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Light & Matter

Why do we
sometimes see
different things

when looking at the
same object?
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system and a window on the dark side

Unit 6.1  During this 7-week unit, students figure
out that the one-way mirror transmits about half the
light and reflects about half the light that shines on it
due to its microscale structures. This unit on light and
matter prompts students to wonder: Why do we
sometimes see different things when looking at the
same object? The anchoring phenomenon includes
observing one-way mirrors and how this material can
act as a mirror and a window. Students directly
observe and investigate the phenomenon using a
scaled box model. They figure out that the one-way
mirror acts like a mirror on the light side of the

Driving question: Why do we sometimes see different things when looking at the same object?

Lesson Set 1: Why do we sometimes see different things when looking at the same object?

Students watch a
video of an interesting
object that acts as a
mirror from one side
and a window from the
other side. They set up
a box model to make
observations and test
ideas about

the phenocmenaon.

Students investigate
how changing the
light affects the
phenomenan, how
much light is
transmitted through
and reflected off the
one-way mirror, and
how the one-way mirmor
is structured.

Students develop a
model to explain how
light interacts with the
one-way mirror and
then develop a more
complete model to
explain how the eye-
brain system processes
light inputs to the eye,

Students construct an
explanation for the
one-way mirror
phenomenan and
apply ideas about the
one-way mirmor
phenomenon to explain
related phenomena
they experience

everyday.



Thermal Energy

How can
containers
keep stuff from

warming up
or cooling down?

@OpenSciEd
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Unit 6.2

In this 7-week students investigate the different

cup features. They focus on thermal energy transfer;
students test whether a new plastic cup sold by a store
keeps a drink colder for longer than the regular plastic cup
that comes free with the drink. Students find that the drink
in the regular cup warms up more than the drink in the
special cup. This prompts students to identify different
cups' features, such as the lid, walls, and hole for the
straw, that might explain why one drink warms up more
than the other. Through a series of investigations and simulations, students find two ways energy is
transferred into the drink: (1) the absorption of light and (2) thermal energy from the warmer air
around the drink. They are then challenged to design their own drink container that can perform as
well as the store-bought container, following a set of design criteria and constraints.

Lesson Set 1: How do some cup features close off the system to keep a
drink cold or warm and why does it still warm up?

Driving question: How can containers keep stuff from warming up or cooling down?

Lesson Set 2: How and why does energy from
outside the system enter the cup system to warm

up the cold water?

Students test how well
a regular cup performs
against a fancy new
cup in keeping an iced
drink cold. They mode!
how and why the
fancy cup works better
than the regular cup.

Students test and
gather evidence about
which cup features are
miost important to
keeping a drink

cold or hot.

Students develop
diagrammatic and
physical models to
explain how matter
moves between
systems. A closed
systern that warms up
motivates further
investigaticon.

Students problematize
other ways the water
inside the cup warms
up and test their ideas
about light entering

the cup. A closed cup
systern in the dark that
still warms up motivates
further investigation.

Lesson Set 3: How can we design a container to keep a

substance cold?

Students investigate
different effective

design features for
their cups, like air-
insulation, vacuum-
Insulation, and
reflective surfaces.

Lessons 16-17

Students engage in
two design cycles to
design, builkd, and test
their cups against
agreed upon criteria
and constralnts.

Students draw

conclusions from their
design challenge and
apply to related
phenomena. They
celebrate their learning
in the unit.,

Students conduct a
series of lab
investigations and
imvestigations with
computer simulations
to figure out that
energy enters the cup
system via particle
collisions and that
energy transfers from
warmer to cooler
substances,



Activate Learning’

I ~ Unit 6.3 In this first half of this eight-week unit, students
A ' investigate weather data specific to these events and the
Why does a lot atmosphere's temperature profile above the Earth's surface.
of hail, rain, or snow e ™ They investigate how sunlight affects the temperature of

fall at some times

different surfaces and the air above them and how this
contributes to cloud formation and growth. They work with
manipulatives, simulations, and labs to figure out how

4R openscicd = Mmolecules in different phases change under different
Ceme  conditions. Students conduct investigations into why air
moves the way it does.

and not others?

The second half of the unit focuses on exploring a weather report of a winter storm that affected
large portions of the midwestern United States. The maps, transcripts, and video that students
analyze show them that the storm was forecasted to produce large amounts of snow and ice
accumulation in large portions of the country’s northeastern part within the next day. This case
sparks questions and ideas for investigations around trying to figure out what could be causing
such a large-scale storm and why it would end up affecting a different part of the country a day
latent phases change under different conditions. Students conduct investigations into why air
moves the way it does.

Lesson Set 1: What is the air outside like when this happens?

BT TR IEETE T

Students observe Students analyze Students collect data Students apply what

thiree video clips of weather data from an lght levels, surface they figured out in

hail falling in différent lacations wheare hail lemperatuines, and air Lesisang 2 through 510

places on different cays. occurred and from air temperature from axplain the movement
temperatune profiles places outside, and of air in & hail doud
of the atmosphene: abserve changes in air owar time,

wihume that resul froem
hating and cooling
the air.

Lesson Set 2: Why do some clouds produce precipitation and others don't?

