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Systems and system models are useful in science and engineering because the world is complex. Even
though many systems are part of a larger system, it is often easier to isolate a smaller system for the purpose
of study. To do this, scientists establish boundaries for the system and determine the inputs and outputs that
influence the workings of the system in the defined boundaries. Understanding the extent to that a system
can be isolated or external conditions controlled is an important element of the design and how results are
interpreted. The properties and behavior of the whole system can be very different from those of any of its
parts, and large systems may have properties that cannot be predicted in detail from knowledge about the
components and their interactions.

This crosscutting concept connects to the practice of Developing and Using Models. Models can be valuable
in predicting a system’s behaviors, regardless of what type of system is being examined. In complex
systems, it is important to ask what interactions are occurring (e.g., predator-prey relationships in an
ecosystem) and to recognize that they all involve transfers of energy, matter, and (in some cases) information
among parts of the system.

This crosscutting concept also connects to the practices of Constructing Explanations and Designing
Solutions and Engaging in Argument from Evidence. Any model of a system incorporates assumptions and
approximations; the key is to be aware of what they are and how they affect the model’s reliability and
precision. Predictions may be reliable but not precise or, worse, precise but not reliable; the degree of
reliability and precision needed depends on how the model will be used.
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In grades 9-12, students investigate or analyze a system by defining its boundaries and
initial conditions, as well as its inputs and outputs. They use models (e.g., physical,
mathematical, computer models) to simulate the flow of energy, matter, and interactions
within and between systems at different scales. They also use models and simulations
to predict the behavior of a system and recognize that these predictions have limited
precision and reliability due to the assumptions and approximations inherent in the
models. They can also design systems to do specific tasks.
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Example: students develop a model explaining the role of photosynthesis and cellular
respiration in the cycling of carbon among the biosphere, atmosphere, hydrosphere,
and geosphere.
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