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EEZ D, JATT AT HEELRIC T 28 E - Eikzm LS 5083 BN 00, Wi ax
MR SH D2 RITb T B ZBND,

RBIEWEE X 55771 TIEFHZ JITT 7 7 AT PMETARA > bR REW &S Y 7 ATIX 70.4%
—59.6% DK T, LY 7 A TIL37.3%—35.1%DIKFTH D, ZHUTJTT 7 7 A TOT LFHETD
B3 70.4% L ZH L TR 277D TH D ([414MOM|AE L OIEE] THZEDOZ LIFATEND), £
72 o7=Dix, CLASS O— >Off&EIHHE THhD [FUTE > THEITRYIZRZ Lix, AXEZELL{fHiZD
E0h2 k0, BLARRKOBEWRE LHMT L2 LTy IZxL MAET S BE<FEET S &0
IFELWVEEE LEEHEDN 92.6%E L0720 ThD, ZIUIRER THDLHE - FEH OEE~DOFR]
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DRENASAAL T AL ol EZ NS, RAMHETIZZENT 73.9% FTHA L, fEE (Ewsr
EZDES] OFFE LWEZEI 59.6% & W ) BEHER 2 EIC B A VT,

IR — ) TR O B & | TRIVEMIROVERREE] Tldm 7 7 AR TEIZA LT, W7 T A L
HEOT NI~ AT A ThoTe, ZHULHARD S B D F3E )3 BEMRRAFE (Problem Solving) Tl
RN Th A D, MBI FEIIT AV IOHEEFEDOY a v 7 a—A OFHE®H T, FEEHE
H7e b D EHE L, HEOREICA DN ZENZ2 O MAI L, B HMEEI R LR L T <EES
BT TN ZEIEAREZ L Db D TH D (wiki), ERWEOLE . EHEPHROFY - Big:
CE LT CHBE - B A LD, TINOREEZ RV L, TR A FLICBIZR, ERZR L 21TV, 5
REBEHEL BEABELCEmZESHTRRETHDL, A7 7 A, HEEZ TAL O LS elFENE
fToTWeWeh, vf TR RofzbD b,

LI b, JITT (i k240 kRN Lo REEE L DD RO L IITRD,
EHEROMBRLOL A, I JITT AR 2 PRI > TR 2 4/#D CLASS O 2 a7 13t LAKT
LTW5, DF 0 AEEOREIZREEE - EikldkbhlTLE-> TV 5,
JITT #z3E 2 YAENCIE » T 724D CLASS O 2 a 7TIHIFIEE(LA vy, % 0 IE JITT A
RELHET D L JITT BIREITAEEORBINZREE - Bz S0 7R b o7 E 525,
JITT AL TBLEMR L OO N0 | 2RO DHERS DT ENW LN o7z, T JITT A
BREOFFFLVENHED [BIERHE THH-OTHD, ZudAEosE#MEm LIcELTnd b
DEBZLND,
JITT Bzl THREMREOORNY | NEEHZ LICX Y, WHEICKHT S [EAMZRELE) 23
MR ESND ZEPHALMNIRoTe, ZTHHREEMELZ MR T 20ICRIZTZ>TWnH B X b5,

4.1.4. CLASS O#ERDOHH ~ tOAEBELDOLE

[1. Bickhix] &4k, ¥H [25]1X. & 25 KFO/NFREERGEFEOBRNRE 1 F4 T AME O
St (N=102) &6 5 mRo 2 FEYBIRE RS (N=T71) (23 LT CLASS |12 L 22175 20
IZEDRERZRE L TCVD, UTDOTTZ 7 3ZNEHEE T TADLK TH S, &%, FTHOPFHENG, 8
AW [BUEMR L0080 ) & HEARRBE] O2HEOLN, BRSO FE LWIE
Ba LTEBEOEENENZ EXg0D, ZOENLVBEEROT TBEERLEDOSRNY | OFTh S,
FILZOHADEEZ 7 A (KA ORA MFHEMIRIL, SEHAMHE— &K - FTHOWEL =B FD
L HE< 2o TS, L FFHEMRLEDOSRNY 2RO BMEAICH Y . JITT OEIEARFATREIX
AN E S THMNIHIEL TS b L Bbnb,
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4.5 CLASSHR (&7 T7A LM 7 ADHEL1)
[2. kRx B L OER] F7-, REL [26]13dH 5 RFITH W TAMYEL 2 B 1E 3 2 ¥ 4 F

