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Characteristics of Pre—service Teachers' PCK in the Activities of
Content Representation of Boiling Point Elevation

Lee, Young Min - Hur, Chinhyu*
Chonbuk National University

Abstract: This study analyzes pre-service teachers PCK dealing with visualization of the contents related to
boiling point elevation and teaching methods in mock-lessons. As a result of analyzing pre-service teachers
knowledge based on PCK factors, most of the pre-service teachers accentuated on understanding boiling point
elevation conceptually, whereas some of the others inclined to make students understand boiling point elevetion in a
scientific way, let the kids use numerical formulas to describe the concept, and motivate them to learn through the
examplesin red life. The pre-service teachers represented magjority of the important facts of boiling point elevation
as the knowledge required to understand things conceptually. However, they did not focus on improving the scientific
thinking and inquiring levels of the students. Also, the pre-service teachers tended to teach at the level and order of
the textbook. In some other cases, they considered the vocabularies and materials in the textbook (which could have
been highlighted in the editing sequence) asthe main topic to learn, or regarded the goa as giving students the ability
to solve exercises in the textbook. It turned out that the pre-service teachers had a low level of knowledge of their
students. It is recommended that they should make use of the materials given (such as data related to the
misconception of students) during the training session. The knowledge of teaching and evaluating students was
described superficialy by the pre-service teachers, they merely mentioned the applications of models, such as the
cyclic model and discovery learning, rather than thinking of a method related to the goals, or listed genera
assessment methods.

Key words: bailing point elevation, content representation, pre-service teacher's knowledge, pedagogical content
knowledge, teachers's professonaism
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Table 1
Fight aspects of CoRe

Division

big big big big
idea A idea B idea C idea D

—

. What do you intend the students to learn about this idea?

2. Why is it important for students to know this?

3. What are the ideas that you should know previously?
(ideas that students are not required to know yet)

4. What would be the hindrances or limitations when you teach

this idea?

5. What would be the thinking of students that influences your

teaching of this idea?

6. What can be the other factors that also influences your

teaching of this idea?

7. What is the particular reason that you use certain teaching

procedures to teach this idea?

[0¢)

confused?

. How would you tell if the students have understood or
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Table 2
Pre-service teachers’ key ideas

AtsH(Content Representation) ZS0A LIE oftmAtel PCK £ 1391

key ideas pre—service teachers 1D
1* choice 2" choice
fnition of boli . Cause of boiling point elevation (B) 1A 3A
Definition 0 boiling point Variations of boiling point elevation (C) 2B 9A 9B
elevation and the —
phenomenon (A) Definitions of boiling point and vapor 9A 7C
pressure (F)
Variations of boiling point elevation (C) 4A
Cause of boiling point Definitions of boiling point and vapor 7B
X pressure (F)
elevation (B) - ;
Colligative properties (G) 5A
ete. (H) 9D
Cause of boiling point elevation (B) 2C
Variations of boiling point Variations of boiling point elevation (C) 3C 6A 9C
elevation (C) Definitions of boiling point and vapor 50
pressure (F)
Definition of boiling point elevation and the
1B
phenomenon, (A)
Definitions of boiling point and Variations of boiling point elevation (C) 8D
vapor pressure (F) niti il i
por p Definitions of boiling point and vapor 6B 6C TA SA 8B
pressure (F)
Colligative properties (G) 4C 4B
ete. (H) ete. (H) 1C 3B 8C
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Table 3
The examples of key ideas about boiling point elevation
Division examples N
o AL Definition of boiling Students should understand the concept of boiling point elevation,
A. Dgflnltlop of : oint g _ Boiling point elevation is a phenomenon which the boiling point of a pure
boiling point p solvent elevates when a non—volatile solute is added. 16
elevation and the
phenomenon, A2. Phenomenon of — Boiling point of a pure solvent and a solution are different.
boiling point — The temperature of sugar water increases as it is boiled.
— Boiling point elevation happens from the difference in vapor pressure of
BL Vapor pressure pure solvent and that of a dilute solution.
' q por pr —To reach the boiling point, the temperature of a solution has to be
epression . P
increased, because the vapor pressure of a solution is lower than the
solvent's,
B. Cause of boiling — A non—volatile soulte prevents the solvent from vaporizing.
point elevation B2. Role of solute  — The presence of a non-—volatile solute lowers the surface area of the 15
vaporizing solvent; causing boiling point to increase.
— The students should understand boiling point elevation with the concept of
B3. Thermodynamic—  entropy.
al reason —The students should understand boiling point elevation in a
thermodynamical view,
— The magnitude of the boiling point elevation depends on the number of
Cl. Number of particles solute molecules dissolved in the solution.
(molality, mole number) — The magnitude of boiling point elevation is proportional to the molality, but
is inconsistent to the kinds of the solute.
C. Variations of — Molal boiling point elevation constant is a constant that is a characteristic
boiling point C2. Molal boiling point  of the solvent. 30
clevation levation — The boiling point varies to the kinds of the solvent, for each solvent has
specific value of molal boiling point elevation constant.
— Boiling point elevation is inconsistent to the kinds of the solute, and
C3. C1+C2 - . .
depends on the concentration of the solution.
C4. Kinds of solvent The magnitude of the boiling point elevation can vary to the kinds of the
solvent.
. — Students should be able to comprehend equations related to boiling point
D1. Equations . . .
elevation using the concept of Molality.
D. Comprehension of D2. — Students should learn the change occurred by the boiling point elevation, 6
graphs and tables Graphs/figures which is shown on the phase diagram.
D3, DI+D2 - Studex}ts should understand formulas and graphs related to boiling point
elevation.
o E1. Measuring — Students should calculate the molecular weight using the concept of boiling
E. Apphcatlohs of molecular weight point elevation,
boiling point — - - ; . 8
elevation E2. Applications on real — Students should be able to give examples of boiling point elevation in real
life life.
. F1. Definition of boiling — Boiling point is the temperature when the vapor pressure of a liquid
F. Definitions of point elevation becomes equal to the surrounding pressure.
boiling point and 21
vapor pressure F2. Definition of vapor — Vapor pressure is the pressure exerted by the vapor in equilibrium; the
pressure state when the vaporizing speed equals to the sublimating speed.
GL BOﬂ.l ng point — Boiling point elevation is one of the characteristics of the colligative
et clevation as a roperties of solution
G. Colligative colligative property prop ’ 8
properties .
GZ'. Slgp ificance of ~_ Students should understand the colligative properties of dilute solution.
colligative property
— Students should keep in mind the non—volatility of a solute when they study
b.p, elevation.
H. ete. HL ete. — Students should acknowledge the fact that Molality is used because the 8
volume of a liquid change with temperature.
total 12
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Explanation of boiling point elevation and vapor pressure depression in textbooks

