How students will engage with each of the phenomena

UNIT STORYLINE L @ WU

= - - . HANDS-ON/ VIDEOS DATA SET! COMPUTER
Unit Question: How does changing an ecosystem affect what lives there? | woncs |
LESSON 1 We read headlines that claim that our candy-buyin
habits could affect orangutan populations in the wiﬁi : T
4 days We examine candy ingredients and realize that one How could buyrg candy That contars palm ol ézf?ec[[rd 5
ingredient, palm oil, is produced in the same location Ortrgfan-popalaftons--and G e pepuiateet
How could buying candy in which orangutans live. We read about tropical :

rainforests in Indonesia being cut down to grow oil
palm. We wonder how oil palm trees lead to a
decrease in the orangutan population. We develop a

affect orangutan populations
in the wild?

Anchoring Phenomenon Buying candy in the United States could lead ~ DriVing Question Board (DQB) to guide future
_ to the death of orangutans in Indonesia. investigations. We figure out the following:
(== * One of the main ingredients in many types of
\ @_j [ = candy and cosmetic products is palm oil. Palm
=) ' oil is one of the most commonly used oils.

¢ Farmers/companies are cutting down
rainforests to plant oil palm plants.

e As oil palm numbers increase, orangutan and
tiger populations decrease.

e As oil palm numbers increase, rats, pigs, and
snake populations also increase.

U Navigation to Next Lesson: We figured out that when the number of oil palm trees goes up, the oran%utan population goes down. We think this has something to do with orangutans not having enough food or
habitat, or being killed when oil palm trees are planted. We wondered whether we could replace palm oil with something else in the products that we use.

LESSON 2 We explore other crops as a substitute for palm oil.
We analyze data for soybean and canola oil and : b
1day realize that palm oil requires much less land and How could buying candy that contains palm ol affeck
produces way more oil than the other oils. We Ororogidan populations ard. ot her populatrons-in fe wild?
Can we replace palm oil with — 2 6 conclude that any oil would require clearing land for
something else'.P — ha farmin% and that palm oil is very efficient, so it is

probably not going away. This makes us wonder if
Investigation there is somewhere else to grow oil palm, so we
A A " won't harm orangutans. We figure out:
¢ Different kinds of oils that we consume in foods

— |l =
= 52 or products come from various ecosystems (via
farms).
¢ Native plants are removed to make space for
: farming.
- ¢ Palm oil is more efficient than other oils because

oil palms require less land to grow.

Ve#etable oils re?uire land and produce
different yields of oil.

U Navigation to Next Lesson: We figured out that oil palm trees are the most efficient oil plant to grow in terms of land use and that growin%]other oils takes up more land and also requires the clearing of native
grasslands, which hurts grassland plants and animals. Since palm oil is likely not going away, we wonder if we can grow oil palm trees somewhere else so we're not cutting down tropical rainforests.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 3
1day

Can we grow oil palm trees
somewhere else so that we're
not cutting down tropical
rainforests?

Investigation

I

Oil palm grows best in equatorial regions
because of the nonliving conditions suitable
for plant growth, which is the same reason
that tropical rainforests are found in these
locations.

We wonder if we can grow oil palm in other places.
We obtain more information about the nonliving
conditions that the oil palm plant needs to grow and
examine maps that meet these conditions. We figure
out that oil palm grows best in equatorial regions,
which is also where tropical rainforests are located.
We conclude that both kinds of plants share the
same nonliving requirements and compete for the
same space to grow. This makes us wonder how oil
palm farmers and other farmers grow crops in places
where they harm the ecosystem that was there first.
We figure out:

e Oil Falm plants need a certain amount of
sunlight, precipitation, and warm
temperatures to grow.

¢ QOil palm plants grow in the same locations
as tropical rainforests (near the equator)
because of these good growing conditions.
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U Navigation to Next Lesson: We figured out that palm oil grows best near the equator, where tropical rainforests are located. We wonder why people cut down tropical rainforests when they know this is bad.

LESSON 4

1day

Why do people cut down
tropical rainforests when they
know it is harmful to the
animals that live there?

Investigation

Interviews with people who work to grow oil
palms in developing countries reveal that this
practice, though harmful to animals like
orangutans, provides them with a way to
make money to support themselves, their
families, and their communities.

We decide we need to learn more about the people
who farm oil palms. We watch interviews witﬁ some
of these farmers, and we learn that cutting down
tropical rainforests to sell or grow resources is
sometimes the only way for people in these areas to
support themselves. We revisit our original problem
with a new priority: We need to make sure that our
solution allows all people to support themselves and
their families. This makes us wonder if there are
better ways for farmers to grow oil palms that could
also save tropical rainforest animals. We figure out:
¢ In many places in which oil palms are grown,
people do not have a lot of opportunities to
make money to support their tamilies.
¢ Cutting down tropical rainforests to sell or grow
resources may be the only way for people in
these areas to support themselves.
¢ If we want a solution, we will have to make sure
that these farmers can still support themselves
and their families.
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U Navigation to Next Lesson: We fiﬁured out that many farmers make a living off of farming and do not necessarily want to hurt animals. We wonder if people where we live have changed the land over time and

how this might be impacting living t

ings in our area.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 5
2 days

How have changes in our
community affected what
lives here?

Investigation

A

Some plants and animals seem to be doing
OK, even with changes humans have made in
our community, but others are missing
altogether.

We share our murals documenting changes in our
own community since major human disturbance. We
make outdoor observations of evidence of the plant
and animal life around the school, along with
observations about the changes humans have made
to the land. We share what we notice and compare
the changes in our own community to those in
Indonesia. We modify our model, and then we add
questions to the DQB about our local community.
We figure out:
¢ People in our community have changed natural
habitats for their homes, buildings, roads, etc.
¢ Some plants and animals are still around,
despite the changes, but others have
disappeared from the area.

_

How could buying candy That Contains paim oil - aiffect 5
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U Navigation to Next Lesson: We figured out that changes in our own community also affect the living things. Given that human communities and agriculture are not going away and are still expanding, we
wonder how humans can use the land in better ways that benefit both humans and other organisms.

LESSON 6
1day

If palm oil is not going away,
how can we design palm
farms to support orangutans
and farmers?

Problematizing

—

©

Palm farms that grow a single crop do not
function well for tropical rainforest animals,
leading to declines in these populations.

We reflect on what we have figured out to define the
problems associated with palm oil farms. We think
about how we can design a better palm farm system
that will support both tﬁe farmers and the orangutan
and tiger populations. We use what we learn to co-
construct criteria and constraints to guide our design
decisions. We revisit our Driving Question Board to
add new questions that will help us design a system
that is more stable and will help us refine our criteria
and constraints. We figure out the following:
¢ A better-designed palm farm needs to support
living things in the tropical rainforest and
farmers, too.
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U Navigation to Next Lesson: We are motivated to design better systems, starting with a better palm farm. We want a palm farm in which orangutans can live, but we are not sure about what orangutans need to
live and how many we can support in our new system.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 7 We examine a StoryMap that presents information
: about th?\ number of orzlingufcans in four protectehd .
2 davs 5 i areas with intact tropical rainforests. We notice that
y "ww g the number of orangutans in each area fluctuates Orang utan
How many orangutans ) N some but is relatively steady. We notice that larger
typically live in the tropical i areas seem to have more oran utans. We calculate
rainforest? e how many orangutans are in 1km* for each park and R . .
T realize that it is snr{ular acrlc()sszparks% and only about 1- iy . .

ioati 3 orangutans can live in 1 km*. We figure out . . : .
Investigation s . pg ulations of organisms are mgade up of many ora“g utans -
FRNETR S individuals living in the same area, and of Gunung Palung
\‘ (@ [% Dm et 5 e individual organisms and populations of . . L.
! o) ' D U organisms are dependent on a certain amount of . .

space. . .

Orangutans at different times in 4 different
protected areas show stable populations, with
about 1-3 orangutans per 1 km2.

U Navigation to Next Lesson: We figure out that only 1-3 orangutans can live in 1 km2, which is a lot of space. We have some ideas about why and are wondering if it's because orangutans need a lot of space to
find food. We consider what we would need in a simulation to test this food idea.

LESSON 8 We gather data from a computer simulation in which
= m individual orangutans compete with each other for Yeompetition
2 days food resources (fruit and termites). We run multiple (Cocest s
g trials of experiments to test three different W& iw* Thess [——= ) |osegiios

environmental conditions with more or less rainforest
fruit available (independent variable). After
constructing class histograms using data from each x b
trial, we examine how well individual orangutans and RS
the orangutan population overall responded by \&€ l orgtas
analyzing averages and ranges of energy points for —
orangutans (dependent variables). We make claims
about food resources and competition between
individuals within the population. We figure out:
¢ Orangutans in the same population compete
with each other for food.
¢ Orangutans like food sources that give them
more energy, but can eat things with less energy
to survive.
¢ Competition between individual orangutans
within a population increases when the
availability of resources is limited.
Orangutans compete for food resources in * If orangutans do not get enough energy from

three different environmental conditions. food resources, it may constrain their growth or
limit their potential for survival.

Why do orangutans need so
much forest space?

Investigation

4 Navigation to Next Lesson: We figured out that orangutans eat mostly fruits because they get energy from these food sources. They compete with other orangutans for this food, and slight changes in the
amount of fruit can have large impacts on orangutan competition and survival. We wonder if all we need is more fruit trees to have a healthy orangutan population.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 9
2 days

Would planting more
rainforest fruit trees help the
orangutan population
increase?

Investigation

Population
Orangutan Population History
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Population

Orangutan population sizes increase when
resources are plentiful and decrease when
resources are limited.

We conduct experiments in a simulation,
manipulating the amount of food resources

(independent variable) over time to observe how
orangutan population sizes increase or decrease
(dependent variable). We figure out:

It's normal for population sizes to increase and

decrease (i.e., fluctuate).

If there are a lot of resources available,
opulation sizes go up. If the resources are
imited, population sizes go down.

When there aren’t enough resources,

orangutans have to compete for them, and

some orangutans don't get what they need to

survive.

When an orangutan gets enough resources, it

survives and reproduces.

If an orangutan can't get what it needs, it may

not reproduce. Over the years, this means the

population goes down and not enough are born

to keep the population stable.

Minor disruptions in resource availability may

lead to small fluctuations in population sizes,

while major disruptions in resource availability

may cause populations to increase or decrease

drastically in number.

Running multiple trials on an experiment can

provide more data to get more certainty about

the conclusions being drawn.
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U Navigation to Next Lesson: We figured out that when there are more or fewer food resources available, it affects the orangutans’ population size. We think we can plant more food resources in the oil palm
farms to support a healthy population. We are wondering if our model can explain how other populations change over time.




What we do and figure out How we represent it

Phenomena or Design Problem
\ € i ‘ &

LESSON 10 , € We analyze other cases where populations changed
“ S = due to a change in available resources. Across these + Population of
2 days / cases, we see a pattern that connects the population R Amount of resources (ERSERE organisms

of an organism to the availability of resources that
organism needs. Afterward, we apply these ,
understandings to an assessment in which we explain If | Amount of resources + SRR Populationof +
why the loss of short and tallgrass prairies has caused
monarch butterfly populations to decrease. We figure
out the following:

¢ Organisms depend on specific resources to

survive and reproduce.

¢ An organism'’s population size depends on the
amount of resources available. When resources
decrease significantly, the population also
decreases. When resources increase, the
population increases.
It is normal for populations to fluctuate

How do changes in the
amount of resources affect
populations?

organisms

Putting Pieces Together

=]

The loss of short and tallgrass prairies to
soybean oil production in the Midwest of the o

United States has caused declines in local depending on resource availability from year to

monarch butterfly populations. year. Drastic changes to resource availability

can cause unusual and unstable changes to
populations.

U Navigation to Next Lesson: We feel like we understand how the population of orangutans changes when more oil palms are planted in place of rainforest trees. We are curious if a change in resources also
explains what we observed with other populations like tigers, rats, snakes, and pigs.

LESSON 11 Predators of the Ralnforest We are curious about other populations affected b
o ‘ the palm oil industry. We develop system models for n g‘w;i _ Ranforet
2 davs the oil palm system and realize that when there are Mo helic
! L B Other
unlimited resources, both predators and prey do well.
How does planting oil palm We develop system models for the tropical rainforest e
affect other poquations7 and realize there is more competition within this =
system to keep populations at a stable size. We o
Investigati g v SO oy | Leopts S o oo ecide that the rainforest system has more ‘
nvestigation preeli i | coumnmmnioy et , _ _ roaiil
B | v i | S0 T i components and interactions than the oil palm 3 NV ;
== P e i e Sy system. We figure out: AN < /
\ @J == ol \ s e \ i ¢ When there are many resources both snakes [ e
) L L e (predators) and rats (prey) do well. S = it
- ¢ When there is competition between populations T Pt iy ot
1 Tees. anf many kindks,
for the same resource, it keeps numbers from - S
H H  More populations are Competing for fewer resources 4
increasing too much.
Rat and snake populations are exploding in * The tropical rainforest is a lot more complex
the oil palm system, but those populations than the palm farm, with a lot more plants and

animals interacting with each other.

