
Instructional Segment 4 Teacher Background and Instructional Suggestions 
Instructional Segment 2 introduced concepts related to weather and to California 

regional climates. Instructional Segment 3 maintained a focus on regional climate but 

also introduced global considerations with Figure 15 (Earth’s Energy Flows: Model 1) 

and the global convection cells in Figure 16. Instructional Segment 4 expands the scale 

by including the flow of energy by radiation from Earth’s surface to outer space in 

Mode 2 of Earth’s Energy Flows (Figure 19).  

Students can reflect on and discuss Model 2 by first comparing it with Model 1 (Figure 

15). They should note that radiation has been added as one significant way that Earth’s 

surface transfers thermal energy to the atmosphere (small upward red arrow 

associated with point number 3). Similar to sunlight, this arrow represents 

electromagnetic radiation. This radiation is in the longer wavelength part of the infrared 

(IR) region. It is has a longer wavelength than sunlight and is less energetic. Gases in 

the atmosphere, especially water vapor and carbon dioxide, absorb the IR that radiates 

from the surface, and this absorption heats the atmosphere. This natural process, the  

!  
Figure 19: A more accurate model of Earth’s energy flows that includes radiation of thermal 
energy and the greenhouse effect. (Illustration from Dr. Art Sussman, courtesy of WestEd.) 
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!
famous greenhouse effect, causes Earth’s temperature to be warm enough for today’s 

web of life. Without this natural greenhouse effect, Earth’s average surface temperature 

would be 00F. At this temperature, the planet would be so cold that practically all water 

on Earth would freeze, the oceans would be filled with ice, and life as we know it would 

not exist. 

Students can research the electromagnetic spectrum (Figure 20) as a very important 

example of a feature of the universe that spans a huge scale of values. The EM 

spectrum includes radio waves that are about a thousand times longer than visible light 

whose waves are a thousand times longer than the waves of X-rays whose waves are 

much longer than the most energetic waves (gamma rays). Each of these kinds of 

waves travels at the speed of light (as fast as anything can go) and does not lose 

energy as it travels (even over large distances such as from the Sun to Earth).     

The Electromagnetic Spectrum 

!  
Figure 20: The electromagnetic spectrum spans a huge range of wavelengths. Wavelengths 
cannot be drawn to scale. (Illustration from Dr. Art’s Guide to Science, courtesy of WestEd.) 

Students should be able to explain and illustrate that all objects, including themselves, 

constantly emit infrared radiation. They should model that as this IR travels through the 

atmosphere, it gets absorbed and trapped by greenhouse gases, which then emit IR in 

all possible directions (back towards the surface, horizontally within the atmosphere, 

and also towards outer space). Eventually infrared radiation leaves the atmosphere and 

goes to outer space. This infrared radiation is the only way that the energy that entered 

!
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the Earth system in the form of absorbed sunlight can leave the Earth system. Without 

this escape mechanism, the oceans would have boiled away and the surface would be 

blazingly hot. Without the greenhouse effect trapping the exiting infrared radiation, Earth 

would be a frozen wasteland.  

!
Instructional Segment 4 Snapshot 1 

Global Warming 
This snapshot presents an example of how teaching and learning may look like in the 

classroom when the CA NGSS are implemented.  The purpose is to illustrate how a 

teacher engages students in three-dimensional learning by providing them with 

experiences and opportunities to develop and use the Science and Engineering 

Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas 

associated with the topic in the Instructional Segment. A Snapshot provides fewer 

details than a Vignette (e.g., the Instructional Segment 2 Vignette “Interactions of Earth 

Systems Cause Weather”). 

Performance Expectation MS-ESS3-5 focuses on students “asking questions to clarify 

evidence of the cause of global warming.” Ms. D’s students analyzed the Figure 19 

model of Earth’s energy flows. They discussed in small groups the changes in energy 

flows that could logically cause global warming. One student group used an analogy 

with a family’s budget. The change in amount of money they had depended on how 

much came into the family and how much left the family. The amount that they 

circulated within the family did not change how much money the family had. By analogy, 

students concluded that changes in flows associated with part 3 (conduction, 

convection and radiation within the Earth system) were within the “planet Earth family” 

and would not directly change Earth’s global temperature. On the other hand, changes 

to the amount of solar energy entering the Earth system could directly change Earth’s 

global temperature. Similarly, a change to the amount of energy leaving the Earth 

system could also directly change Earth’s average global temperature.  

