Activate Learning’

OpenSciEd Biology Scope and Sequence

Unit B.1 In this unit, students figure out big ideas
about ecosystem energy flow, carrying capacity, and
interactions. They investigate the importance of
biodiversity and how humans interact with natural
systems. Students explore conservation in the context
of the 30-40 Initiative, which aims to conserve 30
percent of US lands and waters by 2030. They
investigate four different conservation profiles in the
usS.

BIOLOGY

Ecosystem Interactions
& Dynamics

How do
ecosystems work,
and how can

understanding
them help us
protect them?

@0pen$ci£d

HIGH SCHOOL SCIENCE

This 5-6 week unit gives students a real-world context
for thinking about ecosystems and their protection
while at the same time helping them recognize that often what we learn about one ecosystem can
be applied to another. Most of the unit is spent as a class investigating a single case together, the
Serengeti. The Serengeti National Park was created to protect the great animal migration route and
has a history of complicated human interactions. The Serengeti has been studied extensively for
over 70 years, and many long-term, comprehensive data sets are available for students to
investigate.

| Lesson Set 1 How do populations in ecosystems work? | ‘ Lesson Set 2: How do complex ecosystems work?

Transfer Task #1 \

Lesson 1 Lessons 1-6 Lessans 7-8
We hear about a plan called We investigate the Serengeti as an example We investigate the role of predators in the system.
the 30 by 30 Initiative of conservation. We explore the We apply our current We use an agent-based model to examine how
designed to preserve land controversial beginnings of the park and the understanding of lions and hyena interact with the migration and
and water in the US and ecosystemn. We investigate the phenomena ecosystermns to figure hew group behavior contributes to success. We
arourvd the world. We begin of the migration and the factors that out how African wild broaden our view to investigate the interactions of
fo explore conservation and influence it. We figure out that it is driven by dog pack populations many of the compeonents of the Serengeti system.
oreate initial models to food. We model the wildebeest population change over time. W figure out that wildebeest are a keystone
explain how these systems te explain how limiting factors contribute to species and contribute to bicdiversity and
work and are protected. . the carrying capacity of the population. ™, resibence of the ecosystern,
Lesson Set 3: How can we use what we learned to pratect them?
Transfer Task #2
Lesson 9 Lesson 10
We cansider a missing compenent Wemhhﬂﬁmemmr:bﬂul
We aur understandings of ecosysterns to our 2COsYsEmS a they wark ta

in our aur models and revise them cmzr:l:um profiles and mgl:luate the conservation imestigate the American Prairie Reserve

to include hurnans and their plans to determine their impact on the ecosysten as and the future of protecting lands and

interests. We hear about a well as the human interest holders. We determine waters,

propased disruption to the system, which plans were successful and consider how the

hﬁ?ﬂgﬂ“&: memmﬁ characteristics af successiul conservation can

e raigl il el support the goals of the 30 by 30 Initiative.




Activate Learning’

BIOLOGY

Ecosystems
Matter & Energy

What causes fires
in ecosystems to
burn and how
should we
manage them?

@OpenSciEd

HIGH SCHOOL SCIENCE

Unit B.2 |This six-week unit is designed to help
students build a deeper understanding of the flow of
matter and energy within ecosystems and the cycling
of carbon on a global scale due to increased fires.
Students read about mysterious arctic fires popping up
near the burn scars of old fires and do a visual inquiry
to obtain more information about what is happening
with matter and energy in these arctic fire systems.

To figure out how these fires can burn under ice and

el rclease so much carbon dioxide, students explore the
interactions between peat, permafrost, decomposers,
the sun, and other system components by investigating burning fuels and measuring the rate of
decomposition and photosynthesis under different conditions. Students are motivated to see if they
can generalize this phenomenon to other systems and the effect of increased carbon dioxide on
the atmosphere. Students quantitatively model how matter and energy flow through different earth
systems and levels within an ecosystem.

| Lesson Set 1: What causes zombie fires to burm under the ice and what are the consequences?

Lesson 1 Lessons 1-5 Lesson &: Embedded Summative \
Explanation

‘We observe a puzzling phenomenon: We investigate by burning peat and other fuels and explore the

fires are bumning in the arctic under ke relationship between peat and permafrost. We figure out that peat is We put the pseces together from

and emerging in the spring 1o cause new many |layers of partially decomposed plants and that conditions such Lesson Set 1 by building a class

fires. We begin to explare what is as cold ternperatures and low oxygen can affect the rate of consensus model based on evidence

happening to the matter and energy in decompasition, We waonder how there got ta be so many plants in the that we collected to construct an

zombie fire systems. cold Anctic and figure out that the Earthis tilt has changed and that explanation for what is happening to
differences in available solar energy impact how much carbon dioxide the matter and energy in zomibie fires.
is capiured and stored as chemical energy in plants. \

Lesson Set 2: How is global carbon cycling affected by fires?

I I Lesson Set 3: How do we design solutions to manage the impacts of fires? |

Lessons 7-9

W figure out from case studies that carbon sinks
around the world are burning due to human
actions and putting lots of carbon diowide into the
atmosphere. We figure out that increases in
carbon dicwide are causing warmer temperatures,
We quantitatively model how these increases in
carbon dimdde (matter) and temperature (enengy)
are shifting the balance in Earth systems. We
waonder how we can interrupt positive feedback
loops in fire systems.

