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Additional Information on the Content and Scoring of the Student Achievement Test
Our student achievement test was a shortened version of the test of elementary school children’s conceptual understanding for the topic of floating and sinking used by Hardy et al. (2006). The test paid specific attention to children’s naïve conceptions about the phenomenon of floating and sinking. Thereby, the test covered two areas. The first area was water displacement. Five multiple choice items addressed the misconception that water displacement depends on mass not volume (see Figure S1).
The second area focused on explanations for phenomena of floating and sinking. In particular, seven multiple-choice and two free-response items captured students’ explanations for the behavior of specific objects when immersed into water. Again, multiple-choice items included typical misconceptions of elementary school students, such as explanations that referred to an objects’ mass, volume or form. Further, the items incorporated explanations derived from and approved by everyday life, such as explanations that refer to the hollowness or the material of an object. Finally, the items featured explanations that drew on scientific concepts (such as water displacement, density and buoyancy force) (see Figure S2). The two free-response items asked what happens (a) when a wooden board with holes and (b) when an iron ship is immersed into water. One item aggregated from several true-false questions addressed more generalized principles of floating and sinking beyond the floating and sinking of specific objects. For instance, students had to indicate whether statements such as “Things without air cannot float in water.” or “Heavy objects cannot float in water.” are true or false. A further item required to correctly predict whether different cubes will float or sink in water. In order to solve this item, students had to consider both volume and mass of the objects (see Figure S3).
We scored students’ answers to the two free-response items on three levels of conceptual understanding. Each answer could be assigned to multiple levels. The first level included misconceptions. We coded student explanations as misconceptions when students focused only on mass, volume, or shape, and when students considered air an active force. The second level consisted of everyday explanations. This level included answers considering the role of water (as the object being lighter or heavier than water), the concept of material kind, and the hollowness of objects as explanations of floating and sinking. The third level comprised scientific explanations based on one or more scientific concepts. We assigned this level when responses considered one or more of the physical quantities of density, water pressure, or buoyancy force.
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Figure S1. Sample multiple-choice item addressing the naïve conception that water displacement depends on mass not volume.
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Figure S2. Sample multiple-choice item assessing explanations for phenomena of floating and sinking.
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Figure S3. Sample multiple-choice item asking for the prediction of floating and sinking: It is necessary to consider mass and volume of the cubes simultaneously, that is, it is necessary to consider the specific density of the cubes.
