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The course outlined here targets middle school ideas about energy resources and the responsible use of 6 
energy in a “Green Schools” context, that is, a context that focuses on reducing the environmental 7 
impact of energy use in schools and improving sustainable practices, with applications to students’ 8 
homes as well. The ideas and activities are organized into five units, and we recommend that a 9 
minimum of two weeks be spent on each unit. If the instructional time is available, an entire course 10 
could be devoted to the ideas presented in this outline.  11 

The five units in the course are: 12 

1. Energy and Energy Resources: Why We Need Energy, How Much We Use, and How We Get It 13 
2. From Energy Resources to Energy Use: Transfer and Transformation 14 
3. Natural and Artificial Light 15 
4. Staying Warm and Staying Cool 16 
5. Putting It All Together: Designing and Maintaining Greener School Buildings 17 

The first two units focus on what energy is, why we need it, how much we use, where it comes from, 18 
how the energy in energy resources is converted into a useable form, and the costs and consequences 19 
associated with those energy conversions. The third and fourth units look more closely at two examples 20 
of how energy is used in schools. Students examine the use of energy resources to generate artificial 21 
light and to heat and cool their school buildings. The focus in these two units is on the nature of light 22 
and heat and the comparative efficiency of different ways of lighting, heating, and cooling a school 23 
building as well as ways to use less energy. In the final unit, students explore ways to re-engineer their 24 
school building so that it uses less energy and uses energy resources that minimize negative impacts on 25 
the environment. Students think about changes that could be implemented immediately as well as 26 
those that could apply if a new building were being designed. 27 

Alignment to standards. The course is aligned to the performance expectations from Next Generation 28 
Science Standards (NGSS) and the disciplinary core ideas, crosscutting concepts, and science and 29 
engineering practices that are embedded within those performance expectations. It also draws from 30 
statements in Energy Literacy: Essential Principles and Fundamental Concepts for Energy Education 31 
prepared by the U.S. Department of Energy (DOE). The Energy Literacy Framework is a major policy 32 
document developed by several governmental agencies with the help of professional organizations 33 
interested in the application of energy concepts to the everyday lives of American citizens. Because of 34 
the applied focus of the DOE statements, they add another important dimension to students’ learning 35 
experience.  36 

We use the NGSS performance expectations to model the deliberate integration of science and 37 
engineering practices, disciplinary core ideas, and crosscutting concepts that is the focus of NGSS. A 38 
number of these crosscutting concepts and science and engineering practices recur throughout the 39 
course: The flow of energy through designed and natural systems, the use of graphs and charts to 40 
identify patterns in data, and the use of models to represent systems and interactions are just some of 41 
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the crosscutting themes that are addressed repeatedly across the five units. Science and engineering 42 
practices include gathering, evaluating, and using information from multiple sources to answer scientific 43 
and engineering questions; analyzing and interpreting data; constructing and interpreting graphical 44 
displays of data; using basic mathematical concepts to help answer scientific and engineering questions; 45 
and engaging in argument from evidence. The full list of NGSS crosscutting concepts and science and 46 
engineering practices addressed in the course includes: 47 

NGSS Crosscutting Concepts 48 

1. Patterns 49 
2. Cause and effect: Mechanism and explanation 50 
3. Scale, proportion, and quantity 51 
4. Systems and system models 52 
5. Energy and matter: Flows, cycles, and conservation 53 
6. Structure and function 54 
7. Stability and change 55 

NGSS Science and Engineering Practices 56 

1. Asking questions (for science) and defining problems (for engineering) 57 
2. Developing and using models 58 
3. Planning and carrying out investigations 59 
4. Analyzing and interpreting data 60 
5. Using mathematics and computational thinking 61 
6. Constructing explanations (for science) and defining solutions (for engineering) 62 
7. Engaging in argument from evidence 63 
8. Obtaining, evaluating, and communicating information 64 

Targeted grade level. The primary intended audience for the course is middle school students between 65 
grades six and eight, although many high school students will find these activities useful as well. It is 66 
assumed that students will already have had an introduction to energy and energy resources to the 67 
extent recommended for the elementary grades in NGSS and other national standards documents. To 68 
ensure a smooth progression to the ideas covered in this course, most of the units are introduced with 69 
one or more of these elementary level ideas. Some Grade 9-12 ideas are also included in the course 70 
outline because they are important for creating a coherent storyline, and we think the ones we have 71 
chosen can be taught at a level appropriate for middle school students. 72 

Supplementary ideas. A few ideas and activities are labeled “supplementary.” These ideas and activities 73 
fit well into the storyline but addressing them may have to wait until students are ready for their higher 74 
level of sophistication. We assume that most middle school students will not be introduced to these 75 
ideas during this course. 76 

Unit organization. This course outline includes the following information about each unit: (1) a narrative 77 
description that introduces the unit’s key learning goals and the general nature and purpose of the 78 
activities that students will engage in, (2) a list of the specific performance expectations from NGSS 79 
(including the NGSS clarification statements when available) and statements from the  Department of 80 
Energy’s Energy Literacy Framework targeted in the unit, and (3) bulleted lists of suggestions for 81 
activities designed to help students gain the required knowledge and skills.  82 

In the description of each unit, the targeted DOE statements and NGSS performance expectations have 83 
been sequenced into a coherent storyline. In some cases, the text for a particular part of an NGSS or 84 
DOE statement has been grayed out to indicate that it is not relevant to the theme of the course and is 85 
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not included as a learning goal for students. Because the DOE statements are not grade-range specific, 86 
the suggestions for instructional activities have been designed to be appropriate for the middle grades. 87 

