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(The following projects have been supported by 10 grants I received from NSF, beginning in
1985, and by grants with others)

Expert Reasoning and Model Construction

I have studied expert reasoning in science in areas such as model construction, analogy,
imagery, and mental simulation. This work, based on think-aloud interviews with experts
solving explanation problems, focuses on the nature of creative, imagery-based
nonformal reasoning processes that may be as or more important for innovation than
formal deductive reasoning. This includes papers in early meetings of the Cognitive
Science Society (e.g. Clement (1981), an article on spontaneous analogy generation
methods (Clement, 1988, in Cognitive Science), a chapter on the use of physical intuition
and imagistic simulation by experts (Clement, 1994), a book on the role of imagery and
mental simulation in expert analogy making and model construction (Clement, 2008,
Springer), an article on the role of mental simulation in expert reasoning and thought
experiments (Clement, 2009, in Topics in Cognitive Science), a chapter on the role of
imagery in analogy use (Clement, 2009), an article on parallel reasoning patterns in
Galileo’s analysis of machines and in expert protocols (Clement, 2018, in Topoi), and an
article on multiple levels of heuristic reasoning processes in scientific model construction
(Clement, 2002, in Frontiers in Psychology, Cognition) that consolidates heuristics from
three think-aloud and history of science studies and places them into four, nested,
hierarchical levels. These studies provide evidence from case studies that there are
creative, rationalistic, qualitative reasoning patterns and heuristics that are grounded in
perceptual motor processes involving imagery. These findings have important
applications in theories of science learning and instruction described below.



Intuitive Knowledge Structures, Mental Models, and Scientific Thinking in Students

Mathematics Conceptions: Early in my career I also did some work on students’
mathematical thinking skills, leading to publications on intuitive conceptions of division
in 8 year olds, conceptions of variables and equations in college students, and
conceptions of graphing, as well as basic problem solving skills. Since then I’ve focused
on applications to cognitive issues in science learning.

Alternative Conceptions: A paper which helped initiate the study of persistent
alternative conceptions as a research area is Clement (1982). These studies document
certain thinking patterns that can be constrained or dominated by domain specific
knowledge schemas. This contributed to the beginning of a shift in the psychology of
learning from an emphasis on general reasoning skills to the inclusion of prior knowledge
schemas as an important factor in learning, helping lay the groundwork for theories of
mental models.

Useable Intuitions in Students: Other papers in that vein were followed by a
complementary publication titled “Not All Preconceptions are Misconceptions”
documenting students’ positive conceptions or “anchoring intuitions.” This was an effort
to document students’ intuitive conceptions that can be built upon in instruction
(Clement, Brown, and Zietsman, 1989; Clement, 1993). This research led to two
curriculum projects. “Preconceptions in Mechanics” is a set of lessons specifically
designed to deal with alternative conceptions through the use of visual reasoning,
problem solving, key analogy sequences, and classroom discussion (Camp, Clement, et
al, 1994, second edition, 2010). We were able to document large gain differences over
control groups for this curriculum (Clement, 1993; Brown & Clement, 1991)

Model Based Learning and Scientific Thinking Skills in Classrooms: Our team has done
classroom studies on strategies for leading discussions about animated simulations in
science. It has also documented strategies for fostering scientific thinking in students,
including the role of imagistic mental simulations and whole class discussion modes.
The teaching strategies are designed to foster scientific practices, and build on our
research on expert reasoning and model construction practices described above.
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