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The goal of this talk is to stimulate discussion about how we might design long term learning 
progressions (spanning the K-8 years and beyond) that would allow students to more deeply 
understand important “big ideas” in science such as the particulate theory of matter.  Such 
learning progressions are constrained (on one end) by what we know about student starting 
understandings about matter, physical quantities, measures and models in kindergarten and (at 
the other end) by what we think it is important for students to understand about the particulate 
theory of matter by the middle and high school years.   We then need to imagine the possible 
pedagogical paths and intermediate understandings that might genuinely bring students from 
where they start to where we want them to go.  The argument will be that it is important to think 
about learning over a broader time scale than we typically do if we hope to develop these 
understandings and to plan a coherent science curriculum.  In addition, I will argue there are 
important foundational ideas that can be developed during the elementary school years that 
prepare students for learning about the particulate theory of matter in middle school, yet which 
rarely are. These include some core macroscopic understandings about matter, weight, and 
density, as well as epistemological understandings of the role of measurement, models, data, and 
argument in science.  Although there are still big hurdles in developing an understanding of the 
particulate theory of matter, I will argue that overcoming these hurdles becomes at least possible 
if these foundational understandings are in place. Finally, I will argue that at all levels of the 
curriculum it is important to think about how developing children’s epistemological and 
mathematical insights goes hand-in-hand with their constructing deeper understandings in 
science. 
 
Background of speaker:  Carol Smith is a cognitive and developmental psychologist at the 
University of Massachusetts/Boston who has done research over the past 20 years on children’s 
conceptions of matter, weight, density, volume as well as their understanding of the role of 
models in science.  She has participated in designing innovative instruction units and software to 
help students develop their understanding of weight, volume, and density as measurable and 
inter-related physical quantities and to help them understand the particulate theory of matter as 
an explanatory model.  She has also studied the effectiveness of these instructional approaches in 
bringing about conceptual change.  More recently she has worked on two committees for the 
National Academy of Science: one that was specifically charged with developing a learning 
progression for the particulate theory of matter in the K-8 years (see 2006 paper that appeared in 
the journal Measurement, listed below) and the other that was concerned more broadly with 
synthesizing the current developmental and science education literature that bears on what we 
know about how children learn science (see preprint of book Taking Science to School, edited by 
R. Duschl et al., available on the website of the National Academy of Science.)   
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