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Mouemy Next Generation craHaapt (NGSS)?

Mpowno 15 net c Tex nop nocnegHue cTaHAapTbl 6b1In nepecmoTpeHbl. C 3TOro BpemeHu
NOABW/IOCb MHOTO AOCTMXXEHUIM B 061aCTU HAayKU U eCTeCTBEHHO-Hay4YyHOro obpa3oBaHus,
a TaKXe B MHHOBALMOHHON SKOHOMMUKE.

B CLLUA chmwKom mano cTyaeHToB noctynatowmx Ha STEM cneymanbHOCTU 1 npodeccuu
Ha BCEX YPOBHAX, OT TEXHUKYMOB 40 KaHAWUAATOB HAaYK. Ham HyXHbl HOBble CTaHAAPTbI
HayKW gNAa CTUMYIMPOBAHUA U CO34aHUA MHTepeca K STEM.

Mbl HE MOXKeM yCnewHOo NoAroTOBUTb YYaLLMXCA K NOCTYMNJ/IEHUIO B KON/, Kapbepe u
Nonb3e ANA CTPaHbl M 0bWecTBa, ecnm Mbl He CHGOPMYNNPYEM afEKBATHbIE OXKUAAHUA U
npaBuabHble LUenn. B To Bpems KaK cTaHAapTbl camn no cebe He naHauesn, OHU
obecneynBatoT HeOHXOAMMYIO OCHOBY A/19 CO3AAaHUA U Peanmsaumnm y4ebHbIX NPOorpamm,
NPaBU/IbHOM OLLEHKU M Pa3paboTKM HOBbIX METOA0B 0OyYeHMS.

Peanunsaumna HoBoro K-12 ctaHaapTa Haykm byaeT nyyle noAroTaBNMBaATh BbIMYCKHMKOB
LLUKO/Ibl K YCI0OBMAM 0DYyYeHMA B KOANeAXKaxX U YHUBEPCUTETAX U ANA YCNELWHOM Kapbepbl.
B cBoto ouepeab, pabotogaTenn cMorytT HAaHMMaTb PAOOTHUKOB C XOPOLIMMMU
eCTEeCTBEHHO-HAY4YHbIMM 3HAHUSAMMU, B TOM YUC/Ie B KOHKPETHbIX 0bnacTax
eCTeCTBO3HaHMA, a TaKKe HeEOOBXOANMbIMUM HaBbIKaMM, TAKUMMK, HANPUMepP, Kak
KPpUTUYECKoe MbllleHune.



Mouemy Next Generation craHaapt (NGSS)?

B 2007 roay Kopnopauua KapHeru B Hoto-Mopke / UHCTUTYT nepcneKTUBHBIX
nccnepoBaHUA NPULLAG K BbIBOAY, YTO "'cnOCO6HOCTb HAaLMKM K MHHOBaUMAM AN
9KOHOMMYECKOrO POCTa U CNOCOBHOCTU amepUKaAHCKUX pabounx npouyBeTaTtb B
coBpemeHHOoI pabouen cpeae, 3aBUCUT OT 06y4eHUss OCHOB MAaTEMATUKN U eCTECTBEHHbIX
HayK, U 3TO AiaeT HaM HafeXXAy Ha COXpPaHeHue XXU3HecnocobHon AeMoKpaTmn u
obewaHnAa coumanbHOM MOBUNBHOCTU, KOTOpPbIE IeXKaT B CaMOM cepAaLe amepUKaHCKOMN
MeuTbl ».

K coxXaneHuio, 4OCTUXKEHUA B eCTeCTBEHHbIX HAyKax U maTemMaTuKe NpPoAo/KaloT
OTCTaBaTb NO CPABHEHUIO C HALUMMMU MEXAYHAPOAHbIMU KOHKYPEHTaMM, 1 3TO
OTCTaBaHMeE Y)Ke Hauya/a BANATb Ha KOHKYPEHTOCNOCOOHOCTb MOIOAbIX aMepUKaHLEB, a
TaK)Ke KOHKypeHTocnocobHoctu CLUA B MMpOBOI1 3KOHOMMUKE.



oCLLUA Ha 17 mecTte B HayKe 1 25 no matematuke B 2009 PISA oueHKe. MeHee 10
NPOLEHTOB aMepPUKAHCKUX CTYAEHTOB NOMNA/ M TON YPOBEHb.