This proposed Green Schools Energy Curriculum is meant to move us closer to a vision of science 88 
education in which understanding science concepts is connected to how science is done. This outline 89 
provides an introduction to what a Green Schools course might look like along with suggestions for 90 
activities that can be used to address the target learning goals. The next step will be to identify relevant 91 
and engaging data sets and readings that can become the focus of the activities of an actual curriculum. 92 

 93 

UNIT 1 94 

ENERGY AND ENERGY RESOURCES: WHY WE NEED ENERGY,  95 

HOW MUCH WE USE, AND HOW WE GET IT  96 

The focus of this unit is on humans’ need for energy to do the things they want to do and the 97 
environmental consequences of that energy use, whether the energy resources are used directly or 98 
converted to other forms before they are used.  Many energy resources are limited, and even when they 99 
are not, there are costs associated with converting the energy in those energy resources into a form of 100 
energy that can be used. Students explore how energy is used by humans and how much is used, and 101 
they design ways to minimize the negative consequences of energy use and how to be responsible 102 
stewards of environmental resources. They examine a variety of energy resources such as fossil fuels, 103 
wind, biofuels, geothermal resources, and the sun, as well as the environmental consequences and 104 
economic impact of obtaining energy from those resources. And they examine the effect that changes to 105 
the environment have on populations of organisms in that environment. 106 

Two elementary school ideas lay the foundation for this unit: The NGSS Disciplinary Core Idea for Grade 107 
4 under Natural Resources says: “Energy and fuels that humans use are derived from natural sources, 108 
and their use affects the environment in multiple ways. Some resources are renewable over time, and 109 
others are not.” The Grade 3 Disciplinary Core Idea under Ecosystem Dynamics, Functioning, and 110 
Resilience also helps focus the unit: “When the environment changes in ways that affect a place’s 111 
physical characteristics, temperature, or availability of resources, some organisms survive and 112 
reproduce, others move to new locations, yet others move into the transformed environment, and 113 
some die.” The important idea in this second statement is that when environments change, the 114 
populations of organisms that can survive in those environments may change as well. In addition, the 115 
NGSS middle school Disciplinary Core Idea for Global Climate Change contains another concept that is 116 
central to this unit: “Human activities, such as the release of greenhouse gases from burning fossil fuels, 117 
are major factors in the current rise in Earth’s mean surface temperature (global warming).” Although 118 
there are other causes of ecosystem disruption, global warming is now generally considered to be the 119 
main intermediary step between the use of natural resources (especially the burning of fossil fuels and 120 
agricultural practices) and habitat disruption.  121 

Expected Learning Outcomes and Suggestions for Instructional Activities for Unit 1 122 

1. NGSS 4-ESS3-1.  Obtain and combine information to describe that energy and fuels are derived 123 
from natural resources and their uses affect the environment. [Clarification Statement: 124 
Examples of renewable energy resources could include wind energy, water behind dams, and 125 
sunlight; non-renewable energy resources are fossil fuels and fissile1 materials. Examples of 126 

                                                           
1
 Fissile materials are materials whose atoms can be easily split at the nuclear level. 
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environmental effects could include loss of habitat due to dams, loss of habitat due to surface 127 
mining, and air pollution from burning of fossil fuels.] 128 

 Explain different ways that energy can be generated from energy resources. Use models to 129 
support your explanations. Models can be graphical or conceptual. 130 

 For a variety of energy resources (e.g., sun, wind, fossil fuels, etc.) describe how each can be 131 
used directly and how the energy in these resources can be converted into other forms of 132 
energy or into other energy resources such as electricity before being used. 133 

 Describe various energy resources (wind, water behind dams, sunlight, fossil fuels) and how 134 
the use of each of them affects the environment (e.g., birds killed by the rotating blades of 135 
windmills, loss of habitat due to the creation of dams, oil spills, mountain top removal, or air 136 
pollution from burning fossil fuels). 137 

2. NGSS MS-LS2-4.  Construct an argument supported by empirical evidence that changes to 138 
physical or biological components of an ecosystem affect populations. [Clarification Statement: 139 
Emphasis is on recognizing patterns in data and making warranted inferences about changes in 140 
populations, and on evaluating empirical evidence supporting arguments about changes to 141 
ecosystems.] 142 

 Examine reports that include data on changes in resource availability (food, water, nesting 143 
sites, shelter, etc.) and changes in the numbers and health of organisms in ecosystems in 144 
relation to those environmental changes.  145 

 Choose a population of organisms living in a particular region whose ecosystem has been 146 
recently disrupted. Analyze and interpret data on changes in the numbers of organisms in 147 
that region (either increased or decreased) and the environmental changes that have taken 148 
place. Make an argument that the changes in the number of organisms are due to changes 149 
in resource availability. (Resources can include food, water, nesting sites, shelter, etc.) 150 

 Compare results of the population study with other members of the class and use the 151 
combined data to construct a general argument about the effect of resource availability on 152 
numbers of organisms in ecosystems. Present your argument to another team for rebuttal, 153 
and then refine your claim using additional evidence and sound logic. 154 

 Interview long-term community members who have witnessed changes to the environment 155 
in that community. Ask them to describe the environmental changes in their community and 156 
changes in the number and type of organisms in that environment. 157 

3. NGSS MS-ESS3-1.  Construct a scientific explanation based on evidence for how the uneven 158 
distributions of Earth's mineral, energy, and groundwater resources are the result of past and 159 
current geoscience2 processes. [Clarification Statement: Emphasis is on how these resources are 160 
limited and typically non-renewable, and how their distributions are significantly changing as a 161 
result of removal by humans. Examples of uneven distributions of resources as a result of past 162 
processes include but are not limited to petroleum (locations of the burial of organic marine 163 
sediments and subsequent geologic traps), [and] metal ores (locations of past volcanic and 164 
hydrothermal activity associated with subduction zones), and soil (locations of active weathering 165 
and/or deposition of rock). 166 