T B B B B

Students read about Studants investigate Students apply what Studients investigate Students apply what

what is in the air and o a droplet grows they figued out in and model what causes they figured cut in

camy out investigations when air is cooled. Lessans 2 through 9 objects to float. fal, or Lessons 2 through 12

o determine how the They model particle- to critique a computer rise up through the ai o eaplain (1) wiy

transfer of enengy to level interactions in a simulation of and carry out an soame stonms produce

different surfaces phase change and they thunderstonms, Investigation o really big hail and

affects the humidity nead about what s in determine the amount others don't and (2]

In the air above them, the chouds af lift produced from what causes a humicane

heating ar cooling 1o farm and grow.
afluid
Lesson Set 3: What couses large-scale precipitation events and how can Lesson Set 4: Why do some places get more precipitation than
we predict them? others over time?

~oris ] CLesors 1520 QN oo B oo |
Students ohserve a Students analyze Students apply what Students observe Students analyze Students apply what
video and maps from weather data maps they figured out in wisualizations of annual climate and elevation they figured out over
aweather forecast Tor and develop a madel Lessons 14 through 17 precipitation around data and develop a the course of the wnit
a severe winter starm far how fronts form toargue for theirideas. the globe and read el for how eleation o explain the kacation
and argue for what and why they can about why thres other about prevalling winds and prevalling winds of rainforests,
idaas from lessons 2 cause precipitation. storm systems would and ocean curnents, affect yeary
thiough 13 can be produce certain precipitation amounts
wsed to explain this predicted precipitation in & regian.
phenomena, patterns in the

near future,
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Unit 6.4 In this four-week unit, students consider the 2015
Himalayan earthquake at Mt. Everest that resulted in
scientists from Nepal and China collaborating to determine
, : : B what, if any, changes had occurred to Mt. Everest. Students
{0 ehange? & S find that Mt. Everest has grown in elevation over the years

S 3 and is steadily moving to the NE every year. Students
analyze data from five other mountain peaks and find that
some mountains are also growing in elevation, while others
are decreasing or not changing in elevation.

Plate Tectonics
& Rock Cycling

What causes
Earth's surface

@OpenSciEd
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This unit supports students in developing a model of Earth that connects movement in the mantle
with movement of plates at Earth’s surface and determines causal and correlational relationships
between plate movement, earthquakes, volcanoes, erosion, and magma movement along with
their related energy sources. Students develop a model to show how plates collide or spread apart
from one another over time.

Driving question: What causes Earth’s surface to change?

Lesson Set 1: What causes mountains to
grow and move?

Lesson Set 2: What can cause other changes to

mountain elevation and location?

Students read an article
about scientists
discovering that

Mt. Everest has
increased in elevation.
Then they analyze data
about different
mountaing around the
world and find others
are also growing

and moving.

Students investigate
what could cause a
mountain to form by
figuring out maone about
Earth's surface and what
is below the surface.

Lessons 10-12

Students figure out
where continants could
have been and what
mountains looked like
in the past.

Students investigate erosion rates

and figure out that the elevation of
different parts of the Earth is affected
by both erosion and uplift rates. When
erosion rates are higher than uplift
rates, mountains can shrink. Students
apply what they have figured out

about how Earth's surface changes
to explain how a fossil can be found
exposed at the top of Mt. Everest.
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Unit 6.5 This four-week unit begins with students

™ 9 .. experiencing an anchoring phenomenon, through text and
Where do natural - : | = - video, a devastating natural event, the 2011 Great Sendai
hazards happen and - . or Tohoku earthquake, and the subsequent tsunami that
how do we prepare ; caused Japan's major loss of life and property. Students

for them? think about ways to detect tsunamis, warn people, and
reduce damage from the wave. As students design

g Solutions to solve this problem, they begin to wonder about
&R openscied Gl 1 gcl the natural hazard itself: what causes it, where it happens,
PN  and how it causes damage.

Natural Hazards

Driving question: Where do natural hazards happen and how do we prepare for them?

Lesson Set 2: How can we design systems to detect,
warn communities, and reduce damage from
tsunamis and other natural hazards?

Lesson Set 1: What causes tsunamis and other natural hazards to form,
and how can we predict which communities are at risk?

[ Lesson1 [ Problematize _ [ Lessons 59
Students watch, Students investigate MNow that we know Students investigate Students apphy

read, and discuss the where tsunamis wha is at risk, what structusal technological, schence and

2011 Japan tsunami happen, how they can we do to mitigate and communication engineering ideas in
and brainstorm ways formn, how they move, the effects of tsunamis? systems designed to a culminating project
to protect people and who is at risk. protect communities. on another hazard,
and property.

The first part of the unit focuses on identifying where tsunamis occur, how they form, and what
happens as they approach the shore. Students use maps, graphs, physical models, videos, and
simulations to forecast which communities are most at risk for a tsunami and why. The second part
of the unit transitions students to consider combinations of engineering design solutions and
technologies to mitigate the effects of tsunamis.



Cells & Systems

How do living
things heal?

@gomnSciEd
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Unit 6.6 This 5-week unit on cells and systems begins
with students reflecting on activities and a time when
something happened inside their body. Students obtain
information from doctor’s notes and images about an
injury and recovery of a middle school student.
Students develop an initial model to explain what
happens during the healing process.