e bosiee TpeT U3 BOCbMUKIACCHUKOB Habpan Huxke 6a3ncHoro ypoBHsA no oueHKe 2009
roga NAEP.

e Xota CLLUA B BbICOKOTEXHO/IOMMYHDbIX OTPACNAX 06pabaTbiBaloLieir NPOMbILLNEHHOCTH
NPOAO0/KAT UMeTb 6oabLlylo gonto rnobanbHOM NpoayKumumn, Yem nobasa apyran
3KOHOMMKa, HO aona CLUA ynana ¢ 34% B 1998 roay oo 28% B8 2010 ropay.

e nona CLUA B rno6anbHOM BbICOKOTEXHONIOTMYHOM 3KcnopTe ynana ¢ 19% po 15% 8
2010 roay. B 10 ke Bpemsa gona Kutaa B8 MMpPoOBOM BbICOKOTEXHOJ/IOTMYHOM 3KCNOpPTE
TOBapoOB BO3pocnaa 6bonee uem B Tpu pasa, c 6% B 1995 roay ao 22% B 2010 rogy, uTo
AeNnaet ero KpynHeiwiei CTpaHOM-3KCNOPTEPOM BbICOKOTEXHO/IOTMUHOM NPOAYKLUN.

Mopo6bHble PpaKTbl YCUANBAIOT KPUTUKY NPOrpamm ectecTBEHHO-Hay4yHOro obpasoBaHus
B CoeanHeHHbIx LLUTaTax - "mMmunu B WUMPUHY U AloUM B rnybunHy».



KakoB ctaHpgapTt NGSS?
NGSS co3paetca K-12 ctaHAapT HAayKM HA OCHOBE COTPyAHMYEeCTBa NoA,
PYKOBOACTBOM rocyAapcrBa

Kaxkabi ctaHaapTHbIM NGSS nmeeT Tpu cocTaBaaowme: cogeprkaHue, Hay4Hble U
MH}KEHEePHble NPAaKTUKU U CKBO3HbIe NOHATUA. MHTerpayma coaepaHua v
NPUMEHEHUA OTPAXKAET TO, KAaK HAayKa NPUMEHAETCA B peasibHOM MUpE.



FnaBHOI Uenblo Hawel KoHuenuun ana K-12-HayuHoro o6pasoBaHua aBaseTca
obecneueHune T0ro, UTO K KOHUY 12-ro Knacca, Bce yyawmeca MMeloT HEKOTopoe
YAOB/NIETBOPEHUE KPACOTOM U Uya0M HAYKU; 061a43a10T A0CTAaTOUHbIMU 3HAHUAMM O
HayKe U TeXHUKN ANA yyacTusa B 06LecTBEHHbIX AUCKYCCUAX MO Teme; MOryT NPUMEHATb
HAay4YHO-TeXHUUYECKYI0O MHPOPMALUIO, CBA3AHHYIO C UX NOBCEAHEBHOM }XU3HbIO, UMEIOT
BO3MOXHOCTb NPOAO/IKUTb 06pa3oBaHue, UTOObI Y3HATb O HayKe 3a NpeaesiaMu LLKOAbI,
a TaK)Xe MMeTb HaBblKU, YTOObI caenaTtb Kapbepy No cBoemy Bbibopy, B Tom uncne (Ho He
OrpaHMUYUBAACb) Kapbepy B HAaYKe, TEXHUKe U TeXHoNormu. B atoit pabote, Komurer
3akatoyaer, uto K-12 Hay4yHOro n uHxeHepHoro obpasosaHue A0NXKHO bbITb
HanpaB/aeHbl HAa OrPAaHUYEHHOE YMUCNO0 AUCLUUNIMHAPHDbIX OCHOBHbIX NAEW N CKBO3HDbIX
NOHATUMN, BbITb CKOHCTPYMPOBAHHbLIM TaKUM 06pa3om, YUTO CTYAEHTbl NOCTOAHHO
pa3BUBaANCb U NepecMaTPUBaIN CBOU 3HAHUA U YMEHUA B TeYEHMNE HECKOIbKUX NeT, U
noaAepXMBaeT UHTErpaumua Taknx 3SHaHUM U CNOCOBHOCTEN C NPaKTUKOIN, Heobxogumble
ANA YY4aCTUA B HAYYHDbIX U3bICKAaHMUI U NPOeKTUpoBaHMA. KomuteTt peKkomeHayeT
ecTecTBEHHOHay4YHoro obpasoBaHua B Knaccax K-12 byaer ctpontbCca BOKpPYr Tpex
OCHOBHbIX U3MepPEeHUM. 9T U3MepeHus