. W

Electronic Exit Ticket \ Lessons 10-11
We use the model we We investigate how prescribed
developed of Earthis systems to burning, cultural burning, restoring
predict what would happen to grazer populations, and replanting
global atmospheric carbon ferests help manage the amount
dicwide if hurnan activity were to of available carbon and energy
cause a mass die-off of plants that burn in wildfires, We put the
and te explain how increases in pieces together from the unit to
human-caused fires in carbon develop fire management systems
w:kf- lead to increases in glabal for communities we care abaut.
temperatures.

Lesson 12: Transher Task ™,

W use what we have
figured out about the flow
of matter and energy in fire
systemns to nvestigate the
Dead Tome in the Gulf of
Mexico where massive fish
kills are happening




BIOLOGY

Inheritance &
Variation of Traits

Who gets cancer
and why?
What can we do
about it?

@ OpenSciEd

HIGH SCHOOL SCIENCE

Activate Learning’

Unit B.3 This five-week unit is designed to
deepen student's understanding of inheritance and
trait variation by exploring cancer as a
phenomenon. Students explore the genetic basis
of cancer by investigating what cancer is and how
mutations that can increase cancer risk occur.
While many genes are implicated in cancer, the
unit focuses on p53, a tumor suppressor gene
involved in many cancers.

Students investigate cancer caused by mutations
that occur throughout our lifetimes, inherited

mutations, and how the environment can cause mutations. Students investigate additional factors
that explain differences across the US in cancer and mortality, access, and feasibility of treatment

options.
Lesson Set 1: What is cancer? ] l Lesson Set 2: What are the causes of cancer?
Lesson 1 Lessons 2-& Lessons 7-9 Transfer Task \\
W hear that cancer is We investigate what cancer is by looking at We use a simulation to investigate how older, taller We apply cur curent
common and in some cells and figuning out how non-cancer cells people get mare cancer through different rates of understanding of the
places the rates are higher can twm into cancer cells. We see how cells cell diviskon and more opportunities for mutations genetic basts of
as they are for older and divide, that they make copses of their DNA, to eocur. Since this does not explain all cancer we CANCEr 1o A mew
taller people. We find out and sometimes emors called mutations investigate how cancer can be inherited in famidlies scenarnio where we
about a gene called p53 occur. We figure out that DNA codes for the through the example of Li Fraumeni Syndrome by investigate how
that might prevent Cancer. p53 protein and differences in DNA can analyning pedigrees. We also plan and camy out an genetic tests can
We wonder what causes change the structure and function of the nvestigation about how emvronmental factors. like provide us with
cancer and what we can do protein. We develop models to explain the solar radiation, can cause mutations that lead to information about
about it genetic basks of cancer. cancer. \{her traits.
Lesson Set 3. What can we do about cancer? l
Culminating Assessment \
Lesszon 1N Lesson 12
We apply everything we have figured

We investigate some of the We investigate how health equity and social out about cancer to develop an

treatments available for cancer and determinants of health, such as access to health mierview protocol 1o support Someons

figure out that there are side effect insurance and doctors, are factors in cancer. We we care about with cancer as a health

and consideration such as cost. W figure out how these factors can help explain some

use our Cell Game madel to explain
how each of the treatments works
affects the growth of cancer cells.

some solutions.

of the differences we observed in rates of new
cancer and and deaths across the US and explore

Naigaton,

o




Activate Learning’

Unit B.4 This five-week unit on natural selection and
the evolution of populations focuses on the
phenomenon of increasing urbanization worldwide and
the impact of that change on nonhuman populations.
Students observe nonhuman populations affected by
urbanization in their community and read about three
case studies of nonhuman populations that differ in
urban and nonurban environments. These initial
investigations prompt students to ask what is causing
the differences they see in these populations.

BIOLOGY

Natural Selection &
Evolution of Populations

How does
urbanization affect
nonhuman

populations, and
how can we minimize
harmful effects?

@ OpenSciEd

HIGH SCHOOL SCIENCE TEACHER EDITION

Students create an initial model of how and why
nonhuman populations could change because of urbanization and investigate each case study in
more detail to uncover the mechanisms for change. They conduct an investigation of the impact of
habitat fragmentation on seed dispersal strategies in hawksbeard plants. Students then investigate
how rats in Tokyo could have become resistant to poison, gathering information from various
studies to learn how genetic variations affect their physiology and survival rates. Students also
investigate studies of juncos to see if bold behavior is advantageous for living close to people in
urban environments.

Lesson Set 1: How is urbanization a driving force for change?

Lesson &
Transfer Task

Lesson 1 Lessons 2-5

Students investigate how urbanization
is rapidly increasing and how it impacts
nonhuman populations. They develop
initial models based on three case
studies about hawksbeard, rats and
juncos to explain how urbanization
impacts nonhuman populations.

IN
"/

Students investigate each case study and fecus on anatomical, physiclogical,
and behavioral changes in nonhuman populations connected to urbanization,
They explore selection pressures like fragmentation, poison and competition
for food and nesting sites near humans. They analyze data and explain how
these selection pressures act on genetic variations in populations and
differentially affect the survival and reproduction of some individuals. They
develop a revised model of evolution by natural selection.

Students apply current
understanding of
evolution by natural
selection to explain how
bacteria develop
antibiotic resistance.

Lesson Set 2: How can we use what we know about natural selection to design cities that support resilient populations and ecosystems?

