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1.3. A9 A4

o Aol Wl 7HA Aol EAFIT. A, F AT M=
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A7, A7 A3E A oAn] Atuwrt HAow Anksishes
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5
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1.4. €219 A9
B Aol AlgEE folo onel A ol gga} g

1) =9 (modern physics)

18 H(classical science), Tt & (modern science), Ty
3}8} (contemporary science) 5% WAL ofH Al7]e ElFIAL
FrAolAd HedzE g A71A Vs wEl e Softh
ot doder od AVES VIEer Fevtel weEl 2
oo MR tE ouE 2o]7|% stk (Koyré, 1953). #H+< &of
AR AYE, dRbA o w dAdf #stolgh= ol A AAEE
AA, S AA I ATk APACA HEREeA R EHI
o

st B st FofelA ‘&2 8t (modern physics)’ ©]gh=
S Al TR vE uE T ddiEEE 19417
€ =4 ¥ Az o]lF dNe Fd 1 7ol
H o]& AAE usty] wEeol Beiser, 2002), Ao e} FUsh

i)
ules

AZ1E 7H 7Aool Yuldel EEs ¥R Stk 2 dTellA
olulat= dAdl=8 (modern physics)& &8 EokollA] SAF o=
Zb= dujel ol '20417] ol % HiEste] A o, dAdS T

FHow W% Bt &9 g o Fostaa s,

et ArdE WSk o gk AA& Ak wdd F
Yol glem, ol AWk §ojet AA T gefsith o

seting Boke wE wTY BEANME o FBEL mF
L =
. =

=

n o
n 2 o

xEste G o 2A g s Aot} 3t ©§+ 2] ou|= Pedaste et
al.(2015) ¢ ATrellA Adeld vk vk o] ATrelA #HE e
A & (orientation) — 70 '@ 3} (conceptualization) — ZA}(investigation) —

AE (conclusion) — =9 (discussion) 2] ©Al w42l tiF9l, 1 31
HEE FAse dAZ 58 & das AYssit
9 g g Ao A AE (experiment) S FA}(investigation)
7
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#HTY EdeAe= @79 HA¥s FEske] ¥97E o FA4
Hgow Ao, 1 sklel e S 3

T8 |2 §th(Yu et al., 2021).

A Fo HARAM, WA e Fd HES Flsta
o]

ZA} (Investigation)

g4 A¥
(Exploration) (Experiment)
do] 34

(Data Interpretation)

2" 1-1] ZAHY 319 394 4 A3 (Pedaste et al., 2015, p.56)

st sty FEtw Sy FA 2 wIboA 23 (experiment) 'S
= 'goly XS XSk Qu|EA S
= W onz FE-3ihr}
st AFFHAAE R E Ay Coolgk e olE
T I din)E= ou A, A AA o]FojX = LA sk B
FAH o7 A= fo)7 FgH)
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N
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N
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T&EHE o
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Colton, 1994; Heflich & Iran—Nejad, 1995; Pultorak, 1996). ©o]# 3t
o= A Dewey(1933)7F F33 wd o de EYE sk
Aoz RHZA AtaE AAAQD Ataist grEste], EAIE A shH

A oA ou|E o} old|lE YoprtEles HF AFFH Al
Aostadth WA AtaeE FHS &3 BAT 7 e R4 AluE,
A Aol FolRE W =g Aol APAQN IAE uEe=R
EAARN ouE Frolrt= A4 "o & 4 Sl

Schon(1987)2 Dewey? HHY 7HdES

A&7} (professional  expertise) 7IdS AAISAT 15 dArbek
Aol AstelA zHAlS] Ll A o

ror HE Lo gulE FAT F e IdFS M AMFHO=E
Aolstt}, o] W ‘A Alalre A7t Abalske WA o ®E) A

=z
U

AT S5F HYelA o] FolH i ARA 4R WA ow Al
A 5 A

e
1o
o M
o
:‘.DLL
E
H
I,
4,
2
-
oX,
ol
ol
2,

Bl 8 A al
AR WS FAl EA AR Feld Adeta, =4
dAets, EAE  ddse HAS WS AREA doA=

AxozA 2o B FFe FH, olF= A9 F o (knowing—
in—action) &2 o]o}F7]s}Sit}.

