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Learning progressions (LP), which describe how students may develop more sophisticated understanding
over a defined period of time, can inform the design of instructional materials and assessment by providing
a coherent, systematic measure of what can be regarded as "level appropriate." We developed LPs for
the nature of matter for grades K-16. In order to empirically test Korean students, we revised one of
the constructs and associated assessment items based on Korean National Science Standards. The
assessment was administered to 124 Korean secondary students to measure their knowledge and

submicroscopic representations, and to assign them to a level of learning progression for the particle
nature of matter. We characterized the level of students' understanding and models of the particle nature
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of matter, and described how students interpret various representations of atoms and molecules to explain
scientific phenomena. The results revealed that students have difficulties in understanding the relationship
between the macroscopic and molecular levels of phenomena, even in high school science. Their
difficulties may be attributed to a limited understanding of scientific modeling, a lack of understanding

of the models used to represent the particle nature of matter, or limited understanding of the structure
of matter. This work will inform assessment and curriculum materials development related to the
fundamental relationship between macroscopic, observed phenomena and the behavior of atoms and
molecules, and can be used to create individualized learning environments. In addition, the results
contribute to scientific research literature on learning progressions on the nature of matter.
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Table 1. Learning progression of concepts and representations of the particle nature of matter
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Table 2. Submicroscopic representations of Models
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Table 3. The result of Learning progression of the particle
nature of matter
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Figure 2. Concept of molecules
(Note. MS: middle school students, HS: high school students, level
IIl: understanding of particle, level Ill: understanding of molecules,
level IV: understanding of molecule structure)
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Figure 3. Concept of molecule arrangement
(Note.level I: macroscopic understanding (2-&), level 1I:
understanding of particle)
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Figure 7. Representation of molecule
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(Note. level |: macroscopic model, level II:

particle model)
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