Lesson 7

Students investigate why some
nonhuman populations affected by
urbanization experience reduced
genetic diversity and fitness. They
investigate the Florida panther and
Buckeye, AZ where urbanization is
happening quickly, threatening
biodiversity in the region. They ask new
questions to add to the Driving
Question Board.

Lesson 8-10

Students use a model to explain how nonhuman populations lose genetic
diversity and fitness when they become small and fragmented. They
investigate the effectiveness of solutions that prevent fragmentation and
analyze if they help populations maintain genetic diversity. They apply their
understanding of evolution by natural selection to develop criteria that protect
the biodiversity of populations experiencing the effects of urbanization in
Buckeye, AZ and evaluate how well two design proposals for the future
urbanization of the region meet the needs of human and nenhuman
populations.

Lesson 11
Transfer Task

Students apply ideas about
evolution by natural
selection to consider ways to
protect banana crops from
fungal infections.

o




Activate Learning’

Unit B.5 This four-week unit is anchored by the

BIOLOGY

Common Ancestry -~ unusual sightings of polar, brown, and black bears in
B Wapusk National Park. Students investigate why
S EEE ' ¢ ' scientists find this so unusual and consider what this
;‘;::I:;'t‘;ob::;s ' means for the future of the bears as the Arctic warms.
their environment Lessons 1-5 focus on figuring out how and why the
changes? _ Arctic bears interact in particular ways. Students figure

out how past relationships between the species and
: ~ conditions on Earth over geologic time can help them
&R Openscikd i predict the future.

HIGH SCHOOL SCIENCE

In lessons 6-9, students investigate the speed at which
extinction and speciation events occurred in the past compared with changes in bears living in the
modern-day Arctic experience. They figured out that hybridization is a possibility for Arctic bears.
Students investigate ways humans have helped protect other species from extinction and debate
what role humans should play in safeguarding Arctic bears and species in danger of extinction.
This unit culminates with a Transfer Task where they apply all of their understanding of how to
figure out why the bumble bee is threatened with extinction and to evaluate claims about ways to
prevent extinction from occurring.

Lesson Set 1. What is happening with Arctic bear populations?

Lesson 1 Lessans 2-5

Students imvestigate changing Arctic Studenits investigate interactions between bears species and figure out there there are differences in
environmental conditions and their therrmoregulation in each species which help explain behaviors. They analyze anatornical and DNA
relationship to Arctic bear populations. They differences between bear species to determine relatedness and figure out that polar and brown
investigate the stability of polar bear bears shared a common ancestor i Earthis past. They connect cycles of glaciation to changing
populations in different regions of the Arctic. selection pressures and develop arguments for the speciation of brown and polar bears from a

They develop initial models about the future common ancestor. Students develop a revised model to predict the futwre of Arctic bear

of different Arctic bear popalations. populations.

Lesson Set 2 What will happen to Arctic bears in the future?

Lesson 6-8 Lesson 9 \
Transfer Task

Students figure out that hybridization with brown bears is another possible futune for some polar bears as the Arctic

changes and bears species may have more opportunities to interact. Students figure out the extinction is a possible Studenis apply ideas about

outcome for polar bears. They investigate five mass extinction everits in Earths history and connect those events to finding comman ancestry,

significant changes in climate using past events as evidence for predictions about the future. Students investigate bdological evelution, and

different approaches people have taken to preventing extinction and develop an argument for whether to use those exfincion o evaluste claly

solutions to protect the polar bear, about ways 1o protect
endangered bumble bees

from extinction

AN




Activate Learning’

OpenSciEd Chemistry Scope and Sequence

CHEMISTRY -
Thermedynamics in Ty . Unit C.1 Students explore coastal communities affected

Earth's Systems
by rising sea levels, forcing some communities to move.
— Students analyze data that show how sea level rise is
on Earth to protect : ~historically connected to polar ice melt and temperature
vulnerable coastal . . . .
- increases, and thorough data and investigation
communities? . . .
determine that the temperature increase is caused by
= humans releasing excess carbon dioxide into the
@omnsazd e —— ,@ atmosphere. Students develop energy transfer models
= it based on evidence to illustrate how atmospheric carbon
dioxide, more than any other factor causes global temperature increases, polar ice melt, and sea
level rise.

How can we slow
the flow of energy

In this 6 week unit, students are introduced to two possible solutions and figure out how these
solutions, along with decreasing carbon dioxide emissions, could help slow sea level rise. Since
sea level rise is driven significantly by polar ice melt, it provides a meaningful context for students
to consider anthropogenic climate change, its impacts, and physical science ideas around energy
transfer. Students figure out how energy transfers on the molecular and Earth-systems levels
through radiation, convection, and conduction.

| Lesson Set 1: Why and how is the sea level rising? ‘ | Lesson Set 2: What solutions could help slow polar ice melt? |
Lesson 1 Lessons 2-4 Lessons 5-7 Transfer Task #1
We observe a puzzling We figure out that the sea level is rising We are introduced to microbeads and a berm ag Wi apply our ideas
phenomenon: the sea level because increased global temnperatures are possible solutions to slow polar ice melt. We figure about feedback
is rising in communities causing polar ice melt. We attribute out that the microbeads solution would prevent loops to think about
around the world, causing increased temperatures to CO, released by energy from eventually being absorbed by carbon how permafrost
many people to migrate or people and determine the potential impact diaxide, thus disrupting a harmful feedback loap. interacts with Earth
take steps to protect their if EartHs land ice was to all or partially melt. We examine other feedback loops in the Earth systerns.
communities. We brainstorm potential solutions to the system, describing positive and negative feedback

problem of polar ice melt and sea level rise. loops involving different Earth spheres.

