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[1] EmFHs [EHEOSERAMR] G5 2/ 1 $I8EIE2012)

[2] W.Adamas & C. Wieman, International Journal of Science Education, 33(9), 1289-1312(2011).
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[1] L. Bao, et al.,Science 323 (2009) pp.586-587.
FEFES (b—Y o7 2 N THIET A RFPAEDRINFEE | RKFOWBEHEE 27 (2021) pp. 31-34.
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—J7, PR THAIE LIS 2 U, e R 28 T 53k =< &
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[1][2][3] DiSessa, Andrea A. "Toward an epistemology of physics." Cognition and instruction 10.2-3(1993): 105-225.
[4] Hammer, David. "Student resources for learning introductory physics." American Journal of Physics 68.S1 (2000): S52-S59.

[5] Knight, Randall D. "Five easy lessons: Strategies for successful physics teaching." (2004): 414-414.
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x1 FEABOERETOH

Uil T AL E il
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(xfer KO L% 207 « I

3 WEOFT A NEZITDHEE, EOX IR EED D)
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(1] SCERFFE T i B He g 2 E (AR 30 AR5 7) figan. BRFHR BRER ) (2019).
(2] LIRH R, A ORIRR, il - WERZECE 61, 12-17 (2013).

(3175 2, dLA&ESC, AOFIRK : HAMELS 2015 FFFKF KRS, 18pAL-4 (2015).
(4] MEEKAS, BRI . B A4 2021 FKFERZ, 21AN1-9 (2021).
BIRBTF : PR HFEOLET-BWEETOFTH , ME (1997).

(6] RAEL « #H LHE PR 65, 225-238 (2017).
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FEMRINTE 3 2 AEAT o 72, fER, @RAOREBICKT 5 BAER L OWEL =8 23t 2 Bk
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RINHI TN ) DA THD &V I RBRSE LT,

PbEXv, RFFETIILLTO 2 SIZOWTHHNT L Z L 295,
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[2] e KER - 43 DRk - WELZCE 70-2 (2022) 87-92.
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[4] EESERHR - ROFIEK « A HER 0 HAYELSS 2021 KRS, 21aN1-9
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[6] R. Hake : Am. J. Phys. 66-1 (1998) 64-74.
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5 YT BV B DR OBEEDE AR TE5EE BB (sensible heat), B TERVEVE i #(latent heat)7s
EOWSEEALE,
(3] 7—Y TIFBYREHERRLZ DM EWIZE L Carolic i 2 RIE R BEICT 5
WE H B Carolic)Z £ HL TWT, ZOMEL TODEDMRE DAV I B (538, HEE0L TUOE 4 81
RNZHI 3 BT DT BLGR 12 7 —Y i3 3 Lebiz, 7=V kZ A, Carolic 3% LR RDDIZLTZ,
4) ZL7—FizX280EHFH L T E—DKOBEEERIZ X 5 ZORGE
TS OHRH FER P LENI A B PO A A Y, BUIWE Cld BB E 2 H5NhDE T3 Carolic HEBETHEL
BB T 5, AXYADN TU— T A —3KE 12 B TRORBR LR AL,
B) =A¥—, Va—nzkd M#LHEHOEMM:] ORRAL BRI XNF—D—BR] OBHBBRE
Va—VidBOHE Y BICET 2 ERICE - T, T8 S HOEMME] 29O TEEHA L., BT RLEF—D
—J¢ R (Heat is a form of energy) 1& 9 A& X 2R T 5. TNE T, Carolic DEA B HL LS TW =AY —E,
WSHD T FNF—DHU Y 2 — UL TE BT LSBT T,
(6) T#woEH ] OREHE BUIWE IR (IE) S Tnwad ] &9 5 Carolic BRSNS
FALENRTD 2=, 75TV a0 R L A B TR E DT 0S8 (4 - EH) O FINX—TH5H1ET
Al BoEd R 1D REENE Z2CES T BT X —D—BRE1ET5% 2 HEM T 7 FEBIO = 3 X
— 1 THAHETEEZTTVBEFHL T, BB IR I TS LT 5% Z (Carolic HERIRRARE Z) P mEIcR5E
ZORRZRIRIUTKRD . TV )=, TAVT Db AV 7500 27 Z%L 1 ik, Carolic i 5 8L Tz,
() THB=RAX—#E&] OBA L BN PRE—%kEl] OBENBIHRRIE BTN T 558
TVRFx v A3 BB = R F— IO HFEMEE)Z VT, B2 — kR0 B2 E b A el S B 7= (19 11
FR)Y FFEFUCHE, 770 70N 3V X —D 8% VT, Buh®s— ko Rz BEL T0EY . 1D
nb, T FAX—RREBECRERE) THAT L 12 HRICL 7225, [ BG LIPREB R TIIMm. |, T#&E
BT INF—ZDLD TR, TRVF—DOBEFRBE PO RINFX—)TH5, |1EOF k3ol
3 JSlater IZX 3 [ RTXA L | OWBED
AL—A—iZ, R LEY P (Introduction to Chemical Physics) (1939 4EHIAR) T, Bl —: Az O
TEEL, #SEFE, REBRTIIRWIE 1 ZHIZHRL T, MBI Sh TOW AR TldZk
<\ MR TRVIRDEN B = RNFXF— (XX —DOBHER) THIZ L [ZHOPICL T, 22T, BHERITONTO
[8F B A LG | ORBY > THELENT . AL—A—D R FLTHD, ZOTZL% [FEER—UITROFRIZEL T,

It is of the utmost importance to realize that the distinction between heat flow and mechanical work. which we |
.
|
|
ZIZ T\ A—&Z—F B M3 IOBESIX T OV Taaal - TEUENM - 1iE, REBE TR, RICHADT

l

| have made in taking about energy in transit into a system, does not apply to the energy once it is in the system. - **

| The distinction between heat and work is made in discussing energy in transit, and only there.  (Fiuss+hticks)
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B FNFX—B B DT RLF—)(energy in transit) THAZEZRHIBRTND, ZOZEITH FIKOEfilFEEN T
BN AZBAREIZL TORLEZDDS M. Zemansky ThHo7e?, 113N L 2h % [(Heat and Thermodynamics)DES ik
(1943 Fp) D4 TD BN —EH] 456 BN (Concept of Heat) T, IRDFRIZIBERTND, (Fiuzsi+8)

4.5. Concept of Heat. - Heat is energy in transit. It flows from one point to another. When the flow has ceased, there is no

longer any occasion to use the word heat. It would be just as incorrect to refer to the “heat in a body”as it would be to

|
{ speak about the “work in a body.” The performance of work and the flow of heat are methods whereby the internal energy
| of a system is changed. It is impossible to separate or differentiate the internal energy into a mechanical and a thermal part.