Students investigate the structures impacted by injury
in the foot to figure out that when one part of the
system is injured or broken, the whole system is

affected. Students use medical images and cross-sections to figure out how the parts of the foot
interact and discover that blood and nerves are present in each of the parts of the body they
investigate. Students investigate the structure and function of blood and nerves, skin, bone, and
muscle, gathering evidence for what is happening inside the healed or uninjured body. Students
develop an understanding that there are similarities in cells across tissue types.
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Unit 7.1 This unit on chemical reactions and matter
transformations begins as students consider what
happens to a bath bomb when added to water. They
develop a model to explain what they think happened to
the matter in the bath bomb and what caused the gas
bubbles to appear. Related phenomena (adding a solid
to water resulted in gas bubbles appearing) lead to a
broader set of students’ questions: How can we make
something new that was not there before?

Chemical Reactions

How can we
make something
new that was not
there before?

During this five-week unit, students analyze data about
bath bombs, including what happens to the amount of
matter, the properties of the substances that make up
the bath bomb, and the gas produced. They develop models to explain how new particles can
appear from old particles and conduct investigations with water to determine if it has undergone a
physical change or chemical reaction. Students revisit their initial models and explanations of the
bath bomb to explain what substances could have been produced, why the mass of the matter in
the system wouldn’t change, and test to determine whether a particular substance was produced.

Driving question: How can we make something new that was not there before?

Lesson Set 1: What is in the Bath Bomb that causes a gas to form?

@OpenSciEd : Vi ‘_ €
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Studkents make observations of
a store bought bath bomib
before, during and after
combining with water, With a
smiall g udents observe
how he fe bath bombs
o compare to

the store bought bath bomb.
Stucents fined there are gas
bubbles that are created when
any of the bath bombbs are
addied 1o water,

Students investigate whether
the gas bubbles ame trapped in
the selid bath bomb or made
when the bath bomb is

th

t ingrediants in water
ol In diffesent

s
agas when added
to water. They find that citric
acidand baking soda combined
in water create a gas. Using
properties of gases, students
narow down what the gas from
the bath bemb could be,

Lesson 6 + Problematize

Students apply what they have
figured out about properties of
substancesioa new phenomena
(elephant teothpaste] where a
chemical reaction occurs. Now
that students have figued out
that a new substance is made
when a bath bomb s added to
wiates, they wonder how

this happens. .

Lesson Set 2: How can a new substance be made that wasn't there before?

Lessons 7-12

Mow that students know baking
socda, citric ackd and water create
gas bubbles when combined
aned this gas is a inewidiferent
substance, they wondar how
this happens. Theough
ehectrobysis of water, they figune
out that molecules can be
beoken apart into thelr separate
atorms and rearranged to form
a new maolecule fa chemical
reaction). Students return to
the phenomenon from Lesson
1 and explain what happens when
the bath bormb is ackded to water
in terms. of reactants

and produces.

Stuchents still have Bngering
questions amund the different
odors bath bombs have, how
wie sl the different odaors
and why odors are considered
a property of a substance.
Stuchents investigate different
odors to identify them and
analyze their molecular
composition Lo ague why odos
isa property of a substance.
Students read an article and
find that our noses have
receptors that send signals to
eur brain abeut different
adors we smell

Students apply their moded for
chemical reactions to a transfer
task around what is happening
1 this Taj Mahal, Students begin
by reading about the Taj Mahal,
the crumbling of the surface of
the Ta Mahal, and the pollution
around the Taj Mahal. Using
wihat they have figured out
about chemical reactions,
students argue whether that is
wihat is happening to cause the
changes to the surface of

the Taj Mahal.
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Unit 7.2 This four to five-week unit on chemical
reactions and energy starts with students thinking
about how they would heat food without typical
methods. Then they see images from a real situation,
after Superstorm Sandy in New York, when people ate
Ready-to-Eat (MRESs) that can heat food by just
adding water. The class explores the flameless heater
from the MRE in action, which seems like a chemical
process or possibly a chemical reaction.

Chemical Reactions
& Energy

How can we use
chemical reactions
to design a solution
to a problem?

@()pensasd ©
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Driving question: How can we use chemical reactions to design a solution to a problem?

Lesson Set 1: How can we heat up food when we don‘t have our typical Lesson Set 2: How can we make decisions about the optimal design
methods available? for our homemade flameless heater?

BT IETRE EeTOE | T
Students develop an Students research Students refine the Students work in teams Students test and Students evaluate
initial model to existing reactions and critefia and constraints, to design homemade refine designs based different designs and

consider how the
flameless heater in an
MRE works, but also
notice that MREs may
not always be a viable
solution. They
brainstonm criteria and
constraints and create
designs fora
homemade
flameless heater.

determine the best
candidate reaction
and the proportion of
reactants to use for the
necessary temperature
change in their
hamemade
flameless heater.

define the ranges for
the optimal solution,
and reflect on the

enginesring process to
reveal a oyclical process
of engineering design.

heaters and build
protatypes.

ondata collected from
tests, feedback from
peers, stakeholbder
surveys, and
consideration of the
impact of design
changes on different
stakeholders,

dewvelop an argument
for which sea turtle

incubator design or

combination of design
features would work
best based on relevant
criteria and constraints.

Students develop an initial model to consider how a flameless heater works, but they notice some
problems with prepackaged MREs. To solve some of the issues identified, the class decided to
help people in situations in which typical heating methods aren’t available to heat food by designing
a homemade flameless heater with instructions that others could follow. After brainstorming criteria
and constraints, they create designs for a homemade flameless heater and compare designs with
classmates. Comparing designs motivates the class to gather investigations to guide their work to
create a successful homemade flameless heater.