Lesson Set 3: How well would the berm solution work in the context of Earth systems?

Lessons B-9 Lessons 10-11 Lessons 12-13 Transfer Task #2
We figure out from Inuit and We investigate how energy We put the pieces together from Lesson Set 3 by \We exarmine heat
scientific knowledge that the berm transfers between building a class consensus model of how a berm s and plan an
solution would work by stopping different-termperature liquids, then prevents glacier melting, We calculate the impact T\Ieﬁ arjn:m
warm water from reaching the base generalize these findings with that the glacier could have, generate ideas for a Itroubl:gghaol a heat
of the placier. We wonder why the simulations to quantify how energy computational model that could help us capture o that i

warm water is at the bottom of the transfers between different other ideas frorn the human about impacts on :Iallsnction in

bay. investigate. and figure out that substances. We then investigate Earth systerns, and use this model to answer B
warm water is at the base due to and guantify how much ice melts questions about the impact of different changes

density differences. when energy is transferred to it on Earth's climate,




CHEMISTRY
Structure &
Properties of Matter

What causes
lightning and why
are some places
safer than others
when it strikes?

@ OpenSciEd

HIGH SCHOOL SCIENCE

Activate Learning

Unit C.2 This six-week unit is designed to help
students build a deeper understanding of atomic
structure and atomic-scale force interactions by
exploring phenomena surrounding lightning and other
static interactions. Students engage with stories and
data about lightning and investigate a similar
phenomenon in water droppers. They further
investigate static interactions with various materials,
including sticky tape, digging to the subatomic level.

Students apply these ideas back to lightning and
further investigate force interactions, developing

Coulomb’s law and ideas about polarization that can be applied to other phenomena. They identify
electric fields as the source of the large energy transfers in lightning and explain lightning’s sudden
behavior using ionization. Students consider why structures made of certain materials protect from
lightning and investigate why bodies of water, most of which contain dissolved salts, are hazardous
during storms. Finally, students develop a consensus model and transfer their understanding to the
phenomena of airplane radomes and conducting gels used to simulate brains.

Lesson Set 1: What is lightning? Lesson Set 2: What causes a lightning strike?

[ Lesson 2-5

[ Lesson 1

Students engage
with videos,
stories, and data
around lightring
strikes.

Lesson Set 3: How and why does a lightning strike transfer

so much energy?

Lesson 10

Students simulate

energy transferin |

and out of fields,

Students explore
static interactions
and the
subatomic
particles that
generate
attractive and
repulsive forces.

Lesson 11

Students gather
information about
and model why

| lightring does not

strike the second
charge builds up in
the cloud.

Lesson 12-14

Students examine
and develop
molecular models
A of substances to
explain why some
substances interact
with lightning and
others do not.

Lesson 6-9 Transfer Task #1
Lesson 9

Students figure
out the Students model

. | relationship of _ |static interactions, at

“{ variables in + the atomic level and

Coulomb's law " |using Coulomb's law,
and how in different everyday
electrostatic rmaterials.
forces ocour in a
lightning systern.

7

Lesson Set 4: What makes some places safer than

others when lightning strikes?

Transfer Task #2
Lesson 14

Students model and
communicate

' information about

how radomes protect
airplanes and how
conducting gels for
brain scans work. /



Activate Learning’

Unit C.3 This six-week unit is anchored by examining
plans to live and work for more extended periods on the
Moon (NASA Artemis mission). Students consider the
constraints associated with this problem, which leads
them to develop questions about how to find, recycle,
and make the substances needed to live off Earth and on
it. In lessons 1-5, students investigate planetary surface
features (Earth’s and Mars’) to investigate water and its
unique structure and function in erosion.

CHEMISTRY

Maolecular Processes in
Earth Systems

How can we find,
make, and recycle
the substances we

need to live on
and beyond Earth?

TEACHER EDITI

Students develop an understanding of physical science
concepts of light and matter and Earth and space science concepts of spectroscopy to identify
substances off Earth. They also learn about the structure of atoms, the patterns in their bonds, and
the organization of the periodic table. Additionally, they develop the idea of conservation of matter
through chemical equations in the context of various substances, including those that form ionic
compounds and polyatomic ions. Finally, students consider applications of these ideas to issues
related to recycling and sustainability.

Lesson Set 1: How can we find water and other substances Lesson Set 2: Why do we need certain types of
we need to survive on other objects in space? atoms to create the substances we need?