 Describe how many of earth's energy resources (e.g., coal, fuel oil, natural gas) result from 167 
past and current geoscience processes such as the burial of organic sediments.  168 

                                                           
2
 geological 
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 Examine data on where energy resources are located around the world and how the 169 
availability of each energy resource has changed over time as it has been removed and used 170 
by humans. Create charts and tables to summarize the findings. 171 

 Examine data that show the increasing difficulty and cost of extracting and transporting 172 
energy resources as they are used up. Create charts and tables to summarize the findings. 173 

 Discuss additional costs (such as social or environmental costs) that go beyond the direct 174 
economic costs of using certain energy resources (e.g., health care costs or costs associated 175 
with the loss of species diversity). Discuss possible ways to measure and quantify those 176 
costs. 177 
 178 

4. DOE 4.4. Humans transport energy from place to place. Fuels are often not used at their source 179 
but are transported, sometimes over long distances. Fuels are transported primarily by 180 
pipelines, trucks, ships, and trains. Electrical energy can be generated from a variety of energy 181 
resources and can be transformed into almost any other form of energy. Electric circuits are 182 
used to distribute energy to distant locations. Electricity is not a primary source of energy, but 183 
an energy carrier.3 184 
  185 

5. Describe how primary energy resources such as biofuels and fossil fuels are obtained and 186 
transported from their source to where they are used (by pipelines, trucks ships, etc.), often to 187 
different parts of the world. 188 

 Examine data on how much energy is needed to extract and transport various resources.  189 
Create charts and tables to summarize the findings. (This activity should include the 190 
transport of fuels to the site of electricity generation but not the actual generation and 191 
transmission of electricity, which is covered in a later activity.) Compare the amount of 192 
energy needed to extract and transport different fuels.  193 

 Examine data comparing the cost of electrical generation to what is charged to the 194 
consumer for electricity. Discuss why consumers pay more for electricity than it costs to 195 
generate the electricity. Include electricity generated by wind, hydropower, and the burning 196 
of fuels.  197 

 Students find online maps of the electrical grid in the U.S. and share them with the rest of 198 
the class. Discuss costs associated with moving electricity between locations. 199 
 200 

6. DOE 6.4. Earth has limited energy resources. Increasing human energy consumption places 201 
stress on the natural processes that renew some energy resources and it depletes those that 202 
cannot be renewed. 203 

 Examine data on the use of energy resources locally, nationally, and globally over time (e.g., 204 
month-to-month or year-to-year). Compare trends in overall usage over these time periods. 205 
Use scientific notation (powers of ten) to describe the energy usage. Create charts and 206 
tables to summarize the findings. 207 

 Examine data on how energy is used in school buildings, including the percentage of the 208 
total that is used for heating, cooling, water heating, cooking, refrigeration, office 209 
equipment and how much the energy for each of these functions costs. Track trends in 210 
usage by year and by month. Create charts and tables to report the findings. Compare local 211 
averages to national averages in each category.  212 

                                                           
3
 The grayed out section is an important idea that is covered in the next unit. 
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 Examine the overall energy usage in a particular school building in all relevant categories 213 
(electrical, natural gas, heating oil, etc.). Plot usage trends by month and by year. Compare 214 
the school’s energy usage to that of other schools. Share data online with other students at 215 
other schools and identify possible causes of large differences between schools. 216 

 Discuss with classmates and with students at other schools how increasing human energy 217 
consumption depletes non-renewable energy resources and makes it more difficult to 218 
obtain them. Begin to generate ideas within the local school and between schools about 219 
how energy usage could be reduced by changing human behavior, such as  how people use 220 
lights, fans, thermostats, etc. 221 

 Apply what is learned from the examination of the school’s energy use and cost to the use 222 
and cost of energy at home. Consider ways to use less energy at home and between home 223 
and school. 224 

7. NGSS MS-ESS3-5.  Ask questions to clarify evidence of the factors that have caused the rise in 225 
global temperatures over the past century. [Clarification Statement: Examples of factors include 226 
human activities (such as fossil fuel combustion, cement production, and agricultural activity) 227 
and natural processes (such as changes in incoming solar radiation or volcanic activity). 228 
Examples of evidence can include tables, graphs, and maps of global and regional temperatures, 229 
atmospheric levels of gases such as carbon dioxide and methane, and the rates of human 230 
activities. Emphasis is on the major role that human activities play in causing the rise in global 231 
temperatures.] 232 

 Examine evidence that human activities such as the burning of fossil fuels have caused the 233 
rise in global temperatures over the past century. Evidence can include tables, graphs, and 234 
maps of global and regional temperatures, atmospheric levels of gases such as carbon 235 
dioxide and methane, and the change in the rate of human activities. 236 

 Teams of students generate arguments that human activities have caused an increase in 237 
global temperatures over the past century. Present the argument to other teams for 238 
rebuttal. Refine the arguments using additional evidence and sound logic.  Identify 239 
questions that still need to be answered to clarify the evidence.  240 

 Compare data estimating the impact that major human activities (transportation, heating 241 
and cooling, agriculture, cement production) have on increasing the level of atmospheric 242 
gases. 243 
 244 

