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Analysis of the Conceptual Understanding of In-service and
Pre-service Earth Science Teachers about ‘Stellar Evolution’

Min-Kyoung Ha and Jungjoo Sohn*
Department of Earth Science Education, Korea National University of Education, Cheongju 28173, Korea

Abstract: This study analyzes the conceptual understanding of in-service and pre-service earth science teachers about the
H-R diagrams and evolution of stars using conceptual status analysis categories. The results show that (a) many teachers
use unscientific language in the Intelligibility range, (b) teachers are categorized in Low scientific inquiry ability related to
graph creation and unscientific analogy for scientific concept which is hightly corelated to the possibility of
misunderstanding in the teaching process, and (c) pre-service teachers lack the understanding of the secondary science
curriculum. It is necessary to develop pre-service curriculum that can be applied to the school site. In the category of
Plausibility range, (d) both groups understood the cosmological meaning of stellar evolution. However, pre-service teachers
do not specifically explain the mechanism of a star. In the category of Fruitfulness range, in-service teachers come up
with educational problems reflecting the academic characteristics of earth science and apply their knowledge to actual
problem solving. On the other hand, pre-service teachers show high nonresponse ratio, they do not see the H-R diagram
and the evolution of stars as a practical concept. In the analysis process, both groups are found to have many unscientific
conceptions about the H-R diagram and evolution of stars. Therefore, it is suggested that caution be used in developing a
professional development program of earth science teachers.
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Conceptual Status

Components of status

Definition

Intelligibility Analogy

Analogy or metaphor used to represent conception

o representational Image Use of pictures or diagrams to represent conception
Intelligibility .
modes Exemplar Real-world exemplar of conception
Language Linguistic or symbolic representation of conception
Past experience Particular events consistent with conception
o consistency factors Epistemology Consistency with epistemological commitments
Plausibility . Reference to ontological status of objects, or metaphysical beliefs
Metaphysics .
about how the world really is
other factors Real mechanism Causal mechanism invoked
Power Conception has wide applicability
Fruitfulness Promise Looking forward to what new conception might do

Compete

Two competing conceptions are explicitly compared
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Table 2. Profile of In-service teachers.
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The number of years

Related units

In-Service Teacher Gender worked (highschool) Education Teaching experience Score
E M 10 (10) Ph.D O 325
D M 10 (5) O 35
F W 702 O 38
C M 5(5) O 36
A w 5 (0) BA X 375
G M 44 O 42.5 (best)
B M 4 (0) X 31 (lowest)

#*ph.D: Philosophiae Doctor, B.A: Bachelor of Arts in earth science education
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Table 3. Developed Questions & Analysis Criteria Score

Components of Analysis Criteria

No. CA Questions CS status Score
. . . . Image 3
1 1 Indicate the evolution phase of one-solar mass stars in the H-R diagram.
Language 2
’ ) Expla1.n real mechanism and cause about the Phase from main sequence star to P Real Mechanism 5
Red giant star.
3 1 Indicate physical quantities of stars around the sun on the H-R diagram. I Exemplar 3
2 Explain phase of each star evolution. P Epistemology 1
4 5 What are the physical quantities that have the greatest impact on the evolution of I Language 1
stars? And what will become each of the stars in the end? P Epistemology 4
5 5 Explain of the. stellar evolution relates the title of the book "We are All stardust P Metaphysics 3
by Stefan Klein.
I Language 2
6 2 Compare the planetary nebula with the supernova remnant. P Epistemology 1
F Compete 5
Image 1
7 3 1) Represent an energy flow direction on the section of the sun. Language 2
2) Explain the reason in relation to actual experience. Real Mechanism 1
Past experience 1
3 3 Explain the scientific definition of main sequence star and the real mechanism of 1 Language 4
energy generation. P Real Mechanism 1
1 Metaphor the H-R diagram. o 1
9 3 Metaphor a star internal structure. I Intelligibility 1
Anology
3 Metaphor a source of stellar energy. 1
10 123 Explain the case where l-!—R diagram & ste}lar evolution' is used to solve real- F Power 3
world problems or apply in a completely different area.
1123 What do you want to know about the 'H-R diagram &stellar evolution'. And F Promise 3

what interests you?

¥ CS (Conceptual Status): I-Intelligibility, P-Plausibility, F-Fruitfulness,
#CA (Concept Area): 1-H-R diagram, 2-Phase of stellar evolution, 3-Star internal structure and

source of stellar energy)
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Table 4. Score of each ‘components of status’ in Intelligibility area (%)

Intelligibility area

CA 1 2 3
CS
Tea. Analogy Image Exemplar Language Language Analogy Image Language
In 57.1 714 76.2 66.7 714 85.7 76.2
Pre 10.0 46.7 533 80.0 50.0 80.0 71.7
A +47.1 +24.8 +22.9 -133 +21.4 +5.7 +4.5

#CA: Concept Area, CS: Conceptual Status, Tea.: Teacher
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[In-service T. C]

Fig. 1.

[Pre-service T. I]

[Pre-service T. II]

Unscientific Conceptions on H-R diagram

[In-service T. B]

[Pre-service T. VIII]

[Pre-service T. X]

Fig. 2. Unscientific Conceptions about energy flow direction in inner sun
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Fig. 3. Explanation of the red giant stars (A~G: In-service
Teacher).
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Table 5. Score of each ‘components of status’ in Plausibility area (%)

Plausibility area

CA 2 3
CS . . . . .
Tea. Epistemology Metaphysics Real mechanism Past experience Real mechanism
In 833 81.0 88.6 86.7 64.3
Pre 60.0 70.0 56.0 80.0 40.0
A +23.3 +11.0 +32.6 +5.7 +24.3

low “ptd 2Necleq,

e RS

OlF> sy %) 22 20 188 *oclau 536l MR B

Fig. 4. Unscientific Conceptual of Mass-Age relationships in stars (Pre-service T.V)
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Table 6. Score of each ‘components of status’ in Fruitfulness area (%)

Fruitfulness area

CA 1 2 3
Tea cs Power Promise Power Promise Compete Power Promise
In 28.6 429 714 85.7 84.3 143 28.6
Pre 0.0 10.0 0.0 50.0 64.0 10.0 0.0
AN +28.6 +32.9 +71.4 +35.7 +20.3 +4.3 +28.6
Fruitfulness Power Promise
' o o
drbel Sk wig AlZFAb R 7T QITtH
= A = AF S Y5
Answer of —'5H o =t H]_x A o) Cg o} K]'fta Iﬂ =1 %EOH
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In-service Tea. 15 A %&1 i gt AN
2
sl WL W H %
—enin
ChFet JEE ool 5at AHetel ;
HH:S\ oJe_oﬂg]g}ij:E go ;g A 0]lo 7 w— M‘;/
o °g— o T o 1= =2 T M= A 1
Iy, M AY 52 BEF Bp-sSAls
Fig. 5. Answer of In-service teacher in fruitfulness area.
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