[BEBEhOTRIVX—THSIZL. T, BUTREBE TIIRVO T O PTI B HFEL RN T EFIT
OUWT, TG D ], T 2B DEME S (Concept of Heat) 122 BHERIZIE X TS,

The American Physics Teacher(Vol.1,1933 4£~Vol.7,1939 4E,American Journal of Physics (Vol.8,1940 4~
Vol.13,1945 4E) DEDOLBEBEBITHAL TS, BUWERIZE T 2immE Aol AZEBTERP-oTc. TOTEPD,
Slater X M. Zemansky |3 BESD /854 A LG |7 BT EBRE L RZHOTENTES, ZOH. Sears® . Shortley
& Williams” . S00'” . Wylen'V. Callen'?, Faires'?, Crawford'¥, Reif " %5 X | [ EAE XD /5 XA Lz#DH1Y) |
WBIELES TR TH D, ZTTHRIBWEED ST EA Liinth (Lid, [T I —D—JEHE |DBaZ Bz - REL
T [#d@BEEho) BEERO - NX—ITHENEAHIEVOBBE I BRI L2 T ZOEHIZE->T,
“heat motion” D FZEIZI AR LAY “thermal motion” I IEXNTZ*, LI FIZ. ST XA LFEHDSTNE BT,

4 [Da—NBIORREBPHA. [ B IZED-> T Mo XX AR IOHFEORREREPBND

Halliday, Resnick O Physics 2™ Ed.1966 4EJiIZIZ “joule heating” DFREZE W =atHHo72h3, BUIE B b
DIZRNVE—T. MBI REFETAILOTIZARVDT, 39 Ed.1978 EMRTIXFOREZ A, “electric energy is
transferred into thermal energy (Joule energy).” }:{IZIEéX’L 4™ Ed.1993 4EfRTIE “.--energy is transferred to
internal thermal energy.” &720. “Joule energy” D FHFELH A TWAD ), 7. Cengel & Bole D
Thermodynamics 3" Ed.1998 T, “specific heat” XY “specific energy capacity” DFFHERZ—LIRTNDS 19,
ZoihiE. KBGO S I T RN —BEOE TREFRENED. OB TR EIL 1203 22 L2 Bk T 500 181D,
5 BEHR X (BUIMHHICEELROVOT) “thermal motion”lZ., I8 Bz k2B |afil G #EE) |DEE,
DA FR - EREREc RS 18] & B X VX — | OfFEORALI DOV T HHEHEERE 30 B EEE TR 252 TR (2003) pp. 50-51
2) F+jE A BWERIT T 2D LIRELOEE (1) AN 36 DA EIERSFE L TR (2019) pp. 42-43
3) FiJR BRI TR R R & TR TR ORI RIED ST OV T B 28 3T MBIk 256k P RIS (2021) pp. 16-17
4) C. Christiansen Elements of Theoretical Physics Translated by W. F. Magie Macmillan and Co.1897, pp.266-272, 5135 ${4E0X% 1894 LLA( & HESE,

5) M. Planck Treatise on Thermodynamics 1* Ed. 1897 Translated by Alexander Ogg Longmans Green and Co. 1903, pp.42-49

6) J.C.Slater Introduction to Chemical Physics 1939 Dover Publications, Inc. 1970, pp.8-9

7) M.W.Zemansky Heat and Thermodynamics 2" Ed. 1943 McGraw-Hill Company, Inc. pp. 59-60 p. 60 iz Slater @ p.9 OHBEOBANR
BRI TRV EERIIZELEXBEZRAL TS, 3™ Ed. 1951 McGraw-Hill Company, Inc. pp. 63-64 %55 2 ig & RO .

8) F. W. Sears Thermodynamics  Addison-Wesley Pub. 2" Ed.1953 p.44{Z “---,it follows that the heat Q is different for different processes also and
that as a consequence Q is not a function of the state of the system and it is meaningless to speak of the “heat in a system,” or the “heat of a system.”¢3,

9) G. Shortley and D. Williams Element of Physics 2" Ed.1955 Prentice-Hall, Inc. pp. 258-259 {Z “Hear and Work represent energy in transition.” 252,

10) S. L. Soo Thermodynamics of Engineering Science 1958 Prentice-Hall, Inc. p. 11 {Z “Heat is a transitory quantity: it is never contained in a body”

11) G.J.Wylen Thermodynamics John Wiley& Sons, Inc. 1959 p. 59 iZ“Heat is defined as the form of energy that is transferred across a boundary by
virtue of a temperature difference or temperature gradient. Implied in this definition is very important fact that a body never contains heat,-- 2LHB,

12) H.B. Callen Thermodynamics John Wiley and Sons, Inc. 1960 p. 19 {Z “Heat, like work, is only a form of energy transfer.” 2%,

13) V. M. Faires Thermodynamics 4™ Ed.1962 Macmillan Company p.33iZ “Heat Q is energy in transition (moving) from one body or system to
another solely because of a temperature difference between the bodies or systems. ” L35,

14) F. H. Crawford Heat, Thermodynamics, and Statistical Physics 1963, Harcourt, brace & World, Inc. p.93 iz In fact, we may now speak of
heat only as thermal energy in transit to or from the system. We shall no longer speak of “heat in system” but only refer to the internal energy. &%,

15) F. Reif Statistical Physics Berkeley Physics Course Vol.5 McGraw-Hill Company, Inc.1965 p. 35 “---We shall call thermal interaction,
occurs because energy can be transferred from one system to the other system on an atomic scale. The energy thus transferred is called heat. ” £33,

16) D. Hallday, R. Resnick Physics 2" Ed.1966 Part2,p. 784, 3" Ed.1978 Part 2, p. 688, D. Hallday, R. Resnick, J. Walker Fundamentals
of Physics 4" Ed.1993 John Wiley & Sons, Inc. pp. 777-779

17) Y. A. Cengel & M. A. Boles Thermodynamics 3™ Ed.1998, McGraw-Hill Company, Inc. p. 141 {Z “Therefore, the term specific energy is

probably more appropriate than the term specific heat, which implies that energy is transferred (and stored) in the form of heat.” &%,
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[ BUERD /T XA LiE# |[BLRTICAE i Sh Tohiel Busd) |o HERT OV T
WASUEAIRTT THRRERRE TR

igarashi-yasunori@nifty.com

1 XCdiz

FOA M | OB, FFRMITLEPSEIL TR B R H S, TBUIEPRFEL TSR F—TISL,
TANF—DOBEBEO—DOTHLBEhOZ RN F—THD) | EOSHEBEIND, [BELEONTFTY A LR 1T,
PR AR EST- O BB REERAB U B2 BT ELRLY, S0, COBMED/55 1 Lls# DLEiz
&N T BB (heat motion) ] EWHHFEDOMEHDIEEVE, ZOHERHNINGF A LERERIZEY, BTN D
k&, TR R EE) (thermal motion) NTEIESN IR OV THEECE R R LR AL REBET D,
2 ANAFAVIIED TEES] 205 HEOMRAPHRED

ANIVEFRVNE 1847 EDFEET? [ ZRNNF—DRIAT OV TIEGRL. 23~24 HT. ROKRIZTERTND,

Das, was bisher Quantitit der Wirme genannt worden ist, wiirde hiernach der Ausdruck sein erstens fiir die Quantitit

der lebendigen Kraft der Wirmebewegung und zweitens fiir die Quantitiit derjenigen Spannkriifte in den Atomen, welche

bei einer Verinderung ihrer Anordnung eine solche Bewegung hervorbringen konnen; der erstere Theil wiirde dem

entsprechen, was bisher freie, der zweite dem, was latente Wirme genannt ist. -~ (F&IIR+EIZLS)
RT L, [ThET, BREMINTOELOEZ. 4%IE, 1%, BEBOE ) (EH T X —)OROEBC, ZLTH I3,
R ORBEDOZEAIZEEL T, ZORGEER 2 L7563 TEA TELRNBLE T INF—)DROKBILRD, ZOH DI,
INETHHRBEEREMINTELLDI. 28 0BT, WHORABALIN TELLDICHIET S, - 1&78 5,
“Wirmebewegung” (BGEH))DHFEL )l Jﬁiﬁ%bt@&if\ﬂ/‘? VeNVARNVY EHESET B, ZOBEHIE. Joule X
Thomson ZL T Clausius D#{EM%E B TLZDHREIL ML, “molecular motion"(5) TEH) BEHINTNSDT,
PLIFITRTRIZF VAN “Heat A mode of motion”3" Ed.1868 iZ3,%) . “heat motion” D FIZAR.
i P.27 iZ. [The theory, then, which Rumford so powerfully advocated, and which Davy so ably supported, is that heat is a

kind of molecular motion; and that by friction, percussion, and compression, this motion may be generated, -]

P.59 iZ. [The motion of the mass, as a whole, has been transformed into a motion of the molecules of the mass.
This motion of heat, however, though intense, is executed within limits too minute, and the moving particles are
too small, to be visible.=*= [ CFRIZRTRIZES)

[ 20357 F3E B D— I #E(heat is a kind of molecular motion) %0l ZDEDIEH) |(This motion of heat)bWHENFTTH S,

3 RFaT—hMicL? IR —(heatenergy)] &5 HEDOMHHPMHE S

AF 2T — MEEE “The Conservation of Energy” 1873 4£TY, [ TR LF—FDOERI 125, 80 & 114 B
T “heat motion” %, 107 & 115~118 E'C “heat energy” DHFEZMIFHL T, OBKITE TS,

P.80 iZ. [Heat Motion. 110.(C.) Coming now to molecular or invisible energy, we have, in the first place, that_motion of the

molecules of bodies which we term heat. -=-That peculiar motion which is imparted by heat when absorbed into a body

is, therefore one variety of molecular energy.]

