Science Standards – Crosscutting Concepts
Systems: Parts, Properties, Interactions, Emergence

	Cross-cutting 
	EALR 1

Systems

	The Big Ideas of Science
	…is a way of thinking that makes it possible to analyze and understand complex phenomena. 

	Grades

9-12
	Predictability

and Feedback

	
	Create realistic models with feedback, and recognize that all models are limited in their predictive power.

	Grades

6-8
	Inputs, Outputs, 

Boundaries & Flows

	
	Look at a complex situation and see how it can be analyzed as systems with boundaries, inputs, outputs, and flows.

	Grades

4-5
	Complex

Systems

	
	Analyze a system in terms of subsystems functions and input and outputs.

	Grades

2-3
	Role of Each Part 

in a System

	
	See how parts of objects, plants, and animals are connected and work together.

	Grades

K-1
	Part-Whole 

Relationships

	
	Identify parts of living and non-living systems.


	
	Content Standards
	Performance Expectations

	
	Students know that:
	Students are expected to:


	K-1 SYSA
	Living and nonliving things are made of parts. People give names to the parts that are different from the name of the whole object, plant, or animal.
	· Name at least five different parts, given an illustration of a whole object, plant, or animal.

· Compare a part of an object with the whole object, correctly using the words “whole” and “part.” 

	K-1 SYSB
	Some objects can easily be taken apart and put back together again while other objects cannot be taken apart without damaging them (e.g., books, pencils, plants, and animals).
	· Identify which of several common objects may be taken apart and put back together without damaging them (e.g., a jigsaw puzzle) and which objects cannot be taken apart without damaging them (e.g., books, pencils, plants, and animals). *a


	2-3 SYSA
	A system is a group of interacting parts that form a whole.
	· Give examples of simple living and physical systems (e.g., a whole animal or plant, a car, a doll, a table and chair set). For each example, explain how different parts make up the whole.

	2-3 SYSB
	A whole object, plant, or animal may not continue to function the same way if some of its parts are missing. 
	· Predict what may happen to an object, plant, or animal if one or more of its parts are removed (e.g., a tricycle cannot be ridden if its wheels are removed).*a 

· Explain how the parts of a system depend on one another for the system to function.

	2-3 SYSC
	A whole object, plant, or animal can do things that none of its parts can do by themselves.
	· Contrast the function of a whole object, plant, or animal with the function of one of its parts (e.g., an airplane can fly, but wings and propeller alone cannot; plants can grow, but stems and flowers alone cannot).

	2-3 SYSD
	Some objects need to have their parts connected in a certain way if they are to function as a whole.
	· Explain why the parts in a system need to be connected in a specific way for the system to function as a whole (e.g., batteries must be inserted correctly in a flashlight if it is to produce light).

	2-3 SYSE
	Similar parts may play different roles in different objects, plants, or animals.
	· Identify ways that similar parts can play different roles in different systems (e.g., birds may use their beaks to crack seeds while other birds use their beaks to catch fish).


	4-5 SYSA
	Systems contain subsystems. 
	· Identify at least one of the subsystems of an object, plant, or animal (e.g., an airplane contains subsystems for propulsion, landing, and control).



	4-5 SYSB
	A system can do things that none of its subsystems can do by themselves. 
	· Specify how a system can do things that none of its subsystems can do by themselves (e.g., a forest ecosystem can sustain itself, while the trees, soil, plant, and animal populations cannot).

	4-5 SYSC
	Systems have inputs and outputs. Changes in inputs may change the outputs of a system.
	· Describe what goes into a system (input) and what comes out of a system (output) (e.g., when making cookies, inputs include sugar, flour, and chocolate chips; outputs are finished cookies).

· Describe the effect on a system if its input is changed (e.g., if sugar is left out, the cookies will not taste very good).

	4-5 SYSD
	One defective part can cause a subsystem to malfunction, which in turn will affect the system as a whole. 


	· Predict what might happen to a system if a part in one or more of its subsystems is missing, broken, worn out, mismatched, or misconnected (e.g., a broken toe will affect the skeletal system, which can greatly reduce a person’s ability to walk).*a 


	6-8 SYSA
	Any system may be thought of as containing subsystems and as being a subsystem of a larger system.
	· Given a system, identify subsystems and a larger encompassing system (e.g., the heart is a system made up of tissues and cells, and is part of the larger circulatory system).