Lesson 1 Lesson 2-5 Lessons 6-7 Transfer Task #1
Lesson 2
Students Students investigate Students investigate
explore the water (and other liquids) element properties, Students
pursuit of properties, structure, and J\ bonding patterns, and explain why an
human interactions with surface build a periodic table. alternative to
existence materials. Students use Students use ibuprofen could
beyond Earth spectrography to ‘I/ electronegativity to have positive
via Arternis and investigate the investigate how bond effects because
prior missions composition of different character, polarity, and of its chveml'cal
to space. atmospheres. properties are related. structure.
Lesson Set 3: How can we make the substances we need to Lesson Set 4: How can we be more sustainable in
survive off of Earth using the existing matter in the solar system? what we use and produce?
Lesson 10 Lesson 11-12 Lesson 13-14 Transfer Task #2
Lesson 15
Students Students read about growing Students
investigate how plants in space and model investigate what Students close
IR polyatomic ions: perchlorates makes a substance out the DQB and
compounds ammonia, and ammonium. recyclable. Students explain chemical
can neact o be Students balance chemnical read about more / processes éﬂd
filtered out of equations to predict how sustainable properties in hard
pursa ruch stuff we need to replacement water and soap
' survive in space, substances being scum formation.
developed. _V




CHEMISTRY

Chemical Reactions
in Our World

Why are oysters
dying, and how
can we use
chemistry to
protect them?

@ OpenScikEd

HIGH SCHOOL SCIENCE

Activate Learning’

Unit C.4 This six-week unit is anchored by the
phenomenon of oyster larvae die-offs. These
overnight events became widespread in the Pacific
Northwest in the mid-2000s as ocean pH reached a
new low. Students learn that oyster die-offs occur in
the Pacific Northwest due to ocean acidification. They
decided to design solutions to help oysters and break
the problem of oyster die-offs due to ocean
acidification into smaller sub-problems.

Students investigate acids and bases, how carbon
dioxide enters the ocean, and how carbon moves

through some of Earth's systems They use a computational model to figure out how acidification
and other processes can naturally reverse due to shifts in chemical equilibrium. Students consider
different groups of people's interest in solving the problem of oyster die-offs and engage in a
mid-unit transfer task. Students begin by developing a mathematical model (of stoichiometry) that
will allow them to determine how much of a base is needed to neutralize an acid. They apply this
mo del to adding bases to oyster tanks to restore a healthy pH.

Lesson Set 1: What large and small-scale processes make water more or bess acidic?
Lessons 2 Lessons 3-4 Lessons 5-6 Lessons 7 b
Stusdents specify the Students plan an Students investigate Transter Task
design critenia and investigation to how carbon dicxide
specific figuare: out what dissolves in water Students develop
subproblems they makes substances and use a simulation e specific
will need 1o solve to acidic. They use 1o investigate criterafconstraints and
mitigate oyster molecular formulas reversible reactions, design context-specific
die-offs and support 10 COMmpane equilibriurm states, solutions.
food soveregnty. quantities and bond strength, and

concenirations. stabslity. ,

Lesson Set 2; What mathematic

al models can help us determine the scale of the reactions needed to save oysters?

Lesson Set 3: How can engineering design help us determine the best process to save oysters?

Lesson 8-9
Students arswer
questions about
“how miuch” of each
reactant they would
need ina
stoichsmetny
sequence and
vestigate
feasibility, safety
and efficacy

Lesson 10-11
Students figure out
v acsdific aticen
occurs and can
naturally reverse, and
consiier how we can
approach the
problern of oyster

[

Lesion 14 Lesson e
Lesson 12-13 Students present Trmh:'sl‘uk
Students develop a design solunons 1o
set of solutions to poers and receive Students close out
prevent oyster feedback to infomm the DOB and appl
die-offs. choose & revision. They come I J

s aming 1o a task to

promising solution to consensus about FRAKIFTHZE APPSO
and brairstorm a prioritizing cnteria fertilizer production
list that helps refine and ways scence a reversible I
that solution. can help solve reaction

problems. ,




CHEMISTRY

Energy from Chemical
& Nuclear Processes

How can chemistry
help us evaluate
fuels and

transportation
options to benefit
the Earth and

our communities?

@BOpenSciEd

HIGH SCHOOL SCIENCE

Activate Learning’

Unit C.5 This six-week unit is anchored by the
problem of continuing carbon dioxide emissions from
transportation, despite the harm it causes established
throughout the rest of the course. Students explore
fifteen fuels used for transportation, ranging from
“‘human power” to fossil fuels, biofuels, batteries,
hydrogen, and uranium. In Lessons 1-8, students
leverage physical and computational model data to
develop scientific ideas about how carbon-based fuels
get energy from breaking and forming bonds, as
energy transfers between particles and fields.

In Lessons 9-12, students explore the origins of energy in non-carbon-based fuels and consider the
energy implications of different fuels. In Lessons 13-15, they examine transportation systems and
use engineering thinking to evaluate the social impact of various fuels, including costs, availability,
safety, and environmental effects. Throughout the unit, students use concepts of matter, energy,
and forces to explain how different fuels power vehicles and evaluate potential future fuels using
science concepts from the unit and new engineering tools developed from previous lessons.

Lesson Set 1: How do carbon-based fuels release energy?

Lesson 1

Im the anchar,
students explore the
need to make US
transportatian
produce less CO,.
We set out to
investigate how
different fuels
contribute to
climate change.

Lessons 2-3
Students investigate
hew gasaline ard
diesel engines’
energy flows from
the engine, and
students determine
they need to
urderstand
combustionona

miolecular level.

Lesson Set 2@ How do fuels that are not carbon based

rl:ha'ﬁ:cnr-rg)'?

Lesson 9-10

Students investigate
how energy flows
through batteries
and hydrogen fuel
cells and evaluate
whether they could
be partof a
sustainable
transportation
system.

Lessons 11-12

Students investigate
nuclear fission and
the energy
produced as a
large-scale option
for wehicles.

