
Developing and Using Science and Engineering Practices (by Lesson)

Lesson Elements of Science and Engineering Practice(s) Rationale

1 Ask questions that arise from careful observation of
phenomena, models, or unexpected results, to clarify
and/or seek additional information.

Students ask questions that arise from careful
observations of videos of cases of floods and
droughts, as well as headlines that describe related
situations across the United States. They craft both
causal questions and systems-related questions
about the phenomena. Students group their
questions into similar clusters and reflect on how
these questions relate to the phenomena and the
initial models that they developed to explain it.

1 Develop and/or use a model to predict and/or
describe phenomena.

Students develop a model to explain what could be
causing warmer temperatures and how those
warmer temperatures could lead to both droughts
and floods.

2 Develop and/or use a model to predict and/or
describe phenomena.

Students develop a class model to represent the
components of water distribution on Earth at the
surface, in the atmosphere, and deep underground.
Students focus on freshwater components but
expand to include the ocean, and they make
predictions about how water in these locations will
be affected if parts of the system are changed, such
as if temperature will rise.

2 Use graphical displays (e.g., maps, charts, graphs,
and/or tables) of large data sets to identify temporal
and spatial relationships.

Students use line graphs, histograms, maps, and
charts to analyze and interpret short- and long-term
data sets to identify temporal patterns in
temperature, precipitation, drought, and flood
conditions. Students also use maps to locate case
sites, and in the case of Navajo Nation, they also
interpret a Drought Severity map to understand the
spatial impacts of drought in that region.

2 Analyze and interpret data to determine similarities
and differences in findings.

Students compare results across six different case
sites to determine what data is similar or different
across the sites. They determine that all six sites have
similar increases in temperature, but the
precipitation, drought, and flood data is slightly
different for several sites.

3 Analyze and interpret data to provide evidence for
phenomena.

Students constructed a model in prior lessons that
shows an increase in temperatures in our water cycle
system. Students speculate that increased
temperatures may be leading to increased
evaporation and determine that data is needed to
construct evidence for this possible increase in
evaporation. Students conduct the
[material:ER.L3.HO2] Lab to collect data on the
effects of temperature on evaporation and interpret
the data to provide evidence that an increase in
temperatures does increase the evaporation rate,
which is connected to changes in precipitation
leading to floods and droughts.
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4 Integrate qualitative and/or quantitative scientific
and/or technical information in written text with that
contained in media and visual displays to clarify
claims and findings.

In this lesson, students integrate information from
images, graphs, and technical text to obtain
information about how components of the water
system are changing due to a rise in temperature.
Students work in groups to examine changes to one
component of the water system that relates to the
cases they’ve been investigating (i.e., groundwater,
snowpack, glaciers, sea level, and streamflow).
Students identify the central idea and claims being
made from the texts, examine the data to support
those ideas and claims using a reading scaffold, and
then connect the information back to the case sites
and anchoring problem they are exploring.

5 Analyze and interpret data to provide evidence for
phenomena.

Students revisit the Alaskan headline and learn about
different claims made by an Alaskan elder regarding
their changing environment. Students identify the
data needed to determine if these cases are similar
or different and if they have the same causes.
Students analyze data in groups to look for
similarities and differences in the Alaskan claim data.
They determine that, while they may have
differences, the claims are similar in their cause. Each
case has impacts to the environment caused by
increasing temperatures. Students then compare the
Alaskan claims to the previous work done on
[material:ER.L5.SA1] to determine the similarities and
differences between the Alaskan claims and their
case site claims. Students determine that all cases
are impacted by increasing temperatures.

5 Construct a scientific explanation based on valid and
reliable evidence obtained from sources (including
the students’ own experiments) and the assumption
that theories and laws that describe the natural world
operate today as they did in the past and will
continue to do so in the future.

Students construct two separate explanations in this
lesson. The first explanation revisits the case site
communities introduced in Lessons 1 and 2. Students
synthesize key model ideas from Lessons 2-4 to
construct an explanation for how water is changing
in one community that they choose to explain. Then
students construct another explanation for an
Alaskan community experiencing similar changes.
This is a transfer task. It requires that students use
key model ideas to explain what is happening in the
Alaskan community.

6 Apply mathematical concepts and/or processes (e.g.,
ratio, rate, percent, basic operations, simple algebra)
to scientific and engineering questions and
problems.

One of the key purposes of this lesson is for students
to make sense of quantities of gases in the
atmosphere and their change over time. To do this
students must first make sense of the measurement
“parts per million,” which is a unit of measurement
that requires ratio reasoning. Students will review
and discuss different representations of the data and
make simple calculations to determine similarities
and differences in the concentration of gases over
time. Through discussion, analysis of data, and
application of the mathematical concepts of ratio
and percent, students investigate the concentration
of gases in the air to determine if there is evidence
that anything in the air is changing as temperatures
change.