e HayuyHO-TeXHUUYecKana NpakTUKa

e CKBO3Hble NOHATUA, KOTOpPble CBOAAT U3YyUYEHUE HAYKU U TEXHUKU Yepes ux obuyyto
NPUNOXKEHUMN

e OCHOBHbIE uaeun B YeTbipex AUCLUUNIMHAPHDbIX 0bnacTeit: pusnyeckme Haykmn, HaAyKu o
KU3HU, 3eMNA N KOCMUUYECKME HayKU U TEXHUKA, TEXHOJIOTUU N MPUMEHEHUA HaYKMN.



Hay4yHaa n nHXeHepHan
NPAKTUKK

CtaHpgapTt obpa3oBaHua K-12



HayyHaa n nHxXeHepHasa NPaKTUKK

HABbBIKIA

1. I'quemy N3yveHne Haykn n NHXeHePHbIX NMPakTuK Ba>XHO OJ14

CTYAEHTOB
8 NpaKTUK, JOCTATOUHbIX NS U3YYEHUS HAaYKU U UHXEHepUn
3akrntoyeHne 0 NPUoOpPETEHHBIX HaBbIKax: Kak Nory4aercs Hay4yHoe

3HaHNEe N Kak pa3BmnUBaOTCA MHXEHEPHbIE peLlEeHNA

Y cTyneHToB BbipabaTtbiBaeTca 6bonee KpUTUYHOE OTHOLLEHME K
Hay4YHOW MHpopMaunu

SEN




3 [MpaKTUK Ana Hay4yHoro Knacca K-12

1.3apaBatb BONpochl (AN HayK1) U BbISIBNATb
npoo6rnembl (AN MHXeHepun)

2.Pa3zBuBaTb U ucnonb3oBaTb Moaenu
3.MMnaHnpoBaTb U BbINOMHATbL UCCIleA0BaHUA
4.AHann3npoBaTb U UHTEPMNpPETUPOBaTb AaHHbIe

5.Acnonb3oBaTb MaTeMaTukKky n KomnbroTepHoe
MbillJsieHune

6.KoHCTpynpoBaTb 06 BACHEHUA (ANA HAYKU) U
NPOEKTUpPOBaTb peleHusa ana (MHXeHepun)

7.3aHUMaTbLCA apryMmeHTUpoBaHUEM AoKa3aTesibCTBa
8.lNonyyaTb, oueHMBaTb U CBSA3bIBaTb UHOpPMaLUIO



[leicTBME HaYKN UIN UHXKEHEPUM MOXKET BbI3BaTb Y CTYAEHTOB
NtobonNbITCTBO, MHTEPEC, MOTUBALIUIO K MPOAOKEHUIO 0OYyYEeHUA.

Ba)kHO NOHATb OTKyAa 6epyTca ¢paKTbl, KaK UX A0KA3aTb, MHAYe
OM30MNAET N30/IMPOBAHMNE U UCKAXKEHME HAYUYHbIX U MHXKEHEPHbIX 3HAH

Kak paboTtatoT y4éHble

I1Ba noaxoaa:
1. MMHMMU3MpPOBATbL TEHAEHLUMUIO K CBeAEeHUIO HaYy4YHON NPaKTUKKN

K eANHCTBEHHOMY Ha6opy npoueanyp, TaKUxX Kak onpeagerieHmne n KOHTponnpoBsaHue
nepemMeHHbLIX, KﬂaCCI/ICbVIKaLlMﬂ nonpeperneHne NCTOHYHNKOB owunboK

2. cdoKycupoBaTbCA Ha NMpakKTUKax, usderas foXXHOro npeacTaBrieHUs1, YTO cyllecTByeT
oowmmm noaxon Ko BCen Hayke. HeonpeaenéHHOCTb- yHUBepcarnbHbIN aTpudyT HayKun



KaK NPaKTUKN MHTerpupoBaHbl B
nccneaoBaHue U NPOEeKTUpoBaHUe

THE REAL WORLD

Ask Questions
Observe
Experiment
Measure

Y

COLLECT DATA
TEST SOLUTIONS

Investigating

ARGUE
CRITIQUE
ANALYZE

Evaluating

THEORIES
AND MODELS

Imagine
Reason
Calculate
Predict

'