Metabolic Reactions

How do things
inside our bodies
work together to

make us feel
the way we do?

@ OpenSciEd
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Unit7.3 This six-week unit on metabolic reactions in
the human body starts with students exploring a real
case study of a middle-school girl named M’Kenna,
who reported alarming symptoms to her doctor. Her
symptoms included an inability to concentrate,
headaches, stomach issues when she ate, and a lack
of energy for everyday activities and sports that she
used to play regularly. She also reported noticeable
weight loss over the past few months, despite
consuming what appeared to be a healthy diet.
Students investigate data specific to M’Kenna’s case in

the form of doctor’s notes, endoscopy images and reports, growth charts, and micrographs. They
also draw from their laboratory experiments on the chemical changes involving food processing
and from digital interactives to explore how food moves, is transformed, stored, and used across
different body systems in all people. Through this work of figuring out what is causing M’Kenna’s
symptoms, the class discovers what happens to the food we eat after it enters our bodies.

Driving question: How do things inside our bodies work together to make us feel the way we do?

Lesson Set 2: How can a problem in one body system cause

Lesson Set 1: What happens to the food we eat and does that work
differently in M'Kenna's body?

Students explore a real
case study of a
middle-school girl
narmed M'Kenna who
is experiencing
unusual symptoms.

problems in other systems?

Students ask questions
In omder to problermatize
Investigating the other
syrmptoms they cannot
yet explain, such as

weight loss.and fatigue.

Lessons 10-12

Students investigate
what happens when
fat is burned and
explone gas movement
within the body to
discover metabolic
reactions,

Students conduct Students build writtan
investigations and amguments about which

conditions M'Kenna is
most lkely to have or

analyze data about
changes in different

food molecules as they not have based on the
move through the evidence they
digestive system in a have collected,
healthy person

and M'Kenna.

Lesson Set 3: Do all animals use chemical
reactions to get energy from
food like humans?

Students put pieces

together to show how
food is rearranged for
energy, stoned for later
use, andl used for growth
within a body system.

Students argue that
organksms might have
different structures
that have a similar
function of abtaining
energy through
chemical reactions.

Students apply
scientific ideas and
evidence to explain a
new phenomenon of
bear survival

during hibernation.



Matter Cycling
& Photosynthesis

Where does food

come from and where

does it go next?

@ OpenSciEd
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Unit 7.4 This six-week unit on matter cycling and

photosynthesis begins with students considering what

they eat for breakfast. They explore what they might

eat from plants. They taste a common breakfast food,
maple syrup. They see how trees are tapped for their

sap; water is boiled away to leave only syrup. and
compare it to the maple syrup they tasted earlier.

Students argue (based on the preceding unit) that they

know what happens to sugar in syrup or other foods

when they consume it -- it is absorbed into the

circulatory system and transported to all cells of their
body for growth or fuel. Students explore what else is in food and discover that foods from plants
they ate, like bananas, peanut butter, beans, avocado, and almonds, have sugars and proteins,
and fats. Students wonder about these molecules in plants: How are plants getting these food
molecules? Why does a plant need food in the first place? What is the plant’s source of food?

Driving question: Where does food come from and where does it go next?

Lesson Set 1: Where and how do plants get food molecules?

Students taste maple
syrup and mapke sap
which, surprisingly,

Students use a
hydroponic plant
system and incicators

come from a tree. They of food molecules to
find patterns inthe investigate several
food molecules on potential sources of
nutrition labels for food molecules in plants.
other foods from plants They determine that
and woncier how plants. none of those sources
get their food. contain whole food

molecules but they
wonder if parts of the
food molecules might
be there.

Students analyze data from
investigations with plant leaves to
find changes in the amount of
water, carbon dicedde, and oxygen
when plant beaves are exposed to
fight. Students use a simulation
to investigate how changing the
amount of one of these inputs
affects the outputs of the

plant cell.

Lesson 8

Students revise their
modets to explain whese
plants are getting their
food - by doing chemical
reactions using the
inputs of carbon dicedcle,
water, with exposure to
light to make glucose
ancd axygen. Howewer,
they wondier how plants
that o not have allthese
Inputs could survive.

Lesson Set 2: Why does a plant need to make food

in the first place?

Lesson 9

Stuckents try to explain how maplke
trees can produce sapin the winter,
but their models predict that
plants only make food molecules
when leaves are present. Students
realize their models cannot yet
explain how food molecules are
found in plants when necessary
iNpULs orF Structures are mMissing,
such as dunng winter or in the dark.

Lessons 10-11

By carrying out an investigation
and interpreting data, students
figure out that plants release
carbon dioxide and water and
take in oxygen in the dark. Sothey
wonder if plants burn stored food
through cellular respiration when
they cannot do photosynthesis,
and they investigate seeds to
determine that they use energy
from stored food molecules and
release carbon dioxide before they
have green keaves that can

do photosynthesis.

Lesson Set 3: Where does all our food come from? Where does it go next?

Lessons 14-15

Students wonder where all their
food comes from so they obtain
information from ingredients
lists of common processed foods
and argue that they are all made
of matter from plants and/or
animals, even if the food is
synthetic. Now that students can
trace all of their food back to plants,
they wonder what happens to
food that does not get eaten.