Schén(1992)> o5 39 $2 WA (reflection—on—action) #}
Ao F° WHA (reflection—in—action)®]gh= F 7R ZE &5}
olob7gtth. WA 9] Fo] wHolst AMS AEF o R olFEtr] 93
A7 B F =olR Ag7ts] B AS ousth 9] 9] HiAd o]

30



=2
ru[o 1'.12’1_4 1o,
B
)
Lo

-
oX

%

N e >

i R-UR

o 2
Mo !

2
il
9

o =

s
2

N
-

rlo

o

r&ﬂ—\;

i yo 8oy g

ox rlr

ol

O

o

L

)

)

32 o

0%

o

42 off o 2 ofN & M
/RN - | URe R N
ol

F o rlo
i o

fu R e
N,
=
Mo
1%

ok
N
-

[ oX

AW FAAE AEsH:
o, vlgel 9

u] g, ol
5 #)
124317] of e

7FA]

Boox T

%O fu

L
pu

1o

g oA

2

kv

[e)
RN

doAy 2R R e

).

i
ok

N,
il & Jo
2

N
-

Faanm
EARoR Hgaht
Ao, EANAL

24 Ame 484 A4
to] W& Abebs AE7}e)
o) &7 YT TFSHA

W A

to
o ol
O, o

).

ok
o

2 Roox O o o
rir
>,\I

oft > O I % r &
NI

ol
r

w2 i
o,
e

o o &

4 2 X K
4= 4 pE oo

=]

=

Sl
B
lf

(reflection—for action)©] It} o] 7/IE2 o

=

W5 ARE FHss el dolu
B9 F webgol gl Atuet ezt
7]

Aot 1 ol

o
>
>

oz (o

)

£
)
o)
uh)

of M

JE
s

2

rlr

oy
ol
flo

4
IN
&

o

=
2
L

N

=

ol

o

=

8}
1

%
o

2

w2

b H

Il
O

e

)

%
ol TN
2
i o

)

(T
ox %O
>
2
2

ED
ox

-
o

sk

TS
o
© 1o 1o =

2 oo o

f
o=

&
Ay

W

g AdH o] 1

Tl Az FAcel

18 1

o -

s

Fl, %

;

ol s oE Agi

WAH=
Al A

ojglgk  FAH

i)

Fr o

31

-
HlA

w93 Dewey$} Schén, Killion & Todnem<]
AR S E A 4 oy 7hx

[e)
=5

ro

o ©

N

!

o > |o

lo ot 1l

T

it

o

it
&

S

X, #9 o

off
-

o fu f A0 Boof 1o

o
B o 2 — o ob

> X o [0 o% X
o

-

N A
lo 3 o

3|

X

&

10t At d¢ do

.

]

rr oo

o
o
i

3

=

-

A
=

X

%
ot

_>‘.1_1’
to rlo m{é o o

o

=
o,
o

o)

ML
o o O
T opet R i



AARo) 7] Wil Y T wkdel HAFE xFste] EAEE
o57] wEolth(HAs, 2006). ©] AFNME wpz AR, A
FAATY £9 T AZS AV B9 F A, S A" Y F
WSt SRS ALe AlRE 71sta Asditt @XgE ofn|
WEA 3 Adske AP A9 Folth webA 9 F R
A WY T oAk, A E 9T Aol EAEE AEHE AY 99
WA o] o]Fojxial BH & Qth

webA] REg ] AdEel Qlo] e T R Y e 9] NS
AHs] st FEART v A oW ek sh5S stal, g Sl
oA"A FAE dAstn stz stevh 5 eI A A4
e I #YEs T AHA AAE oFfske Zo] ¥ Fasitia
Hak3 meka] 2 AFeAE o3t RS FEehH ¢,
ZAE Ao EA AY APy vHe e vEke Al
AN kil

2%
Aol tiE Abaels Al Aol wiE e 22, ddE

o #THHFoM WY (reflect) 3= F+ 714
LaE  EFdeE HHo®

’(pedagogical considerations) 2t £0] 5 AFE3FA T}

LE R
ol ox, o
o
32
K

K
f
TS
—r

R

32

2 9]
FARS uHlsh= A A&7 (reflective implementor) 7} €
S AoF HT, Ay RuA A7) YA o]FofX du| wAFE Y
3 b

el gk seto] g o] Foj [T ol =¥ AFAY
oA/ A¥e EALS mot(identify) st HA T Al AdEs



o1

|
.

kit 3.104]

24}

A
A oA

9]

golg 3 24,

A= A7 el o

S|
=

t}. 3.2
ol B4 P o7 tpro] FA|FOE 4

&

4

setaat P4 PN AhE A

3.1.1.