7 Develop a model to describe unobservable
mechanisms.

Students will develop a model to describe how
energy transfers as heat affects molecules in the
atmosphere. They will use this model to explain how
an increase in greenhouse gases causes changes to
atmospheric temperature.
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8 Analyze and interpret data to provide evidence for
phenomena.

Students will analyze graphs representing carbon
dioxide levels over time dating back to 800,000
years ago and use it to figure out that the changes in
carbon dioxide levels have fluctuated in the past but
not to the extreme levels we see for the last 100
years.

9 Analyze and interpret data to determine similarities
and differences in findings.

Students focus on looking at similar patterns across
three graphs of population growth, energy
consumption, and CO emissions to determine if a
correlation exists.

9 Integrate qualitative and/or quantitative scientific
and/or technical information in written text with that
contained in media and visual displays to clarify
claims and findings.

Students integrate information from data graphs,
words, and historic images to clarify the relationship
between the rising carbon dioxide levels and the
changes in human activity (specifically energy use
supplied by fossil fuel mineral resources) and
population change over time.

10 Ask questions to identify and/or clarify evidence
and/or the premise(s) of an argument.

On day 1, students ask questions to find out how our
increasing use of fossil fuels is impacting the amount
of carbon dioxide in the atmosphere. Then students
continue to ask more questions to clarify and
identify evidence that fossil fuels in general produce
carbon dioxide and water vapor.

10 Apply mathematical concepts and/or processes (e.g.,
ratio, rate, percent, basic operations, simple algebra)
to scientific and engineering questions and
problems.

On day 2 students consider the flux rates of
photosynthesis (i.e., 121 GtC/year), cellular respiration
(i.e., 119 GtC/year), and combustion (i.e., ~10.5
GtC/year). They apply the mathematical concept of
rate to determine that photosynthesis cannot take
up the amount of carbon dioxide from the
atmosphere that is emitted by both combustion and
cellular respiration. They also conclude that the rates
of photosynthesis and cellular respiration are near
equal, offsetting each other, while the rate of carbon
dioxide emissions from fossil fuels does not have a
counter process in the system to offset it.

11 Develop and/or use a model to predict and/or
describe phenomena.

Students work in small groups and as a class to
develop a model describing the cause-and-effect
relationship between fossil fuel use and changes in
water resources for different communities. These
causal chains are supported by the class model ideas
from Lessons 1-10 and describe how changes to the
carbon and water systems that occur can lead to
both flooding and drought conditions from the
anchoring phenomenon.

11 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 for a phenomenon or a
solution to a problem.

Students analyze a tweet as a class and individually
as part of an assessment. Students break down the
tweet into the claims being made. They determine
which claims match our science ideas (supporting)
and which claims are in need of clarification or
explanation (refuting). Students clarify (refute) the
claims orally or in writing to better explain the causal
mechanisms of the dissected tweet. This written
argument builds off of the oral argument of the
tweet dissected by the class and the oral and written
explanation of the causal chain that leads from fossil
fuel use to the changes in water resources.
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12 Ask questions that arise from careful observation of
phenomena, models, or unexpected results, to clarify
and/or seek additional information.

Students examine simulation data to understand
impacts of cutting emissions to different levels.
During the simulation, students realize that a cut in
emissions by ½ is not enough, and temperatures will
continue to rise. Students use this data to ask
questions to seek information about potential
solutions to reduce emissions to an equilibrium
point.

12 Develop and/or use a model to generate data to test
ideas about phenomena in natural or designed
systems, including those representing inputs and
outputs, and those at unobservable scales.

Students use a simulation to model projected
changes to emissions over an 80-year period and
their effects on increasing temperatures. Students
test their own potential rate solutions to see if those
rates would prevent global temperatures from
increasing further. Students generate data from
simulation to determine that large cuts in emissions
are needed to see a temperature level off or
decrease.

13 Evaluate competing design solutions based on jointly
developed and agreed-upon design criteria.

After evaluating multiple solutions for reducing
carbon dioxide emissions, students will argue for
which solution(s) will best meet this criteria. Students
will use constraints co-developed with the class to
reevaluate the solutions and argue for the solutions
that both meet the criteria and constraints.

14 Apply mathematical concepts and/or processes (e.g.,
ratio, rate, percent, basic operations, simple algebra)
to scientific and engineering questions and
problems.

Students apply the concepts of percent, average,
and use basic operations throughout this lesson.
They engage in this mathematical thinking to figure
out their class’s carbon impact and the carbon
savings they can make with a few changes to their
daily habits. Students scale their class’s average
carbon savings to larger populations and readjust
their calculations based on getting a certain percent
of people to make changes to their lifestyles.