FORMULATE HYPOTHESES
PROPOSE SOLUTIONS

Developing Explanations
and Solutions




Yem pa3nnyaloTca MHKEHepUsa U HayKa

OcHoOBaHbI Ha KpeaTUBHOM MPOLIECCEe U HUKOIAA He UCMOMb3YHT TONMbKO
OAVH MeTo

Llenb Haykun pa3eBuTb HAOOP COrnacoBaHHbIX N B3aUMOAOCTATOYHbIX

TEOPETNYECKNX ONMUCAHUN MUPA, YTO MOXET obecneunTb 06bACHEHNS
LLIMPOKOIO Kpyra siBfeHnn

Llenb nHxeHepumn- pelnTb KOHKPETHbIE NOTPEOHOCTY YenoBeYyecTBa



1 lNpakTuka: 3agaBatb BONPOCHI U
BbISABNIATb Npobrembl

Hay4Hble Bonpochil:

*4TO CYLLECTBYET M YTO NPOMCXOAMUT?

*I0MEMY 3TO MPOUCXOANT?

*KaK 9TO MOXHO y3HaTb?

UHXXeHepHble BONPOCHI:

*4T0 MOXHO caenaTtb ANS peLleHnst KOHKPETHbIX NoTpebHoCTen Yyenoseka?

» Kakum obpasom notpebHocTn MoryT ObITb ny4lue onpeneneHbl?

» Kakne MHCTPYMEHTbI N TEXHOSMOMMM AOCTYMNHbI, U MOryT BbITb paspaboTaHbl Ans
pelweHns gaHHon npobnembl?

Hay4Hble 1 MHXeHepHble BONpPOChHI:

Kak MOXHO cBA3aTb siBfieHus, AoKa3aTenbCcTBa, 0ObACHEHUS U UHXEHEepHble peLleHns?

Uenu:

-CnpawunBaTb BONPOCHI O ECTECTBEHHOM N PYKOTBOPHOM MUpe. Harpumep :

noyemy CyLLeCTBYIOT BpeMeHa roga? Yrto penawT nyénbl? [llodyemy CTpykTypa
paspywaetca?

Kak reHepunpoBaTb 3MEKTPOIHEPTUIO?

*Pasgenatb Hay4HbIM BOMPOC (MoYemMy refivessle waphbl NogHMMAalTCs) OT HEHay4YHOro
(kakom N3 aTUX UBETHBIX LLIAPOB CaMbll KpacuBbIN)

*dopMynNMpoBaTh U YTOYHATL BOMPOCHI, HA KOTOPblE MOXXHO OTBETUTb AMMUPUYECKN

B KJlacce 1 UCnosib3oBaTb UX N4 NfIaHNPOBaHUSA NCCIeLO0BaHUSA UMN KOHCTPYUPOBaHUA
nparmMaTMyHoOro peLLeHns

*ObpawaTtb BHUMaHME Ha OYHKUMM, LWabnoHbl 1 NPOTUBOPEYNs B HabNAEHUAX 1 3agaBaTtb
*BOMPOCHI O HUX.

« [1na nHXXeHepumn, 3agaBaTtb BOMPOCHI O HYXXA4ax UK XenaHusx ans Toro, Ytobbl
onpeaenuTb OrpaHNYeHns N TeEXHNYECKMe 3aJaHns.



[paKTnKa 2:pa3BmnBaTb 1 UCNO/Ib30BATb MOAENN

Llenu:

*PucoBatb YepTexun unm cxembl Kak NnpeactaBneHns CoobITUA NN CUCTEM.
Hanpumep: HapucoBaTb HACEKOMOE C NOANUCLIO AeTanen, NpeacTaBUTb, YTO
NponcxoauT B NyXe, Koraa e€ HarpeBaeT COMHue, U NpeacTaBnTb MNPOCTYHO
dom3nyeckyto Mmoaenb peanbHOro oobekTa U UCNonb3oBaTb €€ Kak OCHOBY AS1S
00bsICHEHUNS UNK NpeacKasaHus NoBeAEHUsS] CUCTEMbI B ocobon cpeae
*[lpeactaBnATb U OOBACHATL SIBIEHUS C MHOXECTBEHHbBIMW TUNaMU MOAENEN.
Hanpumep, npencrasutb monekynsl 3D Mogensamun unm gunarpammamm cBA3en-
N OBUraTbCs NMaBHO MeEXQy TMnaMmu Mogerneun B 3aBUCUMOCTM OT TOro Kakast U3
moaernen bonee nonesHa Ansa JOCTMKEHUS Lienu