UNIT 2 245 

FROM ENERGY RESOURCES TO ENERGY USE:  246 

TRANSFORMATION, TRANSFER, AND LOSS OF ENERGY TO THE ENVIRONMENT 247 

In the second unit, students focus on the transformation and transfer of energy, tracing pathways that 248 
begin with primary resources and that end with energy in a form that can be used by humans. Pathways 249 
include the path that the generation of electricity takes from wind and moving water that turn turbines, 250 
and the use of fossil fuels to generate steam or hot water that can be used to warm the air in buildings.  251 
Attention is paid to the energy efficiency of the transfers and transformations as well as the monetary 252 
and environmental costs of each. Students conduct cost-benefit analyses to compare the cost and 253 
efficiency of retrieval, transformation, and transfer of energy for different energy resources.  Costs also 254 
include the cost of manufacturing devices to capture energy (e.g., solar panels). Students explore the 255 
environmental costs of transfers and transformations on habitat disruption, air and water pollution, and 256 
the production of greenhouse gases. 257 
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There are two central ideas that are explored in this unit. The first is that energy can be converted from 258 
one form to another and transferred from place to place; the second is that these conversions and 259 
transfers are not completely efficient because some energy is always lost to the surrounding 260 
environment. Again, an elementary school idea sets the stage for this unit: The Grade 4 NGSS 261 
Disciplinary Core Idea from PS3.A: Definitions of Energy captures the first idea: “Energy can be moved 262 
from place to place by moving objects or through sound, light, or electrical currents.” The second idea is 263 
captured in the Grades 9-12 idea from PS3.D: Energy in Chemical Processes and Everyday Life: “Although 264 
energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in 265 
the surrounding environment.” It is also captured by the DOE Energy Literacy Framework statement 1.4: 266 
“Energy available to do useful work decreases as it is transferred from system to system. During all 267 
transfers of energy between two systems, some energy is lost to the surroundings. In a practical sense, 268 
this lost energy has been ‘used up4,’ even though it is still around somewhere. A more efficient system 269 
will lose less energy, up to a theoretical limit.” Unit 2 focuses on the conversion of energy from the sun 270 
to energy stored chemically in the biomass5, the conversion of energy in moving air and moving water to 271 
generate electrical energy by way of turbines and electrical generators, and the spontaneous transfer of 272 
energy from hotter to colder regions. Additional conversions involving the generation of electricity by 273 
way of solar cells are considered supplementary ideas for more advanced students. 274 

Expected Learning Outcomes and Suggestions for Instructional Activities for Unit 2 275 

1. NGSS 4-PS3-2. Make observations to provide evidence that energy can be transferred from 276 
place to place by sound, light, heat, and electric currents. 277 

 Provide examples from personal experience of energy being transferred from one place to 278 
another by light, heat, and electric currents (e.g., light bulbs, electric fans). Identify the 279 
energy source and the observable action or outcome that provides evidence that energy is 280 
being transferred.  Create charts, tables, and video presentations to summarize the findings.  281 
Combine data from other students in the class to create a master list of energy transfers. 282 
 283 

2. DOE 4.1. Humans transfer and transform energy from the environment into forms useful for 284 
human endeavors. The primary sources of energy in the environment include fuels like coal, oil, 285 
natural gas, uranium, and biomass. All primary source fuels except biomass are non-renewable. 286 
Primary sources also include renewable sources such as sunlight, wind, moving water, and 287 
geothermal energy. 288 

 For a variety of energy resources (e.g., sun, wind, fossil fuels, etc.) describe how the energy 289 
in each can be converted into forms of energy that can be used by humans. 290 

 Choose one of these energy resource and construct a conceptual model (diagram, flow 291 
chart) that shows how the energy from that resource can be converted into a form of 292 
energy that can be used by humans  293 

 Create a diagram to show how the kinetic and potential energy of water changes as 294 
dammed water goes over a waterfall and the kinetic energy is used to do useful work. 295 
 296 

3. DOE 4.3. Fossil and biofuels are organic matter that contains energy captured from sunlight. The 297 
energy in fossil fuels such as oil, natural gas, and coal comes from energy that producers such as 298 

                                                           
4
 Teachers should make sure that students do not think that energy is “used up,” but rather converted to other 

forms or transferred from one place to another. 
5
 The biomass is the organic (biological) material derived from living or recently living organisms. For our purposes 

it refers exclusively to plant material. 
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plants, algae, and cyanobacteria captured from sunlight long ago. The energy in biofuels such as 299 
food, wood, and ethanol comes from energy that producers captured from sunlight very 300 
recently. Energy stored in these fuels is released during chemical reactions, such as combustion 301 
and respiration, which also release carbon dioxide into the atmosphere. 302 

 Use a model (e.g., diagram, chemical equation) to illustrate how photosynthesis transforms 303 
light energy into stored chemical energy. Include each type of molecule that reacts during 304 
photosynthesis and each type of molecule that results. Indicate where the chemical energy 305 
is stored and how it is released. 306 
 307 

4. DOE 4.4. Humans transport energy from place to place. Fuels are often not used at their source 308 
but are transported, sometimes over long distances. Fuels are transported primarily by 309 
pipelines, trucks, ships, and trains.6 Electrical energy can be generated from a variety of energy 310 
resources and can be transformed into almost any other form of energy. Electric circuits are 311 
used to distribute energy to distant locations. Electricity is not a primary source of energy, but 312 
an energy carrier. 313 

 Examine data showing the efficiency of retrieving, converting, and transporting different 314 
energy resources to produce electricity. For example, note that energy generated by solar 315 
panels on a school or home roof does not have to travel very far to be used. Create charts 316 
and graphs to summarize the findings. 317 

5. NGSS HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current 318 
can produce a magnetic field and that a changing magnetic field can produce an electric current. 319 

 Using basic materials including magnets, wire, and ammeter (or, instead of an ammeter, 320 
other electrical devices that can be used to show a flow of electricity such a light bulb or 321 
small motor), demonstrate that a changing magnetic field can cause an electric current to 322 
flow in a wire. Describe how this basic phenomenon is related to the generation of 323 
electricity using an electric generator. 324 
 325 

