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7ol 9tk (Krijtenburg—Lewerissa et al, 2019). &3, th& 4 w
S e gAbE Y i wSFHY ol SEAHE tHEe AS g
A AEel F8HA dethe 4% Atk (Johansson et al, 2018). ©]
of A= W& aihE S8AEE Lk Aol sk mAke] o dS A
H& Fart oot

sk, 2009 MY wSgo] AAlE o)F, A wAMES 1EE N =
g wSIg e ygol B dolrt Hre A vEelv (s
2015). ofell 2015 w&¥g2 4 7Hd 3 g T4 A% shEolghe
AA e wrFa, sEFE At SHs T N EAA s
2015) 2009704 wS3gelA 2FE AW Ao E WEo] tF H4
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o7t tkeE Tl Atk 2019).
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2.3.2. Taba® WAL & 77g /ey

Alexander, Hunkins, Goodlad, Waler, Miller&Seller s°] Slt}
(Hunkins and Ornstein, 2016).

71 %, Taba(1962) = AF3] 3l 2319 24, shsabet b5 o] A,
w5 o) 24 st e BAs At 9 A 2o 2ol of
Mg olEo 7] 918k #8rA w3 siko] FQdtthal Kl Tyler
(1949) 2] o] 714 A2 @A%E Judtste] wgxg A 348 AA
sttt Taball w3 MAEF S w4 AEE 71€4, AUl
A= 7Hg sk AA Aol AdAoln] 3etAl A g gtk
oM ede 2P FAFSHA (RIS, 2005), Tylere] 7R E %
o] WAkl ol w3 o] s o of $ha AFxskal vk (Hunkins &

Hammill, 1994). =, Taba(1962) = Fo}ojA] 7|2+

_

@ Tyler®Z@elX= w3y /WEaEo] &g S /e o ojd &M% od
Al A F17e] digt AAE A ASaL Tk (Posner, 1998). Tyler(1949) &=

SR 92 712 A2 (Basic Principles of Curriculum and Instruction)’
g Aol S T A w nysfor & v A8 AEE o
o] A A3 Tt

- Strt B slol & WE B EE PO
- BEZ 9E] fletel o| S5 WS ATk =7



2 WA A e = A AAZF AR E R oW s S AAR T
FIHG = ol gsk= AlEEol ol AAIH o ok dhrhal B wAle] 9% w

o] Wl miHvho . ghelo] F% Bl BFOR o] Fol Ao} sh] ofu] gl
2 e w obe] o) 8RHAIS 2AHH 07 AR E ojof b Al

(D Diagnosing needs (2.72] F&h)

ARSI NEAD) = wS3g 9] o)Al S wsE QT
(the educational needs of students), WA 2] & %

A
o ]:;]
Ho
i
=5}

ol HA G S vH = 22 & A G of sttt o] &
Eof o3 2t (Diagnosis of achievement), S5 AFZ A shAjof o] 3t
tF(Diagnosis of student as learners), W37 EAo] sk gk
((Diagnosis of curriculum) ©] o] o] A of st} 1 &, A2 w54
Qo B g Eo] F S wleTE st wls et =T

2 galajof gt}

[t
o
)
oX,
v

2

@ Taba(1962) = A 4] TCurriculum development: Theory and practices °A]
2 (unit) = s #Zo] g &kt

The term unit will be used here to refer to an organized segment of a
teaching learning plan. It is used in the generic sense and not as an example

of any special variety of “units.”
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=4 A (topic) &F 71 2H S Aslar, A Aol A o}
a4 ofolt]o] (basic idea) & d3tal 1 thaoll | Alofojt]o] ] -4
ol AR 3} M| F-AFE (specific content) & 7 8l oF St
SR, W8S AAE o Ak A EAE W8 B 99, 3
Zolo] &S uHsforet A FARE AR A AA o] A FH 95
EA 2 S A, S el e A g5 54, s &

u Zujof o] AAA 52 | oksttt(Taba, 1962; ©] 441, 1991).
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(® Selecting learning experiences (857432 A 4), ® Organizing
learning experiences (8}574 8 9 x4])

AR e A AAEHL AL &3 5285 3
ot b wAbE FAEY WEs 3 19T T e NS AF
okl StsgE ok Ald st a1 24 sl E ofof gt} S5 X
zA5t7] flelA A= g5l A, g E52 A= o AdstE 2

o] SIAl olalistar glofof gttt

@ Evaluating (%37}

WS O] FA (F3) 7 A F H A A=A A A s oF stk =, B
e HiE, o7, B oG W Ay WsE Frtst] 99 Vlee A
afjoF sttt 7R S =3 WAl el a e W ofof gk (uFE S,
2005).

Checking for balance and sequence (¥3 # A G2 A7H)
G0l fo] AR AAH R AAA AA FAEJAE=A A&

of FTh welo] 7 HE S ApLaiEn AR WL "Q oo w Bxa)
A Q% ZHe Zad 4 QY] Wi olg A FAE] SN
w0 thek s @ 29l B, lololt o], Y&, S BE 7H] A
A3} gH ol g A7} ol Ao} g},

Taba(1962) = H3%9 &3 A& Axgdown wFay 7dat
o 715 Aol thal WAGHA Atarel B ¢ A% GAE AAlskaL
o =, WS PR uf =t & ¢ Qe 3 0, e
F85] A%