Students i igate
and communicate
what is happening
when decomposers
recyche plhant and anamal
matter back into

the system.

3 cplain the story of what
happens to the matter ancl energy
of a food they ate as it moves
through living and nonliving part
of a system, They they apply this
knowledge to explain a new
phenomenon in an
agquatic ecosystem.

10



Activate Learning’

SRR S B G2 | . Unit 7.5 This eight-week unit on ecosystem dynamics
§ TN and biodiversity begins with students reading headlines
. that claim that the future of orangutans is in peril and
How does changing that the purchasing of chocolate may be the cause.
an eco.svsm affot -~ TR Students then examine the ingredients in popular
what lives there? ‘ :
: chocolate candies and learn that one of these
ingredients--palm oil--is grown on farms near the
rainforest where orangutans live. This prompts students

- to develop initial models to explain how buying candy
@omnsaw ) T 4 could impact orangutans.

MIDDLE SCHOOL SCIENCE

Driving question: How does changing an ecosystem affect what lives there?

Lesson Set 1: What is the problem we are

Lesson Set 2: What does it mean to have a
trying to solve?

healthy population?

Students watch, read Students investigate Students define the Students investigate
about, and discuss simple ways to solve problem and criteria how to support
orangutan population acomplex problem and constraints for a orangutan populations
decline and palm oil and realize it's much successful farm design. and apply to

in products. more complicated. other cases,

Lesson Set 3: How can we make

s Lesson Set 4: How can we use land in ways that work for people
ecosystems more resilient

; and other living things?

to disruptions? g thing
m Lessons 14-16 Lessons 17-18 Lessons 19-20
Students investigate Students investigate Students design oil Students communicate
other populations approaches to growing palm farms and about the problem to
and interactions in food that benefit evaluate how well their community or
the rainforest and oil humans and other they work for humans apply ideas to a
palm systems. livireg thirgs. and orangutans. local case.

Students spend the first lessons better understanding the complexity of the problem. Students
figure out that palm oil is derived from the palm trees that grow near the equator. These trees are
both land-efficient and provide stable income for farmers, making finding a solution to the palm oll
problem more challenging and not solvable with simple solutions. Students establish the need for a
better design for oil palm farms, which will support both orangutans and farmers. This design
serves as a launching point as students investigate what orangutans need to survive.

11
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Unit 7.6 This five-week unit on Earth’s resources and
human impact begins with students observing news
stories and headlines of drought and flood events
across the United States. Students figure out that
these drought and flood events are not typical and that
both kinds of events seem to be related to rising
temperatures. Students develop an initial model to
explain how rising temperatures could cause droughts
and floods and questions about what could cause
rising temperatures.

Earth's Resources &
Human Impact

How do changes
in Earth's system
impact our

communities and
what can we do
about it?

@ OpenSciEd
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Students begin to ask the question: How do Earth’s
system changes impact our communities, and what can we do about it? Students gather evidence
for how a change in temperature affects evaporation, precipitation, and other parts of Earth’s water
system to support a scientific explanation that two climate variables (temperature and precipitation)
change precipitation patterns in the investigated case sites. Students apply these ideas to related
phenomena—sea ice decline and wildfires—in the Arctic. They analyze data about atmospheric
gas concentrations, how gases relate to atmospheric temperature, and how present-day human
activities change the concentration of those gases.

Driving question: How do changes in Earth's system impact our communities and what can we do about it?

Lesson Set 2: What is causing rising temperatures in
Lesson Set 1: What is causing changes to water resoiurces in these communities? 9 9 =
all communities?

Stuclents watch two
stories about
communities
experiencing droughts
and floods, analyze
headlines, and notice
there i a pattemn that
MY COMIm Unities are
experiencing

water changes.

Lessons 11-12

Students use a carban
system model to
explain why there is a
carbon imbalance,
They develop a
cause-and-effact
diagram to explain the:
changes in air
temperatures rising,
and apply these ideas
o revise tweets.,

Students analyze
multiple datasets to
collect evidence to
axplain how and why
wiater is changing
incommumnities,

Problematize

Mow that students
e the causal
rreschasnizm bahin the
problemn, they ane reacly
to investigate solutions
to correct the

carbon imbalance.

Students uie this
evidence to explain
onae of the case sites,
and then apply these
ideas to changes
oCOUNng ina rew case

Students wonder wiy
all communities ame
having increasing
air temperatures.

in Alaska

Students clearly define
the problem for how
much COZ must ba
meduced to comect
the problem,

Lessons 14-15

Students evaluate
indlivicdual and
commiunity solutions
and develop criteria
and constraints for
larger-scale solutions:
designed to solhie the
carbon imbalance

protlem.

Students investigate
the comiposition of the
atmosphere, how the
compaosition ks
changing. and how the
charges to GHGS affect
air termperatures.

Lessons 16-17

Students evaluate
existing community
resifience plans and
then develop their
own, which include 2
mix of scdutions to
solve the carbon
Imbalance and adapt
to current and futwre
changes in

the community,

Lessons 9-10

Students investigate
ol pattems of C02
«change ower time, but
establish that recent
rises in CO2 are related
to the combustion of
fossil fuels emitting
extra carbon into

the atrmosphene.

