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Exploring 6" Graders Learning Progression for Lunar Phase Change:
Focusing on Astronomical Systems Thinking

Hyunseok Oh' and Kiyoung Lee**

'Middle School, Seoul National University, Seoul 02796, Korea
“Division of Science Education, Kangwon National University, Gangwon 24341, Korea

Abstract: The purpose of this study was to explore 6" graders learning progression for lunar phase change focusing
astronomical systems thinking. By analyzing the results of previous studies, we developed the constructed-response items,
set up the hypothetical learning progressions, and developed the item analysis framework based on the hypothetical
learning progressions. Before and after the instruction on the lunar phase change, we collected test data using the
constructed-response items. The results of the assessment were used to validate the hypothetical learning progression.
Through this, we were able to explore the learning progression of the earth-moon system in a bottom-up. As a result of
the study, elementary students seemed to have difficulty in the transformation between the earth-based perspective and the
space-based perspective. In addition, based on the elementary school students' learning progression on lunar phase change,
we concluded that the concept of the lunar phase change was a bit difficult for elementary students to learn in elementary
science curriculum.

Keywords: learning progression, lunar phase change, astronomical systems thinking, constructed-response item
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Basic Research

developing the constructed-response ite

ms based on previous research

the development of framework for

analyzing items.

NS

Data Collection

Before and after the lecture on the lunar phase change, we collected test data using
the constructed-response items.

Data Analysis

applying framework for analyzing items

& the hypothetical learning progression.

organization and analysis of results

Fig. 1. The procedure of research.
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Table 1. Hypothetical learning progressions for Earth-Moon system (from Maeng et al., 2014)
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Fig. 2. Illustration of constructed-response items used in this study.
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Table 2. Hypothetical learning progressions for lunar phase change with astronomical systems thinking

level Lunar phase change

Astronomical Systems Thinking
(Oh et al, 2015)

1 The shape of the moon changes every day.

1. identify the components

same time also changes

As well as changing the shape of the moon every day, the position of the moon at the

2. make relationship

3 Identify the shape of the moon and the pattern of the location change according to date.

3. generalize patterns

4 The moon’s shape change and position change are imperfectly explained by the motion of
the moon on orbit. (flawed system modeling)

4. system modeling

Explain the change of the shape of the moon and the change of position as the movement

of the moon on the orbit. (perfect system modeling)

Table 3. The number of students participated in this study

School HJ JH Jp MS

Pre 8 18 27 24

Post 8 18 27 24
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Table 4. Comparison of level change between pre-test and
post-test

B HESIE AR A Bhoz 109

Table 5. Proportions and number of cases of upward, neu-
tral, and downward transition

Pre-test Post-test
Level
number of Ratio (%) number of Ratio (%)
cases cases

0 41 53 20 26

1 15 20 19 25

2 14 18 20 26

3 4 5 15 19

4 3 4 3 4

5 0 0 0 0

total 77 77
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Table 6. Number of cases of upward, neutral, and downward transitions by the cases

0=3 022 0>l 020 10 1—1 1-2

=3 220 2-1

222 223 3-0 323 3-4 42 44

number of
cases

9 13 15 1 5 4

3 1 6 4 1 2 1 1 2

U U U N D N U

D D N U D N U D N

U: Upward, N: Neutral, D: Downward. (Shaded areas are the signigicant cases for validity evidence)
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Level 4

Level 4

3 4%

Level 3

3 4%

Level 3

4 5%

Level 2

15 20%

Level 2

14 18%

Level 1

20 26%

Level 1

15 19%

Level O

19 25%

Level O

41 53%

20 26%

Fig 3. Student transition. Thickness of the lines stands for the number of cases which moved from one level to another, that is
the thicker, the more % points (The way of representation was derived from Plummer, 2014).
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Fig. 4. An illustration of level 1 (case of pre-MS-PARKS).
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Fig. 5. An illustration of level 2 (case of pre-JP-JU2).
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Fig. 6. An illustration of level 3 (case of pre-JP-OH1).
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Fig. 7. An illustration of level 4 (case of pre-JP-KIM4).
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Fig. 8. An illustration of level change 13 (case of post-
JH-JEON1).
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Fig. 9. An illustration of level change 3—4 (case of JP-KANGI, left: pre-test, right: post-test).
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