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Can Science Studies Help Shift Teachers into a 
More Sophisticated View of Learning?  

Toward an R & D Agenda

John J. Clement
U. of Massachusetts, Amherst

This material is based upon work supported by the National Science Foundation under Grants DRL-
1222709 and DRL-0723709, John J. Clement, PI. Any opinions, findings, and conclusions or 
recommendations expressed in this presentation are those of the author and do not necessarily reflect 
the views of the National Science Foundation.



Questions

• Problem:  Many teachers and trainees do not understand: 
– Central role of explanatory models in science
– How complex model construction occurs as progressive cycle of 

generation, evaluation, and modification
– How learning can depend on the student’s prior knowledge resources

• How can we find transparent visual images of such learning 
processes to discuss with teachers that are:
– Memorable
– Simple
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Think Aloud Studies of Science Experts

What Processes Do Experts use in Scientific Model Construction?



Spring Problem



General Model Development Pattern as a Learning Process

Time

Clement, J., (2009).  Creative Model Construction in Scientists and Students:  The Role 
of Imagery,  Analogy, and Mental Simulation. Dordrecht: Springer.



Themes
•Progressive Sequence of Partially Correct Hypothesized Models
•Cycle of Generation, Evaluation, and Modification
•Cycle Fed by both Empirical Contributions and Rationalistic Prior Knowledge Sources
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Model Development in 7th Grade Unit on Lungs

S= STUDENT
T= TEACHER

G E M E M E

G = Model Generation
E = Model Evaluation
M = Model Modification





Themes
•Progressive Sequence of Partially Correct Hypothesized Models
•Cycle of Generation, Evaluation, and Modification
•Cycle Fed by both Empirical Contributions and Rationalistic Prior Knowledge Sources
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Draft of Research Agenda
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Adapted from:

Williams, E.G. (2011). Fostering high school physics students’ 
construction of explanatory mental models for electricity: 
Identifying and describing whole-class discussion-based 
teaching strategies. Doctoral Dissertation. University of 
Massachusetts, Amherst.

Connections to Science Teaching







Three Nested Levels of Processing in Experts

Clement, J., (2009).  Creative model construction in scientists and students:  The role of imagery,  
analogy, and mental simulation. Dordrecht: Springer.
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