¢ Populations interact for more than just resources
(like shelter and safety).

e If one population (like orangutans) were to go
extinct, then it could cause changes to other
populations because everything is connected.

are not exploding in the rainforest system.

I Navigation to Next Lesson: We figured out that the rainforest system has more components and interactions compared with the oil palm system. We think this is why the tropical rainforest supports so many
living things. We are wondering how to make the oil palm farm have more components and interactions, like the tropical rainforest, so that it can support more animal populations.




LESSON 12
1day

What would happen if
orangutans go extinct?

Investigation

@WEE

Many seeds from fruit trees are found in spit

We are curious about what would happen if
orangutans went extinct. We read an interview with
Andrea Blackburn, who studies orangutans. We watch
videos, examine images, and make noticings from
data tables from her research. We support tentative
claims with the data, and identify additional
questions and data that would help clarify those
claims. We figure out:
¢ Orangutans disperse seeds throughout the
tropical rainforest by spitting and
defecating.
¢ Both orangutans and fruit trees benefit
from each other because orangutans get
food from fruit trees and fruit trees get their
seeds spread throughout the tropica
rainforest.
¢ [f orangutans go extinct, some fruit tree
populations may decrease, because seeds
may not get sFread and grow into trees,
which could affect other populations.

B food .
[ ] S;elter meﬁr%‘}'_

B Other

Hundreds of
difv;g:enf Fruit trees
kinds

Spread Orangutans

seeds
/

and fecal samples of orangutans. These seeds
germinate better compared to control seeds.

U Navigation to Next Lesson: We figure out that fruit tree populations depend on orangutans to disperse seeds. If orangutans go extinct, there could be several effects throughout the tropical rainforest. We
wonder if something were to happen to other populations, what kinds of changes we would see.

LESSON 13 Important food relationships

We use an updated system model to make

2 days

How does an ecosystem
change when the plants
change?

Putting Pieces Together

‘(f?lﬁ > \W
\\ @JJ Dm Disruptions, like drought, fire, disease, or loss

of a seed disperser, cause shifts in populations

in an ecosystem.

predictions and test ideas about different kinds of
disruptions to the rainforest and oil palm systems.
We figure out that the rainforest system can
withstand some disruptions due to its
interconnectedness, but the oil palm system cannot.
We apply ideas to a new case and complete a short
individual assessment. We summarize what we know
about monocrop oil palm farming to motivate us to
design a better way to farm it. We figure out:
¢ There are more populations and more
connections in the rainforest system
compared to the oil palm system.
¢ Any change to the ecosystem, or disruption,
will affect some populations. Some
disruptions affect many populations.
¢ If an ecosystem has many connections
between populations, the ecosystem has a
better chance of being OK when a change
happens.
¢ Adisruption in a monocrop system will
impact all the populations in the system.

Summary chart
Rainforest versus oil palm

If there are many kinds of plants and a disruption
affects...

.a few plants, then SOM¢ plants may struggle

or die but the system will
be mostly OK

..most plants, then many plants may strugale
or die and the whole
system will be impacted

If there are one or few kinds of plants and a
disruption affects...

..most plants, then thewhole system will be
impacted

U Navigation to Next Lesson: We figure out that biodiverse ecosystems can withstand some disruption, but oil palm farms cannot because everything relies on the oil palm. We wonder if there are better ways to

farm for both people and other living things.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 14
1day

Are there ways people can
row food without harming
the tropical rainforest?

Investigation

==
P'Q

U Navigation to Next Lesson: We figured out that there are approaches people use to grow food that seem to not harm living things. We wonder if and how people benefit from each of these approaches.

Laurel
(timber tree)

Cacao

0il Palm

Farmers and other community members in
Indonesia and Costa Rica observe positive
impacts on plant and animal populations
when growing food using different
approaches from large-scale monocrop
farms.

We wonder how people cultivate food without
harming living things. We read about one of the
following approaches: (1) diversified farming, where
farmers grow multiple crops together; (2) sustainable
oil palm, where farmers don't clear forest and include
wildlife habitat on the farm; and (3) Customary
Forests, where people cultivate and harvest plants
from intact forests. We figure out:
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ Diversified farming involves growing
multiple crops together.
¢ Sustainable oil palm farms do not clear
forested areas and incorporate wildlife
habitat on their farms.
¢ Villages with Customary Forest permits
cultivate and harvest food, medicine, and
craft plants from within the forest that they
can use and sell.

LESSON 15
1day

How can people benefit from
growing food in ways that
support plants and animals in
the natural ecosystem?

Investigation

@EF

4 Navigation to Next Lesson: We figured out that people can also benefit from approaches to grow food that differ from monocropping. We wonder which approach works best for people, plants, and animals in

a natural ecosystem.

Farmers %ain ecosystem services (food, water,

soil health, protection from crop disease, and
the like) when they grow food differently from
large-scale monocrop farming.

We wonder how people can benefit from growing
food in ways that help plants and animals. We view
StoryMaps that include people's perspectives about
(1) diversified farming where farmers grow different
crops together; (2) sustainable oil palm and prairie
strips where farmers do not expand their farms and
include wildlife habitat on their farms; and (3)
customary forests where people cultivate and harvest
plants from existing tropical rainforest. We figure out
these things:
¢ Diversified farming like intercropping helps
farmers have stable incomes if diseases,
pests, or storms hurt one crop, but not the
other(s).
¢ Sustainable oil palm farms maintain healthy
soils that help improve harvests, which
means more income for farmers.
e Customary forests provide people with
stable food, water, and materials, and
protection from landslides.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 16
¢ o9
2 days V2 ‘/
What approach to growing ’ ot

food works for everyone and
why?

Putting Pieces Together
P

=1 D)

EEO

People can use many approaches to growing
food, and there are trade-offs to using them
that have consequences for plants, animals,
and humans in nearby ecosystems.

We summarize what we know about monocropped

farms. We jigsaw to synthesize information about g Animatsand s People
different ap?\roaches to growing food. We rank how p—
the approaches work for plants and animals and Furmig :
people. We discuss the trade-offs between each freermees Bependg ol
approach and clarify claims about which approach we et . S
think will work best. We brainstorm how to test our . Dipendg onwhe)
claims in a simulation. We figure out: Cuctomarsfrcs s
e Thereare trade-of%s in how we approach (1 e et
rowing our food; some approaches work lrgesistsfarnars)
ﬁetter or humans than for animals and P i »
plants in the natural ecosystem. e o (oot i .
¢ Some approaches to growing food work for et for ther ide o fornee)

some people and farmers, but not all
people.

¢ We can grow food in ways that minimize
the effects of disruptions on natural and
designed systems.

U Navigation to Next Lesson: We figured out that there are some approaches to growing food that will work better for plants and animals, and other approaches work better for humans. We want to test our

ideas in a simulation by designing a farm for both orangutans and people.

LESSON 17
3 days

How can we redesign the way
land is used in Indonesia to
support orangutans and
people at the same time?

Investigation

Students redesign and optimize the way land
is used to support orangutans and people.

Working in groups of three, students use a computer
simulation to redesign the way land is used in
Indonesia to support orangutans and people at the
same time. Students evaluate design solutions
created b{ other groups and optimize their own
design solutions. We figure out:
¢ Some potential design solutions work well for
the people and the orangutans but are not
realistic due to land-use changes and time.
¢ Using a variety of different ways to grow food
can maintain or increase orangutan populations
and people's income.
¢ People can reasonably set aside a portion of
their land to support orangutan populations
without reducing their income.
¢ Neighboring farms can coordinate their
approaches to increase space for orangutans.
¢ Rainforest corridors connecting intact areas of
forest increase orangutan populations.

L T - yvpe—

4 Navigation to Next Lesson: We figured out that we can diversify oil palm farms and set aside areas of rainforest trees to improve orangutan populations and to support people. We optimized our design

solutions, and we are ready to share them with our class to try to identify the best solution.




LESSON 18
3 days

How do our designs work for
orangutans and people in
Indonesia?

Putting Pieces Together

o

~———

Phenomena or Design Problem

Experiment: A

Population

optimize design
st pemat g
births desths

Income:
@ Area 1: THEBLLS
S Area 2 THABLFED
@ Area 3: THABAB

Forest Setup

The design solutions with mixed land use and
some intact forests worked best for people
and orangutans.

We present our best designs to our peers and
evaluate each other's designs based on the agreed-
upon criteria and constraints. We consider how well
each design would work in the real world and trade-
offs made in the design process. We argue for which
designs work best for people, orangutans, and both,
and make claims about why they work well. We figure
out:

¢ Design solutions that retained tropical
rainforests and customary forests
supported the largest orangutan
populations.

e Customary forests provided income for
people but were not realistic for large-scale
farms.

¢ Design solutions with more palm farms and
crops provided income but did not increase
orangutan populations.

¢ Mixed land-use designs overall seemed
best for people and orangutans.

¢ Science learning is about asking questions
and gathering evidence to answer those
questions.

¢ Science can help solve complex problems,
but it's not the only thing to consider.

Agree

Our Conclusions

Disagree

Uncertain

Rainforest and
customary forests were
best for orangutans

Qil palm and other crops
helped income but not
orangutans

Customary forests
aren't realistic for large
scale farms

Mixed designs might be
best for everyone

Some designs did well on
eriteria but aren't
realistic

4 Navigation to Next Lesson: We end the unit by returning to the DQB and celebrating our learning on graffiti boards, or we navigate to one of two extension opportunities.

If people will accept
income drop and how
much

Whether designs are
realistic

If money is the main
driver for people

Whether people would
use these designs

Whether everyone in
one area would agree

LESSON 19

O days

How can we inform others in
our community about the
palm oil problem and
convince them to take action?

Putting Pieces Together

@

Save the Orangutans!

You can help the orangutans by...
 Buying less products that contain palm oil
*  When you buy products with palm oil, look for products that
have a sustainable polm ol sticker (like the one cbove).
' Donating money (if you can) to organizations that support
oranqutans.
o Tell others about this problem and what they can do to help.

0 solve this. That
ol palm farming.

Here are some places you can donate money:
o Save the Orangutan

© Orangutan Foundation International

Public service announcements (PSAs) inform
people and communities about issues like the
palm oil problem and encourage them to take
actions to help preserve natural systems.

We have figured out that the problem will require
large-scale solutions combined with individual action.
We create public service announcements (PSAs) to
inform stakeholders in our community about the
palm oil ?roblem and how they can act to address
this problem. We present our PSAs to our peers,
teachers, and/or stakeholders and receive feedback
on our approach. We figure out:
¢ People and communities can take small and
large actions that aid the preservation of natural
systems like the tropical rainforest.
¢ Small actions, like changes in people's habits
and behaviors, when combined with others
actions or extended over time, can have a large
impact on the preservation of natural systems.
¢ Some actions are more feasible for
communities or individuals to implement, while
others are more challenging.

4 Navigation to Next Lesson: We figured out how to craft PSAs to communicate key messages about addressing the palm oil problem to stakeholder groups. We are now ready to look back at our DQB and

celebrate what we have accomplished.




Phenomena or Design Problem What we do and figure out How we represent it
& G T 58l

LESSON 20 We are introduced to a local phenomenon, either a
declining local population (Pathway A) or a way our

0 days community is currently caring for the land (Pathway
B). We investigate this phenomenon through

What should we do to take readings, videos, and/or learning with community

members. We are introduced to one action we can
take or multiple actions we could consider taking. We
take action in our community in service of addressing
a challenge with this local phenomenon, such as
habitat restoration, monitoring biodiversity, or
communicating with stakeholders about the issues.
We figure out:

¢ We apply many ideas that we figured out

(dung our zxamination of the pallm oil

A local population is declining (Pathway A) or g:% laerzrg]sa ,?1 o(zlr? E,%:ﬁg%ﬁf&%:g tions
we notice interesting patterns about the way
our community is currently caring for the land
(Pathway B).

care of our local land, plants,
and animals?

Investigation

AWLEERC)

U Navigation to Next Lesson: We applied science ideas to a problem in our community. We are now ready to look back at our DQB and celebrate what we have accomplished.

Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1 We read headlines that claim that our candy-buyin
habits could affect orangutan populations in the wiFd. T
4 days We examine candy ingredients and realize that one Fow cowd buying candy that contams palm ol f:%ﬁlcl[rd 5
ingredient, palm oil, is produced in the same location Ortrydon populations--und. OF e pepiaor
How could buying candy in which orangutans live. We read about tropical

rainforests in Indonesia being cut down to grow oil
palm. We wonder how oil palm trees lead to a
decrease in the orangutan population. We develop a

Anchoring Phenomenon Buying candy in the United States could lead ~ DriVing Question Board (DQB) to guide future
_ to the death of orangutans in Indonesia. investigations. We figure out the following:
FRaE= * One of the main ingredients in many types of
\( @ % candy and cosmetic products is palm oil. Palm
\ o) ' oil is one of the most commonly used oils.
e Farmers/companies are cutting down
rainforests to plant oil palm plants.
e As oil palm numbers increase, orangutan and
tiger populations decrease.
e As oil palm numbers increase, rats, pigs, and
snake populations also increase.

affect orangutan populations
in the wild?

Y food?
| Vg i‘?{ Tigers
el 290

.

Lm?mm].