ELRWERFH OB R (N=T5) ﬂzq—éqﬁ (N—53) R (N=80), HEHK (N=13), & HK (N=15)

DA BRI O 288 BEO® 5 @m0 344 (N=68) (22 T CLASS IC K D F& 2170 T4
] P EHRE LTS, UTIEEhEEE7 T AOKKTHS, Lok, FHOREEDORE LA T
bbb, ML L TEEY T A, HEET TADENZYETHLZ LN D,

A AT i g A
AT fr)s AT /k;\g @ LA R 7?#@ 4%’*@
nA g FE L w

e r/a“ 4 %ﬂ ?s‘&@y Q &
B A R
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|4z FCT | & B AERE OB AT AN £ - 7200 E 9 h O
4.2.1. FCI &l
FCI (Force Concept Inventory) [7]i%, /7L iEE) ) 2B 2WEEEOR A EEIZ T 5 2
EABEME LT 90 A RATFZ Hestenes HIZ K-> THIF &7z, 30 RO (FR) 5785,
FCI ([ZiZ 2 2D&EEINH D, —DIXEBEIZENTE T OFAE - EENED LS RBlEEZ VTN O0
P 2%E, b O —old, FAEO N FMEOHME ZHET DO 0IERE L L ToORETH S,
FCI OBR#LLIR, Ok L ORI OZ Y MR T2 < OFENBIEE TEHE S
T&ET, TORER, FBEMEII IR STV D, WDIIMEABEREROILEMEL S 257259,
FCI 3% < OFGEICHRR S, HRAKETHWOLNTE -, HAFEIZITFHOIZZ > TR S, 1)
PRSI EIEEN TV D, 2T T E 2591 American Association of Physics Teachers (AAPT)
DO A "X —RTH5IENRTEXLOEN, AEOEHEEZIHEAT 720, —RITITWE L S
NTWb, 22T, HHOOXHEEFERIZ, 23005 BRI47ZTE2FlE LTUTIRT, 220X
RicHEH ST D [FCI O e = o — U IR OXIGHR | 2 KB OR%ITRT,
4. RER Ty 7 /NS BEHENEmMEREL L. 20L& X,
1D N7y BNABEICKIETHOLEN, BEEN N T v ZIZRIET LD EREW.
2) HBEN ST v ZIZRIETHOHFN, b7 v 7 BHBEHICKIFEFT LD HREW.
3) ELLLMFICHEMZRN. bT v 7 BNETF R BB EN W=D, BE LTS
A
4) N7y ZIZHBEIZNEKIETHN, BEEIL N T v 72 E KT S 0.
5 M7y IBHBEICKTIT L, BEIEN N v 7 ICRIETHERUREITHD.

FCI Tix, W& FET 500G Li&b 0 12, R—ORETHELZITY (Lt s R A Ml
), EDOTA L EBRMND T LI TWD, T4 glFPTOATEEIND,

_ <Spst=> — < Spe>
977100 — < Spe>
ZZIT. <Spe>B L U<Spost>1F, TAILEIFRTFHZR D, 30 OB OPRELH OFHERTH DL, 7
A ¥ OEIFRRAME 11T THE L) ST D72, BBRE OB 72 7 22 2 TIREDNR & i 2
ZEMHRREE 2D,
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42.2. FCl DIEREZTDHER~2IK

EEZD JATT 2 HWTREONREZRET 572012, LLTOEFET FCI O 7 Lilid & R A & Z1T
ST, MRITEGE T L2 EROEKR LV FAEDWESG 7 7 A (Rt T R) LIFEE T TR (¥ T X) Th
Do VET T ADAEMHEITA ALK kB Er) 15758 ) CTHATT Ik b¥ELZLTE Ty, JF
WB 7 T ADAEFITEZ DS OHLF I L DB OB ERORELZH L &7, BER & AU
XO@Y TH D,

