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Examining a Science Teacher's Pedagogical Content Knowledge: Interactions

among Components through an Alternative Mapping Approach
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Abstract: This study investigates the interaction of a science teacher's pedagogical content knowledge (PCK)
components during the instruction of seventh-grade physics topics—work/energy and simple machines. It aims to
explore how these components interconnect and influence instructional practices, particularly in the context of teaching
gifted students. The study employed a qualitative research design, using classroom observations as the primary data
source. It utilized the Alternative Mapping Approach (AMA), an adaptation of Park and Chen's (2012) mapping-out
method, to analyze PCK interactions. Content analysis and the constant comparative method were applied to interpret
the data and construct detailed PCK interaction maps. The study yielded four key findings. First, PCK interaction maps
are topic-specific and differ in complexity and structure. Second, student-related factors—such as learning difficulties,

misconceptions, and characteristics of gifted learners—significantly influenced pedagogical decisions. Third, the
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teacher's knowledge of instructional strategies played a central role in initiating interactions, while knowledge of
learners was crucial in addressing instructional challenges. Lastly, contextual factors, particularly the needs of gifted
students, required enrichment activities that demonstrated dynamic interactions between knowledge of curriculum and
other PCK components. This study contributes to PCK research by introducing the Alternative Mapping Approach
(AMA) as a novel and effective tool for capturing the complexity and sequence of PCK component interactions. It
highlights the importance of considering contextual and qualitative dimensions in understanding how PCK is enacted in
real classroom settings, particularly in differentiated instruction for gifted learners.
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Figure 1 Potential Energy Interaction Map
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Figure 2 Interaction Maps of Work and Energy
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M S LAFE 1] VP Ak 2742 B AT 8 A11R (KoIS-KoA) , 4K M Ab R4S iR ME & (KoIS-KoL) , #Hi XM & (KolS-STO),
HHANAXGHE (KoIS-KoC) o IXLEF TGk 1B I e (KoIS-KoL) , fefl kb 58 UHAR IF18 i
i (KoIS-KoA. KoIS-KoL) o At Hrif i Al — i Ml LBVl 22 A U B A (KoIS-KoAD 5 I BRI AERT
U % {5 A ¥ R 75 3 (KoL-KoC-KolS) o fE#E— B IE I 5 (KolS-KoL) , b - I % g 77 =X,
H2EYEIZ )y, BT T — DN 2o R A 38 (KoIS-KoA-KoL-KoIS) . S, AMA fiiik
1145 LB S A BOL M S BUM ) PCK AEHCEE R i As, AU =70, ooy = E R R M S, Wi
P B IK 23X L H B KA ST -

(2D ZEREIGREEES)

WHFUREL, RAE KoL =22 S8 0 U] PCK A 3R . KoL & =41l KT
AERHMER AR TGRS AR, LT SRS ARHE (R R MANR. BT IAE 5
5HAh PCK ZZ HE). KolS-KoL MR IN #5225 K2 S WAk KoL-KoC [ H. B #E/R T ZUil
NGB TE S ITE 55 77 KoA-KoL N H BLAE PP I 2 th—— e 2% STk AR 15 T . AT &, IX 2t
TG AE AR B IR P R S e A BT ) B R

2 (Dfife) 23 7MW KoL HAh. 7858 2 BUEANT, HUMl <Dy fsles, AR v b & Dl 2
NTEHE A S BT T . Jhib KolS 5 KoL KRAEHZ), LITAHEEME. 5 9 THAH, X%
X UFRA RIS, ZOME B0 e AR R ECE—s3 ) KoL (CRIRSAARHE) , FaH KoC GREERID,

RE5H KolS (RIS @) £ 11 WHAT, 5% JWHMEMCH KoL 1R HBUMPHh 24 12
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fif (KoIS-KoA) ; 42/ /&Enz Il (KoA-KoL) , #hif# 7 H AHENE (KoL-KoIS) .

ZHEUTH 12 5K PCK EIEHZNME. RURNSEREE ER MR EZR. MR (8 3) 5%
e (B 1D XFARCHM B LR, HEWSAME: B 3 RN ESE 1 52, B8k FERNY
S R—— R RIRGL 2 ST N MEEE R 7 R—— B HOE Sk . flin, haeEEEs 12 s, Hi
PISUN = e HA); MHRFEOE 8 BEZ), Hoh—HUh=JchHs). PWADTEBAENRSERE LT, H3]
FMSRIEIT (GeBERe) Mg T B .

BEAh, SRRSO T AR S BIF R R, AT/ T O P2 34 R T T I PO 20 B
—HZhRe SRR M@ B AR E B R, AR AR E T R AR TN .

1.