	6-8 SYSB
	The boundaries of a system can be drawn differently depending on the features of the system being investigated, the size of the system, and the purpose of the investigation.
	· Explain how the boundaries of a system can be drawn to fit the purpose of the study (e.g., to study how insect populations change, a system might be a forest, a meadow in the forest, or a single tree). 

	6-8 SYSC
	The output of one system can become the input of another system. 
	· Give an example of how output of matter or energy from a system can become input for another system (e.g., household waste goes to a landfill).*a

	6-8 SYSD
	In an open system, matter flows into and out of the system. In a closed system, energy may flow into or out of the system, but matter stays within the system.
	· Given a description of a system, analyze and defend whether it is open or closed.



	6-8 SYSE
	If the input of matter or energy is the same as the output, then the amount of matter or energy in the system won’t change; but if the input is more or less than the output, then the amount of matter or energy in the system will change.
	· Measure the flow of matter into and out of an open system and predict how the system is likely to change (e.g., a bottle of water with a hole in the bottom, an ecosystem, an electric circuit).*b

	6-8 SYSF
	The natural and designed world is complex; it is too large and complicated to investigate and comprehend all at once. Scientists and students learn to define small portions for the convenience of investigation. The units of investigation can be referred to as “systems.”
	· Given a complex societal issue with strong science and technology components (e.g., overfishing, global warming), describe the issue from a systems point of view, highlighting how changes in one part of the system are likely to influence other parts of the system.


	9-12 SYSA
	Feedback is a process in which the output of a system provides information used to regulate the operation of the system. Positive feedback increases the disturbance to a system. Negative feedback reduces the disturbance to a system. 
	· Give examples of a positive feedback system and explain its regulatory mechanism (e.g., global warming causes Earth’s ice caps to melt, reflecting less energy to space, increasing temperatures).*a 

· Give examples of a negative feedback system and explain its regulatory mechanism (e.g., when a human body overheats, it produces sweat that cools the body by evaporation).*a

	9-12 SYSB
	Systems thinking can be especially useful in analyzing complex situations. To be useful, a system needs to be specified as clearly as possible.


	· Determine if a systems approach will be helpful in answering a question or solving a problem.*b

· Represent the system with a diagram specifying components, boundaries, flows, and feedbacks.*a 
· Describe relevant subsystems and the larger system that contains the system being analyzed.*a

· Determine how the system functions with respect to other systems.

	9-12 SYSC
	In complex systems, entirely new and unpredictable properties may emerge. Consequently, modeling a complex system in sufficient detail to make reliable predictions may not be possible.
	· Create a simplified model of a complex system. Trace the possible consequences of a change in one part of the system and explain how the simplified model may not be adequate to reliably predict consequences.

	9-12 SYSD
	Systems can be changing or in equilibrium.


	· Analyze whether or not a system (e.g., population) is changing or in equilibrium. *c

· Determine whether a state of equilibrium is static or dynamic (e.g., inflows equal outflows). *c


Systems. The idea of systems analysis arose first in the life sciences, where the reductionist methods of physics failed to account for the many interactions among organisms and their environments. Later, Earth and Space Science adopted a view of our planet as four interacting systems—the rocky geosphere, the watery hydrosphere, the atmosphere, and the biosphere. Systems thinking also has many applications in physics. In addition to its use within domains, systems thinking provides a bridge between science domains. In elementary school students learn to think systematically about how the parts of objects, plants, and animals are connected and work together, noting that properties of a whole object or organism are different from the properties of its parts and that if one or more parts are removed, the whole system may fail. In upper elementary school, students learn that systems contain smaller (sub-) systems, and they are also parts of larger systems. In middle school the focus is on more complex ideas including systems boundaries, open and closed systems, and the flow of matter and energy through systems. In high school students learn to use the concept of feedback in developing models of systems and recognize that new and unpredictable properties may emerge in complex systems. Students can apply this more sophisticated understanding to analyzing real-world societal issues, which in turn helps them further develop their “systems thinking” abilities. The aim of this sequence of standards is for every student to be ready and able to use systems thinking whenever they encounter a complex problem with numerous factors and interconnections.











