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Pedagogical Content Knowledge (PCK) is intrinsically domain/topic-specific knowledge for teachers’
expertise. On the basis of this idea about PCK, we investigated in-service science teachers’ topic-specific
PCK on the unit of stars and universe in terms of teachers’ knowledge and practices. We observed
four middle school science teachers’ classes for eighth graders, and took the videos of the classes. The
topics of the classes covered constellation, annual parallax and the distance of stars, and the expansion

of the universe. We also examined the teachers’ pedagogical thinking through video stimulated recall
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interviews. In addition, we developed a protocol to analyze the levels of participant teachers’ PCK and
the characteristics revealed in their classes on each topic. Results of the study showed that the participant
teachers’ level of PCK varied across the topics of classes and the sub-components of PCK. We also
identified teaching orientations played key roles in shaping overall characteristics of their PCK. Moreover,
astronomical thinking such as spatial thinking and system thinking, was not appropriately embedded as
the specific practices into the astronomical concepts in their instructions. We discussed the implications

practices on the progressions of teachers’ PCK in terms of their professional development.
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Figure 1. Five PCK components and their relationship (modified from Magnusson et al.,
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Table 1. Background information of the participants

Name K B H Y
Gender Female Female Female Female
Locality Seoul Incheon Hongcheon  Chuncheon
Teaching careers 14 2 14 16
Education B.S. B.S. B.S. B.S.
Science Biology  Earth Science  Physics Chemistry

background

Rk o] = Fol ALY Y-S B uRRl 39 o] Foi7l
Aolm g2 ubA] o] Hh L2 3lE|(semi-structured) HEHE TH= H]T] @
3A} A= W R (video stimulated recall method)©] ©f Agst 7oz
skt vt e 4 A= HE AR =9 & Bl gt
Zksh A% Te)w o] 92 wlelshar] AFAS) 7]4 0 2(Calderhead,
1981), WApf|A] 14~ of| T A E=(teaching episode)E AL = AF
3 sins sjol LAl At Bl olgE & o MU
gpolst 4= Q== FlEriMeade & McMeniman, 1992). ©] ¢5Lof|A]
QAT W Hol 2l o] B4R 7, 434 ola} Wag
g vle) Agoisich 1 o) Wirle. st A1 RS Holmap)
=38 AAI9] 4918 ARl Pl BulA AHHUT, A=
ule] AHE 54 ARiolA] 4:510] A} mAje] oES A3 R

Qe

o]
=]
A

3. 22 24
7 9 B4 ZRES AL

s3pE ol Aol Ale] F4-Eol2 PCKE BASS 98]
Table 29} Z-& T2 EZ(protocol)S 75T o] TREZO] A2
22 Magnusson et al.(1999)2] PCK 14 QAofA ‘3}st w4 A&
= AQAEt 47 aag s, Z7ke] G g EIkE=
A FEE2 A8l o-KPark ef al., 2014; Wainwright et al., 2003)9]|
A otE ] B2 Z2EFQ] RTOP(reformed

observation protocol, Piburn et al., 2000), OTOP(Oregon teaching

teaching

observation protocol), KTOP(Korean teaching observation protocol,
Park et al., 2014)& ET|& LASICE = B4 ZeEF0| 7lg=
& WAE AN Y WS B AR 7SS skle
], Z}7ro] =} Wfofl thall A4t Adgel 7 SHollA 245
gjo] Qe A4 SHE ARFO U] a4 AR o8 54
sigl=tl, A4 SHE PCK 4 g4z 1) i3y 21412 s
o] y3t watof Al ufjlofst t-gof thet 4oz, o) ShAM T
SPAoA il 7, A8t wsabgo] H3put Hajof gt 2|4 on|gh
THBang & Paik, 2012). o~ £4] T2 EZA I A4S W

Table 2. Analytic framework for documenting science teachers' topic-specific PCK

Sequence of learning contents

Item

Components Score

Content 1 Content 2 Content 3

(keyword)

Knowledge

Practice Knowledge  Practice = Knowledge Practice

KCl1. core concept

Knowl f
nowledge o KC2. accuracy of concept

Curriculum (KC) -
KC3. expanding concept

Knowledge of KSUI. identifying prior knowledge

Students KSU2. providing appropriate information

Understanding (KSU) KSU3. recognizing students' thinking

KISI. teaching methods

Knowledge of 7o) ™ caching materials

Instructional .
KIS3. motivation

Strategies (KIS) KIS4. interaction

KA1l. diagnosing students' preconception

Knowledge of KA2. on-going checking of students'
Assessment (KA) understanding

KA3. meta-cognition
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Figure 2. An illustration of PCK profile (teacher H)
KC: Knowledge of Curriculum
KSU: Knowledge of Students Understanding
KIS: Knowledge of Instructional Strategies

KA: Knowledge of Assessment
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Table 3. Participating teachers' teaching sequence for each topic

Teaching Sequence

Topic Teacher 1 0 3 ca
K seasonal constellation horizontal coordinate use of planisphere
Constellation & B horizontal coordinate seasonal constellation use of planisphere
Star Position H origin of constellation seasonal constellation horizontal coordinate use of planisphere
Y definition of constellation horizontal coordinate use of planisphere seasonal constellation
K parallax annual parallax
Annual Parallax B parallax annual parallax star distance
& Star Distance H parallax annual parallax star distance
Y parallax annual parallax star distance
K balloon activity theory of expansion evidence of expansion
Expanding B evidence of expansion balloon activity theory of expansion
Universe H balloon activity theory of expansion evidence of expansion
Y evidence of expansion theory of expansion
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Table 4. Participating teachers' teaching methods for each topic

Table 5. Participating teachers' teaching materials for each topic
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hands-on activity hands-on activity
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H hands-on activity body movement group discussion

demonstration analogy didactic

didactic didactic

hands-on activity guided gesture didactic

didactic didactic
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A Case Study of Middle School Science Teachers’ Topic-Specific Pedagogical Content Knowledge on the Unit of Stars and Universe

Table 6. Participating teachers' PCK profile for each topic
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Figure 3. Participating teachers' PCK scores for each component across topic (t1: constellation & star position, t2: annual
parallax & star distance, t3: expanding universe. K, B, H, and Y stand for the participant teachers.)
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