textbook A

textbook B

textbook C textbook D

Factors affecting
boiling point
elevation

Vapor pressure
depression

Vapor pressure
depression

Vapor pressure
depression

Vapor pressure
depression

Attractions between
solvent molecules
and solute,

Factors affecting The solute molecules

Attractions between
solvent molecules

The solute molecules and solute,

VADOL DresSure inhibit the molecules exist. inhibit the molecules exist.
DOr pres vaporization of the The number of vaporization of the The number of
depression
solvent, solvent molecules on solvent, solvent molecules on

the surface of the
solution decreases.

the surface of the
solution decreases.




1394 ojgol - 5715

#47h 2 A0 e gk gt el o
Nt B4 Ber ] Wt 182 8o}
J

ojtjolz Xﬂ*lfz o H| WAFE-2 sh5 Eﬁoﬂ st
s7F & Hof e AeR & 4 Jluh AU =E 2
& A7E 8o el vt 24€Eves Wie 9
Jofoltolz AJAZE ofjn lm}EQ W5 of Zﬂﬂl
7 gl digt ofsf #Eor FH g W=
171 $1ell AAE Bl g2 E;ﬁé’x_ %—ﬁo}ﬂl
ATHIL & = Qlek, FA ARSE = 459
HAols 8 25 %#% 27 1mel 849 &
=8 eFolt | &8 28 A57E 809 FiRol o
gh gy ehs 238 oA ofd §fe] 2 oF
A5 B2 AASHL QtkFigure 1).

Y 08 4o tat e BEH 089 o

4 oox ok rﬂ u> m
ol

N oR
2&
iﬂ

o

-

WA ] MR e F WS RS AASkL §lon ‘E‘“E‘?J AU WARE2 AHAlo] AAIRE dl4oto]t]of
459 WA HE ojg] Guljo] £ 0 F s X £ Yotof sli= 5a% o), & TFY HEE oh
2 AAIskL Q7] ool ZFxEe] Heltk WibA= oF o] A9 EAHFE ALAY FEE 51
ST ALY ARaLef FRFE mARR(FHE 5, QA et SR
2004; WA Zu]4, 2005) o3t Wb EF
& Y WAL stofg B SR Bl oF - 2ollo| S2h=rof Hgsle A YA = B=
O A2 Wloletal Az 927} glom E3t & M 228 Sdll 839 EXS ¥ 4 W HE
g 5o B o8 Aol vl Al EH o F olct.
& A E 5ol & S8 e R *é‘ reh 4= 9l - 20jo] ZRE LT US 1 BENS SH5I0]
o}, A 23 qEIAE R o] &5kl 9eS & B0 522 ¥ 4 UA =t
th:;} 5= 9lgled], AlA AHZARE2] CoRe $% W (CoRe 2H &= SE UR)
H &Y FRE Bed L8l UE Hele
?c %‘746}1 AL, o|AE 7FEA RS FHloto|r]o] ol wukA 9] 7i Bl A9 kS w2 Zlo
2 7)1 SE & 4 Utk o2 dE| Ay 2l A 4= Qlet 459 Wik BE X
CoRe 2 A4& - YH-o|t}, 5= &5l 8 weE P §HY #AF
< ot FHE A= SIT
g 1-4 S¥% 28 ¥4
L REUO) U 28 45 TUm)
& 100 0513
ofleh& 78.3 1.23
LLE 80.1 264
o|f % ¥ 46.0 242
&2 CRC, 2008

o] Z=0| w2t Z=X 28| It Ci2L0
(CoRe 1H &= SH )
EZM2 2o S0 AuSls HEZ 019
BR0l= g2 Eette AS Yotofshy| M,
(CoRe 2H 3= SH 28)

gi} 2ol gje] F57h B 289 72

oleb AZehs ofulaAEe A
S AU AR oA 5 ek, ALl A4o]
sPe] olsfel G FHRATNE 5, 2004) ol
o A ARl A S sl
§o9] $24 wek gujol wet w7t g

Zchs g

= 0
8o o Zzalo odlE fusAY o

& Aol 7ol .