WALALA V)F=o 7

= =7kelA

N\

Ao AR A

uked sl of g,

AgZ 4ol

e} w8

=
=

WAL S 7| T O]

R

ezl
2023—-14

2 TR E

)=
=

Fejo] 3lom,

ol

kel

SHa1A]

i
2] aLIte M o V]tol gt

o
p

3-11]

B

T
)
JwNO

ol

ERER S S

33



)
B

;.O_l
(e
o

wA
25

Tor

47}7) 8%,

2
Kl

A
=
7] 83

)

™
)

K

- )

A, o) 7] st

’

s}
o

kel st, A7)

ki3
1

[ny

(e}
=

]
=

=%

=2

uh}

3
o 917 g vk e

o

feig
1

A e

5]

A S

e}
=

g, A

golgt

il

ojy

or

B

)
0

fiTe)

ojiy

B
1A

—
o

g e 24 st Ab

weto)

QA7)

[y

;OU
=l

ok
A

—_
fiie)

0
o
ol

_lr._.,l

|

oH
N

gl

O
pig

34



1]

v
=~

A&
I

=

AlFH 1>, <

]
=

TZE NEFEe ot A

=
=~

A o

=]
RS

).

TR
T I ¢
.#l ,OE |_._._ - ﬂ —_—
m 53 Lo M W_._A 10 to o m X o] —
B 5 ot TR ET TR e
= ~o X0 O<F 44 E_ - - o ol M| Yy o TS
- = Br m M_u”_u._ < M — o ol w > o o PR A o o
o o 0 <+ HI T 9 T o N By ey L
N ° o ju HM -  Nr -
RN ot _— — {0 < E_v - | _ ol
X T X |_ﬂ_1 i _.An_ o of wl__f E.E o o} E Ef 0N ol o__.=
=l U Bl =< < = ol o) o i ™~ ﬂl N 70
: i _ = o g w T o
- ~ oK e Gy joH o AR <R i Mo ol
wr o = 2 ERR ~3 N o oF = oy 5 M RO
= r I ol ol 3 Nr = R oz o
3 1 o= % — o o Mo o =
it w B W H 1) R T oo o T < i o ok W at oK
oy of o aOﬂ_ano_ ﬂﬂeﬂaetx nh Or.dlﬂow mgo
T M oon 0 < T o N oGS o T e o
= B o WA o AN ® 5 awﬁq%ﬂ w o
) — = -~ _ —_—
T %wm %owﬂwm_e _ﬁ%@@mr wﬂ%ﬁ%mﬂmﬁ ulwm
{H H ﬂ_mkaﬁuwm u%u%EMMﬂ ,m#ﬂ_ﬁ.) & )
m WK WW%% KT o %ﬂ@ﬂm lo of ° W&mz,% = o
C or < g i PR T RETE G = s
ol EOqu z1 & B0 LH i = o o 3 o ¥ X
o WEMM A_.WAE%MWN muﬁooﬁo% Mwafw_-mém_.frw BN
. e [m] f — - o
e wwn o @mwg,ﬂ% Lk S i b
e o Wy o i g L2 s DX
o) & AL o] <" f Ol Kl % = T MH N o N ~ N Ja A X5
EaeTAWi @Q@%WM ﬂﬂo?EﬂnﬁT?%ﬂ EGE %
S~ wr X o = o f° . SLY %o et 3 < RT = - o T Br o
0 o T AEER U gl T o oF | s
ol S O RD Ko o & M ) i o
__ ny — = ~ ol ol KT NIl __ sl A= w - e - oju
T o 25 Ko 9 s TR w0
"X T T - ﬂo_u%o_em ﬂi%@é%ﬁrﬂﬂ«% — oM_uLﬁ__
k3 ) il 0| X = oo B T - MCME ) = u_._H= <
. — 7l . [} ==
o@%agwwwmzﬂwwoﬂ%umm o B
TE K KO o M z mLWA
- : ™ — [ or o
,mﬁ of o my BT WA M_ 8r =n