Leszons 47
Students investigate
bord breaking and
bond formation in
simulaticns, marble
models, and then
cambine them to
understand the full
combastion system,

Transfer Task #1
Lesson 8

Students explain how
a chemical reaction
warks iman instant hot
pack or cold pack to
help people who are
hiurt.

7

Lessan Set 3: How can we use what we have learned to

improve our transportation system?

Lessans 13-15

Students use tools
of engineering to
optimize a
transpartation
system to produce
less CO, wehile
rreeting hurman
needs.

Portfolio Assessment
Lesson 15

Students present their
final design proposals
that account for
values, needs, and
cast-benefit analyses,
before closing out the

DaQE, —

10



Activate Learning

OpenSciEd Physics Scope and Sequence

Unit P.1 Students investigate the Texas power crisis of
February 2021. Students read articles and wonder
about the complex social, environmental, and physical
realities that led to such a crisis. Students develop
models for energy flow through our electrical
infrastructure systems, from a generator to our
communities. Students develop explanations regarding
what happened in Texas at multiple scales, from the
electrons in the wires to the power companies making
difficult decisions.

PHYSICS
Energy Flow from
Earth's Systems

How can we
design more
reliable systems

to meet our
communities’
energy needs?

@OpenSciEd

HIGH SCHOOL SCIENCE TEACHER EDITION

In this 6 week students consider engineering trade-offs, criteria, and constraints inherent in making
decisions about our energy systems, and apply them in a culminating task: design a reliable energy
solution that meets our communities' needs, as articulated by interviews with friends and family
members. The task is designed to support students in taking agency and to give students the tools
to speak up in their local and global community for a better energy future, one that aligns with their
own values, and those of their families.

L51: How does electricity transfer through systems to power communities, and what causes instability in these systems?

Leszon | Lessons 2-6 Transfer Task Problematize Lessons 7-8
Students read Students investigate Students apply We understand what ‘W put the pleces
about a power 5'!'5tE|'_"6 that transfer ideas about causes ins..tabi.lity in together, and consider
crisis in Texas in electrical emergy to our energy transfer the electric grid but the factors that may
February, 2021, communities, and in designed we cannot explain _l/ have led to disparities
breught an by what can cause systems to the patterns of whe in whe lost power, and
R —— instability in these explain a lost poweer that we how t?la,cknuﬁare
SYStems. maitor. observed. experienced.

L52: What design solutions could improve the electricity systems in our communities?

Problematize po—— Culminating Project Transfer Task
g ; |

:‘D'“ t:::a"t"e : J\ Students investigate Students put the E:iealﬁzfp ¥

sl h ik solutions and related pieces together to desiari
WICNE, """L;t criteria, constraints design and justify ﬁesﬂ:gmenermr
c,a.nhl'-ud 1u : w:‘ and tradeoffs energy solutions they f:-:uluatr a
:u:lnnt::: far | inherent in designing want to speak up for in potential design
s e electricity systems. their comnmunities. ilitan,
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Activate Learning’

Unit P.2 This 6-week unit is anchored by a crack in

:nz:,gj,lfofces,& : Earth's crust that appeared in the Afar region in 2005.
Earth's Crust - . .

Earthquakes and volcanic eruptions also occurred
IO - around this time. Students read about the Afar event
Earths Lty and other earthquakes in North America. Students

etermine what o ] )

will happen to the look for similarities and differences in these
surface we see? - earthquake events, prompting students to model the

events before, during, and after the crack was
discovered. Students figure out that changes in the
@Bopensci&l Cll structure of matter involve unbalanced forces and
energy transfer, using this idea to explain earthquakes

HIGH SCHOOL SCIENCE TEACHER EDITION

and volcanoes at plate boundaries.

Students then investigate the structure and dynamics of Earth's interior using tomography and
modeling, including radioactivity, to explain the unbalanced forces driving changes in Earth's crust.
Students investigate the ages of rocks to understand the history and future of the Afar region.
Students use a simulation to figure out the interactions happening at tectonic plate boundaries and
investigate the nature of the relationship between mass and forces on the movement of tectonic
plates to explain the past, present, and potential future of the Afar region.

LS1: How does land stretch and whenfwhy does it break?

Lesson 1 Lessons 2-4 Lessons 5-8

Students observe changes in Students figure out that _I\ Students investigate the structure and

Earthis crust in East Africa and charyges in the structure dymarmics of Earths interior using

Morth Armerica. They wander of matter imalve l/ temegraphy and modeling, including

about the nature of stretching unbalanced forces and radioactivity, to explain the

and breaking in matter. enargy transfer. unbalanced forces driving changes in
Earths crust.

L52: How do forces determine what will happen to Earth's surface?

Lesson 10-13 \

Transfer Task

Lesson 9

Students use a simulation te figure out the
interactions happening art tectonic plate

boundaries, and investigate the nature of s "
acioss Eatils surdace ¥ the relationship between mass and forces Rift, a rift similar to the riftin the

urderstand the history and ; Afar region, failed o create an
future of the region. e e ocean 11 billian years aga,

Students investigate the ages
of rocks in the Afar region and

Students use science ideas to
explain why the Midcontinent
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Activate Learning

Unit P.3 This six-week unit is designed to introduce
Colions —— students to the concept of momentum and Newton'’s
Mementum : second law in an intuitive and grounded context. A
What can we puzzling set of patterns in traffic collision data over
AL 2 time anchors the learning. While overall vehicle
driving safer
for everyone? fatalities have been decreasing steadily for decades,

the trend appears to have reversed, with both
collisions and fatalities increasing.