7L RA R
P 2022/07/1 JEEN I KET LSy | 2022/12/117 715080 1711 O5E%
B % BiAG T 5 E AT, 80 44 THE, TRV — IR B, 29 4.
2022/07/1 71557 8 DN FEEE) | 2022/12/17 J17757 8 O = 3 )L F — 58
HWG7 T2 |
DEFE, 134, I, 23 4,
7 4.4 FCI A
FEROEERIILLFTOEO@EY THo T2,
1B =R FCI 7 L it FCI R A b4 A g
e 7 A 27.2% 36.1% 0.12
HWGE T 7 A 23.6% 25.4% 0.02
# 4.5 FCI F4 b Foak s

2014 FIT TEREE OB ] [27] & L TEKAE - RKFPAEOM S % 5T 5600 AE E O RBEGRHA )
Thiv, EELWH I Lic, TORRICE D& TERE, MBEREE 7V —7 ) TIHIEEFE 23%fHIiCE
— I NBNBDHEVI, ZHIFIEEEZ T ADO T LHFHEDIEER 23.6% & 1FF—FH LT3, FCI %M
FTRCEODENENDIBATEZD LD THDLND, THELOITEATHIEEEIT 20%12705, B4
3 23.6% & 1% 30 P 7T EDIES ., 20%(X 6 EOEETHD, DF VD EEER 23.6% & 1% 30 EF D 178
IZOWTIELWERZ L7 WS Z Ll A H, Zhd EAE, WEREE 7 V—7" ) OFfEL~ LT
HbH, THICHLTEEZ 7FADOT LRHEEZRD 272%IT0°BFTH 5, ZHITANRO®@Y &7
TAX TRtEY TR, IEEE 7 TR HEFZ TR EhbTh D,

KA Z O KRBT LuE TRFA, DR IBEREE 7 V—7 ) OIEEEOFEIL 60%FEE
Tholo, TR « /NEA 2014~2016 F )T TIVNRFOSCRFZAEICKH L THEHB I & 1fT-o
7oA (28] TITIEZ AT 40~52%, FIoAEN BT R FZ LA OFAEICH L, FERT
TR 2 7 A0 TR VB T T o 7ol [29](;?39~59%T§>o710 Wb [=a2—h~ )

FOREAREIF iﬁ%bt&:zé&ﬁjkémfwéEK¢SW6 EL RATELT, 0
W [ == — b )5 % B 5 38 Lﬁw\éjéiéhﬂw\élygé60% FEASNTWAIZ
TE2UN,
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WEr A, HEE T T AOEFEMITITRIR L 72 5 FNTEN D DO Tl T RZTIEERTIT RS
TA g DETHLNR, G277 AD 012 13H%EE 7 T AD 0.02 [ZHXTHRVEWEEA D, Zh
X JTTIZ K> TAEEDOREIM 2D ISR EL mD 5 2 L 2 BM U TREZIT> TORER R EE - T
XWnWigs 9,

g D 7= b1, AT [BO] B HEEN R F LB L, Ry CYETEZ AR &% E TIT-
e REZ UL TIORT (B0 TSR TR IN TWEN T I TIERITHE L), iaRE X
#2004 T, TOHIZIZIARTYEABINL TS Lo B b EEND,

FCI 7 L ii#s FCI /R A FifAs gAY
77 A1 57.7% 60.0% 0.05
75 A2 58.0% 61.7% 0.09
77 A3 59.3% 56.0% -0.08
7T A4 50.0% 58.7% 0.17
7T A5 39.3% 50.7% 0.19
1) 53.7% 57.7% 0.09

7 4.6 FCI &R HR (hr T R)
INHEHRTY, JITTICEABEZ TADT A 012 1B RIEEE2 X9,

I HIZE XX FCL 0 30 @ IiZmts pErs) T E L2VWHNELEENTWD, T H 2Rz
VBV T ADRRIZLUTO®EY L BIFR DR 5,

IEZ R FCI 7 L4 FCI R A ki T g
WweT7 7 A
" 30.5% 41.3% 0.16
(PR IR ) REPHIN O 22

#* 4.7 FCI fERE SR BEEFHEO )