Fig. 1 Table of molal elevation constants (textbook A)



_g
£
s
=
=)
M{e
=2

ol of, o ogH N

e HogH rir A 19 o oXt
Norr g H

-obdo] BedEE H Jtste] HEM ok
At B7| Yol HHoIM ol A2 B=EH 2
ol chall olshst=tl &R 22l0] Ect.

- 5710l et FEt JHES LotoF REHS
Olaiste =3 2E00 tshM= ofaHet 4 ACt

0 o

1 29| sHloto|E|o]

olojo] Fr 08 Au TYEe ofs|(D)sHs
2 sl4ofo|tiol2 AT ol EARE AW ol
b1 S8l S=4lolu 19is oo A8k A

°" oy

_IZiﬂJ

_t‘_l‘

Aol Oz E kAo g e e o)
T8I AeR O FaE Wkl v B &
29| AGEOIMNE WA AR AAE B
5743 STS A & 24 éﬂ% A AABFRLH,
TGN E Bed L52 899 FEES |
Bl 54 & sholal &2 §9] JdL olsfst
£ o] Zastthi Ak 9ok, 7]ekH) S4ofol
ol 0] viRy WAL E Lolof i
2 AHgsHE o), olE 7 RO

HASHContent Representation) EE0A LIEK oild|mAte] PCK £ 1395

HEAREE o G99] X|4o] BEstel SHAYY] A
HolLh 3142 9] o2l Sl tje g2 5ol
A got Rof olelg AT 9 Bk ofula
AFES] CoRe 24 e 3 3P olshet Bt o
2o] A5Ro] ~o Zoltk HY oy FS 2=
AR 2L U AT 5 ek olulaare] Y
ofshell Tfat A4S A4S A A7) S L &
Zof QES1E 02 Uehgid] 1 S ke
et

o] AEE o efet A4 9] F-5= xmq 3y A]
7] o5 BHE Fof Eesi e &
At

18] Coke 513} E2J7140] 3olct

231800 # 23o| 40| w2} JiETMO| 2
Saemt BEE T7i0] LigfLisr, 812 =
@ gelel =g A S22 suse
3 Molatn M2t t2o) 2

OlHITAHB : W OfS m BSRE Al BuE, &
A o2isol BEA o2k 2 Has w7l
olch, I Liejot Bitkm M2 IS
20| ol B k=t S5t 22k 1

A BEHO 0H—|X| ?:Z f*”’*%

(R
o S
o/
Hﬂ
10
%
2]
>

o] AHBE
EH?'T}LH_Q_Q. ;qo X%*ﬂ-LQ.]IH 7:]8 < ]
B R g e
AHBE o] 82 A7) 4:¢0e] of | o 4
At olelgg LAtk stk Bt ApAle]
Qe SHAY ol3le] that Ajzto] $eAlo] that BHAS
Ho]x) ghate}.

Apglo] S A7le] B 9

HAPXL - 07| (SHME0)REEMO| Grtn Mztsh
Atz st W&ol U=d g
o7

GiH|AHB :



1396 oigo - 57

2. SN Z=H HiE o 7IEFM0lA

Zz= A
. :174 M2 e .
AL O3 I UWES Y FHIE i T2IILIR?
OiH|AHB : MZ5H =
HoloFetX| o{2{HE A ZotR. 1TIsICErt
g oksty|2 o A Zote, 1 ¢ |
(2E=7HAS S2VIXE 2=
7 023 o HHo=z
AR, &Zlo| Tt SH0|
A dsk=Xe Z2H0(RI)

i

Jal
Eo or
N

Q Mo
o o
C o
EO
2 o
oA

A IA2AE SAAI7]9] AR B o8]

oE A4S BRI s, TS ol

A2AY| CoRe 33} EH49] Aol

- 32T ZZ9| A0|E FESHK| ZE A0|C

(0flH|IAR2AL] CoRe 5 &= UF)

, 2 #2301 X0IE
2tM. S sid2 OPEHI, %H*OI%'! Ja%%

o] oH| A= CoRe 2H] & 714 o8 9d 31=-S
Sy 0] Aztol| gt AZoletar HHT, oH|mAR2A
&= oW mAHBe} vRRb7EA| =, SHAY ofsfof] tgh AR
O BZ4& AR ol whdshe A o SRt

SR MY OfARE A RoIR?
MOl CHBF AHZE  BHAHO| AY

OllmARRA 1 74, & stao| A
2t = 72 & 227002,

ot FLI B30l H0IS SME0| T B2 A
Zrin ged|, 22 2ol4el o o mafs
X wigist 180l oje?