U Navigation to Next Lesson: We figured out that when the number of oil palm trees %oes up, the oran%utan population goes down. We think this has something to do with orangutans not having enough food or
habitat, or being killed when oil palm trees are planted. We wondered whether we could replace palm oil with something else in the products that we use.




LESSON 2
1day

We explore other crops as a substitute for palm oil.

We analyze data for soybean and canola oil and ; :
realize that palm oil requires much less land and How cowld buying candy fhat contains pam oil affeck
produces way more oil than the other oils. We Ororogidan populations and. ot her populatuons-in fie wild?
conclude that any oil would require clearing land for N

farmin% and that palm oil is very efficient, so it is e i {*};‘;;}LL@M T
P B B A i +

Can we replace palm oil with
something else?

probably not going away. This makes us wonder if i
there is somewhere else to grow oil palm, so we
won't harm orangutans. We figure out:
¢ Different kinds of oils that we consume in foods
or products come from various ecosystems (via
farms).

== Canola . 1 25 ¢ Native plants are removed to make space for
o™ =125n

. N l sf=7
Investigation =

Oil farming,
— ¢ Palm oil is more efficient than other oils because —
oil palms require less land to grow.

Ve;?etable oils re?uire land and produce
different yields of oil.

U Navigation to Next Lesson: We figured out that oil palm trees are the most efficient oil plant to grow in terms of land use and that growin%\other oils takes up more land and also requires the clearing of native
grasslands, which hurts grassland plants and animals. Since palm oil is likely not going away, we wonder if we can grow oil palm trees somewnhere else so we're not cutting down tropical rainforests.

LESSON 3 We wonder if we can grow oil palm in other places. -
ST we - - - We obtain more information about the nonliving - T
1 day " = conditions that the oil palm plant needs to grow and How could buyng condy that Contams: palm il affeotss
L ety examine maps that meet these conditions. We figure Orongudan populaons and of her populatrensin fie wild?:
Can we grow oil palm trees T , : . out that oil palm grows best in equatorial regions, 7 "
somewhere else so that we're ik ‘ v , which is also where tropical rainforests are located. lies s o @Mz o 6
not cutting down tropical y, : & We conclude that both kinds of plants share the g S‘W“M‘;E{:"ﬂ{?
rainforests? " ¥ v same nonliving requirements and compete for the . (o v | Lo
) N o .z, same space to grow. This makes us wonder how oil anditions
Investigation g J ko) - palm farmers and other farmers grow crops in places | \
o where they harm the ecosystem that was there first.
Boens We figure out:
‘d:ﬂ e Qil i)alm plants need a certain amount of
h sunlight, precipitation, and warm
temperatures to grow.
) ) ) ) ¢ Oil palm plants grow in the same locations
Oil palm grows best in equatorial regions as tropical rainforests (near the equator)
because of the nonliving conditions suitable because of these good growing conditions.

for plant growth, which is the same reason
that tropical rainforests are found in these
locations.

U Navigation to Next Lesson: We figured out that palm oil grows best near the equator, where tropical rainforests are located. We wonder why people cut down tropical rainforests when they know this is bad.




LESSON 4

Phenomena or Design Problem What we do and figure out How we represent it

1day

Why do people cut down
tropical rainforests when they
know it is harmful to the
animals that live there?

Investigation

@

Interviews with people who work to grow oil
palms in developing countries reveal that this
practice, though harmful to animals like
orangutans, provides them with a way to
make money to support themselves, their
families, and their communities.

We decide we need to learn more about the people
who farm oil palms. We watch interviews witﬁ some
of these farmers, and we learn that cutting down
tropical rainforests to sell or grow resources is
sometimes the only way for people in these areas to
support themselves. We revisit our original problem
with a new priority: We need to make sure that our
solution allows all people to support themselves and
their families. This makes us wonder if there are
better ways for farmers to grow oil palms that could
also save tropical rainforest animals. We figure out:

¢ In many places in which oil palms are grown,
people do not have a lot of opportunities to
make money to support their families.

e Cutting down tropical rainforests to sell or grow
resources may be the only way for people in
these areas to support themselves.

¢ If we want a solution, we will have to make sure
that these farmers can still support themselves
and their families.

How could buying candy That Contane paim oil - aiffect 3
Ofongton populations and ot her populations in the wild?

Grow near equabr Losportsi=7
N the same.
condihons

=

U Navigation to Next Lesson: We fiﬁured out that many farmers make a living off of farming and do not necessarily want to hurt animals. We wonder if people where we live have changed the land over time and

how this might be impacting living t

ings in our area.

LESSON 5

2 days

How have changes in our
community affected what
lives here?

Investigation

Pedestrian %
Cussig |

Some plants and animals seem to be doing
OK, even with changes humans have made in
our community, but others are missing
altogether.

We share our murals documenting changes in our
own community since major human disturbance. We
make outdoor observations of evidence of the plant
and animal life around the school, along with
observations about the changes humans have made
to the land. We share what we notice and compare
the changes in our own community to those in
Indonesia. We modify our model, and then we add
questions to the DQB about our local community.
We figure out:
¢ People in our community have changed natural
habitats for their homes, buildings, roads, etc.
¢ Some plants and animals are still around,
despite the changes, but others have
disappeared from the area.

How could Duyirg candy Thak Contamns palm oil affect

Olonton popllations and ot her populaions- in- the wild?
W’chmw, [Ecosgetem _
roads, arks, farms lecosystem now| " before ¢

, —

e

=z

4 Navigation to Next Lesson: We figured out that changes in our own community also affect the living things. Given that human communities and agriculture are not going away and are still expanding, we
wonder how humans can use the land in better ways that benefit both humans and other organisms.




LESSON 6 We reflect on what we have figured out to define the
problems associated with palm oil farms. We think
1day

about how we can design a better palm farm system w& O‘W o\ h"ﬁi

that will support both the farmers and the orangutan

Phenomena or Design Problem What we do and figure out How we represent it
) ) oBul B %

If palm oil is not going away, and tiger populations. We use what we learn to co- ;
hORN can we desiggn palm 4 construct criteria and constraints to guide our design C erio ( ﬁﬁwz#;.)
farms to support orangutans decisions. We revisit our Driving Question Board to viTeri
and farmers? add new questions that will help us design a system ¥ Am\- o Om\sM
: that is more stable and will help us refine our criteria Show§ Some oF *
Problematizing and constraints. We figure out the following:
¢ A better-designed palm farm needs to support * Favwers shil make
) living things in the tropical rainforest and encyfh Won
\(f @ ?) farmers, too. CG\("'““‘-S ( li :\'}"a &F‘ S"S
S —————
¥ H ovailable
. VSR on
Palm farms that grow a single crop do not 1 JaVa too wuch \and
function well for tropical rainforest animals, * Favwmevs
leading to declines in these populations. N
* IR B

I Navigation to Next Lesson: We are motivated to design better systems, starting with a better palm farm. We want a palm farm in which orangutans can live, but we are not sure about what orangutans need to
live and how many we can support in our new system.

LESSON 7 o We examine a StoryMap that presents information
. about th?\ number of or?ngu'%ans in four protectid .
2 days Yo i areas with intact tropical rainforests. We notice that
y "am S the number of orangutans in each area fluctuates Orang utan
How many orangutans S N some but is relatively steady. We notice that larger
typically live in the tropical areas seem to have more oran utans. We calculate
rainforest? B how many orangutans are in 1km* for each park and R . .
iy realize that it is sn'{ular acrI?sszparks% and only about 1- . =t .

igati 1= : 3 orangutans can live in 1km*. We figure out . . : .
investigation s b . pcg> ulations of organisms are mgade up of many Orangufans )
TaE=EI= e e individuals living in the same area, and of Gunung Palung
\‘ @] % ‘Dm Haiai ¢ individual organisms and populations of . . L.
7)) | 5 M = S organisms are dependent on a certain amount of . .

space. . e .

Orangutans at different times in 4 different
protected areas show stable populations, with
about 1-3 orangutans per 1 km2.

U Navigation to Next Lesson: We figure out that only 1-3 orangutans can live in 1km2, which is a lot of space. We have some ideas about why and are wondering if it's because orangutans need a lot of space to
find food. We consider what we would need in a simulation to test this food idea.




Phenomena or Design Problem What we do and figure out How we represent it

Days: 0

LESSON 8 = We gather data from a computer simulation in which

individual orangutans compete with each other for Jcompetition

2 days food resources (fruit and termites). We run multiple \¢ 'Y W D
Uk Kees [————> 0‘“‘3’\‘3‘5

trials of experiments to test three different
environmental conditions with more or less rainforest
fruit available (independent variable). After
constructing class histograms using data from each A i
trial, we examine how well individual orangutans and T
the orangutan population overall responded by \€ l crasgoles
analyzing averages and ranges of energy points for
orangutans (dependent variables). We make claims
about food resources and competition between
individuals within the population. We figure out:
¢ Orangutans in the same population compete
with each other for food.
¢ Orangutans like food sources that give them
more energy, but can eat things with less energy
to survive.
e Competition between individual orangutans
within a population increases when the
availability of resources is limited.
Orangutans compete for food resources in * If orangutans do not get enough energy from

three different environmental conditions. food resources, it may constrain their growth or
limit their potential for survival.

Why do orangutans need so
much forest space?

Investigation

e 111

4 Navigation to Next Lesson: We figured out that orangutans eat mostly fruits because they get energy from these food sources. They compete with other orangutans for this food, and slight changes in the
amount of fruit can have large impacts on orangutan competition and survival. We wonder if all we need is more fruit trees to have a healthy orangutan population.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 9
2 days

Would planting more
rainforest fruit trees help the
orangutan population
increase?

Investigation

Population
Orangutan Population History

Low High average births deaths
15 22 18.5 12 "

Orangutan Population Over Time
30

2%
20 et \”‘\_\/\
15 1~

10

Population

Orangutan population sizes increase when
resources are plentiful and decrease when
resources are limited.

We conduct experiments in a simulation,
manipulating the amount of food resources

(independent variable) over time to observe how
orangutan population sizes increase or decrease
(dependent variable). We figure out:

It's normal for population sizes to increase and

decrease (i.e., fluctuate).

If there are a lot of resources available,
opulation sizes go up. If the resources are
imited, population sizes go down.

When there aren’t enough resources,

orangutans have to compete for them, and

some orangutans don't get what they need to

survive.

When an orangutan gets enough resources, it

survives and reproduces.

If an orangutan can't get what it needs, it may

not reproduce. Over the years, this means the

population goes down and not enough are born

to keep the population stable.

Minor disruptions in resource availability may

lead to small fluctuations in population sizes,

while major disruptions in resource availability

may cause populations to increase or decrease

drastically in number.

Running multiple trials on an experiment can

provide more data to get more certainty about

the conclusions being drawn.
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U Navigation to Next Lesson: We figured out that when there are more or fewer food resources available, it affects the orangutans’ population size. We think we can plant more food resources in the oil palm
farms to support a healthy population. We are wondering if our model can explain how other populations change over time.




What we do and figure out How we represent it

Phenomena or Design Problem
\ € i ‘ &

LESSON 10 , € We analyze other cases where populations changed
“ S = due to a change in available resources. Across these + Population of
2 days / cases, we see a pattern that connects the population R Amount of resources (ERSERE organisms

of an organism to the availability of resources that
organism needs. Afterward, we apply these ,
understandings to an assessment in which we explain If | Amount of resources + SRR Populationof +
why the loss of short and tallgrass prairies has caused
monarch butterfly populations to decrease. We figure
out the following:

¢ Organisms depend on specific resources to

survive and reproduce.

¢ An organism'’s population size depends on the
amount of resources available. When resources
decrease significantly, the population also
decreases. When resources increase, the
population increases.
It is normal for populations to fluctuate

How do changes in the
amount of resources affect
populations?

organisms

Putting Pieces Together

=]

The loss of short and tallgrass prairies to
soybean oil production in the Midwest of the o

United States has caused declines in local depending on resource availability from year to

monarch butterfly populations. year. Drastic changes to resource availability

can cause unusual and unstable changes to
populations.

U Navigation to Next Lesson: We feel like we understand how the population of orangutans changes when more oil palms are planted in place of rainforest trees. We are curious if a change in resources also
explains what we observed with other populations like tigers, rats, snakes, and pigs.

LESSON 11 Predators of the Ralnforest We are curious about other populations affected b
o ‘ the palm oil industry. We develop system models for n g‘w;i _ Ranforet
2 davs the oil palm system and realize that when there are Mo helic
! L B Other
unlimited resources, both predators and prey do well.
How does planting oil palm We develop system models for the tropical rainforest e
affect other poquations7 and realize there is more competition within this =
system to keep populations at a stable size. We o
Investigati g v SO oy | Leopts S o oo ecide that the rainforest system has more ‘
nvestigation preeli i | coumnmmnioy et , _ _ roaiil
B | v i | S0 T i components and interactions than the oil palm 3 NV ;
== P e i e Sy system. We figure out: AN < /
\ @J == ol \ s e \ i ¢ When there are many resources both snakes [ e
) L L e (predators) and rats (prey) do well. S = it
- ¢ When there is competition between populations T Pt iy ot
1 Tees. anf many kindks,
for the same resource, it keeps numbers from - S
H H  More populations are Competing for fewer resources 4
increasing too much.
Rat and snake populations are exploding in * The tropical rainforest is a lot more complex
the oil palm system, but those populations than the palm farm, with a lot more plants and

animals interacting with each other.

