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Development and Application of Learning Materials for the Law of
Planetary Motion using the Kepler’s Abductive Reasoning

Su-Gyeong Park*
Department of Science Education, Kyungnam University, Gyeongnam 631-701, Korea

Abstract: The purpose of this study was to develop learning materials based on the Kepler’s abductive reasoning and to
identify high school students’ rule-inferring strategies on the law of planetary motion. The learning materials including the
concepts of solar magnetic field, conservation of figure skater's angular momentum and Kepler’s polyhedral theory were
developed and the questions about Kepler’s 2nd and 3rd law of planetary motion were also created. The participants were
79science high school students and 83general high school students. The patterns and properties of their abductive
inference were analyzed. The findings revealed that the students showed ‘incomplete analogy abduction’, ‘analogy
abduction’ and ‘reconstruction’ to generate the hypotheses concerning the Mars” motion related to the solar magnetic field.
There were more general high school students who showed the incomplete analogy abduction than science high school
students. On the other hand, there were more science high school students who showed the analogy abduction and
reconstruction strategy than general high school students. Also, they showed ‘incomplete analogy abduction’, ‘analogy
abduction’ and ‘model construction and manipulation’ to generate the hypotheses concerning Kepler’s second law. A
number of general high school students showed the incomplete analogy. It is suggested that because the analogy of figure
skater cause the students’ alternative framework to use, more detailed demonstration is necessary in class. In addition,
students combined Kepler’s polyhedral theory with their prior knowledge to infer Kepler’s third law.

Keywords: law of planetary motion, Kepler’s abductive reasoning, abductive inference, analogy abduction
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Fig. 1. Illustration of task 1.
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Fig. 3. Illustration of task 3 (Kepler’s 3-dimensional polyhedral model of the solar system from Newton’s apple 121 p.).
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Table 1. Types of abduction of Mars’ motion (task 1)

Type

of abduction Examples of statement

The number of science The number of general
high school students (%) high school students (%)

incomplete

analogy abduction * Mars gets more force when it is closer to the Sun. 7(8.9) 31(37.3)
analogy * Mars moves more quickly because it gets more force when it is
abduction closer to the Sun. 4194) 35(422)
« If Mars doesn’t move more quickly it will be sucked into the Sun.
reconstruction  « Mars moves more quickly when it is closer to the Sun, based on 24(30.4) 10(12.0)
the equation F=mv’/r.
no answer 1(1.3) 7(8.5)
Total 79(100) 83(100)

Table 2. Types of abduction for task 2-1

Type Examples of statement The number of science The number of general
of abduction P high school students (%)high school students (%)
incomplete ~ « Mars moves slowly because the Sun moves much more quickly 000) 8(9.7)
analogy abduction when it is closer to the Sun. ’
analogy * A planet moves fastest when it is closest to the sun and it moves
abduction (a) slowest when it is furthest from the sun. 3341.8) LD
analogy * A figure skater will extend her arms when she spins, it corre-
abduction (b) sponds to a planet far from the Sun. 42(32) o108)
No answer 4(5.0) 7(8.4)
Total 79(100) 83(100)
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Table 3. Types of abduction for task 2-2

Type The number of science The number of general

of abduction Examples of statement high school students (%)high school students (%)
incomplete * length of the arms of a figure skater should be different because 6(7.6) 42(506)
analogy abduction the distance between the Sun and Mars is different. ’ ’
analogy « the space between the hands and body of a figure skater should
abduction not be filled with the matter. 34(43.0) 12(14.5)
model copstrucpon » the mass should be concentrated in the tip of arm. 31(39.3) 6(7.2)
and manipulation
no answer §(10.1) 23(27.7)
Total 79(100) 83(100)

o|E Aol FEHE WHshs Aotk 1 Ad b WHelM= 27.7% DSitk o] Hsle] ZAo]
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FuA%, 2Y T4 0 24 ol oY 48] A Allle o] it W AU AR o
SHAL W& Table 37 . A AL 43%, YR 145%2 Vpepkon) o
Table 30 olalel B fElARE 53 Quba AR ol o,
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Fig. 5. Examples of uncompleted analogy abduction for task 2-2.
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Fig. 7. Example of model construction and manipulation for task 2-2.
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Table 4. Types of abduction of task 3

Type

of ahduction Examples of statement

The number of science The number of general
high school students (%)high school students (%)

simple * The distance between the regular polyhedrons is shorter as dis-
abduction tance from the Sun increases 21(266) 29(349)
analogy * Kepler proposed that the distance relationships between the plan-
abduction ets in terms of the regular polyhedrons. 31392) 22(263)
conceptual « The square of the period of the orbit (T°) is proportional to the
combination cube of the length of the semi-major axis @). 24304 1720.5)
no answer 3(3.8) 15(18.1)
Total 79(100) 83(100)
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