P.114 {Z. ['158 Besides the case now mentioned, there are other instances in which, no doubt, molecular separation becomes
gradually changed into_heat motion. <**It seems probable that in all such cases these changes are attended with heat,
and that they denote the conversion of the energy of molecular separation into that of molecular motion. [

P.107 iZ, [The temperature may even be high, and there may be immense stores of heat energy in the enclosure, but not a
trace of this is available in the shape of work.]

P.115 iZ. [Now, heat is consumed in this process, that is to say, a certain amount of heat energy absolutely passes out of
existence as heat and is changed into the energy of chemical separation. *=- 160.Heat energy is changed into electrical
separation when tourmalines and certain other crystals are heated. [ (PREATREIZED)

ZZTHHENTNS “heat energy” DHFEDEMIL. “quantity of heat” (FE) XL “heat” (BYDEIE

THHEIN TS, BT RN —D— BB LT 538D THY, “heat energy” DFIEEDHHIOH) W THS.

FALLRT, E. Mach ASANTAERIL72EREALT2A5, ZHUTRED T, Mach &V Stewart O 5 D3 SBANIT NI &2V

HL7=DT, ZOBEMBYVTETELEWV., 20 “heat energy” DM FEIX. “quantity of heat” (E&) i

“heat” (BYDEIET 1980 AELE TSN,

4 A% —1% 1899 4EDFE R T Y, [ KM DEH)FR 1% “heat-motion” . “heat-energy”DIFEZFHWTHRLS

H 5.172,175.176,180,208.278 T “heat-motion” %, H 116,122,129,138.281.348 T “heat-energy” DOHIFEZ
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AL TWA, il z1E 172 TliE. IROBEITRR TS,

This transformation into heat, also, is easy to understand. Heat-motion differs from translatory motion only in the particles

moving in all possible directions, without distinction, and not, as in the latter case, all in one and the same direction.
5 TAV L aBA NI 757 EH OB 11905,1906 4T ¥, “Wiirme bewegung” (#GHEE)) D FFEE
1905 4E5SCD R DI AN DB HDFEZ L O 57 (549 B)DRITR TRl H CHEHEN TS, (Fdf-+E)

In dieser Arbeit soll gezeit warden, daB nach der molecular kinetischen Theorie der Wiirme in Fliissigkeiten

suspendierte Korper von mikroskopisch sichtbarer Grofie infolge der Molekuarbewegung der Wiirme Bewegungen von

solcher Grofie ausfiihren miissen, dafl diese Bewegungen leicht mit dem Mikroskop nachgewissen warden kénnen.
NT L, [COFmLTIRRDOIEHPREND, 85y B LIV, WRTRET MBI R D REEOMERIL, Bl
B FEFORERLL T, \.X’LEO)J@EN&‘EH&%T“@EJ&:@tH’f?363:')72j<%é@@ﬁ&bfﬂ&é%bhbi&%ﬁb\ 1 &%,
F7e. 1906 4E5HSLONF X DIAIDEL (371 H)E §3 DAAMBT6 H)DLL FIZaR T s h TS Tnd,

p.3714Z, [ ...—durch direkte Beobachtung zu der Uberzeugung gelangt seien, daB dei sogenannte Brownsche Bewegung

durch die ungeordnete Wirmebewegung der Fliissigkeitsmolekiile veruracht sei. |
p.376 1Z. [ §3. Uber die von der Wiirmebewegung verurachten Veriinderungen des Parameters a.] (F#izE+RIZE3)
6 u—L NI E ] 20 EL1909 4T 7, “heat-motion” (BuE®Eh) D FHRER

p.10 2, [...The fundamental idea of the modern theory of thermic and electric properties of metals is, that the free

electrons in these bodies partake of the heat-motion of the molecules of ordinary matter, travelling in all directions

with such velocities that the mean Kinetic energy of each of them ... | (FRIXE+RIzLS)
a—L Y DZDTF AMTIL. “heat-motion” (BGEE) D FHEEDZDMIZ. p.63. p.67 DRISEFT TSI TV,

T VA GO hF B 4" Ed.1925 4£T Y, “heat-motion” (FuES)DFIFEEHH

p.1 iZ. [ln recent years, however, the study of the Brownian movements has provided brilliant visual demonstration of the

truth of this conjecture, and actual heat-motion of molecules — or at least of particles which play a role exactly similar
to that of molecules — may now be seen by anyone who can use a microscope.

p.3 IZ. [This original motion will, in fact, have become replaced by a small vibratory motion of the molecules abut their

positions of equilibrium- according to the Kinetic Theory, by heat-motion. | (P HE+RIzLs)

8 1930 4ERRIT/R B & “temperaturbewegung” % “temperature motion”.“thermal motion” &3 Hh 5

(1) Kronig &l 57 FHEE & R RE O BIR 10D 1933 4E5R3C T P, “temperaturbewegung” D FFEDEH 2 1D 5
p-317 {T “-=+ die Unregelmiipigkeiten im Potentialverlauf des Kristallgitters zufolge der Temperaturbewegung und

eventueller Verunreinigungen beriicksichtigt. *==” £HA(FIRETHIZLS).

(2) Slater & Frank (& BRI AT ) 1933 42358 T 'V, “temperature vibration”, “temperature agitation”
FORMGEOMAZRD S p.474 [T “271. Temperature Vibrations of a Crystal. ...These coordinates can now
execute simple harmonic vibrations, and the superposition of all these vibrations, each with its appropriate amplitude and
phase, is the temperature agitation of the crystal. ...” &HB(FHITHEFHIES).

COREELT. BHSRBRTIIENZL, ﬁéo’(‘ BHHEPNIRITIAFEL RO AL TX /DT, “heat
motion” OMFEITHY TIIEVLIEFR TSI, ZThic#EbD “temperature motion” W EH SN DRIT/L-TC
LEZOND, Tz, XV BLOLOMEHZED “thermal” Z AT, “thermal motion” GEEEHE)) > “thermal
agitation” (R HEL) FH M SN DI, ZORBELHSRBEZRDNFY A LR RIBIZHE> TV,

9 BEHR
1) FAJE R T8t S | D/RT XA AERDNT WHEEHELE 38 BB HEM AR TR THE (2022) (HPHE)

2) H. Helmholtz Uber die Erhaltung der Kraft Ostwald’s Klassiker der Exacten Wissenschaften Nr.1  Verlang von Wilhelm Engelmann1889 pp.23-24

3) John Tyndall Heat A mode of motion 3" Ed.1868 Longmans, Green, and Co. p.27, p.59

4) Balfour Stewart The Conservation of Energy Henry S. King & Co. 1873 pp.80-118

5) O.E.Meyer The Kinetic Theory of Gases 2" Ed.1899, translated by R. E. Baynes Longmans, Green, and Co.