*O6cyxaatb npegensl U TOHHOCTb MOAENN KaK NpeaCcTaBleHne CUCTEMBI,
npouecca, UM KOHCTPYKLUMN U NPeanoXuTb cnocobbl, B KOTOPbIX MOAESb
MOXET ObITb yny4LleHa

*/Icnonb3oBaTb KOMM. BbIYUCIIEHUS UM MOAeNMpoBaHMe MPoCTbIMU
MHCTPYMeHTaMu, B Ka4yeCcTBe cpeacTBa 419 NOHUMaHUSA 1 UccrenoBaHug
acnekToB CUCTEMbI, OCODEHHO TEX, YTO He Bceraa BUAHblI HEBOOPYKEHHBLIM
rnasom,
aenaTtb U UCNofb30BaTb MOAENb AN TECTUPOBAHUS NPOEKTa NN ero
aCneKkToB M CpaBHUTb 3PPEKTUBHOCTb PA3SINYHbLIX MHXEHEPHbIX peLleHnmn




[MpakTuKa 3:n1aHMpPOBaTb M BbIMOAHATD
nccnenoBaHUA

Llenn:

*CdopmynupoBaTb BOMNPOC, KOTOPbIN MOXET ObITb UCCIIEA0BaH B
pamMKax Knacca, LKOnbHOW nabopatopun nnm Tepputopumn c
OOCTYNHbIMW pecypcamu 1 npun HeobxoanMocTn cpopmynmpoBaTtb
rMnoTesy, OCHOBbLIBAsSICb HA MOAENN NN TEOPUU

*PelinTb Kakne gaHHble OOMKHbI OblTb COOPaHbI, KAKUEe NHCTPYMEHTI
HeobxoauMbl, YTODbI caenaTb cOop U Kakme uamepeHus byaoyr
3anucaHbl

*PelinTb CKOSbKO AaHHbIX HEO6X0AMUMO, YTOObI NONYYNTL HAOEXHbIE
N3MEPEHUS N PACCMOTPETb HECKOSTbKO OrpaHn4YeHn Ha TOYHOCTb
OAaHHbIX

*[1naHnpoBaTb 3KCrnepmMMeHTarnbHbIE UMK UCcregoBaTENbCKNE
npoueaypbl, BbISIBAAIOLLNE COOTBETCTBYOLWME HE3ABUCUMbIE U
3aBUCUMbIE NEPEMEHHbIE U NPU HEODXOAUMOCTN NMPOBOANTL KOHTPOSb
*PaccmoTpeTb BO3MOXHbIE BMeLLMBatoLLmnecs dpaktopbl Unn agogekTol
N ybeauTbCsl, YTO KOHCTPYKUMA UCCNeaoBaHUs KOHTPONMUPYET UX



[lpaKTMKa 4:aHaNN3UPOBATb U UHTEPNPETUPOBaTb
AaHHble

Llenu:

*AHanu3npoBaTb AaHHble CUCTEMATUYECKN, NMMOO UCKaTb XapaKTePHbIe
LLIABSOHbI, MPOBEPUTL COrMNacylTCcs N AaHHbIE C UCXOQHOW rMnoTE30M
*3HaTb KOrga AaHHble HaXoaaTCAa B NPOTUBOPEUNM C OXKUAAHUSMU N YTO
Heobxo4MMO BHECTU N3MEHEHNS B NEPBOHAaYarnbHy0 Moaemnb

*/Icnonb3oBaTh aNEKTPOHHbIE Tabnuubl, 6a3bl AaHHbIX, AnarpamMmmbl, rpaduku,
CTaTUCTUKY, MaTEMATUKY U MHPOPMALIMOHHO-KOMMNBbIOTEPHbIE TEXHOMNOMMN ANs
cbopa, 0606LLeHNS N OTOBPaXKeHNA OaHHbIX N U3YYUTb CBA3N MeXay
nepeMeHHbIMN, 0COBEHHO BXOAHBLIMU U BbIXOAHBLIMU

-CaenaTtb 3aKniyeHne, KOTopoe MOXET ObiTb BbIBEAEHO U3 HEKOTOPOro Habopa
OaHHbIX, UCNONb3ysl COOTBETCTBYOWME MaTeEMaTUYECKNEe U CTaTUCTUYECKME
TEXHUKM

*3HaTb 3aKOHOMEPHOCTU B AaHHbIX, KOTOpPble ONpeaensatoT OTHOLEHNA MeXay
HUMW. Pa3nmuyatoT NPUYNHHBbIE N KOPPENSLUMOHHbIE OTHOLLEHUS.