11

T

i ]-” aF

=]

[,

; ’H'-

35



Aejete] en) setmate] A% ARG 9% wAmS e wek
WoRe A E FES] eFHel & vk QAN et al, 2010).
BIAAE T 2T AT Diag
Wgstst meste zahze Sgol Aestthe BFEIW et al,

2010; oAz, 2020) A, A thee] 7ol HQ3t FAtar &

Folol maget @
]

2
W A gagnh TAH

= 548> e
B9 2wl ATAL B dhe]
7 9% el AANAY @
2 A% el aEE B 8

e ]qzz ol e
gf‘ [-‘O OWE [
o
I
ﬁrﬁ
ol ﬂllo
o
L
N
Y
1o N
\o]
i)
~N
/\
m{n
]=J

2 e

o oR oD RS
=BG

ifm
2
>
rr
R
w
}:
o
J%ﬂ
Y
K-
k=)
)
:l_l_zEl

& 22l
2ol 7b vt &3] o] FojA= HToAel AY HEF WS HiAC
[-M—R—D(Introduction — Method — Result
Discussion) 2] #7072 o]FofHt}, o] #HeA =%°] [-M-R-A-
D(Introduction — Method — Result — Analysis — Discussion) 2]
S =2 AYds 924 (Wu, 2011), w5 A2 sk vk 9
E2o] o} HAFS Adsta o] HFS F3 TEshe A HHOE

36

-";rxﬂ-! _k::l 1



% 4 gtk gEH B L
okl AdQl  FEEFTIA  Witste AlEE> sHEA| 9
<Physical Review

-
LEE s ALY =80

2
WH, e S AHA oo Ad Ao = A guE
SEATH(EE3], 2022). o9k #2 =87 Fx HoA =Yg
w5t Fk Ade] X EHuS ATFAeE HEEFH guE
Adsta =E8) Wit

AV wALE Q8 A= A P9 B Esh ARkl AF
HyAehs e FxE ARl FAE Fert Stk 7E E9A¥
HiuAe FxE fFAstHE, olF uFHAA APHES vl
ek WAler WAS] f& cnSA 1S 9% FEPOE
WA Ao Z AEgtete] Frretdth wekA, AEA AA" cwSF
2#2E Axe 243 ®RuA= [-M—-R-D-PC (Introduction — Method

— Result — Discussion — Pedagogical Consideration)® TX=
ojFolftt.  olE cumAtelA  AHEFomM, oHuAbrt  E2 e
=9 A guE &S F vde B wAbEes
g 1 5 7= 7Idiskit

=
Agste 22 o] Ad HuME

= Gk

WAooz W= yolth Langer & Colton(1994) A= HHd A<l

GAME =S FE F e dAHem Ad 275 Axd v v

Windschitl(2003) &) &Fol = on A7 A8 85S stdA A
4

=]
A, =3kl A7y, Ag 55 o4 (journey) &2
S WA AU (reflective journal) o] A Ao 2
sttt o]l& Fal dMluwAbzl WA AdES
3t wSA ou)E e Urbe ARalde
== =1
2 vkgkEorth eyt ol&A Y AR (2011) 9]
5 Fdsto], APHUE et uwAl A el vAgA A



Soln

[e)

=
Hgow wEs

S WA o) Fol A

S|
Ty

HEr O 2 o) WA} AFAle] A A AbEle grel A
oA WA A BTt

=
=

=
=

o]
AL

4%

F gk,

i3
=

o
T
oy
olm

+
ol

ol
ol
Br

B3} Aalel

-

R

B

1A (reflect)

[}

g}t (identify)

Aol A

1

€

Feict.
9 5
A2 ws AFAY

°©

5]

&

S|
4

)
=

Q2= A7)

= F 7

gl

7}

{|m
ol

[y

;OU

FXS

;OD
P

o]

1
—_
fite)

Mo

B

JXIO

7 S
=

7]

[e]
e

o 7

z

al

)

ofut

—

0

Nfo
st
!