. Lesson Set 3: How can communities use a mix of solutions to correct the carbon imbalance in
Lesson Set 2, continued R
the atmosphere and adapt to changes they are experiencing now?

Students dlose out their
DOE, reflect on their
learning across Tth
grade, and develop a
new DOB for questions
they want to explore in
future schence classes.
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OpenSciEd 8" grade Scope and Sequence

Contact Forces
Unit 8.1 This unit on contact forces begins as students

consider situations in which they have seen their
phones break. They contrast these situations with
others where something else collided with another
object and either broke or, surprisingly, did not. Students
investigate factors that contribute to damage occurring
in some but not all collisions and spark a series of
questions and ideas for investigations around the
question: Why do things sometimes get damaged when
they hit each other?

Why do things
sometimes get
damaged when

they hit each
other?

@ OpenSciEd

MIDDLE SCHOOL SCIENCE TEACHER EDITION

Driving question: Why do things sometimes get damaged when they hit each other? In

Lesson Set 1: How do objects interact when they make contact Lesson Set 2: How are changes in energy related to force interactions?

in a collision?

Students compane
national phone
damage statistics to
their classroom
experiences and
FEENaCt SO SCENancs
inwhich they obsered
damagetn a cell phone
firsthand.

Students investigate
how mation and shape
changes in a variety
of collisions. Students
investigate the
relationship betwesn
the force applied and
the amount and type
of deformation in

an ohject.

Students investigate
how the strength of
forces comipane when

two objects of different
mass of speed collide.
They apply what they
figue out toespiain and
predict soccer-related
collision phenomena.

Students test how
changes in mass and
spead affect the kinetic
enengy of an object and
develop mathematical
relationships batween
thesa variabiles.

Students develop and
revise models for
emangy transfers in the
cart launcher system.
They carry out
investigations into
surface friction and air
resistance interactions
in that system.

Lessan 10

Students apply what
they figure out to
explain why, in
different collisions,
some objects were
damaged and others
weren't and apply thair
understanding toa new
set of baseball- refated
collision phencmena.

Lesson Set 3: What can we design to better protect objects in a collision?

Lessons 13-14

Students apply what

thesy figuired out during
the redesign of their

devices to evaluate

Lessons 11-12

Stuchents recall Lesson
1 and develop design

criteria and conddraints
for new phone cases.

Lesson 16

Students dissect materials
and analyze dow-motion

collsion data of the imemal
structure of these materials

Studants create a scale
pratotype of their
design solutions and

Students draft initial to understand why some ather engineers' design Tﬂp‘ﬂfﬂmﬂ:ﬂ?
protection device rechuce the peak fores in a sodutions to the ir:\dlisﬁ':r:.n potentia

collision better than others.
Students redesign thair

chvices using this information
and stakeholder feedback.

prebdem of protecting
chearlaackers from
concusdons and draft
theeir owm solutions to
this problem

diersigns for somaething
thay want to protect.

second part of this 6-7 week unit, students design solutions to protect an object of their choice in a
collision. They gather design input from stakeholders to refine the criteria and constraints for their
design solution and work together as a class to carry out a series of investigations to answer the
questions they have about optimizing their design solutions. The final part of the unit re-anchors
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around a related question and a design problem to figure out what kinds of solutions we can design
to protect fragile things from breaking.

Unit 8.2 Students begin the sound unit by considering
an interesting phenomenon: a truck is playing loud
music in a parking lot, and the windows of a building
across the parking lot visibly shake in response to the
- music. Students generate questions about three

o) o y aspects of sound phenomena: 1) What makes sound?
2) How does sound get from the truck to the window?
3) Why does the window shake as it does?

Sound Waves

How can a
sound make
something

@3 : ', In this 5-week unit, students engage in model-based
MIDDLE SCHOOL SCIENCE W\ el reasoning, argumentation, and computational and
o mathematical reasoning to develop models to explain

three aspects of sound phenomena. They investigate loudness and pitch to create a model of
vibration that captures important ideas about changes in the frequency and amplitude of vibrations.
By testing various materials and using interactive computer models, students figure out how sound
travels from one location to another. They also figure out how sounds can be absorbed and
transmitted and answer their initial questions about how objects that are not touching a sound
source can shake in response to sound.

Driving question: How can a sound make samething move?

Lesson Set 1: How are different sounds made?

Students watch a video of a Snuclents make obsenations of Students use a tool to scale up Stucents apply their

truck playing bousd miusic and sound sources and develop a vibrations of an chject makirg understanding to axplain
abiserve the windows af a model of wibration ta show lauder/scfter ard higher/kower different scunds coming from
baailding nearbry wisibly shake o all abjects deform when pch sauinds. They wuie dilferent ohjects. but realize
n response bo the music. They they make & sound mathematical representations thesy still have mary questions

then make observations of a
speador maldng sounds

of position versus time data
genemted from the movemsent
o describe wave pattems

abou oy that sound i achually
traveling and what happons at
the receiver.

requency amd amiplituche).

Lesson Set 2: How does sound travell

Lesson Set 3: What happens at the sound receiver?