¢ Populations interact for more than just resources
(like shelter and safety).

e [f one population (like orangutans) were to go
extinct, then it could cause changes to other
populations because everything is connected.

are not exploding in the rainforest system.

I Navigation to Next Lesson: We figured out that the rainforest system has more components and interactions compared with the oil palm system. We think this is why the tropical rainforest supports so many
living things. We are wondering how to make the oil palm farm have more components and interactions, like the tropical rainforest, so that it can support more animal populations.




LESSON 12
1day

What would happen if
orangutans go extinct?

Investigation

@WEE

Many seeds from fruit trees are found in spit

We are curious about what would happen if
orangutans went extinct. We read an interview with
Andrea Blackburn, who studies orangutans. We watch
videos, examine images, and make noticings from
data tables from her research. We support tentative
claims with the data, and identify additional
questions and data that would help clarify those
claims. We figure out:
¢ Orangutans disperse seeds throughout the
tropical rainforest by spitting and
defecating.
¢ Both orangutans and fruit trees benefit
from each other because orangutans get
food from fruit trees and fruit trees get their
seeds spread throughout the tropica
rainforest.
¢ [f orangutans go extinct, some fruit tree
populations may decrease, because seeds
may not get sFread and grow into trees,
which could affect other populations.

B food .
[ ] S;elter meﬁr%‘}'_

B Other

Hundreds of
difv;g:enf Fruit trees
kinds

Spread Orangutans

seeds
/

and fecal samples of orangutans. These seeds
germinate better compared to control seeds.

U Navigation to Next Lesson: We figure out that fruit tree populations depend on orangutans to disperse seeds. If orangutans go extinct, there could be several effects throughout the tropical rainforest. We
wonder if something were to happen to other populations, what kinds of changes we would see.

LESSON 13 Important food relationships

We use an updated system model to make

2 days

How does an ecosystem
change when the plants
change?

Putting Pieces Together

‘(f?lﬁ > \W
\\ @JJ Dm Disruptions, like drought, fire, disease, or loss

of a seed disperser, cause shifts in populations

in an ecosystem.

predictions and test ideas about different kinds of
disruptions to the rainforest and oil palm systems.
We figure out that the rainforest system can
withstand some disruptions due to its
interconnectedness, but the oil palm system cannot.
We apply ideas to a new case and complete a short
individual assessment. We summarize what we know
about monocrop oil palm farming to motivate us to
design a better way to farm it. We figure out:
¢ There are more populations and more
connections in the rainforest system
compared to the oil palm system.
¢ Any change to the ecosystem, or disruption,
will affect some populations. Some
disruptions affect many populations.
¢ If an ecosystem has many connections
between populations, the ecosystem has a
better chance of being OK when a change
happens.
¢ Adisruption in a monocrop system will
impact all the populations in the system.

Summary chart
Rainforest versus oil palm

If there are many kinds of plants and a disruption
affects...

.a few plants, then SOM¢ plants may struggle

or die but the system will
be mostly OK

..most plants, then many plants may strugale
or die and the whole
system will be impacted

If there are one or few kinds of plants and a
disruption affects...

..most plants, then thewhole system will be
impacted

U Navigation to Next Lesson: We figure out that biodiverse ecosystems can withstand some disruption, but oil palm farms cannot because everything relies on the oil palm. We wonder if there are better ways to

farm for both people and other living things.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 14
1day

Are there ways people can
row food without harming
the tropical rainforest?

Investigation

==
P'Q

U Navigation to Next Lesson: We figured out that there are approaches people use to grow food that seem to not harm living things. We wonder if and how people benefit from each of these approaches.

Laurel
(timber tree)

Cacao

Oil Palm

Farmers and other community members in
Indonesia and Costa Rica observe positive
impacts on plant and animal populations
when growing food using different
approaches from large-scale monocrop
farms.

We wonder how people cultivate food without
harming living things. We read about one of the
following approaches: (1) diversified farming, where
farmers grow multiple crops together; (2) sustainable
oil palm, where farmers don't clear forest and include
wildlife habitat on the farm; and (3) Customary
Forests, where people cultivate and harvest plants
from intact forests. We figure out:
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ Diversified farming involves growing
multiple crops together.
¢ Sustainable oil palm farms do not clear
forested areas and incorporate wildlife
habitat on their farms.
¢ Villages with Customary Forest permits
cultivate and harvest food, medicine, and
craft plants from within the forest that they
can use and sell.

LESSON 15
1day

How can people benefit from
growing food in ways that
support plants and animals in
the natural ecosystem?

Investigation

@EF

4 Navigation to Next Lesson: We figured out that people can also benefit from approaches to grow food that differ from monocropping. We wonder which approach works best for people, plants, and animals in

a natural ecosystem.

Farmers %ain ecosystem services (food, water,

soil health, protection from crop disease, and
the like) when they grow food differently from
large-scale monocrop farming.

We wonder how people can benefit from growing
food in ways that help plants and animals. We view
StoryMaps that include people's perspectives about
(1) diversified farming where farmers grow different
crops together; (2) sustainable oil palm and prairie
strips where farmers do not expand their farms and
include wildlife habitat on their farms; and (3)
customary forests where people cultivate and harvest
plants from existing tropical rainforest. We figure out
these things:
¢ Diversified farming like intercropping helps
farmers have stable incomes if diseases,
pests, or storms hurt one crop, but not the
other(s).
¢ Sustainable oil palm farms maintain healthy
soils that help improve harvests, which
means more income for farmers.
e Customary forests provide people with
stable food, water, and materials, and
protection from landslides.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 16
¢ o9
2 days V2 ‘/
What approach to growing ’ ot

food works for everyone and
why?

Putting Pieces Together
P

=1 D)

EEO

People can use many approaches to growing
food, and there are trade-offs to using them
that have consequences for plants, animals,
and humans in nearby ecosystems.

We summarize what we know about monocropped

farms. We jigsaw to synthesize information about g Animatsand s People
different ap?\roaches to growing food. We rank how p—
the approaches work for plants and animals and Furmig :
people. We discuss the trade-offs between each freermees Bependg ol
approach and clarify claims about which approach we et . S
think will work best. We brainstorm how to test our . Dipendg onwhe)
claims in a simulation. We figure out: Cuctomarsfrcs s
e Thereare trade-of%s in how we approach (1 e et
rowing our food; some approaches work lrgesistsfarnars)
ﬁetter or humans than for animals and P i »
plants in the natural ecosystem. e o (oot i .
¢ Some approaches to growing food work for et for ther ide o fornee)

some people and farmers, but not all
people.

¢ We can grow food in ways that minimize
the effects of disruptions on natural and
designed systems.

U Navigation to Next Lesson: We figured out that there are some approaches to growing food that will work better for plants and animals, and other approaches work better for humans. We want to test our

ideas in a simulation by designing a farm for both orangutans and people.

LESSON 17
3 days

How can we redesign the way
land is used in Indonesia to
support orangutans and
people at the same time?

Investigation

Students redesign and optimize the way land
is used to support orangutans and people.

Working in groups of three, students use a computer
simulation to redesign the way land is used in
Indonesia to support orangutans and people at the
same time. Students evaluate design solutions
created b{ other groups and optimize their own
design solutions. We figure out:
¢ Some potential design solutions work well for
the people and the orangutans but are not
realistic due to land-use changes and time.
¢ Using a variety of different ways to grow food
can maintain or increase orangutan populations
and people's income.
¢ People can reasonably set aside a portion of
their land to support orangutan populations
without reducing their income.
¢ Neighboring farms can coordinate their
approaches to increase space for orangutans.
¢ Rainforest corridors connecting intact areas of
forest increase orangutan populations.

L T - yvpe—

4 Navigation to Next Lesson: We figured out that we can diversify oil palm farms and set aside areas of rainforest trees to improve orangutan populations and to support people. We optimized our design

solutions, and we are ready to share them with our class to try to identify the best solution.




LESSON 18
3 days

How do our designs work for
orangutans and people in
Indonesia?

Putting Pieces Together

o

~———

Phenomena or Design Problem

Experiment: A

Population

optimize design
st pemat g
births desths

Income:
@ Area 1: THEBLLS
S Area 2 THABLFED
@ Area 3: THABAB

Forest Setup

The design solutions with mixed land use and
some intact forests worked best for people
and orangutans.

We present our best designs to our peers and
evaluate each other's designs based on the agreed-
upon criteria and constraints. We consider how well
each design would work in the real world and trade-
offs made in the design process. We argue for which
designs work best for people, orangutans, and both,
and make claims about why they work well. We figure
out:
¢ Design solutions that retained tropical
rainforests and customary forests
supported the largest orangutan
populations.
¢ Customary forests provided income for
people but were not realistic for large-scale
farms.
¢ Design solutions with more palm farms and
crops provided income but did not increase
orangutan populations.
¢ Mixed land-use designs overall seemed
best for people and orangutans.
¢ Science learning is about asking questions
and gathering evidence to answer those
questions.
¢ Science can help solve complex problems,
but it's not the only thing to consider.

Agree

Our Conclusions

Disagree

Uncertain

Rainforest and
customary forests were
best for orangutans

Qil palm and other crops
helped income but not
orangutans

Customary forests
aren't realistic for large
scale farms

Mixed designs might be
best for everyone

Some designs did well on
eriteria but aren't
realistic

4 Navigation to Next Lesson: We end the unit by returning to the DQB and celebrating our learning on graffiti boards, or we navigate to one of two extension opportunities.

If people will accept
income drop and how
much

Whether designs are
realistic

If money is the main
driver for people

Whether people would
use these designs

Whether everyone in
one area would agree

LESSON 19

O days

How can we inform others in
our community about the
palm oil problem and
convince them to take action?

Putting Pieces Together

@

Save the Orangutans!

You can help the orangutans by...
 Buying less products that contain palm oil
*  When you buy products with palm oil, look for products that
have a sustainable polm ol sticker (like the one cbove).
' Donating money (if you can) to organizations that support
oranqutans.
o Tell others about this problem and what they can do to help.

0 solve this. That
ol palm farming.

Here are some places you can donate money:
o Save the Orangutan

© Orangutan Foundation International

Public service announcements (PSAs) inform
people and communities about issues like the
palm oil problem and encourage them to take
actions to help preserve natural systems.

We have figured out that the problem will require
large-scale solutions combined with individual action.
We create public service announcements (PSAs) to
inform stakeholders in our community about the
palm oil ?roblem and how they can act to address
this problem. We present our PSAs to our peers,
teachers, and/or stakeholders and receive feedback
on our approach. We figure out:
¢ People and communities can take small and
large actions that aid the preservation of natural
systems like the tropical rainforest.
¢ Small actions, like changes in people’s habits
and behaviors, when combined with others
actions or extended over time, can have a large
impact on the preservation of natural systems.
¢ Some actions are more feasible for
communities or individuals to implement, while
others are more challenging.

4 Navigation to Next Lesson: We figured out how to craft PSAs to communicate key messages about addressing the palm oil problem to stakeholder groups. We are now ready to look back at our DQB and

celebrate what we have accomplished.




Phenomena or Design Problem What we do and figure out How we represent it
& G T 58l

LESSON 20 We are introduced to a local phenomenon, either a
declining local population (Pathway A) or a way our

0 days community is currently caring for the land (Pathway
B). We investigate this phenomenon through

What should we do to take readings, videos, and/or learning with community

members. We are introduced to one action we can
take or multiple actions we could consider taking. We
take action in our community in service of addressing
a challenge with this local phenomenon, such as
habitat restoration, monitoring biodiversity, or
communicating with stakeholders about the issues.
We figure out:

¢ We apply many ideas that we figured out

(dung our zxamination of the pallm oil

A local population is declining (Pathway A) or g:% laerzrg]sa ,?1 o(zlr? E,%:ﬁg%ﬁf&%:g tions
we notice interesting patterns about the way
our community is currently caring for the land
(Pathway B).

care of our local land, plants,
and animals?

Investigation

AWLEERC)

U Navigation to Next Lesson: We applied science ideas to a problem in our community. We are now ready to look back at our DQB and celebrate what we have accomplished.

Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1 We read headlines that claim that our candy-buyin
habits could affect orangutan populations in the wiFd. T
4 days We examine candy ingredients and realize that one Fow cowd buying candy that contams palm ol f:%ﬁlcl[rd 5
ingredient, palm oil, is produced in the same location Ortrydon populations--und. OF e pepiaor
How could buying candy in which orangutans live. We read about tropical

rainforests in Indonesia being cut down to grow oil
palm. We wonder how oil palm trees lead to a
decrease in the orangutan population. We develop a

Anchoring Phenomenon Buying candy in the United States could lead ~ DriVing Question Board (DQB) to guide future
_ to the death of orangutans in Indonesia. investigations. We figure out the following:
FRaE= * One of the main ingredients in many types of
\( @ % candy and cosmetic products is palm oil. Palm
\ o) ' oil is one of the most commonly used oils.
e Farmers/companies are cutting down
rainforests to plant oil palm plants.
e As oil palm numbers increase, orangutan and
tiger populations decrease.
e As oil palm numbers increase, rats, pigs, and
snake populations also increase.

affect orangutan populations
in the wild?