*COOp AaHHbIX U3 Ppun3. mogenen n aHanms 3PPEKTUBHOCTU PELLEHUS NPU
Pa3fiMyHbIX YCIOBUSAX



[1lpakTuKa 5: ncnonb3oBaTh
MaTeMaTuKy U KOMM. MblLUNeHne

Lenu:

*Y3HaTb pa3sMepHOCTb BENMUYNH U UCMOSIb30BaTh COOTBETCTBYHOLLME
eanHUUbI MPU HanMcaHnm MaTt-nx opmMyn U NOCTPOEHUN rpadonKkoB
*BbipasnTb OTHOWEHUA U BENUYNHBI B COOTBETCTBYHOLLMX MaT-UX U
anropuTMmMYecKmnx popmax ansa Hay4yHoro MmogennpoBaHus nnm
nccnegoBaHU

*3HaTb YTO KOMI. MOAENMPOBAHME MOCTPOEHO Ha MaT-UX Moaensx,
BKIHOYAKOLMX OCHOBHbIE NMPEeAnosioXeHUs O ABNEHUSAX UMK
N3yyvaemMbliX cuctemMax

*/Icnonb3oBaTb TECTUPOBAHUE MAT-UX BbIPaXXEHUN, KOMMbIOTEPHbIE
nporpamMmbl UNU MoAeNMMpoOBaHNe- CpaBHUTb pPesysibTaThl C TEM, YTO
N3BECTHO B peanbHOM MUpe, YTOObI YBUOETb, YTO OHU MMEKOT CMbICIT
*/Icnonb3oBaTb COOTBETCTBYHOLLUN YPOBEHL MOHUMAHUS MaT-KU U
CTaTUCTUKN B aHANMM3NpoOBaHUN OaHHbIX



[TpakTnka 6:KoHCTpympoBaTb OObACHEHUS
N peLleHuns

Llenu:

*CTpounTb CBOM COBCTBEHHbIE OOBSACHEHNS SIBIEHUI, UCNOSb3YHOLLNE
3HaHUSA, NPUHATbIE HAY4YHOW TeopUen

*/lcnonb3oBaThb NepBUYHbIE N BTOPUYHbLIE HAYYHbIE JaHHbIE U MOOENN,
4YTOObI NOATBEPANTDL UMM ONPOBEPTHYTb OOBLACHUTENBHYIO CUNY ABIEHUS
[lpegnaraTe NPUYNHHLIE OOBLSACHEHUS, COOTBETCTBYIOLLNE YPOBHIO UX
Hay4HOro 3HaHuS

*BbissiBNATL Npoberbl nnn cnaboctn B 06bLACHUTENTbHOW CUne.

B nHxeHepuun cTyaeHTbl OOMKHbI UMETb BO3MOXHOCTb:

*Pewatb npobnembl NPOEKTUPOBaHNS HaAIeXalLUnUM NMPUMEHEHUEM CBOUX
Hay4HbIX 3HAHUN

*[1poBOANTL NPOEKTHI, y4aCTBYS BO BCEX LUarax Lukna n nponssoacTea
nfiaHa, KOTopbI COOTBETCTBYET ONnpeneneHHbIM KpUTepusm
*[1poekTnpoBaTb YCTPOUCTBO UK peann3oBaTb UHXEHEepPHOe peLleHne
*OueHnBaTb U KPUTUKOBATb KOHKYPUPYIOLLINE NHXEHEPHbIE pPeLLEHNS,
OCHOBaHHblE Ha COBMECTHO pa3paboTaHHbIX U COrnacoBaHHbIX KPUTEPUSIX
npoekKkTa



[1pakTunka 7:3aHnMmaTbCS
aprymeHTupoBaHMeM gokasaTenbcrea

Uenu:

*[1lpMMeHATb Hay4Hble apryMeHTbl, NoKasbiBaowWwme, Kak AaHHble
noareepXxaatoT TpeboBaHusA