6. DOE 4.5. Humans generate electricity in multiple ways. When a magnet moves or a magnetic 326 
field changes relative to a coil of wire, electrons are induced to flow in the wire. Most human 327 
generation of electricity happens in this way. Electrons can also be induced to flow through 328 
direct interaction with light particles; this is the basis upon which a solar cell operates. Other 329 
means of generating electricity include electrochemical, piezoelectric, and thermoelectric.  330 
(Supplementary) 331 

 Create a model to show how a turbine and generator can create electricity from other 332 
energy resources. The model should include a schematic illustration of the process along 333 
with explanatory text. (Supplementary) 334 

 Describe how a solar (photovoltaic) cell can generate an electric current when photons of 335 
energy remove electrons from the semiconductor, typically made of silicon, to create a 336 
voltage differential. Create an illustration to show the critical components, the part that 337 
each plays, and the steps of the process. (Supplementary) 338 
 339 

7. DOE 1.4. Energy available to do useful work decreases as it is transferred from system to system. 340 
During all transfers of energy between two systems, some energy is lost to the surroundings. In 341 

                                                           
6
 The transport of energy resources is an important idea that is covered in the previous unit. 
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a practical sense, this lost energy has been “used up7,” even though it is still around somewhere. 342 
A more efficient system will lose less energy, up to a theoretical limit. 343 

 For several energy transfers and conversions, identify places where friction (including air 344 
and water resistance) can reduce the efficiency of energy transfers and conversions.  345 
(Students are not expected to quantify the reduction in efficiency.) Discuss whether it is 346 
possible for a system to be 100% efficient. 347 
 348 

8. DOE 4.7. Different sources of energy and the different ways energy can be transformed, 349 
transported, and stored each have different benefits and drawbacks. A given energy system, 350 
from source to sink8, will have an inherent level of energy efficiency, monetary cost, and 351 
environmental risk. Each system will also have national security, access, and equity implications. 352 

 Examine data showing the efficiency of retrieving, converting, and transporting different 353 
energy resources. Create charts and graphs to summarize the findings. 354 

 Compare the economic and other social costs of retrieving, converting, and transporting 355 
different energy resources. 356 

 In groups, select an energy resource and describe the advantages and drawbacks of 357 
retrieving, converting, and transporting that resource compared to the others. 358 
Communicate the results to the rest of the class and then, as a class, discuss what aspect of 359 
the process they want to maximize (e.g., sustainability, affordability) to determine which is 360 
the best energy resource for their school or home.  361 

 362 

UNIT 3 363 

NATURAL AND ARTIFICIAL LIGHT 364 

In Unit 3, students learn about different options that are available for generating light and how to use 365 
light and the energy resources that can be used to generate light in the most responsible way.  If light 366 
meters are available in the school, students can use them to observe changes in the amount of light in 367 
their classroom throughout the day as they explore their need for artificial light to supplement the 368 
natural light that comes into the classroom. They also create models of the changing angle of the sun on 369 
their school throughout the day and from season to season as well as the effect that the changing angle 370 
of the sun and cloud cover have on how much natural light is available at different times of the day and 371 
year. 372 

The focus of this unit is on the light from artificial and natural sources that we need to be able to see—373 
natural light from the sun and artificial light from devices that convert electrical energy to visible light.  374 
Students should already know that objects are visible when light, either from the sun or from a light 375 
bulb, is reflected off the objects or reaches a detector, such as an eye. This idea is covered in the Grade 376 

4 NGSS Disciplinary Core Idea PS4.B: Electromagnetic Radiation, “An object can be seen when light 377 
reflected from its surface enters the eyes.”  378 

Students also know from Unit 2 that energy from a variety of sources can be converted to electricity, 379 
which in turn can produce light, and they know from Unit 2 that energy conversions are not completely 380 
efficient. Some energy is always lost to the surrounding environment.  In Unit 3, students compare the 381 
efficiency of different light bulbs by measuring how much each one raises the air temperature of a 382 

                                                           
7
 See note 4. 

8
 Source to sink: Where energy comes from and where it goes. 
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confined space. They also explore the daily and seasonal changes in the angle at which light from the 383 
sun strikes their school building.  This idea is covered in the Grade 5 NGSS Disciplinary Core Idea from 384 
ESS1.B: Earth and the Solar System: “The orbits of Earth around the sun and of the moon around Earth, 385 
together with the rotation of Earth about an axis between its north and south poles, cause observable 386 
patterns. These include day and night; daily changes in the length and direction of shadows; and 387 
different positions of the sun, moon, and stars at different times of the day, month, and year.” Although 388 
Unit 3 provides an opportunity to explore the wave nature of light, we consider all but the most 389 
elementary descriptions of the wavelength and frequency of light to be supplementary ideas for 390 
teachers who want to use this context to present a more detailed description of the light spectrum, the 391 
wave nature of light, and how light of varying wavelengths and frequencies is perceived.  392 

Expected Learning Outcomes and Suggestions for Instructional Activities for Unit 3 393 

1. NGSS 4-PS4-2. Develop a model to describe that light reflecting from objects and entering the 394 
eyes allows objects to be seen. 395 

 Develop a model to show that objects are seen when light moving in a straight line and 396 
reflecting from the objects enters the eye. Models should include drawings and written 397 
descriptions.9 398 

 If light meters are available, use them to measure and record light intensity in different 399 
parts of the classroom.  Compare results across locations of the room or school, at different 400 
times of the day, from day to day, and with and without artificial light. Answer the question: 401 
How much light do we need to see clearly and do our work comfortably? How important is it 402 
that we have a constant degree of illumination?10  403 