Y food?
| Vg i‘?{ Tigers
el 290

.

Lm?mm].

U Navigation to Next Lesson: We figured out that when the number of oil palm trees %oes up, the oran%utan population goes down. We think this has something to do with orangutans not having enough food or
habitat, or being killed when oil palm trees are planted. We wondered whether we could replace palm oil with something else in the products that we use.




LESSON 2
1day

We explore other crops as a substitute for palm oil.

We analyze data for soybean and canola oil and ; :
realize that palm oil requires much less land and How cowld buying candy fhat contains pam oil affeck
produces way more oil than the other oils. We Ororogidan populations and. ot her populatuons-in fie wild?
conclude that any oil would require clearing land for N

farmin% and that palm oil is very efficient, so it is e i {*};‘;;}LL@M T
P B B A i +

Can we replace palm oil with
something else?

probably not going away. This makes us wonder if i
there is somewhere else to grow oil palm, so we
won't harm orangutans. We figure out:
¢ Different kinds of oils that we consume in foods
or products come from various ecosystems (via
farms).

== Canola . 1 25 ¢ Native plants are removed to make space for
o™ =125n

. N l sf=7
Investigation =

Oil farming,
— ¢ Palm oil is more efficient than other oils because —
oil palms require less land to grow.

Ve;?etable oils re?uire land and produce
different yields of oil.

U Navigation to Next Lesson: We figured out that oil palm trees are the most efficient oil plant to grow in terms of land use and that growin%\other oils takes up more land and also requires the clearing of native
grasslands, which hurts grassland plants and animals. Since palm oil is likely not going away, we wonder if we can grow oil palm trees somewnhere else so we're not cutting down tropical rainforests.

LESSON 3 We wonder if we can grow oil palm in other places. -
ST we - - - We obtain more information about the nonliving - T
1 day " = conditions that the oil palm plant needs to grow and How could buyng condy that Contams: palm il affeotss
L ety examine maps that meet these conditions. We figure Orongudan populaons and of her populatrensin fie wild?:
Can we grow oil palm trees T , : . out that oil palm grows best in equatorial regions, 7 "
somewhere else so that we're ik ‘ v , which is also where tropical rainforests are located. lies s o @Mz o 6
not cutting down tropical y, : & We conclude that both kinds of plants share the g S‘W“M‘;E{:"ﬂ{?
rainforests? " ¥ v same nonliving requirements and compete for the . (o v | Lo
) N o .z, same space to grow. This makes us wonder how oil anditions
Investigation g J ko) - palm farmers and other farmers grow crops in places | \
o where they harm the ecosystem that was there first.
Boens We figure out:
‘d:ﬂ e Qil i)alm plants need a certain amount of
h sunlight, precipitation, and warm
temperatures to grow.
) ) ) ) ¢ Oil palm plants grow in the same locations
Oil palm grows best in equatorial regions as tropical rainforests (near the equator)
because of the nonliving conditions suitable because of these good growing conditions.

for plant growth, which is the same reason
that tropical rainforests are found in these
locations.

U Navigation to Next Lesson: We figured out that palm oil grows best near the equator, where tropical rainforests are located. We wonder why people cut down tropical rainforests when they know this is bad.




LESSON 4

Phenomena or Design Problem What we do and figure out How we represent it

1day

Why do people cut down
tropical rainforests when they
know it is harmful to the
animals that live there?

Investigation

@

Interviews with people who work to grow oil
palms in developing countries reveal that this
practice, though harmful to animals like
orangutans, provides them with a way to
make money to support themselves, their
families, and their communities.

We decide we need to learn more about the people
who farm oil palms. We watch interviews witﬁ some
of these farmers, and we learn that cutting down
tropical rainforests to sell or grow resources is
sometimes the only way for people in these areas to
support themselves. We revisit our original problem
with a new priority: We need to make sure that our
solution allows all people to support themselves and
their families. This makes us wonder if there are
better ways for farmers to grow oil palms that could
also save tropical rainforest animals. We figure out:

¢ In many places in which oil palms are grown,
people do not have a lot of opportunities to
make money to support their families.

e Cutting down tropical rainforests to sell or grow
resources may be the only way for people in
these areas to support themselves.

¢ If we want a solution, we will have to make sure
that these farmers can still support themselves
and their families.

How could buying candy That Contane paim oil - aiffect 3
Ofongton populations and ot her populations in the wild?

Grow near equabr Losportsi=7
N the same.
condihons

=

U Navigation to Next Lesson: We fiﬁured out that many farmers make a living off of farming and do not necessarily want to hurt animals. We wonder if people where we live have changed the land over time and

how this might be impacting living t

ings in our area.

LESSON 5

2 days

How have changes in our
community affected what
lives here?

Investigation

Pedestrian %
Cussig |

Some plants and animals seem to be doing
OK, even with changes humans have made in
our community, but others are missing
altogether.

We share our murals documenting changes in our
own community since major human disturbance. We
make outdoor observations of evidence of the plant
and animal life around the school, along with
observations about the changes humans have made
to the land. We share what we notice and compare
the changes in our own community to those in
Indonesia. We modify our model, and then we add
questions to the DQB about our local community.
We figure out:
¢ People in our community have changed natural
habitats for their homes, buildings, roads, etc.
¢ Some plants and animals are still around,
despite the changes, but others have
disappeared from the area.

How could Duyirg candy Thak Contamns palm oil affect

Olonton popllations and ot her populaions- in- the wild?
W’chmw, [Ecosgetem _
roads, arks, farms lecosystem now| " before ¢

, —

e

=z

4 Navigation to Next Lesson: We figured out that changes in our own community also affect the living things. Given that human communities and agriculture are not going away and are still expanding, we
wonder how humans can use the land in better ways that benefit both humans and other organisms.




LESSON 6 We reflect on what we have figured out to define the
problems associated with palm oil farms. We think
1day

about how we can design a better palm farm system w& O‘W o\ h"ﬁi

that will support both the farmers and the orangutan

Phenomena or Design Problem What we do and figure out How we represent it
) ) oSOl B %

If palm oil is not going away, and tiger populations. We use what we learn to co- ;
hORN can we desiggn palm 4 construct criteria and constraints to guide our design C eria ( ﬁﬁwz#;.)
farms to support orangutans decisions. We revisit our Driving Question Board to viTeri
and farmers? add new questions that will help us design a system ¥ Am\- o Om\sM
: that is more stable and will help us refine our criteria Show$ Same oF LN
Problematizing and constraints. We figure out the following:
¢ A better-designed palm farm needs to support * Favwers shil make
) living things in the tropical rainforest and enayfh Won
\(f @ ?) farmers, too. Ca\("!hmh (| i :""‘,a &Fiy\)
S ————
¥ H ovailable
. VSR on
Palm farms that grow a single crop do not 1 JaVa too wuch \and
function well for tropical rainforest animals, * Favwmevs
leading to declines in these populations. )
* IR B

I Navigation to Next Lesson: We are motivated to design better systems, starting with a better palm farm. We want a palm farm in which orangutans can live, but we are not sure about what orangutans need to
live and how many we can support in our new system.

LESSON 7 o We examine a StoryMap that presents information
. about th?\ number of or?ngu';ans in four protectid .
2 days Yo i areas with intact tropical rainforests. We notice that
y "am S the number of orangutans in each area fluctuates Orang utan
How many orangutans S N some but is relatively steady. We notice that larger
typically live in the tropical areas seem to have more oran utans. We calculate
rainforest? B how many orangutans are in 1km* for each park and R . .
iy realize that it is sn'{ular acrI?sszparks% and only about 1- . .

igati 1= : 3 orangutans can live in 1km*. We figure out . . : .
investigation s b . pcg> ulations of organisms are mgade up of many Orangufans )
Ta=EI= e e individuals living in the same area, and of Gunung Palung
\‘ @] % ‘Dm Haiai ¢ individual organisms and populations of . . L.
7)) | 5 M = S organisms are dependent on a certain amount of . .

space. . e .

Orangutans at different times in 4 different
protected areas show stable populations, with
about 1-3 orangutans per 1 km2.

U Navigation to Next Lesson: We figure out that only 1-3 orangutans can live in 1km2, which is a lot of space. We have some ideas about why and are wondering if it's because orangutans need a lot of space to
find food. We consider what we would need in a simulation to test this food idea.




Phenomena or Design Problem What we do and figure out How we represent it

Days: 0

LESSON 8 = We gather data from a computer simulation in which

individual orangutans compete with each other for Jcompetition

2 days food resources (fruit and termites). We run multiple \¢ 'Y W D
Uk Kees [————> 0‘“‘3’\‘3‘5

trials of experiments to test three different
environmental conditions with more or less rainforest
fruit available (independent variable). After
constructing class histograms using data from each A i
trial, we examine how well individual orangutans and T
the orangutan population overall responded by \€ l crasgoles
analyzing averages and ranges of energy points for
orangutans (dependent variables). We make claims
about food resources and competition between
individuals within the population. We figure out:
¢ Orangutans in the same population compete
with each other for food.
¢ Orangutans like food sources that give them
more energy, but can eat things with less energy
to survive.
¢ Competition between individual orangutans
within a population increases when the
availability of resources is limited.
Orangutans compete for food resources in * If orangutans do not get enough energy from

three different environmental conditions. food resources, it may constrain their growth or
limit their potential for survival.

Why do orangutans need so
much forest space?

Investigation

e 111

4 Navigation to Next Lesson: We figured out that orangutans eat mostly fruits because they get energy from these food sources. They compete with other orangutans for this food, and slight changes in the
amount of fruit can have large impacts on orangutan competition and survival. We wonder if all we need is more fruit trees to have a healthy orangutan population.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 9
2 days

Would planting more
rainforest fruit trees help the
orangutan population
increase?

Investigation

Population
Orangutan Population History

Low High average births deaths
15 22 18.5 12 "

Orangutan Population Over Time
30

2%
20 et \”‘\_\/\
15 1~

10

Population

Orangutan population sizes increase when
resources are plentiful and decrease when
resources are limited.

We conduct experiments in a simulation,
manipulating the amount of food resources

(independent variable) over time to observe how
orangutan population sizes increase or decrease
(dependent variable). We figure out:

It's normal for population sizes to increase and

decrease (i.e., fluctuate).

If there are a lot of resources available,
opulation sizes go up. If the resources are
imited, population sizes go down.

When there aren’t enough resources,

orangutans have to compete for them, and

some orangutans don't get what they need to

survive.

When an orangutan gets enough resources, it

survives and reproduces.

If an orangutan can't get what it needs, it may

not reproduce. Over the years, this means the

population goes down and not enough are born

to keep the population stable.

Minor disruptions in resource availability may

lead to small fluctuations in population sizes,

while major disruptions in resource availability

may cause populations to increase or decrease

drastically in number.

Running multiple trials on an experiment can

provide more data to get more certainty about

the conclusions being drawn.
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U Navigation to Next Lesson: We figured out that when there are more or fewer food resources available, it affects the orangutans’ population size. We think we can plant more food resources in the oil palm
farms to support a healthy population. We are wondering if our model can explain how other populations change over time.




Phenomena or Design Problem What we do and figure out How we represent it
W &

LESSON 10 o4 We analyze other cases where populations changed
e ‘ - = due to a change in available resources. Across these + Pepulationict
2 days cases, we see a pattern that connects the population If | Amount of resources \I% th ey organisms

of an organism to the availability of resources that
organism needs. Afterward, we apply these ,
+ e Population of +

How do changes in the
amount of resources affect
populations?

understandings to an assessment in which we explain If | Amount of resources
why the loss of short and tallgrass prairies has caused
monarch butterfly populations to decrease. We figure
out the following:

¢ Organisms depend on specific resources to

survive and reproduce.

¢ An organism'’s population size depends on the
amount of resources available. When resources
decrease significantly, the population also
decreases. When resources increase, the
population increases.
It is normal for populations to fluctuate

organisms

Putting Pieces Together

=]

The loss of short and tallgrass prairies to
soybean oil production in the Midwest of the o

United States has caused declines in local depending on resource availability from year to

monarch butterfly populations. year. Drastic changes to resource availability

can cause unusual and unstable changes to
populations.

U Navigation to Next Lesson: We feel like we understand how the population of orangutans changes when more oil palms are planted in place of rainforest trees. We are curious if a change in resources also
explains what we observed with other populations like tigers, rats, snakes, and pigs.

LESSON 11 Prsaors ofthe Rafores We are curious about other populations affected b
. ; the palm oil industry. We develop system models for L F”'i Rainforest
2 days the oil palm system and realize that when there are = g’:;’:’

unlimited resources, both predators and prey do well.
We develop system models for the tropical rainforest

How does plantinF oil palm
a

affect other populations? and realize there is more competition within this
system to keep populations at a stable size. We
Investigation T e e et | ecpucs Sespamresn e ion ecide that the rainforest system has more
TEp T e | Lo, | S g ! ; )
o s wi | ke s components and interactions than the oil palm
— orangutans and sun bears, as well as | pigs and boar, and rats. Humans are | They lorangutans, A | > L A \ /
“/‘ aj \ = [ = Fate Sheir main predator s humans. | their mein predat b Eopu e System_ We f|gure out:
\ @J == ol \ e e \ i ¢ When there are many resources both snakes [ —
) L L (predators) and rats (prey) do well. SN = it
- ¢ When there is competition between populations T Pt iy ot
1 Tees. andf many kindks.
for the same resource, it keeps numbers from - S
. h & mMore populations are competing for fewer resources 4
increasing too much.
Rat and snake populations are exploding in * Tft]e trgplcall ralpforest .|sha l‘l)t more colmplex q
the oil palm system, but those populations than tle' palm tarm, VY';‘\ a ?]t mﬁre plants an
are not exploding in the rainforest system. animals interacting with each other.