HIDARA © O, O|7H(CoReJEHBI7I= RUXet

0l X|=hfl= I WES MV|= = &
M +Holl= £215] HE3h7| &l A Zot.
ALK} : eHR?
OIH|ARRA = &XI5| 2-JsHoFstLlmt 42t sHH A
7 f

my

2HRS)... H7t St DRISHM A Mzist
72t shdol MiE &ls shotst= Al &
57t X=2toils M= Az 2
LHESt D O{E A HZSHOFEX]...
OflH| mAHBRtS| HE F)
ojA" 919 dpuAES Y Al7]ol HEH &
= T 1Y e 71t 7t2d 0“%401] o
g ol E Ao, AAl 7Aool flaL s
g 7137k Ag7] wizoll o5 s ofse] digh
A AL =g Aoz Helrk

32 0] o5k 4 ol4]

sle] 5 ol mAE ApA10] SHAY A17]9) AR L 2
72 S 0|8 AlEat whEl, i ofulAHES o)
A5 e shAL SukE B3} Aol et Sl
olshE she] Aldo 571 st dlg Sof
dulIABE S Fdo] B9 18T 5
Kolek Aztol 75| 917] W] guier ol
Azbo] T £ W) ChE Qe Mol WA

Az The Bel] uhiel] AT Yol Avte}
A TR st

il

- BET0| F&AX= A2 SHO| t27| hEol2t
1 dzsict,

OH|AR2B : OS2 B=HE =222 17 2=
LTOIR. F=TO0| Hatls A2 sl =

Zo| IZfE7I Mz AAX|. 21t HE=29 2
=30| 2 olgs & 2Z0| IZE7I =

ZO| HCt

olch’ 2t Mz+E 5HH, ofofl A
10 AZHSHH = X| Q017

(Z=22 E9f LIZ FAD

shAE U AR oleld MZHe SHR 2
Qo] ool SJiAler BeE Eolapy FolX B
¥ 5 st



B=H 220| f# EE

OflH|ARC

D BeH0| 227t A 2EO| H2RA?
OH|ARB @ 8. 7 JEO|U7 F2=H0| 2
LElLE & S22 25| TE SEoICh
OH|ARC = O BEHE2 CIESU0Me| 2=H
g} JHI)EAetAT O|AB=HERE2)
Jejzolh|?

% Blske
O] ARRA © F& O dZent? (R3)
OfH|ZARB @ 2. O 2™ A Zof. & R=RC)

[fefte A oHiAEe Fed 052 84
9] FRof oa) Watt & EE 0F AeE 84
of upe Gt 5o} Fed 25 tiet vlkets
A A4S o] Azko 2 AAeh e Bl
4. = FEof oist x4 £

Au|iAHE] CoRes 4T A3t o A
T ALE AP Ee ANUE, A A, 2 A

B &8, LT 1HS F A% 5 ek
xﬂoﬂﬁ AR Qe
= B TARL W AAEE

Wk ER MASE | S8y 5o 4

H
)
=

2y
el
o -
l:l
9
o
_EL
o
4
=5
H
i)
lo
4o
ot
s
ot
yo 1o
2
i

e
N

32
o

=
R R L EEEREREE

a2 B Il A= S o3 e LB A
AL XS LsHAY, 7HE e = ol dis)
47;1 o .17’_:9:]'0]‘—— E__E_lﬁ_ 2~ 01041;} 1;}33 6_]-/%494
e st MEe AYstE e onlaake] Az
o] E&jol A LpeRd i8]t
OflH|:ZAHB : OEtS01Z & 42 A 5t AF=2
Z=F 2MEE HAsk= 7ok OS2 =

of =30 H2/2d X7t OtL{of. Z12HM o
B2 22 ANE e Z=H0l 7 H U
EtL}, 20l A==2 SVt tiz Z2izo
LIEHLFEOL (&2 stdo] Z=Tol otuof
Q' ofu Mzt o Uro 2 ol 2SS
I5t7] *lsiAf ofuf Z=H xto|2t &= a2f

£ MIAISH=7H0L

CH:

|H

(2F12] E9| LHE TAD

HASHContent Representation) 2E0IA LIERH ofu|mAte] PcK £2 1397

o] ofuuAb= ApA19] hEAt Al71e] FHe 7IH
o2 s o) e il B e Bl
<7t A% ZEke ddE 3“§E°l olss}7] of

2 ZolEhal skt wehA ?’“‘H% Kl ? 7}

A £EAR ool EUHELY &
8OO £ WS} LYo} £FE]S
WL e £ s} I vt

ol 0 7% el AR S
el el olafelE S o ke
A3tk
SHAgE o] U8 A4 mo] Selell 4 H s A
ol Aol ool =1n g, 2ol 29

o B3} oehe T ola ATRS 71 He)
crvss PR APS AFWoL T B4
A kA YR ol S it A 4ep)
AAste] s Eae . 3H o3
§ o RanYol Reolof G B

eo] Lreh R (32, WA, 2012) BHA1Y] of
6H S2E FASC 0 QS TG oulel
6(1)-15_9_ 1:]]—31-118]-];]—_‘]1 2 A 01}“01,]- o]x-]E% /\04_4
AR AN 2t g9 ol o A
A4 o2 71T Qs PCKE Asls Selo]
54} Aole} ekt 4= 9k,

ool B SEolEks §olE EUSHE Y
9lo] efuIAELS A2 ThE oA 7T 99,
E2 B9 A4S £33 AL $HsHE 1
o 4 Zphe] 4= kol that AZhS & 4= 9l