6) A. Einstein Uber die von der molecularkinetischen Theorie der Wirme geforderte Bewegung von in ruhenden Fliissigkeiten suspendierten
Teilchen, Annalen der Physik 17(1905)pp.549-560  Zur Theori der Brownschen Bewegung, Annalen der Physik 19(1906)pp 371-381

7) H.A.Lorentz The theory of Electrons 2" Ed. 1909 Dover Publications, Inc. 1952, p.10, p.63, p.67

8) J.Jeans The Dynamical Theory of Gases 4" Ed.1925 Dover Publications, Inc. 1952, p.1, p.3

9) R.deL. Kronig Beziehungen zwisechen Molekiilbau und Kristallbau Handbuch der Physik Zweite Auflage Band XXIV, Springer 1933,pp.253-332

10) J. C. Slater & N. H. Frank Introduction to Theoretical Physics 1* Ed.1933 McGraw-Hill, pp.454-455, pp.471-472, p.474, p.478, pp.537-538
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R Z TN ERHUBMIC L 2P ZEDORB DMK

YNLFn S, PR &
MR TINCERE R AR, PR EEE KT
" ka. koyama@edu. nishi. or. jp

1. [FLC®HIC

B & Hr oS EORAARFEITIE S, FEANROEWBIZ L0 WBEOBMENF EIZIEE S Z
LIFZ L O TEIESNTWS (1], —F, FARHEB OIS BBV CERMICHR DL B
TNET LR DA, BFENRERICERNT L ZE08ELbD, ZOFRRNO—2L L TEXLND
DN, WHERBLG O E BEEICBEEME RN KNI L 2 DI LD BT, B THEA LB O M
BHZ O F<HEBf SN TWRNWZ & TH D,

HEEREFIC 1T 2 B0 78 I, M s (N)) SieEAS (7)) ORISR —E
PERBH Y, BEICHNDE LTS 5,y ERE > TWD, —F, FERERHC W TIE, R UENEZH
IGETYH, MNIEHMEERER L ORBRBREHAE TR0, RITHWSLN A CFMRBIGIT L -
Thkx CThoTleh &, —BMERLTLHRIRY, ZOX 5 RBERICLY, (NEETMIRICHE
BOEEIZDON GBI IeoTLE I EWIHRELIZH Y 03V, ZORELZET 572012, H
AL 1A O BIEE S DG A B FE ORI &, FRR & B F ORI 73 I K o TR O 7 2R
HEWVWHIRBEPTONTER[2], —FHT, ZOHEAMICEIT 2HE & ORMH 72 B D58
ZRWTIE, el - SEEBILSO— R DB E W T EAZM TR S 72 D70, D78, -
FEBNTINA NSRBI ONDO—2>Tdh D Z & ZAEENGE#E T, ]« KBl ORI 72 MEE 720
WA Y T o TLEW, ST EEBAR OB DM RO ENIERT TLE > TV
MR ®H 5, ZHBRKE 72> T, ZO%OEFNIE T 2BBICBNTH, B ERICEADEEHD
KB 70< 70BH E WV I IRELIZIHE > TWATREME N & 5,

PLEDZ &2 E 2T, AT, BN ELESE L TRV HER 1 HFEE2RIR E LT,
HR & B ORI = E OB T (KBS D) IR Z BEABR & 55 2 L 2R, ZDH
BRI REFHET D,

2. BROKEH - 5HE

HOE B L, BRI A & DIRE(LT 5 7210 1 D K 5 7f A — DRSS E< A BT E (3],
DT, MY AR FICARS E (AR, TR y AT B (B £ y= £ ()
DA A—=DNEH-EY EPIRENTWVD, 22T, ANDLHI~OZLHISREL L CoORE% (5
) DA A—THRy s A (H) L LTEBS

NTW B, KB, FERMEE R Gt B K

OEIEER 1 IS SUTR » 7 2 2 HAR
BrE L, BRREECEOBMEE L LT, AL .
Bk % AR T B, HUFEE 1 AR AELR O 1 y <— [ <x
BT, 20X ARy 7 R ST
WEKRDOOE DL, NROMOEFAH Lz B
KT 5, ABFZETIE, LIFFOH 754 1. B A—
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MOBET “B” & [TT7 v 7Ry s A EREL, BERNERIDRMOBICHIE S5,

INFRE - PR - B OFR T B NRIT T v 7 OIERIN ST HARIE /SR T D A3,

FAES T, WEEMOOERENIERFNZ 2 SR WIERIERM L AR L ERLENTWS, &

ZCAMITETIL, #IESR & 728 O L IAFE & ISk & F iz EILEFED 2 FREEO “H

EREABT T v ARy 7 AL L TEANIHY, BLTO 2 REFEohab0nE3 5,

(1) FERIENE 2 FF OB % RIS DB AN B T D 2 & IZ K D HR E BT O BB Z 5,

(2) ZOHEMERNDYE, BRNT Ta—F LHFENT Ta—FolbbE AN O L Lz e
RENEE LN ERET D,

[R5 ] HBRg 1T EIR N DAL 1EAED 3 7 T A 113 A,

(1R8] P22 32080T 2022 4F 12 H ~2023 4E 1 A DT,

[FRA L] SRAERI SO 3 7 7 A%, B - HFPOMAEREOT TR CHE (KNEXOMOEFIH L
72 EMAFE) 22503, UFICRT L9, IBFEEEZ CEMT D, Fai - FHREMKE T A
MEROT —2IZHESE, KT N—TOHEDRELET 5,

(A2 AN IZLDICHBHRT T v 7 Ry 7 22 HOTEE ROFEEL2 L, RICHREHET T v
IR 7 A% W THS & EDOMWEDOFEEZRD D, iz, BIEEE & el o M8 2 ks L 7e
N, R LT7 v 7 oI FET 5,

(BZTZAN IXLOIKMERT 7 v 7Ry 7 2% AWTHHIE ZOMEDOFEE 21RD, RICIERE
77777y 7Ry 7 AeHWCEB—KOFE L, &%, IS & B E 4%
B L7ems s, BRLE LC7 v 7 OERIZFET 5,

(C 27 FA) IZUDICHEAT, WEBVICT v 7 OEAERY BT 5, 20%, 7 v 7 OERION
ME LTEMAROMEEZRL, MIEASRXANVRE (77 v 7 TiEw) Ry 72L& L, &
FLLTORBIOFEEZED H, FEIT, FFEREASARADBEZHWNT, HEILS OB Z T 5,

3. HiFEInSIR

HEL - PO EH L DOHEFTH AN O HA1E, B e RICEA OER A PR LT EE
L7 BT, [y ] « [ B8] « [x: AJ1] ODARA=V 2L T2 LR RUTHD. 2D
A A=V RHIUL, BB R T RIMOBEER S HETH, REI7T7ICL-T, %L LT
DOHFRENPAIRE L 70D, FEEE, BATRATERWVEBOFEEL, RKWEKRTORBREBIHAIZEN D,

HEFEE LTUL, FLBRTHHRAIC L > TER L EBOEFNNEDDL Z ENHETED LD
2720, BEMLEAZ VNI L T HMOBIRICS FERREEABERICEETE D LW ORI S
Do BFFHELTL, ABMkxc RBRICHE -T2 EI0h, ZNENOEEO A L EWE B
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I AR ERE KHE T A - A L 2 — I ERFEE OBk &2 1 O E T,
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(A HELT, BAEE  BHEEEIE 40-3(2016) 281-291.

2] IiHEZ, fEfE, WMIBER, ERE—, IIWRE  BEEE FIFZE 62-2(2021) 559-576.
(31l B« [y L Sy —F oA L Fik—) AR (1970).
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5) Y& ME L T LanEbd,

- fAAfER
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S E Xk

1. Vo= H—, E C, ~7&—Fv bk R T, AFAF—, WM (2002). [2I2=F 4147 -
TTIT 4 A T Ly DO AR O FEE] HEHAM TR, Alvket

2. KEpR= (2007). T#EEIzIa2=T4lZBFD51y NT—7 %4 LIz LEESE D541 [2007PC F
Y77 b AmXR) v a— 2 RHEE WS, ALiEE, 2007 48 A 2—4 H

3. REPR= (2022). THRY—27 VBT DF T4 AR Z2FIR L7 WHFEiEE) & B 2R O
F) THeEE R P RFEBEE AU ERAL ] 5 140 5, 353-376 H

4. Kitcher, P. (1981) Explanatory Unification. Philosophy of Science, vol. 48, p. 507-531.

5. Kitcher, P. (1989) Explanatory Unification and the Causal Structure of the World. In
Kitcher, P., Salmon W. C. (Eds.), Scientific Explanation, Minneapolis: University of
Minnesota Press, p. 410-505.