15 Communicate scientific and/or technical information
(e.g. about a proposed object, tool, process, system)
in writing and/or

Students work with their groups to create a
communication strategy for a carbon solution. On
the final day of this lesson, students communicate
information about their carbon solutions to their
peers or other stakeholder groups. This
communication includes clear expectations
presented on slide F and the project rubric.

16 Ask questions that can be investigated within the
scope of the classroom, outdoor environment, and
museums and other public facilities with available
resources and, when appropriate, frame a hypothesis
based on observations and scientific principles.

Students ask questions related to climate
change and its impact on our communities that can
be investigated in the future. Students may want to
add other questions from the school year that went
unanswered or add new questions that they
generated as they became curious about a new
phenomenon.

Developing and Using Crosscutting Concepts (by Lesson)

Lesson Elements of Crosscutting Concept(s) Rationale

1 Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation.

When students develop models to explain what
could be causing increased temperatures and how
that could be related to an increase in floods and
droughts, they focus on questioning around
causation versus correlation (related to). After
developing their initial models, they ask questions
that will help them clarify whether increasing
temperatures are related to or causing both floods
and droughts.
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1 Small changes in one part of a system might cause
large changes in another part.

In their initial models, students use the lens of
stability and change to explain how a small change in
temperature could lead to large changes like
increased floods and droughts.

2 Patterns in rates of change and other numerical
relationships can provide information about natural
and human designed systems.

Students analyze variability in the data and overall
trends in data to understand how much change is
occurring in temperature and precipitation in a place,
the relative rate at which that change is happening at
one case site, and also across all six case sites.  

2 Graphs, charts, and images can be used to identify
patterns in data.

Students analyze graphs and images to look for
patterns in temperature and precipitation data for
different locations to determine if these are staying
the same or changing.

2 Models can be used to represent systems and their
interactions—such as inputs, processes andoutputs—
and energy, matter, and information flows within
systems.

Students use the class model to represent the
components and interactions of Earth’s freshwater at
the surface, in the atmosphere, and deep
underground.

3 Patterns can be used to identify cause and effect
relationships.

Students analyze data from 12 different bottles
representing 3 environments, both with and without
an increase in overall temperatures. Bottles (i.e.,
conditions) that are heated show a pattern of
increased humidity levels when compared to the
unheated conditions. This pattern holds over all 3
environments, leading students to identify that an
increase in temperatures causes an increase in water
evaporation rates.

4 Small changes in one part of a system might cause
large changes in another part.

The focus question for the lesson targets how a small
change in atmospheric temperature can lead to big
changes in the water system. Students engage with
this question before, during, and after obtaining
additional information from text. They draw
conclusions at the end of the lesson focused on how
rising temperatures are affecting more than just
droughts and floods and how communities are
impacted by this change.

5 Graphs, charts, and images can be used to identify
patterns in data.

Students compare claims from the headline to the
elder claims. Students determine that these claims
have comparable trends and are all attributed to
increasing temperatures. Students then compare
graphs representing the data from different claims
about the changing Alaskan environment to the
information of their case site. As students are
comparing the graphs, they determine patterns of
increasing temperatures and precipitation changes
are occurring in the Alaskan claims and the case sites
from day 1. These patterns are identified as the cause
of the changing climate in each case site and claim.

5 Small changes in one part of a system might cause
large changes in another part.

Students use the crosscutting concept of Stability
and Change to explain how small changes in
temperature and precipitation can have big impacts
on the water stories of the communities featured in
Lessons 1-4. Students use evidence from the videos,
data, investigations, and information texts to explain
what is normal, or stable, for a community, and how
that part of the system is changing and why.
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6 Scientific relationships can be represented through
the use of algebraic expressions and equations.

Students engage with algebraic expressions as they
(1) make sense of “parts per million” and practice
converting the total concentration of a gas into a
percent using fractions and (2) use division and
multiplication to calculate the percent change for
each gas over time. Through these mathematical
processes, students make sense of total quantities of
gases, their proportion of the atmospheric mixture,
and their change over time.

6 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

Students examine the concentration of gases in the
atmosphere by looking at data in charts and graphs.
By calculating the percent change over a 100-year
time frame, students determine that some gases are
very stable in the atmosphere, while other gases
have increased in an unusual amount.  

7 Cause and effect relationships may be used to
predict phenomena in natural or designed systems.

Students use evidence gathered through multiple
means to figure out that GHG molecules absorb,
vibrate, and release energy as heat to cause the
atmosphere to warm.

7 Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different
types of quantities provide information about the
magnitude of properties and processes.

Students will use what they learn about GHGs and
heat to make sense of the proportional relationship
between these gases and atmospheric temperatures.