Fr‘ oo
joi m>4
iED ﬂilo
N

o

) ani 40 o rl
flo
o[)l o

rN il

|

[2bA = 7| OtL[2t SHYS0]

Sy
H 280 it =S 6|“— 71 LQOP

2

=

El

_>,'_

IZIEL

mjo

Rl

o o

I'_TE m_(?_

n =

- =

= rir

|:|||'|_| ik I_O

T

mo o Jg—
2 o

B L

Mg A

0l

2
=
El
>
>
W]
&
>
nlo
0z
ook
mjo
1S
™
Jon
o>
|0
tu
i}



1398 ozl 57

AE oM sZoll w2t Z=E0] =0HX|
=L 2AS §F ChSof Lot o2 ZelAl

OH|AHC © LI, 28 MK shM 27| o ChZoil.
(2F12] E9f LHE FAD

dH|WAHBE B3 9 2o sHE0] A& Hol=
Agolnz WA} ZojAlez Hwe ol sl
o]0l 1, HH du|AHALL 10 Bed 020 3
gol7] wioll A HHFstAY A% L
+ o] dasirta Aﬂﬂzshﬂr o|E dju|m
M) oAL AEste] Bed 08 )
7] Aof| @Ak A F 0] AR (DA 7| e &)
2 AAste] FAALL WA etEE slal, 1 A4
Fete Sole =T v 2719 s Aol
oF Ay sl oz ARt o 7|4 ou|mA}
2 ALl sl oY RETS AAE B 1A
Aol n5PFAAE AN AL Eaiged|, o=
oEliLAbge] $RF 8- olRgris ol

2oL 4 st vt Aglct, £ opling

UEL
f
ol

l-u i
O

-

KX
=

~
n

i
147
<k tlo

ni*o

KeX
=

> (o

é

sgel %%Ml S aag 4
A st glee 2 % st

ou]LALY] CoRe ARES BAS A7} By &
ﬂﬂ¢=¥ﬂﬂ°lﬁﬁﬂlﬂﬁ-%%§}% Kl
retAY Bk Haret AAT B7F oLt Y
7ﬂo%—ﬂﬂufk—ﬁ%2- Ak el B7F
Ush= ol 12 Q%I

-]
x
9

o
ol
N
Ho
=
i
om
:ollzl
for
ro
ro
n

B O B Rl

rir mo rir

EOlE 23sl= TA A= H7le} BT 1o
W ARRE SofatA] gaokor] T gE uls &

ofat ol e M B 4 ek EF YA
ot} mOgiol M Brlof that FEE Ay 8
Qlof) I 45 MBI S WHT 5 9

GilH]ZAR2C : If 2= iR HRg 2 Olstist U

|
OH|ARC : %%, 13 B=X QF 7
= A2 0183iM Mo
2 ZE0{EEZ FIAILY
(ClH|ZARRCS| Zol4 &)

A% o] TAFEL AAlo] A BB} 2
shamaete] AA7L AAsA| oron] ER 49
Aol 2oy Fol Friol it a7 2o
Sl AT otk o4 olulaAte] Hrlol et
Ne REg Aoz PR ol ol wAbt
Ao A v B B ALS ASA) Fah
g A9 1243}11 ERHTH=RIAE 5, 2011 v
£, 2010) ARAT] Az} vlzsh,

2 K

Lol

A

4

7

lob M

V. 22 Y A

I

o QAT T AA AAle] Tt A4e] 275
£ 08 el et shye] ezl wa
U o mALE ] ofsE Bekaste shae] B
2ol mAbe] fao] Acks AT ANE B, B
4 o8 that med BAe A ekl o
olsoi A}, ofol whet 4:¢l3t PAEl AEAS T
SHe POKE BEd 9.80lelt 54 74l thafe]
oE|EALE HOR 1 EAS WeEAe 3%, B
o], Te)3 WerE Fato] BAlstan

ouliate] B 080 that PCKY 54L&
M3t A e e EAES B 089 3
o, FLAel et 371 ¢l 4 5 Y o

& S5 421okn A3 2

=
= sieict, R, ofulpAEe @ w
A3} B 72 el AT 1 S ok



Z=HM Q20| o5t LIZEABHContent Representation) ZS0Al LIEHH ofb|mAtel pCK £2 1399

ok sh ol ol tHalAE S olshats] 913 &
Eajof sHe AAoet 28E WE gIglon], Bt

2 B gt dEE W2 2 wlFe] mie 1A
LERSTE, T1E]aL ofjulalAbE o] S ofsfofl Tieh ]
e ¥, Sg] Ahdel ola) 8 wels)
Sl AT AdsHs Ao ofeleg Lln
et m}aw o IASE AAle] S A7)
3) 7HaA o= o|asle Ao = Vel
g Ob“Zﬂ 4] o] iz ol mAR BHAY o]
of Tt 2|41 AskEel sute] gl7] wholtt, uhx]
BRo @ ofuIAHE-E FAje] B ;e HepolL}
74 i ek Ao $sto] 13 Aol
A WIS e)E B ofF] 71K 4o myolut A
2k gy} vhdo| tig) o]2A o2 k531 Aleo| A|gt