6. McCain, K. (2016). The Nature of Scientific Knowledge: An Explanatory Approach. Dordrecht:

Springer, ch. 15.

W52 1 JSPS B E JP19H01634 OB %% T 72b DTH 5,
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Mygici&moitEde, LL, PAEOHTES EETNZE D NOEVEZEFETE TND 0 E NS AL
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DEIEZEZ 2L OFADEEGIIAATH S, Lo T EEOBEABHRICT A7, £ L THEEKIZ
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K125 3134 > KR 7 TR SN2 /KIEOBERME 2R 2 FHERE [4] 2 HAFEIZRL T
HWie, ZHHD0MWIZKPFTOEITORE S 2T L5 Th o, KR 4 & 5 1% Peer
Instruction (PI) [6]&&FIZ L7z, KM 4 IIMOFFZIRAZ RO D52 MR L, KI5 IZHRIK
ISR OE B & Z OMIRBIR L O iRIROE BITSE LW L 2T 2 METH D, KR
6 226 8IIARFTHHL TWALAY VT LORMETH S, K6 1L420/Mi0670, EHD
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¢ DR 7-2 O SR ARE R
Dz OB TEHLET S, Z0HTHILT 3. 9.4 %
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[1] PhysPort , Maryland Open Source Tutorials in Physics Sensemaking (physport.org)

(2022 %27 H)

[2] M. Loverude, C.Kazutz and P.Heron , “Helping students develop an understanding of

Archimedes’ principle. I. Research on student understanding” , Am, J. Phys 71, (2003)
[B1&EMAST,  “EKDESD misconception (ZOWT”, WHEEMNITRNERETRE, H 7 &
(1990) 12-13
[4] C. P. Wijaya , S. Kose , H. Muhardjito , “The diagnosis of senior high school class
X MIA B students misconceptions about hydrostatic pressure concept using three—tier.” |,
Jurnal Pendidikan IPA Indonesia 5(1) (2016)14-21.

[5] E. Mazur , “Peer Instruction : A user s manual”’ ,Pearson Prentice Hall (1997).
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ai | 34 34 850

ﬁ@Fy75—%%@*%@Eﬁﬁbﬂfwﬁw%ﬁﬁﬁﬁ@%Oﬂ%5®Omﬂﬁﬂ%@ﬁmﬁ
0.1 B THEWDIHE COMRMET OmMA LV 34mTF ik iTETe & 32 O THIRIE A 2 IHEE 3.4m
ZMZ T 37.4m= T 5 & L 93.6Hz D & STV EH D Z OERIZFLIEVWTH W IEIET 5,

BIERZT 5 0.1 RO EREILEIEIC 3.4miTS\\ 72 2 & CHIE MR 0 HiA X v 34m T
< 80.6m TH %, (HEEZHME/ ML T THELEENDAIZATA RTUZSND 0T 0 E R
PIDH, BAtE Om HIA N5 0.1 FPRFOFHAGE T H R XBA AL O Om HA T < B © 0.1 % D
BUHS-3.4m DEHKE THIAR & 70 2, OmM RS FHAE THILR THIUL OmME2 6 34m & 72 5 2
— 3. 4Am M A FHAFE THIAS 7205 34m —3.4m D 30.6mTHDH00 5 0mMiA 26 DOF O Jeuir & 1%
30.6m(Z272 %)% D 30.6m ([ZBUHE 3 A TZIERE 3.4 212 T 34m 4y DA #K 856Hz &%) %,

LU 3 O G B 2B O BB E IS EV) —6.8m, —10.2m, —13.6m.., —30.6m & B8 L%
0.1 B4y % 10 [mAFd 2 1 BTk 85Hz X 10 @ 850Hz & 72 V) Z DA S EHEITZ L L2y,

3%@WK%®EE@3%«

BEOGEITERIC LD EORELEZ T DO TEEIBEY IR D EIRGRWDE R VERBITEE D
%%%iﬁwwfﬁﬁkb®ﬁ%&@éo

FIROCTRD) 2 85 1 LBLAIE 32 OFIECEENC ED X 9 723 TE SN A ) NS 2 9 BNEINE D%
2R K OVEEEIEIC L 72 2 FIRCLIR) O E R OJEEE L [F CTh 0 2L LR 0na s 22 hEE
RETHY, BEERDO Ry 77— ROMIRE R DA FECLHETIIRRETEDL RV D
WHNEAT 2D THEEIIARE LT RO,
FoTZZTHALEE YT Ny 7T —RO—HEAELETHHEICLY H 5P 5 ML TEE)d 2 8L
FEPOEM L CHEEIIZ (LT ARE L 2 Dl EREOFENGEA TE /2 Wi X 95,
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hEFEREHO N EEFDRE EMTERDER

VRATER, P
MR BRI BOR SR SRR B R R

nakamura@gifu-u. ac. jp

1. [FL®HIC

MBRBEMICB N T =2 — MR, FEHEN LGOI E I ERFMESLHRE SN TR,
hﬁmﬁﬁﬁ%ﬁ@&%fiEwaﬁwﬁ%%&EMﬂ%Lw&woﬁn%%éok#@ﬁ&%
WRIZ, NHROREL SEMEmL-EH D, %”%®%lﬁﬁH%Aﬁﬁ%%%L<ﬁéﬁﬁ®
=D o TNDHEE LTINS, ZHDOMEEZUGET H7-0I21E, FEEICHEMEEOTJEIZR
S, E%é@é%@%§¥®¢mﬁbﬂhé:&ﬁﬁ%f%@,Ebww@ﬂ%%féézk
DHER STV D

ﬁ%i&®%ﬁ%@f@,: — b oE#HO 3ERE, BERNTEET L, £, TR
TlE, EMHERITIEH L DD, WIRIZ—EDORE EDONBPMEOHET D E, MEINTEATZAHL 72
%2k, 1EPEDER], (EH - RIEHOERIZ 78325, REFIFERAETY, KK E L THEMEED
HDHDIE, PEREBEFROBPHRETHIEICE SR o Teld B bND,
HFPROBRHRZEICBW T, (KRN 1IFPEE D EE 7GR LI REL FZ KL, ELVEE
EOBENEND EEZ D, KRIRBREOT- DI, RO ETBAMNETH Y, BEEHOMS
ERWTEZ L TCWSEEN RO NS, RIFETIE, FHREE 3 FHREOBRHZET, KR
SOBREO D OFENEL LOEFORBG &, REAEE L,

2. Hik

INNLDOFFRE 3 FHED 4 7 T A, 13 B EMRICER LTz, FHD 27 7 AL, BEDDRNR
DaEmLcRzE UUF, %1 %ML, 950277 A, {EkBY OFERZFOFNT
¥ (LLF, %2 #FEm L=, J1I72E&H4E (Force Concept Inventory, LA FCI) & T
FRIFZB LY, R HEME (B1E) ZHWTHFEEO EERNZ A LT,

3. R

(1) HENELEEDOTN
12 3¥%)E PERTIZ Y (¥ 1) BB L= (2 2)
D R e e e I ———

RO S 2 E
NDME e & & OEB), KViE Ea e | BEE - FHOE S, ANOBRHEEZRET D,

D | Loz ST AT 5 A S 2 BIET 5.

o | W PEOES. QOWERE TS | RS OERE 777 For, £b AL A IR
5, B2t 5, HERLaT R L— g,
T IR 7 %, B E T 5 Bk —

@ Ay MEOFE LS, HFEREaTIRL— 30,
T IS T B, BRE LS EED | . .