T2 4 JuE (A3, 2010).
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2.4. @3to] ¥H
2.4.1. dy}o] Wy

divto] B2 1953 n]=re] W= A4 (RAND Corporation) 2]
Norman Dalke 2} Olaf Helmoll 93l Hkg-% ol =S Z&) o5 9
A BAZA NLE A7) 98 A¢=E St (Dalkey & Helmer, 1963). 2
gho] WS Wt Eo| Ao YEbE ¢ Qe di=rE gAY +
AE AASH7] f8 ke AS R (0]FA, 2001) 27] AHE HA 2 =%
A2 el dst= doll AAARE 1960 Aol F/HE o] 5 ofg] Hofo] A
AHE-E a1 itk (Rowe ef al., 1991; o157, 2001). ThaFst 2d3tol A o] A
E7F A A S e e dafo] WS AREEta Qlow A E 5
3ol ghA kst o] A= vk (Okoli & Pawlowski, 2004). 23t
o] WP <5 Abge] ¥rho] §F Abghe] iRt gtk = AlEA
29} ‘ohe] olo] Ao AR gttt U garA ] ¢
gol =87 ZAS FaL Jdvh(e]FA, 2001).

dylo] B E 23 tho] B3}
E B2 Atole YathT S TS AoR Fast 54
Gate] o), Aape] Wi FAH 9 =9 (feedback), S5 5 A
7} 9tk (Hsu & Sandford, 2007; ©]F4d, 2001). @sfo]= FFofsh= 9
dEo] F7A FEA ko A5 7o FAHA HFo
EZA vebd = gle #4949 avE 98 5 ik datol= tE b
olE] 7 W A V& g 54 FAol e
S A Al o]l & wHE S A e uf, o[ Aizel A A|A]
9 A FyHo] AEIENA =] Pz A, o] S ub
Hahe Ao AE7tES Al gds 4 2 Bed 735 71
m FAE Y eSS Fal vk oHdo] Rl o]=A drk(Hsu &
Sandford, 2007; |54, 2001).
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Sakhnini and Blonder (2015)+ NST (Nanoscale Science and
Technology) #&#H Foko] W& A&7 A (219) I wAF JH(219)
o] 47hahs WEEA tlg NSTS D57 ES 2k o] U 88 21
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Abstract

Exploring the education contents of
high school quantum physics using
the delphi method for physics

teachers

Kim, Jinha
Physics, Department of Science Education
The Graduate School

Seoul National University

The purpose of this study is to investigate the perception of physics
teachers who have teaching and learning experience on quantum
physics content and to explore the appropriate quantum physics
education content for high school students using the Delphi method.
The perception of physics teachers related to quantum physics
education was investigated in terms of student learning(student
interest and difficulty in learning), content and operation of
curriculum. The education contents of quantum physics appropriate
for high school students were investigated in terms of the necessity

of education, education goals, and elements of education content. in
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Physics I and Physics I, respectively. The research participants
were 14 teachers who had experience in teaching both Physics I
and II in the 2009 revision and Physics I in the 2015 revision. We
tried to reach an agreement through three surveys, and in this
process, open—ended questions were analyzed using evidence
theory, one of the qualitative research methods, and closed
questions were analyzed using statistical methods.

The student's interest in quantum physics recognized by the
study participants was classified as detailed factors related to
student, science subject, and teaching and learning, and difficulties
in learning was classified as detailed factors related to student,
science subject, teaching, and teacher expertise. In addition,
difficulties in terms of the content and operation of the curriculum
related to quantum physics were classified into detailed factors
related to the selection, organization, level, evaluation of education
content, and curriculum operation.

In Physics I, participants in the study responded to the need for
quantum physics education as an understanding of the academic and
technology achieved by modern society as a member of the future
society. The education goals were to understand the characteristics
of scientific methods and scientific knowledge through quantum
physics education, to recognize the necessity and importance of
physics, and to prepare for the future of individual students. As the
elements of quantum physics content, key concepts such as
particle—wave duality (14), discrete energy levels(14), phenomena
such as photoelectric effect(14), de Broglie's matter wave(14),
electron diffraction experiment (10), double slit experiment (8), and
atomic theory such as line spectrum(12), energy band(12), Bohr's
atomic model(10) should be dealt with in the context of scientific
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history. Application such as diode(12), LED(11), solar cells(11),
and electron microscope (9) should be included at a qualitative level.
In Physics II, participants in the study responded that the
necessity of quantum physics education was to help science and
engineering students with their career path and advancement. The
education goals were to understand the basic concepts and
application cases of quantum physics, cultivate scientific
capabilities, and foster interest and scientific attitudes in physics.
As the elements of quantum physics content, key concepts such as
uncertainty principle (14), particle—wave duality (12), phenomenon
such as quantum tunnel effect(12), compton effect(10), Davisson—
Germer experiment(9), electron diffraction(8), and atomic theory
such as atomic orbital model(10) should be included. They
responded that in Physics II, unlike Physics I, wave functions and
philosophical aspects of quantum physics should be included in the
content elements. They responded that the wave function of
quantum physics such as the probability of particle discovery(11),
wave function(10), Schrédinger equation(8), and the philosophical
aspects of quantum physics such as probabilistic interpretation(12),
classical and quantum physics differences(10), epistemological
interpretation(9), and scientists's controversy (8) should be dealt
with in the context of scientific history. There was no consensus
on the specific learning level of key concepts and application among
the education content elements of quantum physics in Physics II.
The significance of this study is to explore the education contents
of quantum physics for high school students based on the
experience of teachers who taught quantum physics to high school
students. Therefore, it has a limitation that various expert opinions

such as subject pedagogy, pedagogy, and subject related to
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curriculum development are not reflected. In order to overcome the
limitations of this study, follow—up studies targeting various expert

groups are needed.

Keywords : Physics teacher, High School Students, Quantum Physics,
Education Content, Delphi Research
Student Number : 2020—-24180
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