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Pre-Service Teachers’ Understandings on Earth Science Concept needed
for an Integrated Approach: Exploring Mental Models about Eclipse
Phenomena by Analyzing Phenomenological Primitives and Facets

Ki-Young Lee*
Division of Science Educdation, Kangwon National University, Gangwon 200-701, Korea

Absfract: This study explored pre-service teachers’ mental models about eclipse phenomena to investigate their
understandings on the earth science concept needed for an integrated approach. We conducted in-depth interviews with
two different contexts on 30 secondary and 36 primary pre-service teachers participants, and analyzed phenomenological
primitives (p-prims) and facets of causal explanations about eclipses. Based on this study, we identified four different
levels of mental models about eclipses. Four mental models were categorized as (1) Screening model, (2) Orbital plane
model, (3) Hybrid model, and (4) Shadow cast model. Screening model is a flawed mental model, orbital plane model is
an incomplete correct mental model, and shadow cast model is a scientifically correct mental model. Hybrid model,
composite of two or more mental models, use multiple mental models simultaneously. Orbital plane model was the most
widespread mental model in secondary pre-service teachers group, whereas screening model was used frequently in
primary group. It was found that the level of mental model could be determined by the level of facet and p-prims. We
confirmed context sensitivity of the mental models and perceived the necessity of integrated approaches to promote
progression of mental models. Implications of our findings for enhancing pre-service science teachers’ topic-specific
pedagogical content knowledge (PCK) associated with eclipse phenomena are also discussed here.
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Table 1. Participants of the study

School grade Major No. of pre-service teacher
Secondary  Earth science education 30
Primary Science education 36
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Mental
model

Facets

P-prim1-1 P-prim2-1 P-prim3-1
P~prims P-prim1-2 P-prim2-2 P-prim3-2
P-prim1-3... P-prim2-3.., P-prim3-3.

Fig. 1. Analytic frame for identifying mental models.

< Context 1 (discrimination)

« Q1: Is this picture represent solar
eclipse or lunar eclipse?

= Q2: Why do you think so?

+ Context 2 (sketching)

« Q1: Draw a picture showing the principles of
solar and lunar eclipse, respectively.

= Q2: What makes the difference between total
and partial eclipse in your drawing?

Fig. 2. Interview protocol.
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Table 2. Comparison of pre-service teachers’ mental models between secondary and primary school grade

Secondary Primary
Solar eclipse Lunar eclipse Sum %  Solar eclipse Lunar eclipse Sum %
Orbital plane model (incomplete correct) 12 12 24 40 4 3 7 10
Shadow cast model (correct) 5 5 10 17 1 1 2 3
screening model (flawed) 4 7 11 18 24 24 48 67
Hybrid model (depends on combination) 9 6 15 25 0 1 1 1
Not available (no response, reverse) - - - 0 7 7 14 19
Sum 30 30 60 100 36 36 72 100
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Fig. 3. Identified mental model 1 (shadow cast model).
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Fig. 4. Identified mental model 2 (orbital plane model).
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Fig. 4. Identified mental model 2 (orbital plane model).
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Fig. 5. Identified mental model 3 (screening model).
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Table 3. Association of mental model in hybrid model

Secondary Primary
Solar eclipse Lunar eclipse Sum % Solar eclipse Lunar eclipse Sum %
Or-Sh (correct) 6 4 10 67 0 0 0 0
Or-Oc (incomplete correct) 1 1 13 0 0 0 0
Oc-Sh (incomplete correct) 2 1 20 0 1 1 100
Sum 9 6 15 100 0 1 1 100
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Table 4. Consistency between context 1 and context 2

Frequency
Context 1 Context 2
Secondary % Primary %
Shadow cast model 9 15 0 0
Orbital plane model 13 216 0 0
O  screening model 9 15 0 0
Hybrid model 11 18.3 0 0
Not available 0 0 4 5.5
Shadow cast model 1 1.7 0 0
Orbital plane model 0 0 0 0
(O-x  screening model 1 1.7 0 0
Hybrid model 0 0 0 0
Not available 0 0 2 2.8
Shadow cast model 1 1.7 0 0
Orbital plane model 10 166 3 4.2
x> screening model 1 1.7 19 264
Hybrid model 2 33 0 0
Not available 0 0 2 2.8
Shadow cast model 0 0 2 2.8
Orbital plane model 1 1.7 4 5.5
X-X  screening model 0 0 29 402
Hybrid model 1 1.7 1 14
Not available 0 0 6 84
Sum 60 100 72 100

Table 5. Consistency of mental model between solar eclipse
and lunar eclipse in context 2

Frequency
Context 2

Secondary %  Primary %

Complete consistent 20 67 26 72
Incomplete consistent 6 20 1 3
Complete inconsistent 4 13 2 6
Not available 0 0 7 19
Sum 30 100 36 100
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HE 1. An example of shadow cast model (S9) 28 5. An example of Or-Sh association hybrid model
(S28)
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H& 2. An example of shadow cast model (S2)

B2 6. An example of Or-Oc association hybrid model
(85)