 Build a “dark box” from a copier-paper box (or similar size box). Place a book in the box and 404 
ask students to read what it says. Change the intensity of light shining on the book or cover 405 
the top of the box with different materials. Create a semi-quantitative scale of 0-9 to 406 
indicate the ease of reading under each condition. Compare the results with the results from 407 
light meter readings if they are available. 408 

2. NGSS MS-ESS1-1.  Develop and use a model of the Earth-sun-moon system to describe the cyclic 409 
patterns of lunar phases, eclipses of the sun and moon, and seasons.  [Clarification Statement: 410 
Examples of models can be physical, graphical, or conceptual.] 411 

 Use AAAS’s weather and climate simulation activities to generate graphs and tables of the 412 
sun’s angle and energy from the sun at four different times of year (spring, summer, fall, and 413 
winter) for your school’s location to compare how much natural light is available at different 414 
times of the year. 415 

 Use a physical model of the earth-sun system to explain the cyclic pattern of the seasons 416 
and the changing angle at which the sun strikes the earth at different locations. 417 

 Describe how the changing angle of the sun’s rays affects the amount of energy transferred 418 
from the sun, which then affects such things as the need for artificial light, the need for 419 
artificial heating and cooling, and the growth of plants and trees11. 420 
 421 

                                                           
9
 Models of the eye should be as simple or complex as the students’ knowledge of the structure of the eye allows. 

It is not intended that this will be a place where details of the anatomy of the eye are introduced. 
10

 For a discussion of what is required to perform different kinds of tasks comfortably, see, for example: 
www.ccohs.ca/oshaanswers/ergonomics/lighting_survey.html 
11

 Plant growth is important in a school environment for aesthetic reasons, as a way to maintain comfortable 
temperatures due to rooftop gardening, and as a potential source of biofuels. 

http://weatherschool.aaas.org/
http://www.ccohs.ca/oshaanswers/ergonomics/lighting_survey.html
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3. DOE 1.4. Energy available to do useful work decreases as it is transferred from system to system. 422 
During all transfers of energy between two systems, some energy is lost to the surroundings. In 423 
a practical sense, this lost energy has been “used up12,” even though it is still around 424 
somewhere. A more efficient system will lose less energy, up to a theoretical limit. 425 

 Place different types of light bulbs, each having the same rated lumen output but using 426 
different technologies to produce the illumination (LED, CFLs, incandescent bulbs), one at a 427 
time in a closed insulated box and measure the increase in temperature in the box after 15 428 
minutes. Use the increase in temperature inside the box as an indicator of energy lost to the 429 
environment. Use the results to compare efficiencies of different types of light bulbs. 430 

 Observe and record the types of light bulbs used at home. Discuss with others in the class 431 
the reasons why people buy the kinds of light bulbs they do. 432 
 433 

4. DOE 6.2. One way to manage energy resources is through conservation. Conservation includes 434 
reducing wasteful energy use, using energy for a given purpose more efficiently, making 435 
strategic choices as to sources of energy, and reducing energy use altogether. 436 

 Based on current usage and cost, quantify the energy cost savings of reducing the amount of 437 
artificial light used in your school building (1) if no artificial light were used, (2) if half the 438 
amount of artificial light were used. Discuss which amount of energy reduction is most likely 439 
to actually be implemented in a school building and how that might be done. 440 
 441 
 442 

UNIT 4 443 

STAYING WARM AND STAYING COOL 444 

The focus of Unit 4 is on the transfer of thermal energy by convection, conduction, and radiation13. As in 445 
Unit 3, students create models of the changing angle of the sun on their school throughout the day and 446 
from season to season, but in this unit the emphasis is on how those changes affect how much the sun 447 
warms the school building at different times. Students also model the transfer of energy between the 448 
outside and the interior of the classroom by conduction across the walls and windows of the classroom 449 
by observing the rate of transfer across different materials and estimating R-values for those materials.  450 
They also observe the effects of convection currents on various suspended objects in the classroom and 451 
identify places where energy can move around a door or window if those barriers are not sealed 452 
properly. Where available, energy audits should be conducted to help students locate where energy is 453 
lost and gained. Even though the focus in this unit is on ways to make the school warmer by heating, not 454 
on ways to make it cooler by air conditioning, students will also consider ways to minimize the effect 455 
that warm air from outside the building has on air conditioned air inside the building and recognize that 456 
energy is needed to counter that effect. Students learn that air in buildings is heated when fossil fuels 457 
are burned to heat a liquid, generate steam, or superheat steam, which then flows through pipes to 458 
transfer thermal energy from the boiler to other locations, and that air in buildings can also be heated 459 
by electric radiant or convection heaters. 460 

The transfer of thermal energy is covered in a Grades 6-8 NGSS Disciplinary Core Idea under PS3.B: 461 
Conservation of Energy and Energy Transfer: “Energy is spontaneously transferred out of hotter regions 462 

                                                           
12

 See note 4. 
13

 Some teachers may choose to introduce “advection,” as a fourth transfer mechanism, that is, the transfer of 
energy by a fluid due to the fluid's bulk motion. Unlike convection, advection does not include diffusion. 
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or objects and into colder ones.” That statement covers the transfer of energy by convection and 463 
conduction, but energy is also transferred directly from one object to another by radiation. The transfer 464 
of energy from the sun is particularly important when it comes to heating and cooling our buildings 465 
because the intensity of this energy varies throughout the day and year. That idea can be found in the 466 
Grades 6-8 NGSS Disciplinary Core Idea under ESS1.B: Earth and the Solar System: “…Earth’s spin axis is 467 
fixed in direction over the short-term but tilted relative to its orbit around the sun. The seasons14 are a 468 
result of that tilt and are caused by the differential intensity of sunlight on different areas of Earth across 469 
the year.”  470 