R

file)

p—

;i_l

a4 <

T

°
pal

Bl o

Al &)
=

o v wAFe] Al

Fod

°©

Q

o

S|
]

=

=

HIAP

=

213

lory

—_
fite)

M
o]

0

s
N
froiat
B

el
KH

)

_T
B
_T

1
o7

WA=

Yl 7}A

-

R

Aol e}

Fol b o]
38

°©

2 74

A=l AE 9



CInPS RS

-

7

F)
3—-2]¢}

e §

| 12O FH =
2

v
ar

[

e

r

K

e

T EIELEE:
1o}, e

j =
A

3]

<

Ao &

70
i
uo
ol
0

-
=

5]

SERR!

ool

7% 9]

o

=

A9

T RO R JfAE], A
3-2] <ZHuFAF>NAN IR 7F] = 4

o]

obe [2¥ 3-113% Zh

1

=
=3

1Y

v

Z

"
Hr

=K

1}
;o_

of
o

Ak

=

=

}a1, g—factor

°©

|

FAN2H ) v §A ol

3}o

=

43
(ESR)

G ORI

3 %}7]

PTFE A £9

‘mo

A7)

3N
o

AF
39

=

=

g—factor

(NMR)




Bk A=) HFdxel 54 &5 (A 93 a2l
54 33)
wag-Bxm  J|ARA YL Fi wad-2xw
vz 2EE old
ojg} 2 7FE dAdiE HAY FEEs ¥ olfole WA o
st A7) 2 el d, A dds FAEMA us o, Ay
ool tigt 7' AY, ZRAES B3 A AlA HAT
1559 #9007 # o] TARG. olf 4+ A B4
= wgge Fob) ofd olsk 0 Fek Agel dhak Algio] of
ke

TFHeAA o 71 ddiEy AEES BT oAl AP HAES
sl st A¥ 77l AE 44 (PASCO, Leybold, Teachspin, PHYWE
Sl AZE wgE AHAY AES gt nsg AHAY
AEE S8 A9 439 A 9 A" BAeolA st o H3&
AA G A AAL FHol JFT 7 UEF Fethe FHol vk
gy ol 5AL Ad 5ol uetA WES st yehus
s 7153t ol&s 'Fl'eteE st 28 # (cookbook) 2] TERE
upet 2] A skt

AY A= Y 9 el 98 vg H13 W Aol ¢hmdTh
53] ddiEy APeAe 7F A FHAoksA, 7171
A o] dHsHA JEH ety A3 o] 92 A AMEE
g g W E6jEhe Aol gL Q7H . A uAbES o] AR
Aol gre FujE Ad MEo Uz Foiste] AFS Sy},
A7 717 AE] AuuAtES AlE @7 tolds =YW &9
Aess TAANTIE T AR 7Y 2ERE 2ATeEd AF
diolE & dojilit}. olE QLAZATIE E 3
N5 7t As A o2 e AY 22 aHE Fa 249

oW 7 A¥vick AP =, s7), FF P Folslvt
AurAel Ad sl el FHl WA, AP WA, A2 WA wel

40



ol
3%
v
o,
R=)
ﬂ
ofN
1o
>
oo
iy
of\
Jdo
>
>
ot
ol
)
=)
Jdo
ofk
1o
>
oo
iy
flo
i)
N

3.1.3.1 <kx}3} A3 (Experiments on Quantization)

1) %Ak 84 (Quantum Analogy) 238
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1A= #AFe =¥ AAVE AHE ez AAEOo,
AEE A o] o] FofAw Fp=e|dto] Hsalgith oju W 3
7I1E8 AAE Ed=z 7] wiEel, oy e dd
THAEE S AA"T FAFSE =W 7F- Tt (Dragoman & Dragoman,
2004). WA BlRE FEete] FAEE TS AWste wTEE
Aol o]Fojd & qlom, I 7AW mHAS oY ATE F3l
gel=l vl 2th(Bunge, 1968; Budde et al., 2002; Cruz—Hastenreiter,
2015).
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Abstract

A Case Study of a Modern Physics
Experiment Course
in a Teacher Education Program
with an Emphasis on Pedagogy

Seongeon Hong
Department of Science Education
The Graduate School

Seoul National University

Developing students’ ability to comprehend modern science and
technology 1s recognized as a key objective of science education. To
achieve this goal, Modern physics has been consistently argued to be
a core area of science that should be taught in schools. In recent
years, both domestic and international curricula have increasingly
included contents related to modern physics.

