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In grades 6-8, students classify relationships as causal or 

correlational, and recognize that correlation does not 

necessarily imply causation. They use cause and effect 

relationships to predict phenomena in natural or designed 

systems. They also understand that phenomena may have 

more than one cause, and some cause and effect relationships 

in systems can only be described using probability. 

MS-PS1-4.  Develop a model that predicts and 

describes changes in particle motion, temperature, 

and state of a pure substance when thermal energy 

is added or removed.   

In grades 9-12, students understand that empirical evidence 

is required to differentiate between cause and correlation and 

to make claims about specific causes and effects. They 

suggest cause and effect relationships to explain and predict 

behaviors in complex natural and designed systems. They 

also propose causal relationships by examining what is 

known about smaller scale mechanisms within the system. 

They recognize changes in systems may have various causes 

that may not have equal effects. 

HS-LS3-2.  Make and defend a claim based on 

evidence that inheritable genetic variations may 

result from:  (1) new genetic combinations through 

meiosis, (2) viable errors occurring during 

replication, and/or (3) mutations caused by 

environmental factors.   

  

3. Scale, Proportion and Quantity are important in both science and engineering. These are 

fundamental assessments of dimension that form the foundation of observations about nature. 

Before an analysis of function or process can be made (the how or why), it is necessary to identify 

the what. These concepts are the starting point for scientific understanding, whether it is of a total 

system or its individual components. Any student who has ever played the game “twenty questions” 

understands this inherently, asking questions such as, “Is it bigger than a bread box?” in order to 

first determine the object’s size. 

An understanding of scale involves not only understanding systems and processes vary in size, time 

span, and energy, but also different mechanisms operate at different scales. In engineering, “no 

structure could be conceived, much less constructed, without the engineer’s precise sense of scale... 

At a basic level, in order to identify something as bigger or smaller than something else—and how 

much bigger or smaller—a student must appreciate the units used to measure it and develop a feel 

for quantity.” (p. 90)  

“The ideas of ratio and proportionality as used in science can extend and challenge students’ 

mathematical understanding of these concepts. To appreciate the relative magnitude of some 

properties or processes, it may be necessary to grasp the relationships among different types of 

quantities—for example, speed as the ratio of distance traveled to time taken, density as a ratio of 

mass to volume. This use of ratio is quite different than a ratio of numbers describing fractions of a 

pie. Recognition of such relationships among different quantities is a key step in forming 

mathematical models that interpret scientific data.” (p. 90) 

The crosscutting concept of Scale, Proportion, and Quantity figures prominently in the practices of 

“Using Mathematics and Computational Thinking” and in “Analyzing and Interpreting Data.” This 

concept addresses taking measurements of structures and phenomena, and these fundamental 

observations are usually obtained, analyzed, and interpreted quantitatively. This crosscutting 

concept also figures prominently in the practice of “Developing and Using Models.” Scale and 

proportion are often best understood using models. For example, the relative scales of objects in the 

solar system or of the components of an atom are difficult to comprehend mathematically (because 

the numbers involved are either so large or so small), but visual or conceptual models make them 

much more understandable (e.g., if the solar system were the size of a penny, the Milky Way galaxy 

would be the size of Texas).  
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Progression Across the Grades Performance Expectation from the NGSS 

In grades K-2, students use relative scales (e.g., bigger and 

smaller; hotter and colder; faster and slower) to describe 

objects. They use standard units to measure length.  

 

In grades 3-5, students recognize natural objects and 

observable phenomena exist from the very small to the 

immensely large. They use standard units to measure and 

describe physical quantities such as weight, time, 

temperature, and volume. 

5-ESS1-1.  Support an argument that the apparent 

brightness of the sun and stars is due to their relative 

distances from Earth.   

In grades 6-8, students observe time, space, and energy 

phenomena at various scales using models to study systems 

that are too large or too small. They understand phenomena 

observed at one scale may not be observable at another scale, 

and the function of natural and designed systems may change 

with scale. They use proportional relationships (e.g., speed as 

the ratio of distance traveled to time taken) to gather 

information about the magnitude of properties and processes.  

They represent scientific relationships through the use of 

algebraic expressions and equations.  

MS-LS1-1.  Conduct an investigation to provide 

evidence that living things are made of cells; either 

one cell or many different numbers and types of 

cells.   

In grades 9-12, students understand the significance of a 

phenomenon is dependent on the scale, proportion, and 

quantity at which it occurs. They recognize patterns 

observable at one scale may not be observable or exist at 

other scales, and some systems can only be studied indirectly 

as they are too small, too large, too fast, or too slow to 

observe directly. Students use orders of magnitude to 

understand how a model at one scale relates to a model at 

another scale.  They use algebraic thinking to examine 

scientific data and predict the effect of a change in one 

variable on another (e.g., linear growth vs. exponential 

growth). 

HS-ESS1-4.  Use mathematical or computational 

representations to predict the motion of orbiting 

objects in the solar system. 

 

4. Systems and System Models are useful in science and engineering because the world is 

complex, so it is helpful to isolate a single system and construct a simplified model of it. “To do 

this, scientists and engineers imagine an artificial boundary between the system in question and 

everything else. They then examine the system in detail while treating the effects of things outside 

the boundary as either forces acting on the system or flows of matter and energy across it—for 

example, the gravitational force due to Earth on a book lying on a table or the carbon dioxide 

expelled by an organism. Consideration of flows into and out of the system is a crucial element of 

system design. In the laboratory or even in field research, the extent to which a system under study 

can be physically isolated or external conditions controlled is an important element of the design of 

an investigation and interpretation of results…The properties and behavior of the whole system can 

be very different from those of any of its parts, and large systems may have emergent properties, 

such as the shape of a tree, that cannot be predicted in detail from knowledge about the components 

and their interactions.” (p. 92) 

“Models can be valuable in predicting a system’s behaviors or in diagnosing problems or failures in 

its functioning, regardless of what type of system is being examined… In a simple mechanical 

system, interactions among the parts are describable in terms of forces among them that cause 

changes in motion or physical stresses. In more complex systems, it is not always possible or useful 