Expected Learning Outcomes and Suggestions for Instructional Activities for Unit 4 471 

1. DOE 1.2. The energy of a system or object that results in its temperature is called thermal 472 
energy. When there is a net transfer of energy from one system to another, due to a difference 473 
in temperature, the energy transferred is called heat. Heat transfer happens in three ways: 474 
convection, conduction, and radiation15. Like all energy transfer, heat transfer involves forces 475 
exerted over a distance at some level as systems interact. 476 

 Examine the heating/cooling system of your school.  Describe the fuel source and how 477 
energy from the fuel source is distributed as thermal energy throughout the building by 478 
radiation, convection, and conduction. 479 

 Observe unforced air convection in the classroom by watching what happens to the motion 480 
of various objects when they are suspended from the ceiling, e.g., paper spirals, balloons, 481 
hanging ribbons. Describe any patterns that you observe in how thermal energy is 482 
transferred from one part of the classroom to another by convection. 483 

 Hold tissue paper in front of heating vents in the classroom to observe forced convection. 484 
Describe how thermal energy is transferred from one part of the classroom to another by 485 
forced convection. Compare natural, unforced convection to forced convection in terms of 486 
the relative amount of energy used to move the air. 487 

 Observe energy transfer by radiation by placing your hand near an incandescent light bulb; 488 
then place an object between the light bulb and your hand in order to block the radiation 489 
from reaching your hand. Describe how thermal energy is transferred from one part of the 490 
classroom to another by radiation. 491 

2. NGSS HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of 492 
thermal energy when two components of different temperature are combined within a closed 493 
system results in a more uniform energy distribution among the components in the system 494 
(second law of thermodynamics). [Clarification Statement: Emphasis is on analyzing data from 495 
student investigations and using mathematical thinking to describe the energy changes both 496 
quantitatively and conceptually. Examples of investigations could include mixing liquids at 497 
different initial temperatures or adding objects at different temperatures to water.] 498 

 Design and conduct a set of investigations to test what happens to the temperature of a 499 
quantity of water when water at different temperatures is added. Compare the final 500 
temperature when different amounts of colder or warmer water are added, controlling for 501 
time, amounts of liquid, and surrounding air temperature. Graph the results and explain 502 
your observations in terms of thermal energy transfer. 503 

                                                           
14

 It should be noted that not all places experience “seasons” to the same extent. In places located within the 
tropical zone, the amount of energy received from the sun throughout the year does not vary as much when 
compared to places farther north or south. 
15

 See note 13. 
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3. NGSS MS-PS3-3. Apply scientific principles to design, construct, and test a device that either 504 
minimizes or maximizes thermal energy transfer. [Clarification Statement: Examples of devices 505 
could include an insulated box, a solar cooker, and a Styrofoam cup.]  506 

 Build a model house out of cardboard, using cellophane for the windows and a light bulb for 507 
the heat source, in order to explore the rate of heating and cooling under different 508 
conditions of insulation and different window areas. Conduct a controlled experiment of the 509 
effect of differing conditions on the rate of cooling/heating. 510 

 Estimate the average R-value of the outside wall of a school classroom.16 (The other three 511 
walls should be interior walls so that the energy transfer can be considered to be across the 512 
outside wall only.)   513 

 Calculate the R-value of different materials given data on the rate of heating/cooling across 514 
the materials.17 Combine data from the entire class to create a table that shows the 515 
insulating value of different thicknesses of different materials. 516 

 Arrange to have an energy audit conducted to identify where energy is moving between the 517 
inside and outside of the school building. Have parents arrange to have an energy audit 518 
done at home and compare the results between home and school. Discuss ways to reduce 519 
the transfer of energy between the inside and outside of the buildings. 520 

4. NGSS MS-ESS1-1.  Develop and use a model of the Earth-sun-moon system to describe the cyclic 521 
patterns of lunar phases, eclipses of the sun and moon, and seasons.  [Clarification Statement: 522 
Examples of models can be physical, graphical, or conceptual.] 523 

 Use the AAAS weather and climate simulation activities to generate graphs and tables of air 524 
temperature, sun’s angle, and energy from the sun at four different times of the year for 525 
your school’s location (spring, summer, fall, winter) to qualitatively compare how much the 526 
sun can be expected to warm the school at different times of the year. 527 

 Graph monthly (or daily, if available) energy usage for heating or cooling against the angle of 528 
the sun, cloud cover, average temperature, etc., to look for patterns between these 529 
variables and energy usage. When interpreting the data, consider the impact that the 530 
presence of students and teachers in the building might have on energy usage compared to 531 
when the building is empty. 532 

 Use a physical model of the earth-sun system to explain the cyclic patterns of the position of 533 
the sun in the sky and how this affects how much the sun warms the earth at different times 534 
of the year. 535 

5. DOE 6.2. One way to manage energy resources is through conservation. Conservation includes 536 
reducing wasteful energy use, using energy for a given purpose more efficiently, making 537 
strategic choices as to sources of energy, and reducing energy use altogether. 538 

 Find out how the school handles heating and cooling after school hours. 539 

                                                           
16

 The average R value of a material separating the inside of a classroom from the outside can be estimated by 
determining the rate of energy transfer across the insulating material, the temperature difference on the two sides 
of the insulating material, and the area of the insulating material across which the energy transfer is taking place. 
The rate of energy transfer can be determined by calculating the volume of the room and how fast the 
temperature of the room changes when a heating or cooling source is turned off.  Examples will be included in a 
full curriculum guide. 
17

 See note 16. 

http://weatherschool.aaas.org/
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 In groups, discuss various ways that less energy could be used to heat the classroom. Share 540 
the results with the other groups and then create posters summarizing the results. 541 