7 The transfer of energy can be tracked as energy flows
through a designed or natural system.

Students model the flow of energy as it is transferred
from Earth through GHG molecules warming the
atmosphere.

8 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

Students will analyze graphs of carbon dioxide levels
from long ago to present day to look for patterns in
the changes in composition levels in the
atmosphere.

9 Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation.

Students determine that a correlation exists
between rising populations, rising consumption of
fossil fuel use, and rising carbon dioxide emissions.
Students will further explore the causal relationship
between fossil fuel use and CO emissions in the
next lesson when they burn a fuel source and trace
the products given off in the air.

9 Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different
types of quantities provide information about the
magnitude of properties and processes.

This is an additional opportunity to develop a
conceptual equation for population growth and per
capita consumption resulting in a greater magnitude
of CO  emissions. The student equation shows the
proportional relationship between the number of
people and the average energy needs per person to
help explain the magnitude of CO  rise on the graph.
Students will stop short of identifying this as an
exponential relationship Exponential relationships
are above grade band for seventh grade.

10 Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different
types of quantities provide information about the
magnitude of properties and processes.

Through the Carbon Dice Game, the Carbon System
Model, and the examination of flux rates, students
make sense of the quantities of carbon within
reservoirs in comparison to each other, and the
quantities of carbon moving between components
through different carbon transforming processes.
They conclude that certain natural processes are
roughly proportional to each other, while the
combustion of fossil fuels creates an imbalance in
the system.
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10 Models can be used to represent systems and their
interactions—such as inputs, processes andoutputs—
and energy, matter, and information flows within
systems.

Students set up a system model on day 2 to track
the flow of carbon between different reservoirs (i.e.,
components of the system) through different fluxes
(i.e., carbon transforming processes that are
interactions between components).

10 Matter is conserved because atoms are conserved in
physical and chemical processes.

Students predict the products of the combustion of
fossil fuels and use the law of conservation to know
that the atoms in the products must come from the
reactants. They examine molecular models of the
molecules in the reactants of the reaction to make or
confirm their predictions.

10 Within a natural or designed system, the transfer of
energy drives the motion and/or cycling of matter.

In day 1 students consider the matter that is
produced from the combustion of fossil fuels to
supply us with energy. They investigate reactions of
various fuels that are used for energy and figure out
how and what matter is cycling in these processes.

11 Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation.

Students develop a model to show the causal
relationship between fossil fuel use and changing
water resources. Students use these ideas to identify
whether claims made  via Twitter posts are accurate
or inaccurate. They work to refute inaccurate claims
that do not reflect the causal relationships by crafting
an explanation of each inaccuracy (refuting the
claim) to show the causal relationship between
human actions and changes in climate.

12 Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.

Students ask questions about the potential of
different carbon dioxide reducing solutions and how
their gradual changes over time might lead to a
reduction in global temperatures and atmospheric
carbon dioxide. Students focus on understanding
that the problem has arisen due to accumulation of
carbon dioxide over time, and the solution will
require a reduction in carbon dioxide over a long
period of time.

12 Systems in dynamic equilibrium are stable due to a
balance of feedback mechanisms.

While examining emissions data, students notice the
impact of different levels of emission reduction.
While a small emissions change does slow the
temperature change over time, temperature still
increases. A dramatic decrease in emissions is
needed to meet carbon equilibrium in the system
when temperatures remain stable.

13 Small changes in one part of a system might cause
large changes in another part.

Students will propose solutions to implement that
will decrease the imbalance of carbon dioxide
emissions compared to carbon dioxide removed
from the atmosphere. They will determine that
implementing even small changes can have an
impact on this imbalance.

14 Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different
types of quantities provide information about the
magnitude of properties and processes.

Students calculate a carbon savings rate per person
based on the class average. They scale this number
to larger populations, which reduces the carbon
dioxide emissions by a much larger amount. Yet,
students recognize that their scaled numbers reflect
100% participation; therefore, they recalculate
based on a lower percent of people adopting the
changes. Throughout this process, students work
with different quantities to help them understand
the magnitude of reduction in carbon dioxide
emissions that is possible with varying degrees of
participation.



Lesson Elements of Crosscutting Concept(s) Rationale

15 Small changes in one part of a system might cause
large changes in another part.

One aspect of the project is to communicate a
message about how small changes in behavior or use
of technology, when done across a larger group of
people, can have a greater impact on reducing
CO  in the atmosphere. This is a key message that
students will craft in their communication.

16 Patterns can be used to identify cause and effect
relationships.

Students will make observations of patterns across
their questions. Patterns helped to guide the
organization and classification of their original
questions and prompted them to ask new questions
about relationships and their underlying causes. As
students evaluate their question, prompt them to
use Patterns as a lens for making sense of the
questions they have investigated and can now
answer at the end of their unit of study.
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