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For the past century quantum theory has been at the heart of modern chemistry just as chemistry is at the heart of the biological sciences, materials science, and medical research. Nevertheless, instruction at a level that deeply engages students in quantum ideas has been largely avoided in general chemistry due to a perception by instructors that the material is too mathematically abstruse.

We propose to develop a new approach to the quantum aspects of the general chemistry course taken by undergraduates majoring in the sciences at American universities. Our motive for this work, and our confidence that it can succeed, stems from three convergent streams of development: (1) the growing reliance of the crafts of modern chemistry, materials science, and electrical engineering on the manipulation of matter at the atomic and molecular level; (2) the development of new insights into how students develop deep conceptual understanding allowing transfer of learning to new domains; and (3) the development of computer software for exploration and visualization of abstract concepts. The first development provides the need and significance of the proposed project. The second provides the justification for the method of instruction and approach we propose. Finally, the development of appropriate computer tools provides the vehicle for our project.

An earlier research project we undertook provided the proof of concept that interactive computer tools can be created for students to explore quantum concepts in chemistry. We are now developing computer tools to provide students of general chemistry with a descriptive introduction to concepts underlying the modern theory of matter. The educational questions for which we are seeking innovative answers are related to the pedagogical use of computer tools. How must we alter the structure of the general chemistry course to accommodate the authentic use of computer software to teach quantum concepts?

Our work focuses on the development of well-designed computer software and activities, coupled to laboratory activities, which will provide students the opportunity to learn quantum concepts through inquiry and discovery. In the process we are documenting the reorganization of the general chemistry course structure necessary to accommodate these new methods.