BEFHARTTELR (KolSKoA, Kol5-5T0 %)
M EFAFER=TEE (KolSKoLKolS. KoC-KoL—KolS)

Figure 3 Interaction Map of Kinetic Energy
& 3 she hshE

X — R I FIREAR BLAE B SRR B 2 b o BOMAK AN I P2 & 08 ALAT. 1848, RELCE. R,
Rl RS (WD o AT SRS AW LTI LW EE, Hop BT R AT S5
e LERIWAEE 2, FOVRA AR, HREEEZOMS. —BAAIER 75 082K AR,
fEREAEIX — I RS BRI . FE 55 5 2 38, AT A5 O TR I 1) B Pk Al

(=) E3HEMARET MR EELE (ePCK KEEHTBD

HI AT T R SGE U I B R, ORI EEI R K2 LA KolS T, $I. MREILR . JTREUHZ g
A, #R BT TIE F AGER 2R 2 SR AU M . AEBL KolIS KR 2 )5, “#AR) 2 ) 85 R——tne
SRR A2 A SR S ——200E TR S HA TR RS E MR .

FESp i Ee PCK B, KolS LAPIMAFIR TN EI . 58—, KolS fE ARy (HPIE Z AKIM I
®on) H5HEALS RITES), X-BAERA PCK K #H—Zub Bl B 4 BIZUE KolS fENARM T Z
TERE—H1.
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KI5, M DARLSE A4 RERIRE R U g8 58] 47 S HARFAE, TR IRIR (KoIS-STO) ; 45, fhmh 5 i % Hi&
PO AP, DAPPAG E AR B (KoIS-KoA) ; fife, il fi S H e T 54 1Ml APPA 22 AR i) R B
(KoIS-KoA) . fEX=IHAF, i KolS A5 H A/ S,

BEFkFRFZTES (KolS-STO0)
EfikRFNTES) (KolS—KoA-KolKolS)

Figure 4 Interaction Map of Hoops
B 4[5 H.5)

BTG, WAL, KoIS WAl DMER — M Ay (BT R AN 2 —RR)
RIEVER . B 5 RE, Jlml R I R, oM 5IH ) 8 47 SO 50 SRR 5 O 8. 7
Xt FE R, O Eh I KolS LA i B S KR A i AR . 0 G, 5 5 2 WE% 3 HHE)
(KoIS-KoA-KoL-KoIS) {7, HiT 27 A ME LA se A B i i) vl 5 A, 280508 1 B B0 50

1L 7

KRG T — LR BT AE P2 / Be S AU . PCK & i 2 M B ). W70 Park Al
Chen WA —AMEITRRA, BB UL (AMA) , HUUCEAEUIMIEIX T2, AMA /R T kL
A KA A AR, DR AR 1 5 2] 45 SR HAh A3 an T S O e S e o b5 DA 0 2B 2 1
& AR, AMA SR TXER TR E, AR T3 PCK FAFEERINR. AMA & B IOLE T,
M2 RET EAIZ RIS EAER, 3t T IRAT BUT PCK KB AR . i 22 i) 6 P 7S L % 13 20 ] 76 3
W ES), JE& QRGBT AR . SUAEEESRE T MR Gn D AE, AMA BB TR
GYRAR T HA) . SORMBAN A E H 1S, AT B 7 BT b 52 B T 0 ) PR

Gess-Newsome[1] 12 PCK HESMAFHER GHRIEHEI 5380 (G stEo WA . AMA R
IERSETE PCK S BFTRA M —1Y], 5 Carlson #1 Daehler HURSGILIRBIA AHFLE . thik B K, AMA &

ST HIBER ePCK AU N IRE ST — A H TH. RCM EA#H PCK IR R, HIRIE R YU
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IR R PCK. W RBEHE:, Sl i & &% Jpnpidknt, R MIRE %4 % 520 PCK BARiEKR. HEZ
T, AMA RSN R NGB R 2 B Y, EEIERIRN PCK i RIS B .

AR FEHE DU TR W7 945 SRR, NER PCK R4E T H LA . SB—TEWISIN T AMA, RHiZ%
UM PCK HZhEIBEA RS Fik . AN SR 2. PCK BFR AR AET X2 M e &2, BIEED
FAEE, PCK /KPR £ 5 [6]. i AMA AR — K EIES RSN, S TS Tg), XLl
BTEEAAK (3 & 13 T H5RERMEE (Zjo. =nsEER) EEAME. REZHRMKE—UEZH
FUERA, SEMREIER, XTI B EE— UHEY MR S B LA
TEZE S IXMeZE AT RR YR B RN B AR F[6], H M R % 7 1% 2] SECFEBR, IR 2 FET E 441
PCK H3).