This phenomenon provides the context for
investigating the physical relationships among mass,
velocity, momentum, force, time, and acceleration,
basic physical quantities that provide the foundation for the study of mechanics. Students will
analyze statistics on vehicle collisions, analyze the motion of vehicles stopping short, and model
vehicle collisions as part of an engineering task to reduce the chances of injury in a collision by
testing and evaluating solutions that could change force interactions in the system.

@ OpenSciEd

HIGH SCHOOL SCIENCE TEACHER EDITION

LS1: What factors can make driving more risky?

Transfer Task
#

Lessen7

We look at new data on
factars to explone possible
corelations with the trends
we identified in Lessan 1.

Wi discuss cormelation
warsus causalivy and add

Lesson 1 Lessons 2-3 Lessons 4-5 Lessons &

We observe We explore the impact We develop an We analyze the
puzzling trends in of distracted driving an equation for the rhass, forces, and
traffic safety data distance and speed of a tirme it takes a changes in

cver tirme, Wi wehicle over time, We wehicle to stop ration for two

We apply our
ideas about
conservation of
BT to
think abaut how

wonder about the corsider engineering while braking and carts colliding and

Factars affecting solutions designed to use this to establishy establsh the

these trends. address initial spred Hewton's second consenvation of
Law.

tm reduce risk in
bus colisions.

now questions abaut safety

and reduce distraction, romentum. to the DOB,
L52: How are vehicles designed to keep people safe?

Lessons 8-9 Lessons 10-11 Lessons 12

\::‘i:::lr‘“! m:_“__l W explone how crumple 2ones on W examine socketal mnpacts of

fraure et that th wehicles are designed to decrease forces engineering trade-offs and make

fmk [e— W:he- on vehidle sccupants in colliskns. We argurnents about what ths means for

time nfya (al].lsion'ﬂ[or continee o connect to our use of decision making arcund speed limits. We

eur bodies, thus Mewton's second Law. We also see that miake a Gotta-Have-It Checklist for

decreasne:fnrces higher-speed collisions ae less safe. designing for vehicle safety.

L52: How can we make design decisions that will make driving safer for everyone?

Lessons 13 Lessons 14-15 Transfer Task #2 \
We compare and evaluate arguments W develop and implemant a plan for a We analyze two designs
about dE_*'-B'“m related “‘-‘_"E""C‘* =_=‘=l3‘- Community Design Salution, We retum 1o for a pedestrian “catcher”
u'\r;hw:;der how new dﬂ.lign mlu:mlm ur DOB to see how far we have come: and apply science ideas
might alfect seme pecgle (or animals, and societal constraints tof
plarnts) differently than others. We survey arjue for ane or the ather)
our community about transportation
safety lssues.
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Activate Learning

Unit P.4 This six-week unit is anchored by a montage

PHYSICS

Meteors, Orbits, of video clips showing a fireball over Chelyabinsk in
HEIE Siberia in 2013 that caused millions of dollars in
How have collisions damage and thousands of minor injuries, although no
with objects from fatalities. This phenomenon provides the context for
space changed . tigating f t a dist t f d
I T s : investiga mg orces a. a : is an.ce, energy transfer, an
and how could they the mechanics of orbits, including Kepler's laws and
affect our future? Newton's universal law of gravitation. By the end of
Lesson 7, students will be able to explain how
g@gopenwgd @ different strategies of meteor deflection to protect
HIGH SCHOOL SCIENCE TEACHER EDITION Earth from meteor impaCtS work.

In Lessons 8-15, students study Earth's history and future by analyzing data on near-Earth objects
and predicting the likelihood of a high-energy collision. They investigate whether a meteor's mass
or velocity affects the damage it can cause and examine how small objects burn up in Earth's
atmosphere. By analyzing cratering on objects without atmospheres and evidence on Earth, they
identify patterns in meteor impacts over time. They explore the Chicxulub crater and its connection
to a mass extinction event, explaining how the impact caused both short-term and long-term
effects. They evaluate their progress and complete a task on the Moon's formation.

L51: What causes collisions between Earth and objects in space?

Lesson 1 Lesson 1 Lesson 3 Lessons 4-6 Transfer Task \
We observe a puzzling We investigate field We investigate how forces We explore and model elliptical orbits, Wi use Mewtonis universal
occurrence of a large forces through cause things to move in establishing Kepler's laws. We observe that orbit law of gravitation and the
fireball in the sky and magnets 1o establish a circles and combsne ths with paths sometsmes cross, creating risk of collisions. kinetic energy equation to
wonder what other mathematical model Mewton's universal Law of We discuss how Kepler's laws hold for two-body explain two strategies
similar events have for gravity over great gravitation 1o derive Kepler's systems and use these ideas 1o explain how the designed to deflect
occured, distances. third L for ciroular orbsts. Chelyabansk meteor changed its orbit asteroids.

L52: How can we know If Earth is at risk for future large-scale, high-energy collisions?