!
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Changes in Sunlight and Global Temperature 

!  
http://data.giss.nasa.gov/gistemp/2011/Fig9.gif 

!
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!  
Figure 21: The increase in global average temperature compared with changes in solar output 
during the same time period. (Courtesy of Dr. Matthew D’Alessio) 

As a result of this analysis, students decided to focus their questions on whether 

there have been changes to the entry of solar energy or the exiting of thermal energy. 

Several student teams downloaded graphs that provided evidence that they used in 
making the claim that changes in solar energy were not responsible for the rise in 

global temperatures (Figure 21). In fact, the data show that the energy from the Sun had 

actually decreased during the past 50 years, a time period when global temperatures 

increased the fastest.  

This evidence led students to focus on the exiting of energy from the Earth system (long 

red IR radiation arrow from Earth’s surface to Outer Space in Figure 19). Different 

teams found a variety of graphs from government and scientific sources providing 

!
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evidence that today’s global warming is caused by increases in “heat-trapping 

greenhouse gases,” especially carbon dioxide (Figure 22).  

Global Temperature and Carbon Dioxide Over the Past 1,000 Years 

!  
Figure 22: Graph shows the CO2 concentration in the air (blue) and average global temperature 
increase (red) between the years 1000 and 2013. (From Dr. Art Sussman, courtesy of WestEd) 

Students also found some websites that claimed either that global warming was not 

happening or that any warming that was happening was not caused by human activities. 

These websites led to discussions about how to evaluate information related to 

science, especially connected with topics that are socially controversial. Students 

shared information from other classes about carefully analyzing the sources of 

information, especially from the Internet. The teacher shared information about the 

consensus of more than 95% of climate scientists that global warming is happening, 

and that it is caused by human activities, especially the combustion of fossil fuels.  

Students then researched the topic of greenhouse gases, and confirmed that the 

greenhouse effect is a natural process that actually is vital for making Earth warm 
!
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enough for anything like today’s complex web of life. Some students used the phrase, 

“You can have too much of a good thing” when they explained how increasing the 

greenhouse effect could be a major problem. 

NGSS Connections in the Snapshot 

Performance Expectations  
MS-ESS3-5. Ask questions to clarify evidence of the factors that have caused the rise 
in global temperatures over the past century.  

Disciplinary Core Ideas 
ESS3.D: Global Climate Change 
PS3.B: Conservation of Energy and Energy Transfer 

Scientific and Engineering practices 
Developing and Using a Model 
Develop and/or use a model to predict and/or describe phenomena. 
Develop a model to describe unobservable mechanisms. 
Analyzing and Interpreting Data 
Analyze and interpret data to provide evidence for phenomena. 
Constructing Explanations and Designing Solutions  
Construct an explanation that includes qualitative or quantitative relationships between 
variables that predict(s) and/or describe(s) phenomena. 
Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an 
explanation for real-world phenomena, examples, or events. 
Engaging in Argument from Evidence  
Construct, use, and/or present an oral and written argument supported by empirical 
evidence and scientific reasoning to support or refute an explanation or a model of a 
phenomenon or a solution to a problem. 
Respectfully provide and receive critiques about one’s explanations, procedures, 
models, and questions by citing relevant evidence and posing and responding to 
questions that elicit pertinent elaboration and detail. 
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Organisms have structural and behavioral adaptations that help them succeed and 

reproduce in their current environment (MS-LS1-4). The climate changes that have 

already happened are affecting behaviors of species, especially with respect to timing of 

migrations, blooming, and maturing of seeds. Computer analyses of business-as-usual 

climate change scenarios project more dramatic and rapid changes that are likely to 

have deleterious effects on many organisms (MS-LS1-5).  