Experiments in modern physics play an indispensable role in
substantiating emerging natural phenomena during the evolution of
theoretical frameworks. Engaging in experimental activities provides
valuable opportunities to understand the properties of microscopic
phenomena and the nature of scientific inquiry. Despite these benefits,
modern physics experiments are often perceived as challenging to

teach, and their potential educational value is not fully realized in
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school settings.

Therefore, it is essential to enhance the training of preservice
teachers in modern physics; yet, empirical studies addressing this
issue remain relatively scarce.

In response to these concerns, this study investigated the
characteristics and educational values of modern physics
experiments within a teacher education program. Specifically, it
examined the pedagogical considerations of preservice physics
teachers during a modern physics experiment course.

For this study, a modern physics experiment course offered as a
mandatory course at a teacher’s college was selected. The course
comprises seven distinct experimental activities: two experiments on
quantization (a quantum analogy experiment and the Millikan oil drop
experiment), two experiments on magnetic resonance (NMR and
ESR), two experiments on the properties of light (the photoelectric
effect experiment and a solar cell experiment), and one experiment
on probability distributions (the Maxwell-Boltzmann distribution
experiment).

The researcher posited that preservice teachers can serve as
reflective implementers, i.e., individuals who critically evaluate their
own learning processes and deliberate on their future teaching
practices. An instructional approach emphasizing pedagogical
considerations (PC) in modern physics experiments was designed
and implemented to facilitate this transformation. Specifically, a new
PC section was added to the conventional lab report structure
(Introduction—-Method—-Results—Discussion), enabling preservice

teachers to reflect on and document modern physics experiments
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from an educational perspective. The PC elicited from the preservice
teachers involved two key processes: (1) identifying the distinctive
features of the experiments from a physics major’s perspective, and
(2) reflecting on their personal experimental learning experience
through an educational lens. The study focused on the learning
outcomes associated with these processes.

For 7 weeks, lab reports incorporating PC were collected from 11
of the 15 preservice physics teachers who consented to participate.
Additionally, semi—structured interviews were conducted with 7
participants, and the recordings were transcribed. The collected data
were analyzed using qualitative case study methodology, which
involved coding and categorizing the research materials. Then, I used
concept mapping to clarify the context and analyze the features of
each preservice teacher's PC.

The findings indicated that integrating PC into modern physics
experiments stimulated reflective thinking about experimental
experiences from an educational perspective—a dimension largely
absent in traditional instruction. This approach helped preservice
teachers grasp the key aspects of modern physics experiments and
fostered valuable reflections on education. For instance, during the
magnetic resonance experiments, preservice teachers identified
several distinguishing characteristics: (1) a high level of theoretical
complexity, (2) experimental designs that preclude the possibility of
experimenter intervention, and (3) the wuse of advanced
instrumentation. Correspondingly, their reflection underscored the
importance of (1) possessing solid background knowledge, (2)

designing experiments that allow for experimenter interaction, and
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(3) acquiring a detailed understanding of the operating principles
underlying the equipment.

Overall, PCs emerged from the modern physics experiment course
could be synthesized into four principal aspects. First, preservice
teachers recognized the importance of visualization, noting that
strategies such as modeling and the use of analogies can serve as
effective tools in modern physics instruction. Second, they
highlighted the significance of observation and measurement,
observing that direct observation may offer more engaging and
effective learning opportunities than indirect observation. Third, they
recognized a dual nature in experimental apparatus. While advanced
equipment deepens our understanding of the engineering applications
of physics, its complex, "black box" design often makes it hard to see
the underlying "science in action". Finally, a noticeable disparity
between experimental and theoretical learning was observed,
underscoring the necessity of an integrated approach that cohesively
bridges these two facets.

In summary, this case study—pedagogically emphasized modern
physics experiment course—demonstrated a positive impact on the
learning experiences of preservice physics teachers. The course not
only deepened their understanding on the unique characteristics of
modern physics experiments but also enabled them to critically
assess the educational advantages and limitations of these
experimental practices. As a case addressing a previously
underemphasized aspect of teacher education, this study offers
valuable insights into the exploration of modern physics experiments

and their educational value from the perspective of future educators.
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