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An Analysis of High School Students’ Mental Models on the
Plate Boundaries

Sookyong Park*
Department of Science Education, Kyungnam University, Masan, Kyungnam 631-260, Korea

Abstract: The purpose of this study was to derive the criterions of each type of mental models on the plate boundaries
and to mvestigate high school students’ mental models on these concepts. The 1lth grade student participants were
requested to draw the collisional, convergent, and divergent boundaries and were interviewed individually. The drawings
and the data gathered through the interviews were analyzed qualitatively. The mental models on the plate boundaries were
classified as ‘naive model’, ‘unstable model’, ‘causal model’, and ‘conceptual model’. The criterions for analyzing the
mental models were the differentiations of the lithospheric plates and the mantle, the explanations of the motion of the
plates and lower mantle, the demonstrations of topographical features of the plate boundaries and the causal relationships
between the mantle convection and the topographical features. The findings revealed that the students holding ‘the naive
model” and ‘the unstable model’ were unable to relate the mantle convection and the three boundaries. In contrast, the
students holding ‘the causal model’ and ‘the conceptual model’ were able to explain that the mantle convection causes the
three boundaries. Also, the types of epistemological belief were different depending on their mental models. Students
holding the naive mode} and the unstable model tended to rely upon the extemnal authorities.

Keywords: mental model, plate boundaries, causal model, conceptual model.
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Analyze the data of drawing tasks of all students. ‘

&

Create the first criterions of mental models on the plate boundaries. J

g

Classity all students' drawing tasks into 4 types of mental models.

¢

Choose 10 participants and make interview with these students.

&

Analyze the data of interviewing with 10 participants.

4

‘ Create the second criterions of mental models on the plate boundaries.

0

‘ Define 4 types of mental models and create the final criterions.

4

' Analyze the data of drawing tasks and interviews of 7 participants.

Fig. 1. The research procedure.
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Table 1. Drawing task questions in categories
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categories

drawing task questions

collisional boundary

* Draw a figure of the continental-continental boundary producing the Himalayas and indicate the motion of
the lithospheric plates and the convection currents of lower mantle by using arrows.

convergent boundary
(subduction zone)

* Draw a cross-section of the volcanic island arcs and an ocean trench(Japan and Japan trench) and indi-
cate the motion of the lithospheric plates and the convection currents of lower mantle by using arrows.

divergent boundary

* Draw a figure of sea-floor spreading along the mid-ocean ridges and indicate the motion of the lithos-
pheric plates and the convection currents of lower mantle by using arrows.




Table 2. Interview questions in categories
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categories interview questions
collisional * Describe the movement of the lithospheric plates producing the Himalayas.
boundary * Describe the relation between the mountain building and the plate tectonics.
* Explain the reasons why the Himalayas are so high.
convereent * Explain how the volcanic island arcs and the ocean trenches are produced.
boun dgary « Describe the real geographical features of an ocean trench which we can see by taking a submarine boat.

subduction zone
( ) currents of lower mantle?

» What relation exists between the figures of the volcanic island arcs, ocean trenches and the convection

» Describe the real geographical features of the mid-ocean ridges which we can see by taking a submarine

divergent boat.

boundary

mantle?

+ Explain how the mid-ocean ridges are produced.
» What relation exists between the figures of the mid-ocean ridges and the convection currents of lower
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Table 3. Classifications of the mental models
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Mental models of the earth's interior
(Libarkin et al., 2005)

Mental models of the earth’s interior
(Jeong, 2006)

Mental models of the plate boundaries
(this article)

naive model

naive model

naive model

unstable mental model

static unstable model

unstable model

conceptual frameworks

dynamic unstable model

causal model

conceptual model

conceptual model

conceptual model
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Table 4. Types of the mental models on the plate boundaries and criterions

mental model criterions
*» Does not differentiate the lithospheric plates from the mantle.
naive model +» Does not explain the motion of the lithospheric plates.
* Does not demonstrate the topographical features of the plate boundaries.
» Differentiates the lithospheric plates from the mantle inappropriately. ‘
unstable * Explains the motion of the lithospheric plates and lower mantle incompletely.
model * Demonstrates the topographical features of the plate boundaries incompletely.
* Does not relate the mantle convection and the topographical features of the three boundaries.
+ Differentiates the lithospheric plates from the mantle.
cansal model » Explains the motion of the lithospheric plates and lower mantle.
* Demonstrates the topographical features of the plate boundaries incompletely.
* Relates the mantle convection and the topographical features of the three boundaries.
» Differentiates the lithospheric plates from the mantle.
conceptual » Explains the motion of the lithospheric plates and lower mantle.
model « Demonstrates the topographical features of the plate boundaries completely.

* Relates the mantle convection and the topographical features of the three boundaries completely.
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Table 5. The mental models of the divergent boundary and criterions

types an example of mental model

criterions

naive

* Does not differentiate the lithospheric plates from the mantle.

model » Does not demonstrate the geographical features of the plate boundaries.
unstable « Explains the motion of the lithospheric plates incompletely.
* Does not relate the mantle convection and the geographical features of the
model .
three boundaries.
causal * Demonstrates the geographical features of the plate boundaries incompletely.
* Relates the mantle convection and the geographical features of the three
model .
boundaries.
concentual * Demonstrates the geographical features of the plate boundaries completely.
mocll)el * Relates the mantle convection and the geographical features of the three

boundaries completely.
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HE 2, Figures of the plate boundaries drawn by Ann.
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B-E 3. Figures of the plate boundaries drawn by Lee.
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(A) (B) ©
L2 4, Figures of the plate boundaries drawn by Kang.

(A) (B) ©)
HZ 5, Tigures of the plate boundaries drawn by Han.

(A) (B) ©
BE 7. Figures of the plate boundaries drawn by Choi.