*BbIsiBNATL BO3MOXHbIE Ccriabble MecTa B HayYHbIX apryMeHTax,
COOTBETCTBYHLLNX HAYYHbIM 3HAHUSIM CTYAEHTOB 1 06CyauTb C NX MOMOLLLIO
paccyXxaeHus n nokasaTtenbCcTsa

*BbIsiBNATbL HeOQOCTaTKM B X COBCTBEHHbLIX aprymeHTax , MoandunumpoBaTh U
YNYYLWNTb UX B OTBET HA KPUTUKY

*3HaTb, YTO OCHOBHbIE NPU3HAKN HAY4YHOrO pacCy>XaeHus- 3To TpeboBaHus
OaHHbIE N MPUYMHBI

*O6BbACHATL NpUPOAY NPOTUBOPEYNIN B PasBUTUN AAHHOM HAy4YHOW UOEN,
OnMuCbIBaTb ANCKYCCUM BOKPYr €€ CO3daHus 1 yKasaTb No4yemMy oHa Teopud
ycrnewHen gpyrov

*3HaTb Kakme TpeboBaHNA K 3HAHUSIM NPeabsaBnAT Hay4YHble coobLLecTBa
cerogHsi n cpopmynumpoBaTb JOCTOUMHCTBA U HELOCTATKM 3KCMEPTHOW OLEHKN
N HEOBXOAMMOCTb B HE3ABUCUMOM NOBTOPEHUN KPUTUYECKUX NCCEea0BaHNN
*Yutatb CMW 0 HayKke 1 TEXHUKE C KPUTUYECKOU TOYKN 3PEHNS, YTOOLI
BbIABUTb UX CUSbHbIE N Cnabble CTOPOHBI



[lpaKTnKa 8: [loany4vaTb, OUEHUBATb U
CBA3bIBaTb MHPOPMALMIO

Llenu:

/Icnonb3oBaTth crioBa, Tabnuubl, anarpamMmmsl U rpaukm (B bymakHom
NN 3NIEKTPOHHOM BUAE), a TakKe MaTeMaTUYeCcKne BblpaKeHUs
*UuTaTb Hay4YHble U NHXEHEPHbIE TEKCTLI, BKNOYas Tabnuupbl,
anarpammel 1 rpadoukn, COOTBETCTBYHOLLME HAYYHOMY 3HAHUIO U
0OBACHATL KNOYEBbIE Uaeun

*3HaTb OCHOBHbIE OCOBEHHOCTN HAY4YHOIo N UHXEHEPHOIo NUCbMa U
peyn n ObITb B COCTOSAHMM BOCNPON3BOAUTL HaMMCaHHbIN U
NMNOCTPUPOBAHHBIN TEKCT UIN YCTHYIO Npe3eHTauuto, YTobbl
coobuwatb 0 CBOMX COBCTBEHHbLIX NAOESAX U OOCTUXKEHNAX

*Y4yacTBOBaTb B KPUTUYECKOM YTEHUU NEPBUYHON HAY4YHOWU nuTepaTypbl
nnn coobweHmnn CMW o Hayke n obcyxaatb 000OCHOBAHHOCTb U
HaEXHOCTb AaHHbIX, rTMNoTe3 1 BbIBO4OB.



[Mpumep oXunaaembix pe3y/ibTaToB

* Ha KOMNOHEeHTax 04HOU U3 OCHOBHbIX UAEU
dU3NKU



Tasks

Criteria

CTpYKTYpa 1 CBOUCTBA Be

By the End of Grade 2

Students support claims as to whether
something is a solid or a liquid by
providing descriptive evidence.

Note: It is inappropriate at this grade
level to use a material, such as sand,
that is made of visible scale particles
but flows as the test material for this
question. Test examples should be
readily classifiable.

Descriptive evidence that a material

is a solid would include the object's
definite shape; for a liquid it would be
that the material takes the shape of the
container or that the material flows to
the lowest part of the container.

By the End of Grade 5

Students provide strategies for
collecting evidence as to whether
matter still exists when itis not visible.

Design includes ways to measure
weight with and without an invisible
material (gas or solute) present. For
example, weighing the same container
with different amounts of air, such as
an inflated and deflated balloon or
basketball; or weighing pure water
and sugar before and after the sugar
is dissolved in the water. (At this level,
detail is not expected on how food is
actually used to provide energy.)

By the End of Grade 8

Students create atomic and molecular models
to explain the differences between the solid,
liquid, and gaseous states of a substance.