R

S EAAH oflH At

Zd M F7rl digt ¢

_,d
i
L
Q
(@)
=
D
_|>4_
LIS

mzi;md

oy o 1R WFL
2
30,
¥ o
o
H
r
4>
Rullp ANV

(0] JE‘

e o i
i)
il
)

)
312
rir
pacy
<
PN
o2

_1
k
%
f
i
il
L

021
é X2
2
=
r
g
Q
~
A
2,

wME@—q

re
o
re
-
J_
J;_ A
—111
o
2
I

!
S~

¢kl
Ho

o 1
o o
=2 flo
S
2

&+ ?’:Look@f ZF %‘xEﬂ kRt Jalﬁo}‘ﬂr
o Woke 7tEA s el B0 gk Al
PCKE| thE Qa0 F3F= 7= 7H =249 &
(Magnusson et al., 1999)0]7] tfjiZo] o]of whe} 4=
0494 Weke] 27444 ZF UL, TS 5ol FF

n)2 o qleh wEbA oH|aAREe] ZHA & A
ﬁoko] oj Wz utefsiar A-FA ¢l AgEa e w23k
Huh= P59 vietaet 2t sh52 ¢l 2 dst
APAGFS A = e 7187F oH| Al wsah

Ol A 3-E] F=of Ao Jhtt.

A, faigo] AN g S ol
3% A9 w45t TPoIA There gele] =
nol weIHA UE AAS TeSlEE Awmsjob

st} 2009 A9 arskat meakgol A Bt 1 T4

2] AL I8 A4S SESHE 2o BHo] o)
SR $E B B Y, et WA
gato] Waba Aot WebA BT S A
A% FASHLSTS| SR, 2010), ofuAHE
S8 FA19) A A4 Zeent v EL £ 9)

2 Wb AR 9 B SR A e 5

AR A A e, R )
BEH WA TR R o
she Aol 2 Ao Uehtu@ A, 4%

N rlo o o
ofN H
o[rl
_i°l'

, 1996), 53| d4jotoltolE Akl 1 T84
AAE 1) =L witA &S BTt du|IAE

et meTAL B B 229 Yl ﬂ%oH
2 7R3 QAR 57) 4 i
493 o mAHAo HEH WEO2 T
sajotolciolS AABLL et WA WA
= 0 o] A of o3t AL Qz}& zHA
Ko} o] Zof thgt oflB]aLAke] ul
38 4= Qlek, shAluk Al
TFHAE 5, 2008; MR 5, 2005)004 Y]
Adg gutaA olajsr] slsiAt dejstael A
o] Wasteka Aet ul olek. @) 200049 A &
S3pge] B3t B H gole] 44 g o
T ez Fo A dso] AlAEo] gl
og Addsldl NES el T Ast oz &
£ ga1) AU ot GastAd ol Lol
S o] 3
AU, ol iAo sH ol 1’41 2 142 59
T e 71315 &3] AlFsfiof ettt o] ofjH]
JL*FEOI Y olsfol thgt A4l FEsh of=
& L2713 Qe Ao Ve, A7) S-S g
713)7}F vl AgHA QL oH| AL S o A= ol F
HeRSE o] B st} wheba A ofsfiof gt ]
& 7HH o e 3t £ gEE ol AT
F&oth= 5 AA Y ﬂ%‘é o] Aled
ALY FAS anpHoR B
o] a1Qto] s},
1wAke] m Hekah kol ohak 2] 4]
o]%;_q ;(] 210 20} ﬂ%z] ok /d;‘(—]x% XV\]OE 1:1‘__1—
AH =5 | =3fjof g}, Oﬂﬂlﬂ*}—" of| Bl LA} 3L
348 Fo) 9 29 5o w4 Hek 247} B}
of ot A|41& SR OIE' A el 485

2 o pR rlo to X 1o w M {o rlo rlr we N rlo

> 2 1o 12

r_

ol

=

F_?~ |=J Olrl

'1?:

£ AL ol YT B uebA ouaAEo] A



s 71312 Befstel o 24 ]
A4 AA| Se] ARAHOR 28T 4 3152 A
3ok 3},

ALY SRR 0] 2 go] ufet ol LA} WS
Aol AR PCKE WA

o}
20| Fa3HA oA
5

3 HrehE)= Al

- =21

A3 Slek, HAe PO 28-S
2 A4 HAL 2] o] AR 2o A
o] 75 WAl ol e Bk - o
LA 3% AR AL T WS BT

