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                    Abstract
Capturing the nature of students’ mental representations and how they change with learning is a primary goal in science education research. This can be challenging in spatially intense domains, such as geoscience, architecture, and engineering. In this research, we test whether sketching can be used to gauge level of expertise in geoscience, using new technology designed to facilitate this process. We asked participants with differing levels of geoscience experience to copy two kinds of geoscience images—photographs of rock formations and causal diagrams. To permit studying the process of sketching as well as the structure and content of the sketches, we used the CogSketch system (Forbus et al. 2011, Topics in Cognitive Science 3:648–666) to record the time course of sketching and analyze the sketches themselves. Relative to novices, geoscience students included more geological structures and relational symbols in their sketches of geoscience materials and were more likely to construct their sketches in a sequence consistent with the order of causal events. These differences appear to stem from differences in domain knowledge, because they did not show up in participants’ sketches of materials from other fields. The findings and methods of this research suggest new ways to promote and assess science learning, which are well suited to the visual–spatial demands of many domains.
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                    Notes
	This accurately describes the interface used in these experiments; since then, the interface has been streamlined so that pressing a “start glyph” button is unnecessary, and users can merge or split their ink as they desire.


	In our coding scheme, each part of the sketch that contained an arrow was coded as a relational part. Although there are five arrows in the geoscience student’s sketch, the participant grouped the arrows into three spatially separated parts; thus, only three relational parts were counted. (Coding also took into account the labels given to the parts, so additional relational parts may be present in Fig. 5 in addition to those indicated in red.)


	The coefficient of agreement for mean ordering was lower than the median and modal values because one student sketched the events in perfect reverse order (Kendall’s W = 0). The median value of Kendall’s W was .75 and the mode was 1.0 for geoscience students who drew at least two causal events.


	Experiments 2 and 3 both showed a similar statistical interaction, i.e., an advantage for geoscience students on the geoscience images, but no difference between the groups on the control images. However, whereas in experiment 2 both groups produced a high proportion of relations on the control images, in experiment 3 both groups produced a low proportion of relations on the control images.


	We used CogSketch’s ordering of events but omitted events not considered to be key events.


	This pattern has also been observed in biology. Louis Gomez (personal communication, May 2012) reports that students who understand the photosynthesis process tend to copy diagrams of photosynthesis in causal order.


	CogSketch normally requires the user to categorize their glyphs as objects or relations, but to allow for more spontaneity, this feature was not used in this research.
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