¢ Populations interact for more than just resources
(like shelter and safety).

e If one population (like orangutans) were to go
extinct, then it could cause changes to other
populations because everything is connected.

I Navigation to Next Lesson: We figured out that the rainforest system has more components and interactions compared with the oil palm system. We think this is why the tropical rainforest supports so many
living things. We are wondering how to make the oil palm farm have more components and interactions, like the tropical rainforest, so that it can support more animal populations.




LESSON 12
1day

What would happen if
orangutans go extinct?

Investigation

@WEE

Many seeds from fruit trees are found in spit

We are curious about what would happen if
orangutans went extinct. We read an interview with
Andrea Blackburn, who studies orangutans. We watch
videos, examine images, and make noticings from
data tables from her research. We support tentative
claims with the data, and identify additional
questions and data that would help clarify those
claims. We figure out:
¢ Orangutans disperse seeds throughout the
tropical rainforest by spitting and
defecating.
¢ Both orangutans and fruit trees benefit
from each other because orangutans get
food from fruit trees and fruit trees get their
seeds spread throughout the tropica
rainforest.
¢ [f orangutans go extinct, some fruit tree
populations may decrease, because seeds
may not get sFread and grow into trees,
which could affect other populations.

B food :
[ ] S;elter Hwtnﬁr%‘}'_

B Other

Hundreds of
difv;g:enf Fruit trees
kinds

Spread Orangutans

seeds
/

and fecal samples of orangutans. These seeds
germinate better compared to control seeds.

U Navigation to Next Lesson: We figure out that fruit tree populations depend on orangutans to disperse seeds. If orangutans go extinct, there could be several effects throughout the tropical rainforest. We
wonder if something were to happen to other populations, what kinds of changes we would see.

LESSON 13 Important food relationships

We use an updated system model to make

2 days

How does an ecosystem
change when the plants
change?

Putting Pieces Together

‘(5 ) 1[
\\ @JJ Dm Disruptions, like drought, fire, disease, or loss

of a seed disperser, cause shifts in populations

in an ecosystem.

predictions and test ideas about different kinds of
disruptions to the rainforest and oil palm systems.
We figure out that the rainforest system can
withstand some disruptions due to its
interconnectedness, but the oil palm system cannot.
We apply ideas to a new case and complete a short
individual assessment. We summarize what we know
about monocrop oil palm farming to motivate us to
design a better way to farm it. We figure out:
¢ There are more populations and more
connections in the rainforest system
compared to the oil palm system.
¢ Any change to the ecosystem, or disruption,
will affect some populations. Some
disruptions affect many populations.
¢ If an ecosystem has many connections
between populations, the ecosystem has a
better chance of being OK when a change
happens.
¢ Adisruption in a monocrop system will
impact all the populations in the system.

Summary chart
Rainforest versus oil palm

If there are many kinds of plants and a disruption
affects...

.a few plants, then SOM¢ plants may struggle

or die but the system will
be mostly OK

..most plants, then many plants may strugale
or die and the whole
system will be impacted

If there are one or few kinds of plants and a
disruption affects...

..most plants, then thewhole system will be
impacted

U Navigation to Next Lesson: We figure out that biodiverse ecosystems can withstand some disruption, but oil palm farms cannot because everything relies on the oil palm. We wonder if there are better ways to

farm for both people and other living things.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 14
1day

Are there ways people can
row food without harming
the tropical rainforest?

Investigation

==
P'Q

U Navigation to Next Lesson: We figured out that there are approaches people use to grow food that seem to not harm living things. We wonder if and how people benefit from each of these approaches.

Laurel
(timber tree)

Cacao

Oil Palm

Farmers and other community members in
Indonesia and Costa Rica observe positive
impacts on plant and animal populations
when growing food using different
approaches from large-scale monocrop
farms.

We wonder how people cultivate food without
harming living things. We read about one of the
following approaches: (1) diversified farming, where
farmers grow multiple crops together; (2) sustainable
oil palm, where farmers don't clear forest and include
wildlife habitat on the farm; and (3) Customary
Forests, where people cultivate and harvest plants
from intact forests. We figure out:
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ Diversified farming involves growing
multiple crops together.
¢ Sustainable oil palm farms do not clear
forested areas and incorporate wildlife
habitat on their farms.
¢ Villages with Customary Forest permits
cultivate and harvest food, medicine, and
craft plants from within the forest that they
can use and sell.

LESSON 15
1day

How can people benefit from
growing food in ways that
support plants and animals in
the natural ecosystem?

Investigation

@EF

4 Navigation to Next Lesson: We figured out that people can also benefit from approaches to grow food that differ from monocropping. We wonder which approach works best for people, plants, and animals in

a natural ecosystem.

Farmers %ain ecosystem services (food, water,

soil health, protection from crop disease, and
the like) when they grow food differently from
large-scale monocrop farming.

We wonder how people can benefit from growing
food in ways that help plants and animals. We view
StoryMaps that include people's perspectives about
(1) diversified farming where farmers grow different
crops together; (2) sustainable oil palm and prairie
strips where farmers do not expand their farms and
include wildlife habitat on their farms; and (3)
customary forests where people cultivate and harvest
plants from existing tropical rainforest. We figure out
these things:
¢ Diversified farming like intercropping helps
farmers have stable incomes if diseases,
pests, or storms hurt one crop, but not the
other(s).
¢ Sustainable oil palm farms maintain healthy
soils that help improve harvests, which
means more income for farmers.
¢ Customary forests provide people with
stable food, water, and materials, and
protection from landslides.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 16
¢ o9
2 days ‘/
What approach to growing ’ el

food works for everyone and
why?

Putting Pieces Together
—

=1 D)

EEO

People can use many approaches to growing
food, and there are trade-offs to using them
that have consequences for plants, animals,
and humans in nearby ecosystems.

We summarize what we know about monocropped

farms. We jigsaw to synthesize information about g Animatsand s People
different ap?\roaches to growing food. We rank how p—
the approaches work for plants and animals and Furmig :
people. We discuss the trade-offs between each freermees Bependg ol
approach and clarify claims about which approach we et . S
think will work best. We brainstorm how to test our . Dipendg onwhe)
claims in a simulation. We figure out: Cuctomarsfrcs s
e There are trade-of%s in how we approach (1 e et
rowing our food; some approaches work fors-sae forvre)
ﬁetter or humans than for animals and P i »
plants in the natural ecosystem. e o oo it i .
¢ Some approaches to growing food work for et for ther ide o fornee)

some people and farmers, but not all
people.

¢ We can grow food in ways that minimize
the effects of disruptions on natural and
designed systems.

U Navigation to Next Lesson: We figured out that there are some approaches to growing food that will work better for plants and animals, and other approaches work better for humans. We want to test our

ideas in‘a simulation by designing a farm for both orangutans and people.

LESSON 17
3 days

How can we redesign the way
land is used in Indonesia to
support orangutans and
people at the same time?

Investigation

Students redesign and optimize the way land
is used to support orangutans and people.

Working in groups of three, students use a computer
simulation to redesign the way land is used in
Indonesia to support orangutans and people at the
same time. Students evaluate design solutions
created b{ other groups and optimize their own
design solutions. We figure out:
¢ Some potential design solutions work well for
the people and the orangutans but are not
realistic due to land-use changes and time.
¢ Using a variety of different ways to grow food
can maintain or increase orangutan populations
and people's income.
¢ People can reasonably set aside a portion of
their land to support orangutan populations
without reducing their income.
¢ Neighboring farms can coordinate their
approaches to increase space for orangutans.
¢ Rainforest corridors connecting intact areas of
forest increase orangutan populations.

L T T yrpe—

4 Navigation to Next Lesson: We figured out that we can diversify oil palm farms and set aside areas of rainforest trees to improve orangutan populations and to support people. We optimized our design

solutions, and we are ready to share them with our class to try to identify the best solution.




Phenomena or Design Problem What we do and figure out How we represent it
|

LESSON 18 | — — We present our best designs to our peers and
‘ E: ! EDED evaluate each other's designs based on the agreed- Our Conelusions
3 days [ e e s s upon criteria and constraints. We consider how well
- — 3 : . each design would work in the real world and trade- Agres 0 )
How do our designs work for offs made in the design process. We argue for which .l isagree Uncertain
3 H ainforest an il
orangutans and people in = designs work best for people, orangutans, and both, customary forestswere | insome drop and ow | Lorephey beole wnld
Indonesia? B and make claims about why they work well. We figure best for orangutans much _
) R R XA R L out: 0il palm and other crops Whether designs are m:‘,ﬁ:’;{:ﬂ,’:;fe',"
fraity . . . . helped income but not realistic
Putting Pieces Together — - ¢ Design solutions that retained tropical orangutans
o e rainforests and customary forests Customary forests M money is the main
ll—]‘g [m /‘é‘ \ i supported the largest orangutan arent reaisto for large
= ‘ ‘ ((QJ ) populations. o
L= ]—47 \\ ‘JJ) ¢ Customary forests provided income for ot o
people but were not realistic for large-scale R —
farms. eriteria but arent

realistic

¢ Design solutions with more palm farms and
crops provided income but did not increase
orangutan populations.

¢ Mixed land-use designs overall seemed

best for people and orangutans.

Science learning is about asking questions

and gathering evidence to answer those

questions.

¢ Science can help solve complex problems,
but it's not the only thing to consider.

The design solutions with mixed land use and
some intact forests worked best for people R
and orangutans.

4 Navigation to Next Lesson: We end the unit by returning to the DQB and celebrating our learning on graffiti boards, or we navigate to one of two extension opportunities.

LESSON 19 Save the Orangutans! We have figured out that the problem will require
large-scale solutions combined with individual action.
We create public service announcements (PSAs) to
inform stakeholders in our community about the
palm oil ;['>roblem and how they can act to address
this problem. We present our PSAs to our peers,
teachers, and/or stakeholders and receive feedback
on our approach. We figure out:

¢ People and communities can take small and

large actions that aid the preservation of natural

O days

How can we inform others in
our community about the
palm oil problem and
convince them to take action?

You can help the orangutans by..
«  Buying less products that contain palm oil
* When you buy products with palm oil,look for products that

Putting Pieces Together have a sustaincble po ol nsm:ker(hk:‘thfonechb?ve) N e - i .
g g O S s e systems like the tropical rainforest.
 Tell others about this problem and what they can do to help. ne . . . y .
) e e oot s e ot o ¢ Small actions, like changes in people's habits
( @ s sostecmann : and behaviors, when combined with others'
o) actions or extended over time, can have a large
Publi . PSAs) in impact on the preservation of natural systems.
u ’f ser\gce annouqqemegts (PSAs) "[’.kor ”g * Some actions are more feasible for
Pe‘[’P e ,‘l’” %c;mmunétles a °”t’55#95 ike t p communities or individuals to implement, while
paim oil problem and encourage them to take others are more challenging.

actions to help preserve natural systems.

4 Navigation to Next Lesson: We figured out how to craft PSAs to communicate key messages about addressing the palm oil problem to stakeholder groups. We are now ready to look back at our DQB and
celebrate what we have accomplished.




Phenomena or Design Problem What we do and figure out How we represent it
& G T 58l

LESSON 20 We are introduced to a local phenomenon, either a
declining local population (Pathway A) or a way our

0 days community is currently caring for the land (Pathway
B). We investigate this phenomenon through

What should we do to take readings, videos, and/or learning with community

members. We are introduced to one action we can
take or multiple actions we could consider taking. We
take action in our community in service of addressing
a challenge with this local phenomenon, such as
habitat restoration, monitoring biodiversity, or
communicating with stakeholders about the issues.
We figure out:

¢ We apply many ideas that we figured out

(dung our zxamination of the pallm oil

A local population is declining (Pathway A) or g:% laerzrg]sa ,?1 o(zlr? E,%:ﬁg%ﬁf&%:g tions
we notice interesting patterns about the way
our community is currently caring for the land
(Pathway B).

care of our local land, plants,
and animals?

Investigation

AWLEERC)

U Navigation to Next Lesson: We applied science ideas to a problem in our community. We are now ready to look back at our DQB and celebrate what we have accomplished.

Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1 We read headlines that claim that our candy-buyin
habits could affect orangutan populations in the wiFd. T
4 days We examine candy ingredients and realize that one Fow cowd buying candy that contams palm ol f:%ﬁlcl[rd 5
ingredient, palm oil, is produced in the same location Ortrydon populations--und. OF e pepiaor
How could buying candy in which orangutans live. We read about tropical

rainforests in Indonesia being cut down to grow oil
palm. We wonder how oil palm trees lead to a
decrease in the orangutan population. We develop a

Anchoring Phenomenon Buying candy in the United States could lead ~ DriVing Question Board (DQB) to guide future
_ to the death of orangutans in Indonesia. investigations. We figure out the following:
FRaE= * One of the main ingredients in many types of
\( @ % candy and cosmetic products is palm oil. Palm
\ o) ' oil is one of the most commonly used oils.
e Farmers/companies are cutting down
rainforests to plant oil palm plants.
¢ As oil palm numbers increase, orangutan and
tiger populations decrease.
e As oil palm numbers increase, rats, pigs, and
snake populations also increase.

affect orangutan populations
in the wild?