E1EV x Hake & X, BHESRIERORZEICB T 5 g OFHMHEIX 0.23, F#AER, FAHKEMSE
O AEAERTRIORFETIL 0.48 LWV BVERSE LI TND L9, 2RI~ S & EIZ BiF 72 A ARDH
TIE g DEITT VSR, 21 Hake 23FRE L7 KEORFICEBIT 2WEIRX L BARORFEE -
IEEROZN LA, B - ke ERIERICH RS> T EEOTH A H, 72D T Hake 2K 7=
Bsb 74 v & L@ﬁ%pﬁm@#é*kiﬁbm KEDEHER ) F AP 20— 2%, G 3 A
FEEEC 3 KR (50 43x3 [B]) . {HESWIZ 1 |l (50 43) . EERSHEIZ 1 [\ (50 53x2) O v Mhbik
LDTHD,

72T Lo Hake (Z X2 g DEIZEE L CiL, BTGRP OREICHIT D 0.23 L HAEMERT O
TD 0.48 T HRETEAH, ZOMAERMOREDOFIZIE Mazur IZXHET « A VA NT TV
3 . Sokoloff |Z KX 2 A/EARIFE RIS (ILDs) ICWATIHTT bE&END, ZDOZ LIT%EE7 7
ADTA DRI EEMTLEDTHDLEEZEZLND,
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4.2.3. FCl D#HEREZDER~MBETE

X 4.6 12, %57 7 ABLPLEROIMNKFEORFAE (N=370) O[] (4230 ) Z&DEEEE
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|4& A AT S AT 1T L % Ak MR AR E £ o 720 8 D IO
4.3.1. BESFERMFCILGEDEREDRAETMOMER
ATER TR 72 ) WA E O R Z EEMICHET 52 L2 HRYE LT 1) LS OB
FCI (Force Concept Inventory) 23 K[EMELEE K CTHFE IN-DiE 1990 FRAT:ThH o7, LK,
FCIIZHAGEZ L < OF B SN AL E CTHW L TE 72, FCI X 30 MO RIEN S 72
V. RO Hake [B1]OBUELT A DEZFIY HT Z SIZ K> THEDIREELET 5,

— <Sﬂost> _ <Sizre>
g 100 — < Spre>

22T, <Spe>B L U<Spost> 1T TN ENERTHH D 30 [ O RIEDOWERE LM DO VI8 Th 5, Hake
DAL A~ DT 1 ITEBIL STV D720, WBRE O 722 7552 B2 TREDR %
W92 Z ERARETH D, 1990 ECTERICIT H A @EAEICH LT HET AL FCI FHE3TH
. EELWH L,

Lol #H [32] ICXAUT FCLIZIZLA FO L S 2RMES L H D E NI,

<Hake OH#UEILT A - ORYER >
@Af&@547®$ﬁﬁﬁH%e@ﬁ%ﬁf%y@@k*ﬁbﬁ“o
TA URADMEIZ e - T B R E R EIC 2 D,

<FCI 72 EOEEFD ﬁ§ﬁ®%@ﬁ>
KIE TR S - BEF ORERIL B AR OBEREZIZITES L2V,
T B ROER O — I TILIAAER AR STV B8, i B OFFER O K +4r T,
FCI 1 20 4ELL B Tt T 0 | ik OREM A R T 2 72D OBLEIZ R SN TV D & DO
LT D ENELEEL S o TV D,
MBEOMENED =D, AEPEM L TE L ZITEZ LR,

4.3.2. BAREYEHZREORFH

ZOfFRK & U CTHTH [32] 51X A ARDOEE RIS A L7 7o e ST AR O BT ICED #A TV 5D,
A ARD@EFEFROBATOMELOFR B I iF%ﬁK&JkF%@Jﬂkéw ZDOZENZIAZ OV TR
ZRIF LT\ D, 2020 FEDim L [32] & 2021~2022 FEDHF2F K [33] [8] TlXE OREAR L 52k £ TOIE
ETEPBRSNTND, 2022 FHE E TITRITHENK DY | 2028 FLE) B ITAEH 703 MEE -
TWa,
4 30 FORERUILA T DY Th 5,

vk I i R JEf- o B
16 4 5 4 1

FAEARICFER SN TV D RBEIZZ DM DRE & SN THDER, BBEOTDITER—TRIC2EEH
#H9 5 (X411, [%4.13)