»a7} Qo) EI B o2 Mo J O}L]a} a5 1
ofof Al @7fgo] EAStAL Y AdF o] B

2 2A1o] et el mAt0] POK 540l thet %7
A7/t Baste, AT AU B3kl oulaty
AR PRI BEF 4 G 0E ARE A
T4 B} gk, 23 ek POKE 44 4
WAL 4 A= Qhol Lt BYAL] B4 7K A
S TAstel A £ L ATFOEA oy
A ofeeg wolis sha olalel dfet A o
S QA Sk, BEe] 7t FAEE FAH @

el 7} ool Ee A4S Al A
AN TG WS AAstA} S,

o El

SR

2 9J3) £S5 a0k & A0 ANHOw B
-

S AL HSE A 913 8L et
Qpoleh. R WA UGG SR A A1) oF
e A nslon A ad A9y g
oG ol ARE 4T EOT of7|7 L, of
A BAY BolE B4 BER BE A9E 9t
shy olalel THe A4S BE Aoz thehdiy),
AR 5 ABo] g AUl IAELS 44 B 7

oo orjr 2 >~ o
ek

I e
i3
Y,
L

o of
my
rlo
i

LEIE| 4R Q01), Tekt WRIE, BT
A A 2011-2613.,

7, wAgs], urre](2004). &3 @l tiet SIS

Mard A wAEe] A e, digteste]A],

48(4), 399-413.

o), $A3] JAEH2009). A1) BFErwALe] wat S
8} 2| A(PCK) Q] dreke] Tt Al i, Shuteting
a}3]7], 29(1), 54-67.

AR, AH40012), F53 ot wate] Wiof et
WA 52 a0 uhe g e 4 8
2 54, digkeetalA], 56(1), 128-136.

T:008), THela} kgt 2|4 G@E WA AEA

o EX) oA, g=uteliSata] A, 28(6), 592-602.

A, SA1, gAol, B 8l2011). T et ofjH]|n

AEo] 59N ¢ AlE] B Aol A ekt mutig st
2 40) @2 garketngetE] A 31(1), 99-114.

UE£(1992). A 259 ShgolM Al 7] =g
o) &t |I-AA] A, v 9GS LT 9] B
3 ﬂ%ﬂﬂﬂ 513]7], 12(1) 3546,

1) £ oo o] g

ﬂwi WS B4 9 stepaEaAel ATgY 24
Sh=abeal58te] 4], 28(4), 291-301.

Aol vkl vk olay, 79GAIQ010), T WAL &

s 710 7,

S Lo

o

el 25143} 245 3ol chet 345} akEe)
Qlalk 9.7 Shrakekil g sk A), 30(6), 785798,

sk, A4, olwA, ol ol olel, o,
o3|y}, F&4(2011), 5sh SIS, Ao
ol

h—ﬂ];] 2441, AR, ol Wil Y, 159, 79, 2
g@011). st 3, A S
Lr_EH,J SR, AA Y, Y31E2010). 25 Y] ZARE
o] 3ts} =9 Al A 9 oA 1esh= watw
S312)4 @4 2SS 29(3), 350-363.



s, B WAlE(2010). g AAIE FE 2
shaAte] PCK 4. ahatutelungstsl], 30(4),
437-451.

26(2) 226—241

A, 8, AL, 220, FAZQ2011), s oF
S, G AL A S,

B8 N3], wAgdE)(2008). SAGS B3t o] aAt

o] wpEA4] 24, Eﬁﬂﬁﬂ%@ﬂﬂ, 28(6),
641-648.

2, WA E(2010). St HetuAke] wpA]RFY of
of FFe wA= a9l 74 et Sse]A|
30(6), 719-738,

2, WAE(2012). SOk HEtuALe] s AR F
gh WA 24, tjetstelsl ] 56(2), 274-289.
WA, £0]174(2005). 7] o 57170l S B
of mA= gkl gt s slet Ay WA
of Q14 ALYl W Wb g B4, et

s3] x| 25(7), 773-1786.
FUT AYPE, AR(2004). 25 st EA]—‘—:—Q,] 49
oA Uehhs al E &iﬂ T 7 24 A=
Tetu88+3] K|, 24(3), 565-582.

3], HhxJel], =Hi3](2012). MEHS

JulAte] ZEPCK 574 9 AEGo] tigh Q14

#2538, 310), 99-108,

. ATHE2006). BEA 28 Bl i3t o, of

EET N S
26(7), 805-812,
0]7]%(2009). A|7-aFel wAke] F=A|-E78 4 PCK &4,
ofu| aLAfel WA AF, THEEA FaetE| A, 30(3),
330-343.

olFA, A4dd, WAds(2010). F2 &9 Ao izt
SFIAE ofH|wARES] ofsf 2 iﬂﬂ }%“éﬂ%ﬂl
iRk QA AR A, tiRtelatal#]) 54

olFd, W34, Yol =MAs| (201D, “ﬂE%‘% s Oﬂ

H| 3} WARE2] Pedagogical Content Knowledge
W3} S etu83k3] K], 31(4), 621-640.

o]23], F¢, F%2002). S 3}t WA
th7irel #eE iy &4 et uSets)A],
22(3), 560-570,

Ol

EEE 5 =
A

o]
, o
|

\1101”@:

23]

J{>

A7gEH2003), 2ot watul s A4 o] EAaL W gkt
A F383| 2] 24(4), 235-249.