Crosscutting Concepts 
Energy and Matter: Flows, Cycles, and Conservation 
Energy may take different forms (e.g., energy in fields, thermal energy, energy of 
motion).  
The transfer of energy can be tracked as energy flows through a designed or natural 
system. 
Cause and Effect 
Cause and effect relationships may be used to predict phenomena in natural or 
designed systems. 
Stability and Change 
Explanations of stability and change in natural or designed systems can be 
constructed by examining the changes over time and processes at different scales, 
including the atomic scale. 
Small changes in one part of a system might cause large changes in another part. 
Stability might be disturbed by large sudden events or gradual changes that 
accumulate over time. 
Systems and System Models 
Models can be used to represent systems and their interactions – such as inputs, 
processes, and outputs – and energy, matter and information flows within systems. 
CCSS Connections to English Language Arts and Mathematics 
The CA NGSS promote a vision of science learning as an interdisciplinary undertaking 

and each standard includes the connections to the CA CCSS for ELA/Literacy and the 

CA CCSSM. The snapshot highlights the dynamic integration of science with English 

language arts and math standards to ensure student learning across disciplines. 

RST.6–8.1, 6, 7 

CA CCSSM 6.EE.9 

!
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Each of the integrated middle school grades includes performance expectations that 

relate to human impacts on the environment. These are generally associated with MS-

LS2 Performance Expectations (Ecosystems: Interactions, Energy, and Dynamics) and 

MSS-ESS3 Performance Expectations (Earth and Human Activity). In addition to the 

Global Climate topic highlighted in the previous Snapshot, Integrated grade 6 includes 

MS-ESS3-4 focused on designing a method for monitoring and minimizing a human 

impact on the environment. The following Snapshot addresses that PE and has an 

emphasis on engineering design. 

Instructional Segment 4 Snapshot 2 
Monitoring and Minimizing Human Environmental Impacts 

This snapshot presents an example of how teaching and learning may look like in the 

classroom when the CA NGSS are implemented.  The purpose is to illustrate how a 

teacher engages students in three-dimensional learning by providing them with 

experiences and opportunities to develop and use the Science and Engineering 

Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas 

associated with the topic in the Instructional Segment. A Snapshot provides fewer 

details than a Vignette.  

Following their investigations related to global warming, students in Ms. D’s class 

became concerned about the ways that climate change can harm organisms and 

ecosystems. Monarch populations west of the Rocky Mountains escape winter by flying 

very long distances to California. The students live in P, a coastal town with one of the 

major California winter nesting areas for monarch butterflies. They were very concerned 

when they learned that climate change was affecting organism migrations. 

Students in Team A already volunteered with the local conservation group to protect 

their public Monarch protection area. The scale of the global climate change issue 

inspired them to think at a broader scale about all the places that the butterflies needed 

during the summer and on their long journey to Central and Southern California. They 

decided to gather information about the major threats that the butterflies faced on their 

long journey, and to network with schools on that pathway to collaborate on monitoring 
!
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the Monarch population, the local threats to the Monarchs (especially related to habitat, 

food and climate), and possible local solutions to those threats. 

Students in Team B argued that the Monarchs, and lots of other organisms, needed 

long-term solutions to climate change especially switching to renewable energy 

sources, and they gathered information about making electricity from solar 

photovoltaic cells.  The school was in the process of seeking funds to purchase and 

install some solar cells. Team B started investigating how much extra solar electricity the 

school could get if the solar cells tracked the sun during the day rather than remaining 

stationary, and whether those gains would be worth the cost and any other issues 

related to the placement of the solar cells. 

Students in Team C had learned about a different school in the county that had 

instituted a successful major energy saving program. They wanted their school to 

monitor and minimize consumption of electricity and natural gas. Team C started 

analyzing data about the school energy sources and consumption, and what 

resources in the school and community were available for collaboration, especially the 

local utility company. They were particularly interested in digital devices that could 

monitor and control consumption of energy.  

Ms. D assisted the school teams, especially with helping them establish a shared 

understanding about clearly articulating the criteria that could be used to evaluate the 

success of their project and the constraints that could limit and impede success. In 

addition to collaborating and sharing within their team, the students also had regular 

meetings to share across the teams so they could gain insights and feedback from a 

larger and more diverse group. Ms. D also encouraged the three teams to include in 

their criteria and constraints the longer-term prospects for each of their projects, and 

how they could use different communication systems to implement their project and 

begin to support its sustainability.     