Y food?
| Vg i‘?{ Tigers
el 290

.

Lm?mm].

U Navigation to Next Lesson: We figured out that when the number of oil palm trees %oes up, the oran%utan population goes down. We think this has something to do with orangutans not having enough food or
habitat, or being killed when oil palm trees are planted. We wondered whether we could replace palm oil with something else in the products that we use.




LESSON 2
1day

We explore other crops as a substitute for palm oil.

We analyze data for soybean and canola oil and ; :
realize that palm oil requires much less land and How cowld buying candy fhat contains pam oil affeck
produces way more oil than the other oils. We Ororogidan populations and. ot her populatuons-in fie wild?
conclude that any oil would require clearing land for N

farmin% and that palm oil is very efficient, so it is e i {*};‘;;}LL@M T
P B B A i +

Can we replace palm oil with
something else?

probably not going away. This makes us wonder if i
there is somewhere else to grow oil palm, so we
won't harm orangutans. We figure out:
¢ Different kinds of oils that we consume in foods
or products come from various ecosystems (via
farms).

== Canola . 1 25 ¢ Native plants are removed to make space for
o™ =125n

. N l sf=7
Investigation =

Oil farming,
— ¢ Palm oil is more efficient than other oils because —
oil palms require less land to grow.

Ve;?etable oils re?uire land and produce
different yields of oil.

U Navigation to Next Lesson: We figured out that oil palm trees are the most efficient oil plant to grow in terms of land use and that growin%\other oils takes up more land and also requires the clearing of native
grasslands, which hurts grassland plants and animals. Since palm oil is likely not going away, we wonder if we can grow oil palm trees somewnhere else so we're not cutting down tropical rainforests.

LESSON 3 We wonder if we can grow oil palm in other places. -
ST we - - - We obtain more information about the nonliving - T
1 day " = conditions that the oil palm plant needs to grow and How could buyng condy that Contams: palm il affeotss
L ety examine maps that meet these conditions. We figure Orongudan populaons and of her populatrensin fie wild?:
Can we grow oil palm trees T , : . out that oil palm grows best in equatorial regions, 7 "
somewhere else so that we're ik ‘ v , which is also where tropical rainforests are located. lies s o @Mz o 6
not cutting down tropical y, : & We conclude that both kinds of plants share the g S‘W“M‘;E{:"ﬂ{?
rainforests? " ¥ v same nonliving requirements and compete for the . (o v | Lo
) N o .z, same space to grow. This makes us wonder how oil anditions
Investigation g J ko) - palm farmers and other farmers grow crops in places | \
o where they harm the ecosystem that was there first.
Boens We figure out:
‘d:ﬂ e Qil i)alm plants need a certain amount of
h sunlight, precipitation, and warm
temperatures to grow.
) ) ) ) ¢ Oil palm plants grow in the same locations
Oil palm grows best in equatorial regions as tropical rainforests (near the equator)
because of the nonliving conditions suitable because of these good growing conditions.

for plant growth, which is the same reason
that tropical rainforests are found in these
locations.

U Navigation to Next Lesson: We figured out that palm oil grows best near the equator, where tropical rainforests are located. We wonder why people cut down tropical rainforests when they know this is bad.




LESSON 4

Phenomena or Design Problem What we do and figure out How we represent it

1day

Why do people cut down
tropical rainforests when they
know it is harmful to the
animals that live there?

Investigation

@

Interviews with people who work to grow oil
palms in developing countries reveal that this
practice, though harmful to animals like
orangutans, provides them with a way to
make money to support themselves, their
families, and their communities.

We decide we need to learn more about the people
who farm oil palms. We watch interviews witﬁ some
of these farmers, and we learn that cutting down
tropical rainforests to sell or grow resources is
sometimes the only way for people in these areas to
support themselves. We revisit our original problem
with a new priority: We need to make sure that our
solution allows all people to support themselves and
their families. This makes us wonder if there are
better ways for farmers to grow oil palms that could
also save tropical rainforest animals. We figure out:

¢ In many places in which oil palms are grown,
people do not have a lot of opportunities to
make money to support their families.

e Cutting down tropical rainforests to sell or grow
resources may be the only way for people in
these areas to support themselves.

¢ |f we want a solution, we will have to make sure
that these farmers can still support themselves
and their families.

How could buying candy That Contane paim oil - aiffect 3
Ofongton populations and ot her populations in the wild?

Grow near equabr Losportsi=7
N the same.
condihons

=

U Navigation to Next Lesson: We fiﬁured out that many farmers make a living off of farming and do not necessarily want to hurt animals. We wonder if people where we live have changed the land over time and

how this might be impacting living t

ings in our area.

LESSON 5

2 days

How have changes in our
community affected what
lives here?

Investigation

Pedestrian %
Cussig |

Some plants and animals seem to be doing
OK, even with changes humans have made in
our community, but others are missing
altogether.

We share our murals documenting changes in our
own community since major human disturbance. We
make outdoor observations of evidence of the plant
and animal life around the school, along with
observations about the changes humans have made
to the land. We share what we notice and compare
the changes in our own community to those in
Indonesia. We modify our model, and then we add
questions to the DQB about our local community.
We figure out:
¢ People in our community have changed natural
habitats for their homes, buildings, roads, etc.
¢ Some plants and animals are still around,
despite the changes, but others have
disappeared from the area.

How could Duyirg candy Thak Contamns palm oil affect

Olonton popllations and ot her populaions- in- the wild?
W’chmw, [Ecosgetem _
roads, arks, farms lecosystem now| " before ¢

, —

e

=z

4 Navigation to Next Lesson: We figured out that changes in our own community also affect the living things. Given that human communities and agriculture are not going away and are still expanding, we
wonder how humans can use the land in better ways that benefit both humans and other organisms.




LESSON 6 We reflect on what we have figured out to define the
problems associated with palm oil farms. We think
1day

about how we can design a better palm farm system w& O‘W o\ h"ﬁi

that will support both the farmers and the orangutan

Phenomena or Design Problem What we do and figure out How we represent it
) ) oSOl B %

If palm oil is not going away, and tiger populations. We use what we learn to co- ;
hORN can we desiggn palm 4 construct criteria and constraints to guide our design C eria ( ﬁﬁwz#;.)
farms to support orangutans decisions. We revisit our Driving Question Board to viTeri
and farmers? add new questions that will help us design a system ¥ Am\- o Om\sM
: that is more stable and will help us refine our criteria Show$ Same oF LN
Problematizing and constraints. We figure out the following:
¢ A better-designed palm farm needs to support * Favwers shil make
) living things in the tropical rainforest and enayfh Won
\(f @ ?) farmers, too. Ca\("!hmh (| i :""‘,a &Fiy\)
S ————
¥ H ovailable
. VSR on
Palm farms that grow a single crop do not 1 JaVa too wuch \and
function well for tropical rainforest animals, * Favwmevs
leading to declines in these populations. )
* IR B

I Navigation to Next Lesson: We are motivated to design better systems, starting with a better palm farm. We want a palm farm in which orangutans can live, but we are not sure about what orangutans need to
live and how many we can support in our new system.

LESSON 7 o We examine a StoryMap that presents information
. about th?\ number of or?ngu';ans in four protectid .
2 days Yo i areas with intact tropical rainforests. We notice that
y "am S the number of orangutans in each area fluctuates Orang utan
How many orangutans S N some but is relatively steady. We notice that larger
typically live in the tropical areas seem to have more oran utans. We calculate
rainforest? B how many orangutans are in 1km* for each park and R . .
iy realize that it is sn'{ular acrI?sszparks% and only about 1- . .

igati 1= : 3 orangutans can live in 1km*. We figure out . . : .
investigation s b . pcg> ulations of organisms are mgade up of many Orangufans )
Ta=EI= e e individuals living in the same area, and of Gunung Palung
\‘ @] % ‘Dm Haiai ¢ individual organisms and populations of . . L.
7)) | 5 M = S organisms are dependent on a certain amount of . .

space. . e .

Orangutans at different times in 4 different
protected areas show stable populations, with
about 1-3 orangutans per 1 km2.

U Navigation to Next Lesson: We figure out that only 1-3 orangutans can live in 1km2, which is a lot of space. We have some ideas about why and are wondering if it's because orangutans need a lot of space to
find food. We consider what we would need in a simulation to test this food idea.




Phenomena or Design Problem What we do and figure out How we represent it

Days: 0

LESSON 8 = We gather data from a computer simulation in which

individual orangutans compete with each other for Jcompetition

2 days food resources (fruit and termites). We run multiple \¢ 'Y W D
Uk Kees [————> 0‘“‘3’\‘3‘5

trials of experiments to test three different
environmental conditions with more or less rainforest
fruit available (independent variable). After
constructing class histograms using data from each A i
trial, we examine how well individual orangutans and T
the orangutan population overall responded by \€ l crangoles
analyzing averages and ranges of energy points for
orangutans (dependent variables). We make claims
about food resources and competition between
individuals within the population. We figure out:
e Orangutans in the same population compete
with each other for food.
¢ Orangutans like food sources that give them
more energy, but can eat things with less energy
to survive.
¢ Competition between individual orangutans
within a population increases when the
availability of resources is limited.
Orangutans compete for food resources in * If orangutans do not get enough energy from

three different environmental conditions. food resources, it may constrain their growth or
limit their potential for survival.

Why do orangutans need so
much forest space?

Investigation

111

4 Navigation to Next Lesson: We figured out that orangutans eat mostly fruits because they get energy from these food sources. They compete with other orangutans for this food, and slight changes in the
amount of fruit can have large impacts on orangutan competition and survival. We wonder if all we need is more fruit trees to have a healthy orangutan population.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 9
2 days

Would planting more
rainforest fruit trees help the
orangutan population
increase?

Investigation

Population
Orangutan Population History

Low High average births deaths
15 22 18.5 12 "

Orangutan Population Over Time
30

2%
20 et \”‘\_\/\
15 1~

10

Population

Orangutan population sizes increase when
resources are plentiful and decrease when
resources are limited.

We conduct experiments in a simulation,
manipulating the amount of food resources

(independent variable) over time to observe how
orangutan population sizes increase or decrease
(dependent variable). We figure out:

It's normal for population sizes to increase and

decrease (i.e., fluctuate).

If there are a lot of resources available,
opulation sizes go up. If the resources are
imited, population sizes go down.

When there aren’t enough resources,

orangutans have to compete for them, and

some orangutans don't get what they need to

survive.

When an orangutan gets enough resources, it

survives and reproduces.

If an orangutan can't get what it needs, it may

not reproduce. Over the years, this means the

population goes down and not enough are born

to keep the population stable.

Minor disruptions in resource availability may

lead to small fluctuations in population sizes,

while major disruptions in resource availability

may cause populations to increase or decrease

drastically in number.

Running multiple trials on an experiment can

provide more data to get more certainty about

the conclusions being drawn.

S\, Seplotien “Sge
<
o
- Yo " ——
] et
Feuse Teees | ——
E=

\necease ) \nesease Topilahory

Ly oy
‘C l”—““*’t@ i
Deccease i

T
;

Deceease. Foguiahion

2
\; Toinkest = o
= |t | ten g R =
= .

<
7“/_\

U Navigation to Next Lesson: We figured out that when there are more or fewer food resources available, it affects the orangutans’ population size. We think we can plant more food resources in the oil palm
farms to support a healthy population. We are wondering if our model can explain how other populations change over time.




What we do and figure out How we represent it

Phenomena or Design Problem
\ € i ‘ &

LESSON 10 , € We analyze other cases where populations changed
“ S = due to a change in available resources. Across these + Population of
2 days / cases, we see a pattern that connects the population R Amount of resources (ERSERE organisms

of an organism to the availability of resources that
organism needs. Afterward, we apply these ,
understandings to an assessment in which we explain If | Amount of resources + SRR Populationof +
why the loss of short and tallgrass prairies has caused
monarch butterfly populations to decrease. We figure
out the following:

¢ Organisms depend on specific resources to

survive and reproduce.

¢ An organism'’s population size depends on the
amount of resources available. When resources
decrease significantly, the population also
decreases. When resources increase, the
population increases.
It is normal for populations to fluctuate

How do changes in the
amount of resources affect
populations?

organisms

Putting Pieces Together

=]

The loss of short and tallgrass prairies to
soybean oil production in the Midwest of the o

United States has caused declines in local depending on resource availability from year to

monarch butterfly populations. year. Drastic changes to resource availability

can cause unusual and unstable changes to
populations.

U Navigation to Next Lesson: We feel like we understand how the population of orangutans changes when more oil palms are planted in place of rainforest trees. We are curious if a change in resources also
explains what we observed with other populations like tigers, rats, snakes, and pigs.