 542 

UNIT 5 543 

PUTTING IT ALL TOGETHER: DESIGNING AND MAINTAINING  544 

GREENER SCHOOL BUILDINGS 545 

In the final unit, students use their knowledge of energy resources, energy conversions, and energy use, 546 
coupled with their own creative abilities, to explore ways to make their school buildings more energy 547 
efficient and to think about what a green school building could look like if it were being designed and 548 
built for energy conservation and sustainability. In addition to sharing the results of these explorations 549 
and designs with students in their own class, students also use an online forum to share results with 550 
students around the world. In this way, students learn about efforts that are being made to conserve 551 
energy and to design more energy-efficient school buildings in other places. They also learn about these 552 
conservation efforts by reading about award-winning Green Ribbon Schools recognized by the U.S. 553 
Department of Education and schools that have applied for and received LEED certification. Students 554 
also share what they have learned by developing presentations for school administrators, school boards, 555 
community groups, and community leaders. 556 

When thinking about designs for their own school building, students are expected to use the knowledge 557 
they learned in the preceding units as they address the practical problem of choosing devices that use 558 
energy more efficiently and designing ways for people to use those devices only when needed.  At the 559 
same time, students are introduced to several basic design principles that they apply as they attempt to 560 
engineer changes to their classroom, the school, and an imagined award-winning green school building.  561 
The importance of paying attention to design constraints when making changes is captured in the NGSS 562 
Disciplinary Core Idea ETS1.B (Grades 9-12): Developing Possible Solutions: “When evaluating solutions, 563 
it is important to take into account a range of constraints, including cost safety, reliability, and 564 
aesthetics, and to consider social, cultural, and environmental impacts.”  565 

In this unit, students are also asked to think more holistically about the flow of energy in the building 566 
and classroom from a systems perspective and to create models that show the ways that energy flows 567 
throughout the lighting, heating, and cooling systems and subsystems. The NGSS Crosscutting Concept 568 
for Grades 6-8: Systems and System Models is particularly useful here: “Models can be used to 569 
represent systems and their interactions—such as inputs, processes, and outputs—and energy, matter, 570 
and information flows within systems.” 571 

Expected Learning Outcomes and Suggestions for Instructional Activities for Unit 5 572 

1. NGSS Crosscutting Concept: Systems and System Models (Grades 6-8): (1, 2) Students 573 
understand that systems may interact with other systems; they may have sub-systems and be a 574 
part of larger complex systems. They can use models to represent systems and their 575 
interactions—such as inputs, processes, and outputs—and energy, matter, and information 576 
flows within systems. 577 

 Students draw a diagram of their classroom showing where energy is transferred in and out, 578 
and label all the different types of energy transfers and conversions. Students subdivide the 579 
lighting, heating, and cooling systems into subsystems to show how they are 580 
interconnected. 581 
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2. DOE 6.6. Behavior and design affect the amount of energy used by human society. There are 582 
actions individuals and society can take to conserve energy. These actions might come in the 583 
form of changes in behavior or in changes to the design of technology and infrastructure. Some 584 
of these actions have more impact than others. 585 

 Conduct online research to determine what Green Schools, Green Ribbon Schools, and LEED 586 
certification are. Read about individual Green Ribbon Schools and LEED certified schools to 587 
find out what they are doing to use energy responsibly. Describe programs at selected 588 
Green Ribbon Schools. 589 

 Contact administrators at a Green School to find out which behaviors were easy to change 590 
and which were difficult to change. 591 

 Find out what their own school is already doing to achieve Green School status and what 592 
could still be done. 593 

 Take the criteria used in these Green School programs to judge if a school should be 594 
considered a Green School, and design a similar “Green Homes” program. Students then use 595 
these criteria to assess their own homes and determine what it would take to become 596 
certified. 597 

 Groups of students interview community leaders about ways individual communities use 598 
science ideas to protect the earth’s resources and environment. Share information with 599 
classmates. 600 

3. NGSS 3-5-ETS1-1.  Define a simple design problem reflecting a need or a want that includes 601 
specified criteria for success and constraints on materials, time, or cost. 602 

 Teams of students propose energy saving improvements for their school building. They then 603 
make a presentation on how the design will help the school financially, how those energy 604 
saving improvements will help (or harm) the environment, and how they will know if they 605 
have been successful in their energy saving improvements.  606 

 Students explain the science principles behind each improvement (e.g. fewer carbon dioxide 607 
molecules in the atmosphere, less thermal energy lost to the environment, etc.). 608 

 Students describe behavioral changes that people have immediate control over that could 609 
result in significant energy savings. 610 

 Students describe the constraints on actually accomplishing the improvements they would 611 
like to make, including cost, safety, reliability, and aesthetics. Interview school 612 
administrators, teachers, parents, and other community members to find out which designs 613 
would be welcomed and which ones would be more difficult to implement and why. 614 
Students summarize the lessons learned from their analyses of their school and describe 615 
how those lessons could be applied to their homes to improve their energy efficiency. 616 

4. NGSS 3-5-ETS1-2.  Generate and compare multiple possible solutions to a problem based on 617 
how well each is likely to meet the criteria and constraints of the problem. 618 

 Students compare proposed solutions to their design problems in terms of how well each 619 
solution successfully addresses the problem and takes into account the design constraints. 620 

 Students consider long- and short-term costs of implementing their design solutions and 621 
ways to reduce short-term costs. 622 

 Students share information about their design ideas for conservation with students at other 623 
schools by way of a blog post that includes data, discussion of constraints, comparisons of 624 
the environmental impacts of their design with those of other possible designs, etc. 625 
Students consider ways to combine ideas to optimize their design solutions. 626 
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 Students share the results of their research and design solutions with administrators, local 627 
school boards, and other community groups. 628 