Students conduct caperiments Students use models and Students model how eneegy is Students apply their
b support thee idea that sound simulations 1o explain how transferred through the parts understanding to explain the
il mather 16 1rsvel thaugh. somiid travels thmaugh marber of 1heé ear 1o hess They phenomeran al hearing loss
atthe particle kel investigate whether higher due to the loudnass and pitch
amplitude or highar frequency of different sounds.
sourds are mare damaging
to car gars.
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Forces ata Distance Unit 8.3 In this six-week unit, students are presented

with an anchoring phenomenon focusing on the vibration
of a speaker and asked to think about what causes this
vibration. The vibration of a speaker connects to a model
of sound students have developed previously. Still, this
new unit opens the door for students to investigate the
cause of a speaker’s vibration instead of the effect.

How can a magnet
move another object
without touching it?

Students dissect speakers to explore the inner workings
and build homemade cup speakers to manipulate the
parts of the speaker. They identify that speakers of all
kinds have the same features--a magnet, a coil of wire, and a membrane. Students investigate
each of these parts to figure out how they work together in the speaker system. Along the way,
students manipulate the parts (e.g., changing the strength of the magnet, number of coils, current
direction) to see how this technology could be modified to apply to systems in very different
contexts, like MaglLev trains, junkyard magnets, and electric motors.

Driving question: How can a magnet move another object without touching it?

Lesson Set 2: How does energy
transfer through electromagnets, and
across the space between magnets?

Lesson Set 1: How can a magnet and a coil of
wire interact through forces at a distance?

Lesson Set 3: What factors affect
the strength of magnetic fields?

Students look at slo-mo Students develop a Students investigate Students plan and

video of a speaker, model to describe how energy transfer to carmy out investigations

dissect a speaker, and forces and energy better understand the to produce data to

then build a speaker transfer in magnetic physics of the cause- support hypotheses

from parts in the fields explain cause effect relationships about what factors

classroom. and effect relationships they noticed in cause changes in the
between parts of a the speaker. strength of

speaker (magnet and
coil of wire).

magnetic forces.
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Unit 8.4 Students begin observing the biannual
repeating pattern of the Sun setting aligned between
buildings in New York City along particular streets and
then connecting, exploring, and trying to explain
different patterns in the sky that they and others have
observed. Students draw on their own experiences
and the stories of family or community members to
brainstorm a list of patterns in the sky. Students obtain
- information about objects in the sky and space that
[ngmnsam N __ connect to observations made by other cultures and
R LD people throughout history.

Earth in Space

How are we
connected to the
patterns we see in

the sky and space?

They listen to a series of podcasts highlighting indigenous astronomies from around the world that
emphasize how patterns in the sky set the rhythms for their lives, their communities, and all life on
Earth. They explore scale and develop a model of the solar system and figure out that gravity is the
driving force behind the patterns of motion of these objects and the organization of the solar
system as well as the driving force behind the organization of more distant systems (galaxies) that
we cannot see with unaided eyes from Earth.

Driving question: How are we connected to the patterns we see in the sky and space?

Lesson Set 2: How can we explain the patterns
of the Moon we see and connect to in the sky
and space?

Lesson Set 1: How can we explain the patterns of the Sun we see
and connect to in the sky and space?

Lesson 1

Students analyze how Students investigate Students use what Students investigate
the sunset has aligned patterns they and they have figured out patterns they and
with human-made others have ohserved about the Earth and others have noticed in
structures and consider inthe sky related to Sun system to model the shape of the moon

other interesting the Sum and stars, then and explain the sunset aver time for lunar
pattems in the sky from analyze seasonal alignment phenomena phases and eclipses
theeir own experiences, temperature data and from Lesson 1. and develop a physical
community membsers' to explain seasonal model of the earth, sun,
ideas, and additional temperature variation oo system to explain
cultunes’ stores about and determine whiy the and predict these
hoer these pattems are SBIS0MS e Gpposite in pattems.

cannected to the
rhyrthms of human life.

Lesson Set 3: Why do we see colors change in the

sky and space?

Students analyze

Australia from the
United States.

Students investigate

Lesson Set 4: How can gravitational forces explain the patterns
in the organization of the Solar System, galaxies, and

the universa?

Students investigate

Lessons 14-16

Students want to ko

Lessons 16-17

Students zoom out to

images of unar edlipses, what happens to the patterns of objects why objects in space a galactic scale and

ket possible causes for color, brightress, and beyand the Earth, Sun, mave the way they then back down to the

the unexpected changes bending of light as it and Moon because da, so they investigate Earth-Moon-5un System

in color and dimness in mioves from its source many of their the gravitational forces to make connections

its appearance. They to their eyes (or other unanswersd questions inﬂuencing the between the systems 1 6
brainstorm other colar detectors) and then pertain to patterns in movement of those of the universe at

related phenomena for apply what they have ebjects and the motion objectsand the different scales with

object and add figured out to lunar of those objects in the formation of the regards to gravity.

additional color-related eclipses and to a new sky and space. Solar System.

questions and ideas
for investigations,

phenomenaon: light
changes underwater,



living things
different from

one another?

Activate Learning’

TEACHER EDITION

Unit 8.5 This six-week genetics unit starts with
students noticing and wondering about photos of two
cattle, one of whom has significantly more muscle than
the other. The students then observe photos of other
animals with similar differences in musculature: dogs,
fish, rabbits, and mice. After developing initial models
for the possible causes of these differences in
musculature, students explore a collection of photos
showing a range of visible differences.