© | dsicovcEx pmn, B, M 5 IEE, NS5 & X (A5,

® FIDME D IR & & D IEH,

@ e
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Tl L7 ZEDOTANERITTT, MR ORI 11X | BIORERFMAN TH - Z2EELRE L, i+
JAZFR L TV 2 Z2RbWNWE LIERETH D, FiTITF LIcRE2 1, REOORNY 2 HE
WL, BEEFEA > CEETIHELRT L, EHODOREDL 11 - 12 B OREHTHY,
RFRIZEX 720, 2 TiE, @, @ORET, RPEEO ZREBOM B FRHBE LD TR
—yarTCEME L, 22 TS T 70T EWENIRERE T T,

(2) s

FCI OFERIZITFEDO X DTl oTe, 77 A2BINI TAZIIFRELZ%ZHL, 77 A1BLIV
JIAANIRE 2 EZHw LI, REL BE2LELENEN2 T T A%, F—OHENRHEMY T
HoT,

FH D Pre, Post [THAT, LD FCI OFERAZFET, Pre30 <° Post30 72 £ 30 |E FCI M4 30
RIDFE R AR L, Pre22 R0 Post22 72 1%, AHIOREEBE TR T-NFICE D 22 RAHE L7/
R D AR 2 T,

752 | Pre N3 53;; gg% ?E%g Gain30 g,/;ﬁ_ ?EZ;Z}? Gain22
1 32 33 29.3 45.9 0.23 28.0 46. 3 0.25
9 35 36 29.8 43. 1 0.19 29.92 44, 4 0. 22
3 35 35 28.0 45. 6 0. 24 2.5 45. 3 0.26
4 29 31 30. 2 46.9 0. 24 24. 8 48.8 0.32

(3) FlaRk=FHA

FLIR TGRS Cl, RETH D O EFEELOFRE T, FCL 121X 7 W B TS OB E 2 5 72,
W8T 4 MdH0, M1 HSOERLZHHT L0, 2 /&imax T5HEDORIIT OV TOR
AR DR, B3 FilEa el /) CHEGCHEEN D A AN ORI N EE SO 2D L O
FEIZHOWTCRLIR A2 [ O fIE, [ 4 RIFERFE STV T R—c@< iomE & RE I EZRAIT
FRAAT 28, ThDH, WTNOMBELFATE FR LD EABEICIEZERON ERRO T,
Flo, BELRE2 ToOLBTIE, R, M3, R4 THERRP LR S (p<0.01),

4. B

SlEOREFETRIE L, B¥E2 LHlg, FEENN VT THRELIBRL, FEB - BlEIC
DRI E DB TERORERKE L > TEY,FCL OBKBILT A L ORERIZEDL L b EN L,
REENVL BN O EDER %R LTz,

FUIRAGRA - Tl 2 13 1 LR TEEENAREICH E Lo, BEEFEEHEA LT
TWSREDORFHCL Db EEX NS, M), MEORNFIZONTIE, HFED, @, @FTIX
EWRH T2, @QLIED, 17 EEBORMR] OFMIE, RE 1 LRE2 OETNI o L
25, AEIORFEITFCI TIE, ERAbNAhoT2E 2D, 1 OEZRIL, 3158 62.5%,
BRE21T91.5%E RERAEL ST, ZHUE, ¥ 2 T, FEHFEAIVPHEZME S TEWZY, H
ELID T 52 EITMA, RO E L OEFEENRTR L, AiRFORNEZMH > THE ST 55m
ICEATWE=Z LR EEZLND,

BRE1 CIINFRFEEATERGSRY A ~— 2o RENL DV, EBREBEN | K] CTILE
LWz e, MEESEZH L T2HRRDO—DThHLLEX LD,

ARIDOEENS, BB EO T REREDIEFOETIZLY, BMEBEAOWENTIAD D Z L HVR
e X7z,
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EBAPS ZRW=MEFZEICE T EBREICET 57172

MR IRT-, BT eI
YRR R R PR FPOES PR B PR, HOU R AR TR ERE R ER T TR
PR ERT
kariya@u-gakugei. ac. jp

de B2
1. B=

WHEEIZBWT, I adbis, K 2EOT RS54 10 BESBAR AR O BRI
ZLEPHLNIENTW DI, 10 L BT TR AR EDEOENR L NH[1]Z &
NG, BEGETWEOKSE TRAQL MNP EZ NS, £, MEEAB IV T, MHAIEH
R ENERIRE LD S FAEOBMRE 22T LW O IR RPIR RS TW a2l Lo,
FIHAE AR 2O B L= ORG/ NI T DRI HOWTE, BEEN—E L Tunian[3l, B &=k o
7ZIZiE, MICHARREZ T LT TEIA T2 THY, BREOERK, BT L@y, %
HADHEFRZFEMIIERD, TOMAZE S LITRESLEMEZRE L TS BERDH DL EEZ DN D,

Z ZTCARBIZETIE, HHET TR, T2 DRWVIKEN S EFIC I T DR E O X LA A
T5HE LB, FEHEBHE, BPOREOY = =R T LA Z A T 5 EROMRE BT o
7o AWPIEIE, D OBEEMRRERRE, HANRE K L UTObN I REFEONE b
A CEARIPOFFEMIIT T2 2 & T, MSHMEDORLEOY ZERL L2 AN LT 5,

2. A&
2.1 AR

2.1.1 Mechanical Wave Conceptual Survey (MWCS)[4]

WA T 2SR EZ R ET 52 L2 B0 L LT S N ERN TR A T, @R oM
22 T SN D, BEUIHWT, EHICE Z DO STV D,

2.1.2 The Colorado Learning Attitudes about Science Survey(CLASS)[5]

B « BRI T AEBEZARCEELHOMNITHZ 2B E LI-RER T, SRR M
42 MTHRESND, £, FREIIRFOIICESE 8 2ONT TV —IZHpHIN TV D,
2.1.3 The Epistemological Beliefs Assessment For Physical Science(EBAPS) [6]

AR RICR T 258 A O 0NCT 5 2 L 2 B E LA T, SRR 30 M THERK
SNb, £, BENK D TOWDHINEIZL - T, MEN S5 DOEZHEI LTV D,

2.1.4 AT VA XA T DA

LT OEF - B RICEAT2E 2250 T, BADEBEXIIRbITWbDEZZNEN 1 DEA TS
IV, ERRL, MHEAZIICHET D 8 BROARTEZW N, ZNENOREIZKHLT [ETH
BHIZHENTWD ] TEBLEWNS EBHICHANTN D] (A& KA B 3Bk izng 185
HNEVD ELPEZRNWTNS | TETHEMEIZHNTNS] @O 5 RDHH 122 RSEOEM%
A e, ZOBERITATIHET 2 S B EE BMER LTz,

2.2 FHAERIS

AL A PEBE RO 5 F4 (EK 2 FAEICHEY) opHIE#BEE T, 7L - RA T
ARNDT—=ENTRTEASTWDLHET 31 4, & 42 HThD,
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2.3 AR S R # 1 : PERIERH
2021 FE 3 FHIORFETITHK MWCS CLASS EBAPS | AFLA4AT
ol afhol, £ 1ITRT LD | 7vaxr | smm 2 Sk 25| ARFEM
2, ZOHITLOFEZICY T DRI | w2 r7xr | 32k 3 MR 3R | 3 Mk
S ROy O
2.4 BHEE

AREEICIBWNTL, ATl 2B £ 2 T, BaZEM N FEHE RO IO DR L LT, H
ARG OSCIRSS, HEkFEI LD T57230 ) 25 SE2 L0 R L 2R Az,

3. @ %2 SYERIOBATME O B 43
F£ 2 TR TR DN ORISR D B lcrs | wans | EmRER | AR ()

