “evidencs', TX invobves these contents in
two subjects, “Astronomy™ and “Geology, Meoorol-
ozv & Occanography’. However, the other stalcs
include two or three conients in their curticulums,
Among these conients, “the origin of the solar sys-
iem® and cevidenee® ane wcagd inoar least four
saues a5 shown in Table 9, The concept origin and
gvolution of the universe” is considensd for leam-
ing carth science in most of ye staws, CT involves
only g content of “ihe origin of (he ubiverse,

In addition, it reveals (hat -obscrvation wools™ and
resounces’ in oother arcns are related o canh sci-
eheg,  -Observotion wool” is containgd in all six
siawes” curriculum, and resources” s involved in all
except N,
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Table 9. The ¢arth scichoe oottt standards of six stas at levels w0 12

Mol Ch () Ml NJ X YA

W Lo in the cath svstem

Inteemal axd extermal sounsss of eerey it wath st 15 ALS 105 MO

Thae outwerd transker of g™ inkemal bea LS ALS 115 11-12

Tgabing of gl surfis amd atmosphen: 15 Al 115 GMO

Chobel elimate I& Al 115 11-12 OMO
W Gooxchemic ok

Chigmigzl abam o slemsnt wontaingd 0 et $3stem AlLS 115 11-12 GMO

Sanement ol niater b nesrvoirs 1% GALS 105 GMO
W Ovigin and avalution of the sth sysbom

The otigin of the salar sstem LS Al 115 At

bt LT 155 11-12 NI

The orgaing walution of the cath sestem IR GMO

Lvickstion Al 15 11-12 MO
W Origin andd evalution of the univers

The arigin a1 the universe IS ALS 11-12 Azt

Thee histoey o the Lniverss 15 11-1x Ast

P'ogsss 0 sty 15 115 17-12 At
C o

Obmsgation bols 1% ALS 105 =12 Ak, QMO

RER TS 15 {51 15 GMO, Lins

LS Lath Scictx, STS: Scienes ad Technology in Socicty, ALS: Advancod Larth Seicnee,

HS: High School, LnS:

Lviretimettal Seicheor, Astt Astnonomny, GO Goolosy, Matoorslosy & Occancaraphy.

Summary and Conclusion

AL pational level, curriculum  guides, such as
National Scicngoe  Education  Standards and  Project
2061 were developed  and  provided  substantial
impact on sgichee curriculum  development al vari-
ous levels in US. Many US suies followed this
movement and developed siale scicnee ¢onlent stan-
dards, The format and comtent of the stue stan-
dards scem o refleet the perspectives and needs of
the cach s,

All siawcs examined propose scicntific licracy as
the major goal for scichee oducation, Some SAlCs
also include STS, and wehnology as imponant 2oals
of science cducation. This reflects the awareness of
the impontance of scicnee for oducating, future Citi-
zcns and echnology for economic development,

Most stawes prefer spiral curriculum as an organiz-
ing, principle, SoMe SWCE Propose Progrossion prin-
ciples of inkerest, such as, “basic w0 compled,
“constructing, rellecting, and using’, and “wonder,
deseribe, explanation, inwerest in global issucs’.

The srands of the six stacs are also very
diverse, Basically, nawre of seicnee, four Jomaing
of scieneg, and STS form the majot divisions of the
sirands, Some sacs use opic arcas mather than o=
ditional seiches domains {or stands

The conent bocomes mote diverse as the grade
level pocs down, The diversity of lopics among,
siales also becomes greater in K4 and 58, How-
evet, the wpics and coverages are swikingly uni=
form in high school, in spite of the diversity of the
courses offered,

In high school, the themes are more thoooetical,
and global In contrast, K- wopics deal with materi-
als or phenomena ¢asily found evervdayv. Some
SIS pay more aucntion (o nawral disnsiers of nat=
ural pesources from carly prades,

From (he study, it is found e US stacs inuer-
pret and reflect patonal cumriculum guides, such as
NSES or Projeet 2061, in varous ways 10 develop
sl seicnee conent standards, To meet the new
challenges of increased autonomy in local o school
cumiculum, local offices ol cducation of school
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administeators  should  pay  more  adentioh 10 the
needs of the community and developing the exper-
tise of acienee curriculum development,
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