!
NGSS Connections in the Snapshot 

!
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Performance Expectations  
MS-ESS3-3. Apply scientific principles to design a method for monitoring and 
minimizing a human impact on the environment.  
MS-LS1-5. Construct a scientific explanation based on evidence for how 
environmental and genetic factors influence the growth of organisms. 
MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient 
precision to secure a successful solution, taking into account relevant scientific 
principles and potential impacts on people and the natural environment that may limit 
possible solutions. 
and genetic factors influence the growth of organisms. 
MS-ETS1-2. Evaluate competing design solutions using a systematic process to 
determine how well they meet the criteria and constraints of the problem. 

Disciplinary Core Ideas 
ESS3.C: Human Impacts on Earth Systems 
LS1.B: Growth and Development of Organisms 
ETS1.A Defining and Delimiting Engineering Problems 

Scientific and Engineering practices   
Asking Questions and Defining Problems 
Define a design problem that can be solved through the development of an object, 
tool, process or system and includes multiple criteria and constraints, including 
scientific knowledge that may limit possible solutions. 
Analyzing and Interpreting Data 
Analyze and interpret data to provide evidence for phenomena. 
Analyze data to define an optimal operational range for a proposed object, tool, 
process, or system that best meets criteria for success. 
Constructing Explanations and Designing Solutions  
Undertake a design project, engaging in the design cycle, to construct and/or 
implement a solution that meets specific design criteria and constraints. 
Construct an explanation that includes qualitative or quantitative relationships between 
variables that predict(s) and/or describe(s) phenomena. 
Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an 
explanation for real-world phenomena, examples, or events. 
Construct, use, and/or present an oral and written argument supported by empirical 
evidence and scientific reasoning to support or refute an explanation or a model of a 
phenomenon or a solution to a problem. 
Respectfully provide and receive critiques about one’s explanations, procedures, 
models, and questions by citing relevant evidence and posing and responding to 
questions that elicit pertinent elaboration and detail. 
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The focus in Instructional Segment 4 on monitoring/minimizing human environmental 

impacts as well as on global climate change complete the year’s science education and 

reconnect with the systems thinking explored in Instructional Segment 1, especially the 

emphasis on properties of the whole system. Earth’s web of life is a whole system 

property that emerges from the interactions of organisms with each other and with the 

huge diversity of Earth environments. Global climate is a whole system property that 

emerges from the interactions of the Earth subsystems with each other and with the 

inflow of sunlight. Human actions can change the Earth system’s components and 

interactions in ways that profoundly alter organisms and climate at local, regional and 

global levels. Integrated grade 6 can help build a middle school foundation of science 

and engineering understandings and practices related to citizenship and sustainability 

Crosscutting Concepts     
Stability and Change 
Explanations of stability and change in natural or designed systems can be 
constructed by examining the changes over time and processes at different scales, 
including the atomic scale. 
Small changes in one part of a system might cause large changes in another part. 
Stability might be disturbed by large sudden events or gradual changes that 
accumulate over time. 
Cause and Effect 
Cause and effect relationships may be used to predict phenomena in natural or 
designed systems. 
Systems and System Models 
Models can be used to represent systems and their interactions – such as inputs, 
processes, and outputs – and energy, matter and information flows within systems. !
CCSS Connections to English Language Arts  
WHST.6–8.7, 8, 9 !
Connection to CA ELD Standards: 
ELD.PI.6-8.1 !
CCSS Connections to Mathematics 
6.SP.1–5 

!
DRAFT CA Science Framework-Chapter 6: Grades 6-8 Preferred Integrated Model !

  Page !  of !  12 13



First 60-Day Public Review Draft               November 2015 

that can grow in depth in the succeeding middle school and high school grades. (Two 

EEI Curriculum units, Energy: It’s Not All the Same to You and Responding to 

Environmental Change provide a variety of resources that can support this instruction.) 

!
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