ST R I A I 2 o) 25 R M BUR ) PCK KoL 2K KoIS [rI58 iH#k 4y - KoL
(K1 =AN T G — X S AR IR 058 B VR M A 1 58 5% LR OR BRI 25 A RS AIE 14 5 58— P T S 3 PR Bk
B o KO ERAR TR A T A RO A A M e . S, S S L R S R A R R T IR
R, T L PR A A2 2 SR B A R 73 o B — Dk RS 7 KoL 5F% STO Z AN A Wi I H.5)
522, Aydin 1 Boz K¥L KoL 5 KoIS J&# i #2 h Bah BT E W AN oy o 20 23 DR 2 26 1 4 1
CLUIHEF, ) v 75 R AR R A S B R B AR SR . 2 AR R R ARE RS, ZUREA SR Him . RET
5E XA . Bayram-Jacobs %5 [RIREGETR, 1R 52 A R e HE B4R M S E /& PCK BB A% 0o FEXLFRRT 4%
KN SRS, KoL 55 KoC % H.3); Padilla M1 van Driel BF70H 5L L2553 th 28 H X — KBk

BETEERINE T KolS fEHTE BB I LA, KoIS fENRIEER B F TR SR,
HBUTRIETE . o YRS, HA S 1R e Rs I R . SRR, KolS 5 KoL #AH 4%
BX, JF5 KoC. KoA Ml STO %54y K4 HE). Park #1 Chen %3] KoIS 5 KoL 5I'3% HAth /> Suh
1 Park 75 T STO. KoL 5 KolS ZIAISA JJ1) =M RHK, X — KB A HENN 60% AL, HEFEIH
SEONFTUHE B B X274 27 T R e O PR AR SR 3% KoIS. STO-KolS 5 STO-KoL 2 [HfI5RHZh, 4T STO
SR PN B B0 . MR 2R, Akin F1 Uzuntiryaki-Kondakei & ¥l KoC 5 KolS. KoL —#fJ& T4% Lo .
ST Friedrichsen 25 51 KolS H.ANH/D, X ATAEZ B T A KRR U5k, KL REA I IR SE R
AT 5T LA E N TR B U™ B T KolS ESEHif Bt R Hi#ifiz . Aydin 1 Boz 8 PCK H.Zh K7 N ELfAE
REG I =A B, WSCRE T IX— fl: EIRIF B 3 S /2 KoL, KoC 5 STO, TiTE# ¥ id 72 i 8 i ik
& KolS 5 KoA. AT F, KolS-KoL .3l 5 & K 5E i 57« BUMEE # A RER I 2 A2 1 2% 2T A,
DA Y L VRN, IS BRI 1 KoIS-KoL JGBk: AR, HRAT M 1 1)+ 56 A3 2t [e] B4 2R T 5R, H i
T P SR 1 EL B o

H AMA AERIERR, KoA 5HAMFTH B #AAEA R E ), HAEBMREMSH, XNET AMA
FERHE PCK HANFHMKAL . MEZ T, B TZIE KoA R A HEEA M. Sen & K, ZKF
BT R E LM KoA HA), M T BUM AL, AR eV TP AR A B 1) 383E 1 . Bayram-Jacobs %
IR H KoA RKBHRATM PCK Ak, Hrp—AN5 BN Al GE2 BUMAE AL e T A58 0 2P I 72
I Bl H A PP 5 25 A BT 4 RN AR S5 I R AR, T AE B P K 2B IR . SR1f7, Park A1 Chen i
T KoA fESKEH MIHIRIEN, JUHRETE KoL M KolS X HEER, XL AU B LM A E A 1. 0
SERMEIRERIN FB . 520, A7 20m i i 6 1 E R ST Al AR M ELE, MRifE KoA H.Z)
£ AMA BRI,
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3 (EAYE STO Hzh) , XEHFHJIEER, £ KoC KIIGKFEEAK KolS 5 KoL. X5 Park Ml Chen
J¢ Reynolds Fll Park fREAE R I —E——AATFEFE LI KoC R H S H AR sy . A, KoC 7E
THRIY BE RAR RS S v, FEERRTBOM o SRt H 5 HAR o 1 BB PE N BUA R KR . AR R
— IR AL AR SR R—FE S ISP RO B B, AR R AR B
ZUHLYBIE A ZMIY) ePCK. IR Park A1 Suh OG- cO Wi DU SE i S i A 2 ) 45 BN AT S 00 8025 1 WP T
B FAE T A I RAE R A R ePCK I — T3 ZH I R K

T, GvERR

AW FGINERIEBSNE (AMA) , FVREI AR B0 PCK i FE B IR T B3 . AMA i
A LUB EF AR TR ) 4h S A RS B M . (AR, EABUEER T G B AEE, B
AT =50 Woe YR m N EA S E AR R MR, BEA, AMA EE T e B A 5 1 Pk B A
Gy RS T A T B 2 3 LA R R AL R R T I R P A . X e RE AR FRAT T BOM St PCK RISk
FER T Rl B ARG A S ST R ARRAER, AMA IR HE T PCK B 45K S sh iR it 7 3 4
T AR .
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