A42(2009), CoRe 7B 24 E3t 38haake] PCK
Hato] Bt At St 13 TEARY o5
FHOoR- w8 HALEH = St

2122(2010). CoRe 708 TS =3} 118k wAf
CKH3}o|| 23t Al S8k 18P "‘:'x]q
e AR A=Etu St A], 3006),

’

21(5), 432-446,
', 2Ee@013). TR A8 2ol gholet Betaate]
A Al At SHkeka88ts)|A]) 33(1), 63-78.
313, 192H2008). ekt w482 4] PCKH A
-‘Jrzﬂ g v shylsl w2813 %] 28(6), 618-632.
LA, WA 2011), 7] = 1?-*]171 ]
oA Yehd 251ALe] PCK B4, 2538t
0(3), 315-329.
34734 21(1996). 2ot wabA A7} F7to] BE
/\]——.4 Q4] Aol whet Wk H7HE Afdto]
3t A, S afelal28k3) %], 16(3), 303-313.
Zjulg} olggh ¥IE$-(2004). %5 SFet 15 T o
gt Eeiskela k(1) AJHstet AEE. detslsts]
%], 48(3), 300-310.
sHAAE 7], WAE(2005), o= WE Aol oigt
WA W 9 F5 At AR Tl B4, et

Am |

_\‘24,' BN
-hlo 4 L ofl
B :l'b' ok oftt o

w

N

Shur5-e}e] 4], 25(2), 88-97.
3luld, WAE|(2009). St Shatel TRIE T3t A4tol
ot 25 WAL Al EAL
5

] o, o1, HOo,
sistI 2ol et shgel S8 B4, AR
£3813]7] 22(1), 204-213.

Atkins, P., & de Paula, J. (2006). Physica Chemistry(7th
edition). Oxford:U.K.

Bullough Jr, R. V. (2001). Pedagogica content knowledge
circa 1907 and 1987: A study in the history of an idea
Teaching and Teacher Education, 17, 655-666.

Cochran, K. F., DeRuiter, J. A., & King, R. A. (1993).
Pedagogical content knowing: Am integrative mode for
teacher preparation, Journa of Teacher Education, 44(4),
263-272.

Gess-Newsome, J. (1999). Secondary teachers Knowledge

Tujo] HAAR o|HE o]oFEh9002). teksslseA|F
.



1402 ool 525

and Beliefs about Subject Matter and their Impact on
Instruction. In J., Gess-Newsome and N. G.
Lederman(Eds.). Examining Pedagogical Content
Knowledge: The Construct and its Implications for
Science Education (pp.51-94). Netherlands: Kluwer
Academic Publishers.

Grossman, P. L. (1990). The making of a teacher: Teacher
knowledge and teacher education. New York: Teachers
College Press. Citied from Hashweh(2005).

Hashweh, M. Z. (2005). Teacher pedagogica congtructions: A
reconfiguration of pedagogica content knowledge. Teachers
and Teaching: Theory and Practice, 11(3), 273-292.

Loughran, J.J., Gunstone, R.F., Berry, A., Milroy, P., &
Mulhall, P. (2000, April). Science cases in action:
Developing an understanding of science teachers
pedagogica content knowledge. Paper presented at the
annua meeting of the National Associaion for Research
in Science Teaching, New Orleans, LA, USA.

Loughran, J, Berry, A., & Mulhall, P. (2006). Understanding
and developing science teachers pedagogical content
knowledge. Rotterdam: Senses Publishers.

Loughran, J., & Nilsson, P. (2012). Exploring the
Development of Pre-Service Science Elementary
Teachers Pedagogical Content Knowledge. Journal of
Science Teecher Education. 23, 699-721.

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature,
sources, and development of pedagogical content
knowledge for science. In J., Gess-Newsome and N. G.
Lederman(Eds.). Examining Pedagogical Content
Knowledge: The Construct and its Implications for
Science Education (pp.95-132). Netherlands: Kluwer
Academic Publishers.

Pignatelli, F., & Pflaum, S. (1992). Celebrating diverse
voice. CA: Corwin Press, Inc.

Shulman, L. S. (1986). Those who understand: Knowledge
growth in teaching. Educational Researcher, 15, 4-14.
Shulman, L. S. (1987). Knowledge and teaching:
Foundations of the new reform. Harvard Education

Review, 57, 1-22.

Tobin, K & McRobbie, C. K. (1999). Pedagogica Content
Knowledge and Co-Participation in Science Classrooms.
In J., Gess-Newsome and N. G. Lederman(Eds.).
Examining Pedagogical Content Knowledge: The
Construct and its Implications for Science Education
(pp.215-234). Netherlands: Kluwer Academic Publishers.

Ved, W. R, & MaKingter, J. G. (1999). Pedagogical content
knowledge taxonomies. Electronic Journal of Science
Education, 3(2), 22-35.

Zumdahl, S. S, & Zumdahl,SA. (2008). Chemigtry(7edition).
Houghton Mifflin Company: Boston, USA.



