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Instructional Segment 2 Teacher Background and Instructional Suggestions 
Distinguishing thermal energy, heat and temperature is potentially the most confusing 

issue associated with the physical science in this Instructional Segment. NGSS tends to 

restrict the use of the term “heat” to being a verb (“to cause the temperature to 

increase”) rather than a noun (“an amount of energy associated with a sample of 

material”). In NGSS, thermal energy is the preferred noun term. A fire can heat (verb) a 

substance by transferring thermal energy (noun) to it. A large cool volume of water is 

likely to have more total thermal energy (noun) than a much smaller volume of hot 

water.  

As discussed in both the Snapshot and the Vignette, temperature is a macroscopic 

property that is related to the average kinetic energy of the particles of a substance. In 

grade 5, students learned that objects that they could see or touch have kinetic energy 

when they move. When students learn in grade 6 that temperature is related to the 

average kinetic energy of the particles in a system, they are extending this kinetic 

energy concept to the invisible molecular scale. For teachers, it can be helpful to know 

that in a solid, this motion is an internal vibration within an atom or between atoms in a 

molecule. In a liquid or a gas, this motion is both vibration internal to the particles and 

the energy of the particles moving through space. 

 The Crosscutting Concept of “Scale, Proportion, and Quantity” at the middle school 

level includes the notion that, “Time, space and energy phenomena can be observed at 

various scales using models to study systems that are too large or too small.” Clearly 

this concept applies when we relate the macroscopic property of temperature with the 

submicroscopic motions of particles.  

This scale CCC also applies when we compare the scales of climate and weather. In 

general, climate is a description that covers a relatively long period of time (30 years to 

millennia) and often applies across relatively large geographic areas. In contrast, 
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weather generally refers to the atmospheric conditions at a specific location during a 

very short period of time.  

Figure 11, the color-coded map of Average Annual Precipitation in California, is an 

example of a model that describes phenomena (climate properties) that occur at scales 

that are too spatially and temporally large to directly observe. This kind of map is a 

systems model that is especially useful and prevalent in Earth and Space science. 

Color-coded maps can display a huge amount of data in ways that reveal important 

patterns related to spatial location. Students may initially respond to the aesthetics of 

the colors rather than the science patterns and the vast amounts of data that these 

kinds of models summarize and communicate. Each small area of color corresponds to 

a calculated average based on many locations that measured and recorded the amount 

of precipitation each day for decades or perhaps a century or more.   

While this kind of color-coded modeling representation is also used to some extent in 

other scientific disciplines, its special appropriateness in Earth and Space Science 

topics helps reveal a general principle about crosscutting concepts. While CCCs do 

apply across many disciplines, they still may apply in somewhat different ways and 

extents in the different scientific disciplines. 

Returning to Figure 11, there are various ways to classify climates that result in 

somewhat different numbers and boundaries of California climate regions. Nonetheless, 

the main message is that California is unusual in having so many different kinds of 

climate that are close to each other. Instructional Segment 2 takes advantage of this 

situation to introduce students to different climate phenomena that share the engaging 

property of being associated with the home state. (The EEI Curriculum unit, 

Precipitation, People, and the Natural World provides a variety of resources that can 

support this instruction.) 

Another factor that helps unite the grade 6 weather and climate instruction is that 

performance expectation MS-ESS2-6 is so central to understanding regional and global 

climate that it is included in Instructional Segment 1, Instructional Segment 2, and 
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Instructional Segment 3 of this model of Integrated Grade 6. Instructional Segment 1 

includes this MS-ESS2-6 because this PE broadly refers to the different Earth systems 

that are components of the whole Earth system introduced in that Instructional 

Segment. Instructional Segment 2 includes this PE because it cites many of the factors 

that help determine California climate regions such as the effects of latitude and 

altitude, and the role of the ocean in stabilizing day/night temperatures. Finally, 

Instructional Segment 3 includes this PE because it includes many of the factors that 

influence climate globally such as the atmospheric winds and oceanic currents that 

move vast amounts of thermal energy around the planet.  

The CCC of Systems and System Models that featured so prominently in Instructional 

Segment 1 still has a very significant presence in Instructional Segment 2. It is a vital 

and underlying aspect of many of the other CCCs. For example, the quotation about the 

Scale CCC directly refers to “using models to study systems.” Descriptions of the 

Energy and Matter CCC refer often to tracking the flows of energy and matter into and 

out of systems. Finally, each of the California regional climates investigated in 

Instructional Segment 2 is an example of a whole system property that emerges or 

arises from the interactions of the components of the regional system with each other 

and with the incoming sunlight. 

Sunlight plays an enormous role in weather and climate that is addressed in depth in 

Instructional Segment 3. For Instructional Segment 2, the large influence of sunlight is 

most apparent in instruction related to the water cycle. MS-ESS2-4 highlights the 

special role of sunlight in driving the phase changes that occur as water moves in 

multiple pathways between the reservoirs of the water cycle. The first learning set in the 

Instructional Segment 2 vignette focused on these phase transitions and the associated 

movements of thermal energy, almost all of which entered the Earth system in the form 

of sunlight. 

The force of gravity also causes movement of water between reservoirs of the water 

cycle. Most students can explain the role of gravity in causing precipitation (“raindrops 

fall”) or surface water (“rivers flown downhill”), but they often overlook the crucial role !
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that gravity plays in the infiltration of surface water into the groundwater, the flow of 

groundwater itself through tiny pores (similar to the way a saturated sponge drips water 

down out of the bottom), and the flow of ice downhill in glaciers (illustrated by time-lapse 

videos of glacier movements).  

To emphasize these cause and effect relationships involving gravity and sunlight, 

students can create skits of different water cycle processes where two students play the 

roles of gravity and of sunlight while the other students actors play the role of individual 

water molecules that move between props representing different water cycle reservoirs. 

Student actions and words help convey the roles of gravity and sunlight in the matter 

and energy flows of the water cycle.   

Because of the water cycle, Californians are able to obtain a steady supply of fresh 

water for drinking, irrigation, industrial, and agricultural uses (California EP&C III). Even 

in years with abundant precipitation, California still draws water from a total of seven 

nearby states in addition to its own supply . Of the developed water supply for the state, 1

more than 75% of it goes to agriculture and helps California grow more food than any 

other state.  
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 Nature Conservancy (2012), Where does California’s water come from? Land 1

conservation and the watersheds that supply California’s drinking water. Accessed at 
http://www.nature.org/media/california/california_drinking-water-sources-2012.pdf 
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