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Structure and Function

As expressed by the National Research Council in 1996 and reiterated by the 
College Board in 2009, “Form and function are complementary aspects of objects, 
organisms, and systems in the natural and designed world. . . . Understanding 
of form and function applies to different levels of organization. Function can be 
explained in terms of form and form can be explained in terms of function” [2, 3].

The functioning of natural and built systems alike depends on the shapes and 
relationships of certain key parts as well as on the properties of the materials from 
which they are made. A sense of scale is necessary in order to know what proper-
ties and what aspects of shape or material are relevant at a particular magnitude or 
in investigating particular phenomena—that is, the selection of an appropriate scale 
depends on the question being asked. For example, the substructures of molecules 
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are not particularly important in understanding the phenomenon of pressure, but 
they are relevant to understanding why the ratio between temperature and pressure 
at constant volume is different for different substances. 

Similarly, understanding how a bicycle works is best addressed by examin-
ing the structures and their functions at the scale of, say, the frame, wheels, and 
pedals. However, building a lighter bicycle may require knowledge of the proper-
ties (such as rigidity and hardness) of the materials needed for specific parts of 
the bicycle. In that way, the builder can seek less dense materials with appropriate 
properties; this pursuit may lead in turn to an examination of the atomic-scale 
structure of candidate materials. As a result, new parts with the desired properties, 
possibly made of new materials, can be designed and fabricated.

Progression

Exploration of the relationship between structure and function can begin in 
the early grades through investigations of accessible and visible systems in the 
natural and human-built world. For example, children explore how shape and 
stability are related for a variety of structures (e.g., a bridge’s diagonal brace) 
or purposes (e.g., different animals get their food using different parts of their 
bodies). As children move through the elementary grades, they progress to 

understanding the relationships of structure and 
mechanical function (e.g., wheels and axles, 
gears). For upper-elementary students, the con-
cept of matter having a substructure at a scale 
too small to see is related to properties of mate-
rials; for example, a model of a gas as a collec-
tion of moving particles (not further defined) 
may be related to observed properties of gases. 
Upper-elementary students can also examine 
more complex structures, such as subsystems of 
the human body, and consider the relationship 
of the shapes of the parts to their functions. By 
the middle grades, students begin to visualize, 

model, and apply their understanding of structure and function to more complex 
or less easily observable systems and processes (e.g., the structure of water and 
salt molecules and solubility, Earth’s plate tectonics). For students in the middle 
grades, the concept of matter having a submicroscopic structure is related to 
properties of materials; for example, a model based on atoms and/or molecules 
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and their motions may be used to explain the properties of solids, liquids, and 
gases or the evaporation and condensation of water.

As students develop their understanding of the relationships between struc-
ture and function, they should begin to apply this knowledge when investigating 
phenomena that are unfamiliar to them. They recognize that often the first step 
in deciphering how a system works is to examine in detail what it is made of 
and the shapes of its parts. In building something—say, a mechanical system—
they likewise apply relationships of structure and function as critical elements of 
successful designs. 


	Front Matter
	Summary
	PART I: A Vision for K-12 Science Education
	1 A New Conceptual Framework
	2 Guiding Assumptions and Organization of the Framework
	PART II: Dimensions of the Framework
	3 Dimension 1: Scientific and Engineering Practices
	4 Dimension 2: Crosscutting Concepts
	5 Dimension 3: Disciplinary Core Ideas - Physical Sciences
	6 Dimension 3: Disciplinary Core Ideas - Life Sciences
	7 Dimension 3: Disciplinary Core Ideas - Earth and Space Sciences
	8 Dimension 3: Disciplinary Core Ideas - Engineering, Technology, and Applications of Science
	PART III: Realizing the Vision
	9 Integrating the Three Dimensions
	10 Implementation: Curriculum, Instruction, Teacher Development, and Assessment
	11 Equity and Diversity in Science and Engineering Education
	12 Guidance for Standards Developers
	13 Looking Toward the Future: Research and Development to Inform K-12 Science Education Standards
	APPENDIXES
	Appendix A: Summary of Public Feedback and Subsequent Revisions
	Appendix B: Bibliography of References Consulted on Teaching and Learning
	Appendix C: Biographical Sketches of Committee Members and Staff
	Appendix D: Design Team Members
	Index
	Photo Credits