LESSON 11 Predators of the Ralnforest We are curious about other populations affected b
o ‘ the palm oil industry. We develop system models for n g‘w;i _ Ranforet
2 davs the oil palm system and realize that when there are Mo helic
! L B Other
unlimited resources, both predators and prey do well.
How does planting oil palm We develop system models for the tropical rainforest e
affect other poquations7 and realize there is more competition within this =
system to keep populations at a stable size. We o
Investigati g v SO oy | Leopts S o oo ecide that the rainforest system has more ‘
nvestigation preeli i | coumnmmnioy et , _ _ roaiil
B | v i | S0 T i components and interactions than the oil palm 3 NV ;
== P e i e Sy system. We figure out: AN < /
\ @J == ol \ s e \ i ¢ When there are many resources both snakes [ e
) L L e (predators) and rats (prey) do well. S = it
- ¢ When there is competition between populations T Pt iy ot
1 Tees. anf many kindks,
for the same resource, it keeps numbers from - S
H H  More populations are Competing for fewer resources 4
increasing too much.
Rat and snake populations are exploding in * The tropical rainforest is a lot more complex
the oil palm system, but those populations than the palm farm, with a lot more plants and

animals interacting with each other.

¢ Populations interact for more than just resources
(like shelter and safety).

e If one population (like orangutans) were to go
extinct, then it could cause changes to other
populations because everything is connected.

are not exploding in the rainforest system.

I Navigation to Next Lesson: We figured out that the rainforest system has more components and interactions compared with the oil palm system. We think this is why the tropical rainforest supports so many
living things. We are wondering how to make the oil palm farm have more components and interactions, like the tropical rainforest, so that it can support more animal populations.




LESSON 12
1day

What would happen if
orangutans go extinct?

Investigation

@WEE

Many seeds from fruit trees are found in spit

We are curious about what would happen if
orangutans went extinct. We read an interview with
Andrea Blackburn, who studies orangutans. We watch
videos, examine images, and make noticings from
data tables from her research. We support tentative
claims with the data, and identify additional
questions and data that would help clarify those
claims. We figure out:
¢ Orangutans disperse seeds throughout the
tropical rainforest by spitting and
defecating.
¢ Both orangutans and fruit trees benefit
from each other because orangutans get
food from fruit trees and fruit trees get their
seeds spread throughout the tropica
rainforest.
¢ [f orangutans go extinct, some fruit tree
populations may decrease, because seeds
may not get sFread and grow into trees,
which could affect other populations.

B food .
[ ] S;elter meﬁr%‘}'_

B Other

Hundreds of
difv;g:enf Fruit trees
kinds

Spread Orangutans

seeds
/

and fecal samples of orangutans. These seeds
germinate better compared to control seeds.

U Navigation to Next Lesson: We figure out that fruit tree populations depend on orangutans to disperse seeds. If orangutans go extinct, there could be several effects throughout the tropical rainforest. We
wonder if something were to happen to other populations, what kinds of changes we would see.

LESSON 13 Important food relationships

We use an updated system model to make

2 days

How does an ecosystem
change when the plants
change?

Putting Pieces Together

‘(f?lﬁ > \W
\\ @JJ Dm Disruptions, like drought, fire, disease, or loss

of a seed disperser, cause shifts in populations

in an ecosystem.

predictions and test ideas about different kinds of
disruptions to the rainforest and oil palm systems.
We figure out that the rainforest system can
withstand some disruptions due to its
interconnectedness, but the oil palm system cannot.
We apply ideas to a new case and complete a short
individual assessment. We summarize what we know
about monocrop oil palm farming to motivate us to
design a better way to farm it. We figure out:
¢ There are more populations and more
connections in the rainforest system
compared to the oil palm system.
¢ Any change to the ecosystem, or disruption,
will affect some populations. Some
disruptions affect many populations.
¢ If an ecosystem has many connections
between populations, the ecosystem has a
better chance of being OK when a change
happens.
¢ Adisruption in a monocrop system will
impact all the populations in the system.

Summary chart
Rainforest versus oil palm

If there are many kinds of plants and a disruption
affects...

.a few plants, then SOM¢ plants may struggle

or die but the system will
be mostly OK

..most plants, then many plants may strugale
or die and the whole
system will be impacted

If there are one or few kinds of plants and a
disruption affects...

..most plants, then thewhole system will be
impacted

U Navigation to Next Lesson: We figure out that biodiverse ecosystems can withstand some disruption, but oil palm farms cannot because everything relies on the oil palm. We wonder if there are better ways to

farm for both people and other living things.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 14
1day

Are there ways people can
row food without harming
the tropical rainforest?

Investigation

==
P'Q

U Navigation to Next Lesson: We figured out that there are approaches people use to grow food that seem to not harm living things. We wonder if and how people benefit from each of these approaches.

Laurel
(timber tree)

Cacao

Oil Palm

Farmers and other community members in
Indonesia and Costa Rica observe positive
impacts on plant and animal populations
when growing food using different
approaches from large-scale monocrop
farms.

We wonder how people cultivate food without
harming living things. We read about one of the
following approaches: (1) diversified farming, where
farmers grow multiple crops together; (2) sustainable
oil palm, where farmers don't clear forest and include
wildlife habitat on the farm; and (3) Customary
Forests, where people cultivate and harvest plants
from intact forests. We figure out:
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ There are multiple ways communities grow
food while also helping populations in
ecosystems.
¢ Diversified farming involves growing
multiple crops together.
¢ Sustainable oil palm farms do not clear
forested areas and incorporate wildlife
habitat on their farms.
¢ Villages with Customary Forest permits
cultivate and harvest food, medicine, and
craft plants from within the forest that they
can use and sell.

LESSON 15
1day

How can people benefit from
growing food in ways that
support plants and animals in
the natural ecosystem?

Investigation

@EF

U Navigation to Next Lesson: We figured out that people can also benefit from approaches to grow food that differ from monocropping. We wonder which approach works best for people, plants, and animals in

a natural ecosystem.

Farmers %ain ecosystem services (food, water,

soil health, protection from crop disease, and
the like) when they grow food differently from
large-scale monocrop farming.

We wonder how people can benefit from growing
food in ways that help plants and animals. We view
StoryMaps that include people's perspectives about
(1) diversified farming where farmers grow different
crops together; (2) sustainable oil palm and prairie
strips where farmers do not expand their farms and
include wildlife habitat on their farms; and (3)
customary forests where people cultivate and harvest
plants from existing tropical rainforest. We figure out
these things:
¢ Diversified farming like intercropping helps
farmers have stable incomes if diseases,
pests, or storms hurt one crop, but not the
other(s).
¢ Sustainable oil palm farms maintain healthy
soils that help improve harvests, which
means more income for farmers.
¢ Customary forests provide people with
stable food, water, and materials, and
protection from landslides.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 16
¢ o9
2 days V2 ‘/
What approach to growing ’ ot

food works for everyone and
why?

Putting Pieces Together
P

=1 D)

EEO

People can use many approaches to growing
food, and there are trade-offs to using them
that have consequences for plants, animals,
and humans in nearby ecosystems.

We summarize what we know about monocropped

farms. We jigsaw to synthesize information about g Animatsand s People
different ap?\roaches to growing food. We rank how p—
the approaches work for plants and animals and Furmig :
people. We discuss the trade-offs between each freermees Bependg ol
approach and clarify claims about which approach we et . S
think will work best. We brainstorm how to test our . Dipendg onwhe)
claims in a simulation. We figure out: Cuctomarsfrcs s
e Thereare trade-of%s in how we approach (1 e et
rowing our food; some approaches work lrgesistsfarnars)
ﬁetter or humans than for animals and P i »
plants in the natural ecosystem. e o (oot i .
¢ Some approaches to growing food work for et for ther ide o fornee)

some people and farmers, but not all
people.

¢ We can grow food in ways that minimize
the effects of disruptions on natural and
designed systems.

U Navigation to Next Lesson: We figured out that there are some approaches to growing food that will work better for plants and animals, and other approaches work better for humans. We want to test our

ideas in a simulation by designing a farm for both orangutans and people.

LESSON 17
3 days

How can we redesign the way
land is used in Indonesia to
support orangutans and
people at the same time?

Investigation

Students redesign and optimize the way land
is used to support orangutans and people.

Working in groups of three, students use a computer
simulation to redesign the way land is used in
Indonesia to support orangutans and people at the
same time. Students evaluate design solutions
created b{ other groups and optimize their own
design solutions. We figure out:
¢ Some potential design solutions work well for
the people and the orangutans but are not
realistic due to land-use changes and time.
¢ Using a variety of different ways to grow food
can maintain or increase orangutan populations
and people's income.
¢ People can reasonably set aside a portion of
their land to support orangutan populations
without reducing their income.
¢ Neighboring farms can coordinate their
approaches to increase space for orangutans.
¢ Rainforest corridors connecting intact areas of
forest increase orangutan populations.

L T - yvpe—

4 Navigation to Next Lesson: We figured out that we can diversify oil palm farms and set aside areas of rainforest trees to improve orangutan populations and to support people. We optimized our design

solutions, and we are ready to share them with our class to try to identify the best solution.




LESSON 18
3 days

How do our designs work for
orangutans and people in
Indonesia?

Putting Pieces Together

o

~———

Phenomena or Design Problem

Experiment: A

Population

optimize design
st pemat g
births desths

Income:
@ Area 1: THEBLLS
S Area 2 THABLFED
@ Area 3: THABAB

Forest Setup

The design solutions with mixed land use and
some intact forests worked best for people
and orangutans.

We present our best designs to our peers and
evaluate each other's designs based on the agreed-
upon criteria and constraints. We consider how well
each design would work in the real world and trade-
offs made in the design process. We argue for which
designs work best for people, orangutans, and both,
and make claims about why they work well. We figure
out:
¢ Design solutions that retained tropical
rainforests and customary forests
supported the largest orangutan
populations.
¢ Customary forests provided income for
people but were not realistic for large-scale
farms.
¢ Design solutions with more palm farms and
crops provided income but did not increase
orangutan populations.
¢ Mixed land-use designs overall seemed
best for people and orangutans.
¢ Science learning is about asking questions
and gathering evidence to answer those
questions.
¢ Science can help solve complex problems,
but it's not the only thing to consider.

Agree

Our Conclusions

Disagree

Uncertain

Rainforest and
customary forests were
best for orangutans

Qil palm and other crops
helped income but not
orangutans

Customary forests
aren't realistic for large
scale farms

Mixed designs might be
best for everyone

Some designs did well on
eriteria but aren't
realistic

4 Navigation to Next Lesson: We end the unit by returning to the DQB and celebrating our learning on graffiti boards, or we navigate to one of two extension opportunities.

If people will accept
income drop and how
much

Whether designs are
realistic

If money is the main
driver for people

Whether people would
use these designs

Whether everyone in
one area would agree

LESSON 19

O days

How can we inform others in
our community about the
palm oil problem and
convince them to take action?

Putting Pieces Together

@

Save the Orangutans!

You can help the orangutans by...
 Buying less products that contain palm oil
*  When you buy products with palm oil, look for products that
have a sustainable polm ol sticker (like the one cbove).
' Donating money (if you can) to organizations that support
oranqutans.
o Tell others about this problem and what they can do to help.

0 solve this. That
ol palm farming.

Here are some places you can donate money:
o Save the Orangutan

© Orangutan Foundation International

Public service announcements (PSAs) inform
people and communities about issues like the
palm oil problem and encourage them to take
actions to help preserve natural systems.

We have figured out that the problem will require
large-scale solutions combined with individual action.
We create public service announcements (PSAs) to
inform stakeholders in our community about the
palm oil ?roblem and how they can act to address
this problem. We present our PSAs to our peers,
teachers, and/or stakeholders and receive feedback
on our approach. We figure out:
¢ People and communities can take small and
large actions that aid the preservation of natural
systems like the tropical rainforest.
¢ Small actions, like changes in people's habits
and behaviors, when combined with others
actions or extended over time, can have a large
impact on the preservation of natural systems.
¢ Some actions are more feasible for
communities or individuals to implement, while
others are more challenging.

4 Navigation to Next Lesson: We figured out how to craft PSAs to communicate key messages about addressing the palm oil problem to stakeholder groups. We are now ready to look back at our DQB and

celebrate what we have accomplished.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 20

We are introduced to a local phenomenon, either a
declining local population (Pathway A) or a way our

0 days community is currently caring for the land (Pathway
B). We investigate this phenomenon through
What should we do to take readings, videos, and/or learning with community

members. We are introduced to one action we can
take or multiple actions we could consider taking. We
take action in our community in service of addressing
a challenge with this local phenomenon, such as
habitat restoration, monitoring biodiversity, or
communicating with stakeholders about the issues.
We figure out:

¢ We apply many ideas that we figured out

(dugrpg our 3xam|nat|on of the pallm oil

A local population is declining (Pathway A) or g:% laerzgsa ,?1 o(ilr? E,%:ﬁg%ﬁggg:? tions
we notice interesting patterns about the way
our community is currently caring for the land
(Pathway B).

care of our local land, plants,
and animals?

Investigation

AWLEERC)

U Navigation to Next Lesson: We applied science ideas to a problem in our community. We are now ready to look back at our DQB and celebrate what we have accomplished.

LESSONS 1-20
33 days total