Students use videos, photos, data sets, and readings in the first lesson set to investigate what
causes an animal to get extra-big muscles. Students figure out how muscles typically develop due
to environmental factors such as exercise and diet. Students work with cattle pedigrees, including
data about chromosomes and proteins, to figure out genetic factors that influence the heavily
muscled phenotype and explore selective breeding in cattle. They investigate plant reproduction,
including selective breeding and asexual reproduction in plants and other organisms. Students
figure out that environmental and genetic factors play a role in the differences we see among living

Driving question: Why are living things different from one another?

Lesson Set 1: What causes an animal to get extra-big muscles?

Students explore
animals with extra-big
muscles and describe
other examiples of
trait variations from
their lives,

Students investigate
environmental factors
such as diet and
exercise that influence
muscle growth,

Students discover Students calculate the
patterns in cattle probability of offspring
pedigrees, proteins, genatypes from various

and chromosomes to
determine how
genetic factors
influence phenotypes.

parental crosses and
explore outcomes of
artificial selection.

Lesson Set 2: How can we explain variations we see in other living things?

Lesson i1 |
Mow that students have Students investigate
figured out the causes how plants reproduce,
of extra-big muscles, including asexual
they revisit their reproduction, which
questions abouwt leads students to
variaticns in other traits. investigate asexual
reproduction in other
onganisms and wonder
about ather influences

on phenotypes.

Lessons 15-17

Students explore how

environmental and

genetic factors both

influence the trait

variation we see and

realize that phenatypic

variation is complex

and multifactorial 17
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Unit 8.6 Students investigate the connections between
ancient and modern organisms in this seven-week unit.
In the four lesson sets, students develop a model for
natural selection and use it to account for patterns
between the body structures and behaviors of ancient
| organism fossils and similar organisms living today.
Students begin by hearing about the surprising fossil of
an ancient penguin (nicknamed “Pedro”) in a podcast
n from the researchers who found and identified the
©) fossil. Students also read a photo journal from their
T research.,

Natural Selection &
Common Ancestry

How could things
living today be
connected to the
things that lived
long ago?

Students question how penguins living today could be connected to this fossil of a much larger
penguin from long ago and record their noticings and wonderings. Students then explore the
different species of penguins alive today through videos and data cards. Students develop initial
explanations for how today’s penguins could be related to Pedro or other penguins from long ago.
Students develop models to explain where all the ancient penguins went and where all the different
species of modern penguins developed? Students consider other types of organisms that lived
long ago and look different from similar types of organisms alive today.

Driving question: How could things living today be connected to the things that lived long ago?

Lesson Set 2: How does our General Model for Natural Selection help us explain
changes to populations of organisms?

Lesson Set 1: How are modern organisms connected to ancient organisms?

Students notice and wonder
about the fossil of an ancient
giant pendguin found in present-
day Peru, analyze data about
maxdem penguins, and develop
initial explanations of how these
penguins could be connected.
They brainstom about (1) Whene
did all the ancient penguins go?
[2) Where did all the different
species of modern penguins
corme from? and (3] What ather
arganisms alive today might
alse be connected to organisms
that lived long ago?

T figguire out whether
medern penguins are
related to anclent
penguins, students
investigate heritable
body structures and
behaviors in modem
penguins, look for
patterns, and infier
connections between
modern and

anclent penguins.

Students investigate
whether the patterns
of connections they
saw between ancient
and modern penguins
also exist in ather
organisms, Students
then argue for how
modarn anganisms ane
conmected to anclent
organisms through
lines of descendants
and propose possibla
explanations for those
connactions.

To figure out the cause of
changes in the populations
they have observed, students
explore five cases where trait
distributions in the population
changed over a few generations.
Ty by e clata from different
studies and develop a system
miacked that explains the cause
of the shift in trait distribution
owver time for their case.

Students compars each of the
case-specific system models
lfor finches, moths, swalkows,
fish, and plants) and argue for
which model parts and
interactions these cases have in
cemmeon, then develop ageneral
model to explain what causes
changes in the population.
Students carmy out two
investigations using computer
simulations and angue for whiy
they get different outcomes
when they change the
ENVironmant.

Studlents test thedr
General Model for
natural selection on a
new phenocmenon,
explaining how the
traits in a population
of green lizards can
change aver time.

Lesson Set 4: How can we use additional evidence for
how modern organisms are connected to ancient
organisms to explain more of our related phenomena?

Lesson Set 3: How can we use natural selection to

explain changes in species over millions of years?

To explain how new
trait variations cam
enter a population,
students add mutation
1o their General Mode|
for natural selection
and use it o explain
changes in horses and
horseshoe crabs

over time.

Students use what they know
about natural selection and
mutation to develop a model
to show how modem penguins
could be connected to each
othar and to ancient penguins.
They construct a hypothetical
explanation for hiow the
penguing are connectid and
compare their explanations
with others,

Students analyze sketches of
embryos at different points in
development for a varlety of
liwing things such as a chicken,
a turtle, a rabbit, and a human,
Thery constrsct an angurment and
raise questions about how and
why different organisms share
0 many physical trasts in
«corniman in their embryological
development.

Students kdentify the questions
from the DOB that they can now
answer. They celebrate all that
we have leamed in this unit and
acnogs the school year. Students
spend time identifying the
questions that they did not
answer and build a new DOB of
questions to be answerad in
future years.
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