Lessons 8-9 Lesson 10 Lesson 11 Lessons 12-13 Lesson 14 Transfer Task
We explore data of close We investigate We explore how We analyze empirical W leamn about a large W learn abaut a
approaches of near-Earth the properties space objects interact evidence of cratering meteor connected toa hypothesis about
objects to analyze the current af meteors with the atmosphere activity on the Maon major extnction event. the formation of
and future risk of high-enengy thiat explain and explain the and Earth. We explore We explore the changes the Moon and use
objects colliding with Earth, We the damage matter and energy the processes that in matter and energy aur ideas to
develop new questions we want they cause. changes we cbserve. diminish old craters on that caused some explain it

to explore further. Earth. CFEAnISTS 10 po extincl
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PHYSICS

Electromagnetic
REGIEN

How do we use
radiation in our
lives, and is it safe

for humans?

@omnsam

SCHOOL SCIENCE

Activate Learning

TEACHER E@‘ON

>

@

Unit P.5 This five-week unit begins with a short news
article explaining that some people use microwave
ovens to store electronics, followed by a series of
in-class demonstrations using a microwave oven,
including playing music on a Bluetooth speaker from a
device inside the oven and heating a plate of
food.Students investigate wave properties and their
relationships and learn about the production of
electromagnetic radiation from electricity using a
magnetron.

Students use a simulation to understand how moving a

charged particle back and forth will create ripples in the electric field surrounding it that propagate
through space as electromagnetic waves. They design investigations to understand better how
microwaves, a type of electromagnetic wave, are contained in the oven and find evidence to build
an explanation of wave reflection. Students use simulations to investigate how particles of different
materials (water, plastic, metal) interact with changing electric fields and connect this particle-scale
evidence to macroscopic evidence about materials heating up in the microwave oven.

Lesson Set 1: How does a microwave oven heat food?

Lesson 1

Students see that
wireless signals
change when they
pass through the
MUCTOAAWE OWVEn
walls/door and that
food inside cooks
without an obvious
heat source.

Lessons 2-3
Students identify
a relationship
between moving
electrons and
changing electric
fields. They
develop a model
of how physical
waves transfer
energy.

Lessons 4-5
Students figure out
how maving
charges create EM
waves that transfer
energy that can be
absorbed.
reflected, or
transmitted by
matter.

Lessons &

Transfer Task
Students explain
how an increase in
greenhouse gases
could eontribute to
the overall increase
in global
temperatures.

Lessons 7-8 \

Students investigate
haw the structure of
the microwave oven
and the palarity of
rmatter explain

patterns of energy
transfer.

Lesson Set 2: How do we use EM radiation safely in our lives?

|

Lesson 9
Students construct
the EM spectrum
using wavelength
and frequency of
various types of
EM radiation. They
construct an
argument that
includes the uses
of EM radiation.

Lesson 10

Students question
whether higher
frequency or
amplitude leads to
an increase in skin
cancer and use
multiple sources
of evidence to
identify patterns.

Lesson 11
Students
investigate how
interactions of
w-rays with matter
can be harnessed
ta create images
as well as how EM
radiation is used in
wireless
communication,

Lesson 12
Students develop
ways to send
messages with EM
WAVES, USE a
simulation, and
develop a model
far how this
system works and
UZI'I'IPEFES ta
digital
communication.

k.

Lesson 13
Transfer Task

Students evaluate
claims about 5G
radiation and use
the model for EM
radiation to argue
about whether this
technology is safe.

T
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PHYSICS
Stars & the Big Bang

Why do stars
shine and will they
shine forever?

@OpenSciEd

HIGH SCHOOL SCIENCE

TEACHER EDITION

Activate Learning’

Unit P.6 This three-week unit is anchored by historical
accounts of stars that suddenly appear and then
disappear a short time later. Students wonder how
some stars appear unchanging while these stars
change so drastically within a short time. That gets
students wondering why stars shine and what could
cause stars to change. They organize their questions
regarding matter, energy, and forces and decide to look
more closely at the places in the sky where these
historical events took place using modern technology.

In Lessons 2-5, students investigate photos and spectra

LS1: How are stars born, and how do they die?

Lesson 1

Students examine
historical evidence
that stars can
appear suddenly in
the sky then fade
away and
disappear.

Lesson 2

Students examine photos
and spectra of the remnants
left behind when a star
disappears, and find that
they are hotter than stars,
and made up of different
stuff.

Lessons 3-5

Students engage in two
cycles of independent
small-group research about
stars, and then come to
consensus about how stars
are born, how they remain
stable, and how they die.

LS2: How has the matter in the Universe changed over time?

Lesson 6

Students investigate
puzzling patterns in spectra
and engage in another
research cycle, finally
coming to consensus
around the evidence for the
Big Bang.

Lesson 7

Students reflect on how they
can use the lenses we have
developed and our research
tools to continue to investigate
our questions outside of class
and beyond high school.

Transfer Task

Students apply ideas
about stars to explain
why |upiter is not a star,
and predict how it future
will look different from
that of the Sun.

of stellar remnants, develop research questions, and reach a consensus on fusion and the lifecycle
of stars. Their research is guided by tools for planning, obtaining, and evaluating information. They
learn that stars convert lighter elements like hydrogen and helium into heavier elements over
millions or billions of years, prompting curiosity about the origins of these lighter elements. In
Lessons 6-7, students use spectra clues and research tools to explore the Big Bang theory,
concluding that the Universe expanded from a hot, dense state 14 billion years ago. They also
reflect on the nature of scientific theories.
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