4.3.3. BAEYMEHIABTOBREZOBR~PE

EFHD ZOBMAFHEICSM LTz, U2 OBEFHERORRBICH T 5L L blo, ZOMEREY
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HAWTEETEDIT- 7 JITT REONREBGET D7D Th 5,

UTFTOBEHETTLHELRA NHEEZIT 72, HBIZHET 28R OER 1 FAEDER Y7 7 A LIEE
BV TATHDHWEE T 7 ADOEFEIT1IEICDOIEY JITTIC XL 2 WHELE ) OEL25Z#H L TETBY.,
IEWEE T T ADAEFITEZUNOHR YU FTIC L DR OEBREANORELZH L TX7-, HER & AK

FERDEY TH D,

B, BH 7T AE TRRIET:- 2 T A Lo T2ERRE, BREMET 24 BIO, 3CRTYH
EARFZHMETDEED I TATHY | G T AZ T T X ] Lo TEIZRNLIGRRFR
RINDICR LA RF:, FERFEHETLEED I TATHLDOT, AR ERDFINIENRH D, LLTFD

FERITIZFDOZ L EZEBE L TR W& 0,

WhaT 7 A HHE s 7 A
2022 4 4 H 2022 47 A
- FEOIX T, 2 TRE OB, D15 OENNH L EE), EE) D ER
N=32 T LT B, = —3oRHE,
N=77
202393 H WpHILAED > b, | FA
RARNRA | B WEN AR T LB, N=82
N=25

FEROIEZR - A I TOROBEY Tholz, HOLEHRAEIZZ OFRBEREME LIFHLD

* 4.8 A AR BIRE S AL SE KA 22

=TT D TH 5,

Koy oAy | CEHWEE
a7 | HiEEs TR | IS 7 e e
s (3) 17 1%,N=1386
A% IEZER 25.4% 19.9% 21% 33% W
A | R A 11.0 8.0 9.4
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eI TA, LT TADZDOREREXNSOH D Al t REEITSTERERIZLLTO®EY TH D5, XD
HDHtREDAE., TVRE, RA NREOWH H 2B UI-AEOT — 2 ZHVWDIRERHD, EH 50
—HFULEZBR L TWARWEFEDOT —ZITEDR DT, N EREITORLELS>TWAZ LIZEELT
W2 & 20,

WHT T A FWET 7 A
B 27.2% 20.0%
TUIHAE | ok 147.5 71.0
PR 72 12.1 8.4
BB 36.4% 21.8%
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t BESAME Ao 1.714 1.668
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D LD IR FEHEHEDOZERBIRIZBIN D ERITZ 0.1% TH Y, HHEL IND 5% L VIRV, 2F T UL
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¥, O HARY I SIHA 2 RS L7 D O [34)12 L5 & 2022 FEORITHADRR (IE
BR) HRBLRNTRT ELUTOEY Tholob o (FA v gl EZNZRICETENESINAT),

BT (847 N) #¥ (629 \)
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During aerobic exercise, people often suffer injuries to knee and other joints due to high

accelerations. When do these high accelerations occur?
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< FRIFREC>
A locomotive pulling a train is accelerating the train on level track. The tension in the couplings is
a) the same anywhere along the train.
b) least between the locomotive and the first car.
c) least between the last car and the caboose.
d) none of the above
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< FHHTREED >

A piece of wood at 80°C can be picked up comfortably, but a piece of aluminum at the same

temperature will give a painful burn. Why is this?
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< HAMREE >
6a. A sky diver whose parachute is fully deployed is descending at constant speed.Describe what is
happening to her kinetic energy, her potential energy, and her total mechanical energy as she
falls. Is any work being done? If yes, where does it go?
6b. Some athletes can put out as much as 700 watts in short bursts. If you could sustain such an
energy output long enough to reach the top of a mountain, how much time would it take you to
get up there from the valley, 7000 feet below the peak?
6c. A force of 100 N, acting over a distance of 10 m, increases the kinetic energy of a moving
object by 500 J. This information is sufficient to conclude that
a) the object was accelerated.
b) there was friction present.
¢) the potential energy changed.
d) all of the above
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