&, AT CREN TN D NIFREMR TCOB L | 7 v BhE%] 130 | 3.7 34
DT —H Zmd, WEIRIIZB T D BLGETNF Y | B2 Bl | 1 8.5 12.1
b, BEAOEFEIHELL NS EEZ BN, FT5, ?5%9'?5%%%&% igﬁﬁ%ﬁ]@g@{t}%
CLASS [ZBW\WTIiE, HFEMI L OO &R
TOORNRVIEHDD T IV —IZBWT, LB AR A MIT TR O A7 O EFH R AR
iz, X512, EBAPS ZHWEEUFON N HIE, FEIFKSCB N EG%hEE 2 AT EM
AFRENEWE RBENT-, AT LA Z A FICETHHEEENSIL, HEOoWHEICH-OWT, il
HRE 0D [BYEZRWTWD | 20D B2 EFRFOEENEL L, THEICHMNTND ] B X D4
DENBIX LA DI NN E BB TR -T2,

R TIE, P TH LN - T BEEEREE L tho B3 L ORESS, NJFnBTRoneT —4
ORI FOTHETHTETH D,

S 30

[1] AMadsen et al, Phys. Rev. ST Phys. Educ. Res. 9, 020121. (2013)

[2] R. Hake, Am. J. Phys. 66, 1. (1998)

[3] L. McCullough, Getting Started in PER, Vol. 2 (2018)
(https://www.compadre.org/Repository/document/ServeFile.cfm?ID=14686&DocID=4868).
(2022.7.17 £#)

[4] A. Tongchai et al, Int. J. Sci. Educ. 31 (18), 2437. (2009)

[5] W. K. Adams et al, Phys. Rev. ST Phys. Educ. Res. 2, 010101. (2006)

[6]A. Elby et al, EPISTEMOLOGICAL BELIEFS ASSESSMENT FOR PHYSICAL SCIENCE
(EBAPS) (http://www2.physics.umd.edu/~elby/EBAPS/home.htm) (2022.7.17 )

[7] A. Miyake et al, SCIENCE, Vol 330, Issue 6008, pp.1234- 1237 (2010)

[BIA—=H AT T mn—2F, BEHENRTR “RACBT L EODS] S5<0—80 LT
U —=F 7DD THOOFHE, F)NRZEHIE (2014)

[9]P Murphy et al, Girls in the physics classroom: a review of the research on the participation
of girls in physics., Institute of Physics, London, UK. (2006)
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NA T )y FEYIBIREICE T4 TARMGEZUOFF DT

MEPIRORRE, P4 H Rk
"HRERBE R EEETR, PR EE R
dnohara@kyokyo—u. ac. jp

1. [FCHIC

SAREED B EE SN TV D SE PR FEIREEE 1] T T =R FEE IR e B o
LSl ANEA Sz, T 2T, RO X OISk - HREE BT A L, AR LFE
DFECHEEIRVIRY, FEHEFEL LS L T2 HOFEME B L@ g & 20 MaRko
55, IHETHE, BEFRCBWTCLT 27T 47« 7—=27 (AL) OFEEZHAWCEED [
IR « XFREH) TRV OFEBERFNTLZ S B SN TV DA, AfEOERME L FZOORHEiE L U%
DR & FE DO —RALRHENL STV D STV T, < OFRTHEEIC > TV D 2 ER TR
N5,

WEAEEE Y, 2020 AR5 2021 T CTREOFIRTA Y T A U RIORENE K LiZ 7 oo
UEIGH L, & ERE oA 7Y v RROYERES R L [2], T ORE, SRR T
DENENPMERD I T R, AEfEOYERFB TR 2B SIS L AN 2 L ARIEE N
7o BT, < OEKTHMOHIK b, AN TRTEE T 2R OMENEELE ShTnb
(3173, ZDORFM A AZHERFN CHOICHERT 2 Z &N TE 2, SFEEIX, HEEOEBOREE
SFEZ, Ml IESFHEONA 7V v RSN 2T, AENA LOZO%E AfE L TED K
D, FHliT5ZENTEDL L), MEREORBZIZ—HA— 7+ U4 (0PP) [4]ZTEH L7IREY
KO ORI A A LT, AENEEREEZFf - THEEICIV D D X 9L, EEMZRFOO AN
IZOWTHRFT 228 L LT,

2. EEOBE

REl] - 2022424 A~T7 A

K ENTREFEME ER 2 PR BRI 1SR 31 4
RN PR 1Y

i, FExtm (T L1EE) &R EL RS S o EFE R L 17
AL (1), BT 2908 (AL 223 fMvy) (B8
LIEARFEHOBHEE GERA) ZFEaE (7)) & LT22 REE
L, FEOxmEECKNTEN L HE) 70 AL AR EL ER LT,
BB OEBIIMAL Lo b0m, AT TEE L CHEIMCRE
FOMER U8l 2 1R OREHT-Y 1A (75r~94y) HEEL THim
FEIIBML T,

FEOFH & LTk, Jeadis (FC) %4 A bA) (FEai) & 7
H IR (F%) ZFEM L, HoE TERERZRICENE L I 2 5k & 78 OB (LR
WMIE L VOPP > — M HOWT DOkl 2 920 L 7=,

1R
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3. REDHEREEHR % FCL YR - Bk OHA
FCT o SEpkAiTte Ot R RIS, F
Al - R EDICKBORNT —F N BME BAE THEN <@ BEREE
(N=31) L v, =@ - H1%OEHE (%) FCIZEH] 31 4 16 9.1(30.3%) 0.30 3.62
NS B S A KO BB S L FCIE#% 31 6 26 15.4(51.4%) 4.40
<g>:0' 30 & /-‘J: D ’ %@f@ﬁ@ﬂ:gﬁiﬂ@@]%zﬁff% %j/b HEYFELAH 1 FELAD %
el %%ugj‘é%%%{f%fco @?%fﬁ;\\ﬂ%ttt/\*’c FELR30% ~ PLFBLEI% | EREEL I-
4 2 1%, FEEROFEEORY MR (D) &
ERAEORER (@) 2R LTWD, M2 kb, ossrvossas  [LEEED 18 667% o
63. 39D AEFEIC & o THYEEAR 23 FH ~ D kS
© R e DLV @icio 433% ST s “%}n;“l

o Tnd EEXLND, 2, T6.6%DAH
DENENZ LD TED RETRIZL- ) LF
EL, 6L, ZOHBZAHEIRTRDEZL
A TEDIZTETNTL DD D0T W RETHAENS I RGNV RT RS
[ PENBEOHBREME ST RENZOND | R EOREEBHERS Nz, 2F0, REFITI->TE
B U 7B DS, FRNCIREDONR O WA AFICHES 2 Z 6N TE 5L &I, AL ZERMTDEEIC
KOEECTHIBEU R EREEL ST LICHEDTHD Z LR SN,

B4 3 13AFED OPP 2 — M DFEABITH 5, B FE i
L BT TIRICFEENEIZ O W TR T 540 & fE oz
EDRVIRY (FEHOER) R—H TR T &I
S>TWb, Fio, REEOTRE LT, “KRiFDie” &)
ETZORMOZEENETREDITH 2 &R KER -
B2 5 IRENCHR Y R DR T 72, REFORIZIZ L wIc -;b hhhhh |
BMATEZ%, BECLOICE LD THL T A THEK = =
BRI, BEARTO (£98) Olsmimagcs X8 ERTHERLZ PP w—Fh
vIA L THE LT, EEEEIZ OPP O — MIOWTOERFAEZE B LI 25, TAHTEEZ
MO TWRVDPATEIZ 72 5 1R TH O 2§ 272 0IIEH Lz 78 EORIE DR SN,
FEROMRLE T TRLFEOWBESLH Sy OREBERF LIIRVIRY (A Z5RH) ZETILICHH
NTHDHZ ENREEI N,

| @kEfhok 33%

X2 EEHEOEFHER (N=30)

,,,,,,

4. F&H

WEARJE L SAEFED A 7 v REI BRI OB T, W35 FRicA~EIChiAA L, B
OPP > — FZIEH L CTIEVIRVITH Z & THEED TR FZOEE LIZZ &, S HICEHEi & fFED
—RMEEZBHE LD TS, illEl CIXEROGM & A0S 1T OESR, TGO HFIEIZOWT
wET 5,

SE Xk

(1] SCEREE, @SR E ST, Rk 30 4.

