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The Effects of Problem-Solving Inquiry Teaching Using Concept Sketches
on Conceptual Changes about Plate Tectonics and Science-Related Attitudes

Young Shin Kwon' and Jeong Yul Kim**

'Gyeonggi Changjo High School, Gyeonggi 456-823, Korea
2Deporrmen’r of Earth Science Education, Korea National University of Education,
Chungbuk 363-791, Korea

Abstract: The purpose of this study is to investigate the effects of problem-solving inquiry teaching using concept
sketches on conceptual changes about plate tectonics and science-related attitudes. The subjects of this study were two
classes of second-year students of K high school located at Anseong in Gyeonggi Province. Before instruction, a
conceptual test was conducted to survey student’s preconceptions about plate tectonics. The control group took a
traditional lesson, while the experimental group was applied to problem-solving inquiry teaching using concept sketches.
After the inquiry instruction, TOSRA (Test of Science-Related Attitudes) was administered to find out changes in science-
related attitudes of the two groups. The results of this study are as follows. The experimental group understood concepts
of plate tectonics better than the control group, which means that problem-solving inquiry teaching using concept sketches
was more effective in students’ conceptual understanding. Science-related attitudes of the experimental group showed a
significant change in the categories of ‘normality of scientists’, ‘pleasure of science lessons’, and ‘interests on science as a
hobby’. In conclusion, the instruction of problem-solving inquiry using concept sketches produced students’ positive
changes in conceptual understanding about plate tectonics and science-related attitudes.

Keywords: concept sketches, problem-solving inquiry teaching, conceptual changes, science-related attitudes
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Table 1. Properties of research groups
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Group Teaching method Class Number of students
experimental group problem solving using concept sketches A class 32
control group traditional teaching B class 30

Table 2. Contents of lessons by using concept sketches

No Subjects of lessons

Contents of lessons

1 orientation
2 types of plate boundaries

movement of tectonic plates and geological
structure

movement of tectonic plates and
deformations in the earth's surface

introduction to concept sketches and drawing methods
definition of plate and classification of plate boundaries by tectonic plate motion

difference of geological structure according to the type of plates and tectonic
plate motion

type of deformations in the earth's surface according to the type of plates and
tectonic plate motion
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Table 3. Experimental design

G 1 O 1 Xl 02
G, O; X5 Oy

G;: experimental group, Gs: control group

0Oy, Os: pre-test (conceptual test for plate tectonics, test of
science-related attitudes)

0,, Oy post-test (conceptual test for plate tectonics, test of
science-related attitudes)

X: problem solving using concept sketches

X;: traditional teaching
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Table 4. Contents of questions for the conceptual test on plate tectonics

No Contents of questions about plate tectonics

1 question about the definition of plate

[V N N VS I )

question about the formation of oceanic ridges at divergent boundaries between oceanic plate and oceanic plate
question about the formation of folded mountains at convergent boundaries between continental plate and continental plate
question about the formation of trenches at convergent boundaries between oceanic plate and continental plate

question about the formation of transform faults at convergent boundaries between oceanic plate and oceanic plate
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Table 5. The experimental group and control group’s pre and post conceptual tests

Group N M SD t P
st experimental group 32 1.78 1.21 0.34 0.17
pre-ies control group 30 1.67 1.42
test experimental group 32 322 1.24 2.39 0.02
post-ies control group 30 248 1.15
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Table 6. The experimental group and control group’s pre and post conceptual tests of 5 questions

Percentage of correct answers o Hake’s

No Category Group (%) Rate (E%C) LS index of improvement
Pre-lesson Post-lesson (%)
{ ¢ olat experimental group 22 75 +53 68
structures of plates control group 27 50 +23 32
5 formation of experimental group 30 69 139 56
oceanic ridges control group 37 47 +10 16
3 formation of experimental group 34 56 22 13
folded mountains control group 40 46 +6 10
4 formation of experimental group 37 62 +25 40
trenches control group 40 53 +13 22
5 formation of experimental group 37 60 +23 37
transform faults control group 33 57 +24 36
I experimental group 40 64 +24 47
tota control group 35 51 +16 31
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Fig. 1. Scientific concept of student about the formation of oceanic ridges at divergent boundaries between oceanic plate and
oceanic plate.
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Fig. 2. Misconceptions of students about plate tectonics. (a) misconception about the formation of geologic structure at diver-
gent boundaries between oceanic plate and oceanic plate, (b) misconception about the formation of trenches at divergent bound-
aries between oceanic plate and oceanic plate, and (c) misconception about formation section of transform faults.
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Fig. 3. Scientific concept of student about the formation of folded mountains at convergent boundaries between continental plate
and continental plate.
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Fig. 4. Scientific concept of student about the formation of transform faults at convergent boundaries between oceanic plate and
oceanic plate.
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Table 7. The verification of experimental group’s pre and post test results on science-related attitudes

Pre-test Post-test
No Category " D " D t V4
1 social significance of science 2.84 1.51 3.19 1.20 -1.248 0.221
2 normality of scientists 2.31 1.40 2.84 1.25 -2.092 0.045%
3 attitude toward scientific inquiry 2.75 1.46 3.31 1.18 -1.958 0.059
4 application of scientific attitude 1.94 1.29 2.53 1.32 -1.990 0.556
5 pleasure of science lessons 1.84 1.25 291 1.40 -3.792 0.001*
6 interests on science as a hobby 1.97 1.31 2.84 1.44 -2.521 0.017*
7 concerns about professions related to science 231 1.53 2.88 143 -1.646 0.110
mean 228 1.39 2.93 1.32 -2.180 0.140
*p<0.05
Table 8. The verification of control group’s pre and post test results on science-related attitudes
No Category Pre-test Post-test , »
M SD M SD
1 social significance of science 2.60 1.35 2.87 1.38 -0.718 0.478
2 normality of scientists 2.33 1.27 2.63 1.25 -1.104 0.279
3 attitude toward scientific inquiry 2.80 1.45 3.03 1.19 -1.157 0.257
4 application of scientific attitude 1.97 1.25 2.17 1.23 -0.757 0.455
5 pleasure of science lessons 1.97 1.16 2.37 1.40 -1.263 0.216
6 interests on science as a hobby 1.97 1.25 2.50 1.46 -1.593 0.122
7 concerns about professions related to science 2.50 1.55 2.57 1.43 -0.203 0.841
mean 231 1.33 2.59 1.33 -0.970 0.380
*p<0.05
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