The model should show that atoms/molecules in
a solid (1) are close together, (2) are limited in
motion but vibrate in place, and (3) cannot move
past or around each other and thus are fixed in
relative position. The model should also show
that atoms/molecules in a liquid (1) are about

as close together as in a solid, (2) are always
disordered, (3) have greater freedom to move
than in a solid, and (4) can slide past one another
and move with a range of speeds. Finally, the
model should show that atoms/moleculesin a
gas (1) are much farther away from each other
than in solid or liquid form, (2) are always
disordered, (3) move freely with a range of
speeds, and (4) sometimes collide with each
other or the container's walls and bounce off.

LLecTBa

By the End of Grade 12

Students first develop models that describe a
neutral atom and a negative or positive ion. They
then use these models to describe the similarities
and differences between the atoms of neighboring
elements in the periodic table (side by side or one
above the other).

The models should show that the atom consists of
an inner core called the nucleus, which consists of
protons and neutrons; that the number of protons
in the nucleus is the atomic number and determines
the element; that the nucleus is much smaller in
size than the atom; that the outer part of the atom
contains electrons; that in a neutral atom, the
number of electrons matches the number of protons
(because protons and electrons have an opposite
electric charge); and that ions have an additional or
a “missing” electron.

Different isotopes of a given element have different
numbers of neutrons, but in all stable cases the
rumber of neutrons is not very different from the
number of protons.

The electrons occupy a set of “layered” states, with a
given number allowed in each of the first few layers.
(Details of orbitals and reasons behind the counting
of states are not expected.) The “outermost”

position of the electrons corresponds to the least
strongly bound electrons. The filling level of the
outermost layer can be used to explain chemical
properties and the types of ions most readily formed.

Atoms side by side in the periodic table are close
to each other in mass and differ by one in their
numbers of protons. They have different chemical
properties.

Atoms above or below the other in the periodic
table have similar chemical properties but differ
significantly in mass and atomic number.



CTPYKT

By the End of Grade 2

By the End of Grade 5

Practices

Crosscutting
Concepts

Disciplinary
Ideas

Argumentation (e.g., using criteria for
solids and liquids to make the case that
a substance is one or the other).

Patterns (a great diversity of solid

and liquid materials exist, but certain
features are similar for all solids and all
liquids).

Different kinds of matter exist (e.g.,
wood, metal, water). Solids and liquids
have different properties, which can

be used to sort them. Some substances
can be either solid or liquid, depending
on the temperature. Substances can be
observed, weighed, and measured in
other ways.

Designing investigations.

Matter cycles and conservation.

Matter of any type can be subdivided
into particles (tiny pieces) that are
too small to see, but even then the
matter still exists and can be detected
by other means (such as through its
effects on other objects). Gases are
matter in which the gas particles are
moving freely around in space and
can be detected by their impacts

on surfaces (e.g., of a balloon) or

on larger and visible objects (wind
blowing leaves, dust suspended in
air). The amount (weight) of matter
is conserved when it changes form,
even in transitions in which it seems to
vanish (e.g., sugar in solution).

By the End of Grade 8

Pa N CBOUCTBA BELLECTBA

By the End of Grade 12

Modeling
Developing evidence-based explanations.

Cause and effect: Changing the temperature
causes changes in the motion of particles of
matter.

Systems and system models: Students model
substances as systems composed of particles.

Gases and liquids are made of molecules or inert
atoms that are moving about relative to each
other. In a liquid, the molecules are constantly
in contact with others; in a gas they are widely
spaced except when they happen to collide.

In a solid, atoms are closely spaced and may
vibrate in position but do not change relative
locations. Solids may be formed from molecules
or may be extended structures with repeating
subunits (e.g., crystals, metals). The changes of
state that occur with changes of temperature
or pressure can be described and predicted
using these three models (solid, liquid, or gas)
of matter. (Predictions here are qualitative, not
quantitative.)

Modeling

Structure and function: Atoms have structures that
determine the chemical behavior of the element and
the properties of substances.

Patterns, similarity, and diversity: The periodic table
can be used to see the patterns of chemical behavior
based on patterns of atomic structure.

Each atom has a charged substructure consisting

of a nucleus (made from protons and neutrons)
surrounded by electrons. The periodic table orders
elements by the number of protons in the atom's
nucleus and places those with similar chemical
properties in columns. The repeating patterns of this
table reflect patterns of outer electron states.