[2]BFJF O, B Ofnpk, H A, &# 37 B EIFIE RS TR, pp. 76-77, 2021.
BIEEFROBERREEICEET 2GR (F—248), JCHRFA, Rk 27 4.
(41T R, il — Kol — h 7 % U A5 OPPA, BPEAEHIRRAL, 2013
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p

hEEDEHEMEORE LHRERTOVNR-EREBREZTFTHAL T

]

AR, Mg, RO
TR E R IL[R HE D

ieyasu@a. utsunomiya—u. ac. jp

1. [FL®HIC

HEIIWEDIBIEO RN X TETHY, WEOERZE 25 ETHFICHERETHD. L,
ERAESRCR AL L LI EESORER R, O, HICEEEREOSIC OV TE LWRla s
ALTWDLZERHLNE RS TWD[12]. ZDOHTHERID, TEEO KR M &22 0 T,
WROE ) LT SICEEOR/NMIBIRR L 225 & WD B RBBEEMRIR 7R D 2 E R ER & T
WBI[Bl. ZH LI-EEMEE ERICEESEL Z LIIREETH D LV O RfEE, TNnETICLEZH
HBENTWEDR, ZO X9 P TEEOBSIERO O DOREICH T, A/ < A I
B IHTE2EZTHIYE, BERASHEFER» DEEMSZRAMICHR ST BANGHTHDL Z L
ZANTR LTS, BEHAEO T CTHEMEEEIZ OV TR ERE CREMIC Tho ThRM ST Th
< Z &, ELoREAaz2 #5925 ECHLAENTHAHI5]. R, WikoEEIZ W TCERMIZTE
LIgh 5 PP DBEN S, HHREELWEBMRZES L T Z eakvbnd. L, B
Hdxtgrl LT, BBORWKEH EOBRERZEMICET 2WE0OEIN LT S EEEO RO BRIC
DNTOEMOEEZ A L7mstid e & I, [AIPR Lo PSR RS A8 LR OA
PHERFEAEIZ A TE D) E ) DI OV TUI o ITRE ST,

Z 2T, AWRETIE, B 3FEAELHRE LT, HEMEOESRIIZOWTOERERLHALNCT S
&bz, ILDs MZRFEERGD Z L RHFEAICK L TORoB X 12 S & LTOEREEEOBEES
R SHDIZHTE>THITHLINE I MOV THRIET 2 Z 2N ET 5.

2. A&

HEWMEOTTY, [BEORVKTER EORERZEMTIX, MERo#h)h LT SICEEO /NI
B2 725 LV oEEIC oW T, BIMIRBIATAEZIT> T D, BRMIZIE, [MEEDOFHEZE
MIcHIT 2 R EEOMEZF LM EIZFEURE SO TH L & X OEHHOE ] ZRIE I 5
BEE LT, BiRAEDEL S (T0%FRE) A3 [ )22 CIXE R OEWIIWIROEENIEE L 2\ iz d,
2O00MRIIFR L ST/ D] EBEXTNHI EEH LML TN,

AEFFETIE, [BlB X6l THEM S N-RERMEEZ 2B, BEEKROFEN, O NIEEEREL
Eii+ o LT, HEMEOERRLEEEELIEA. AERR -oMEE2ERAL, 6], (71125512,
HEE S OFHEMIFNTWDEENER D 2WRICKH LT, AL HEFR UKHZESERsEZE &0
IO T OBENEREIE S 72, e, THEEE I oW THBER CRidi s, fAxgEn
ALTWHEEMSEEZ

FEIE, 2021 4210 A 21 HIZ, BSZHPREE 3 74 105 A &2t Bl To7-. [ EiER)) oF Lo
& LT H0 i DmEATFREGHE TIE R EELMTo7z. BEITMESEIL, TH, i, FERER
Bl AaGOE B E Ui, £, BEHZEMICBIT 2T VFERE LT#EkKE Y 7 FAR—L A2 H
WCERBREBZ YR L, MEZFECHTHLE L 20X FRTIRADOENEZREA ISR SE 7.
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3. R

X112 T#t TS FiF7- 8kg O#KERE 200g DY 7 MR — V&K EHEICRI U RE IO TH L &
X OEBOKE T | IOV TORERREZ T, PHOEBE T NREFELRIT] EWHIRENRKRLE
< 58.8%, IEARIL36.0% THD. atawfkicix, EERN 53.2%IC EH-LTWER, 72 45.6% D4
N 12) ZRELTWD. TO%, FURERBIZE - KBREZED 2 LT, EERD 98.9% £ T LA L7
23, ZORERNOIE, TR TITE LWEEICZ EDETWEERSH S L L b, HURERBIZ%
IR Z T ) ZEIC LTI ELWHRICE D Z LV RIBREND.

C OBBEICBE U ERTE SRR A L LT, [FHEMICENSEAE 100kg & 50kg DAZF LT
ORI L7z & X OEFB O] 29 7. FAITIE 86%2 Tl FFRIL] ThHhs AL, EEREIX
10% T o720, FRICBODTHIEERIZ26%ICE EE0, KK T4% N [T LRE LTS (X 2).

100 — 100

90 %ZFL\E\ quﬁ Eéﬁ,;—j 90 %

o E o . \
: §I = A l§
N B c-m R

X1 FJHEMREE R IEE) X 2 HH/EEEFEER GRPIESE)

4. BRLAEZORERY

AREBOER DL, MR RS2 C—RNICE LWVEEES A A LA Tho T,
LIE B SRS &, BORRSTEBERIZR > TLE S 72, #b LL@EA%?%@H%/\% BRI YN
HDHZENRBEINT. EOD, BROFMEZIY ANTZGE Tho THAEfOFEMmZITITTE 250
TS, MmrBrRT 52 &I i@ﬁr@m%%léﬁ%@ﬁﬂi@@ﬁ%ﬁ%f%é

235 3CiR

[1T#RGIFESC (2021) REFP LA O WM BT 2 H RO O F1E, WELAE, 69, 151-156.
(2] 5IFE3C (1992) AEFEDRK Cinlc &2 RUNST DK DORA EMEDO KN e R T HBEBESOEAL, Y
H, 40, 29-33.

[3IHRGIPEST - #E - /N (2005) @ @RI 1T 2 H BEES R O F 8 & MR, WELEE, 53, 23-30.
[ATRRTIFESC « 1% - /NG (2005) : EEMLEORIETEZE L MSPAIBRIZOWTOEE, MEHE,
53, 133-140.

(5155 - ¥r i (2001) - ) L#EBNIC B 2 RAMS & £ OBEEDRAAR, BEEEHEIIIE, 25, 274-282.
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1A, HWEm, b EFPEE (2011) .

[3]Hestenes, Force Concept Inventory, THE PHYSICS TEACHER (1992).
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H L, EBRICERADE 2T & LTH 2 eBNTEIUR, BEAE - T-HENATREE 72 5,
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& Xk

[(HEARESL Yoo FTw s I I 7 AM—FBEGROEARL CFBIC L5 Bifrifimtt
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[3]Tyler Richards, Getting Started with Streamlit for Data Science: Create and deploy
Streamlit web applications from scratch in Python, 2021 Packt Publishing
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[1]Julio Gea—Banacloche: A quantum bouncing ball. Am. J. Phys. 67,776 (1999).
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