
LESSON 5: If palm oil is not going away, how can we redesign palm farms to work for
the rainforest ecosystem and the farmers?

PREVIOUS LESSON We watched interviews with people who farm oil palms and learned that many of them live in developing countries and struggle to make ends meet. We
learned that cutting down the rainforest to sell or grow resources is sometimes the only way for people in these areas to support themselves. As a result, we
decided that our design solution had to account for supporting these farmers and their families, who make money entirely from cutting down rainforests to
grow oil palms. This made us wonder if there are better ways for these farmers (and others) to grow oil palms that could also save rainforest animals.

THIS LESSON

PROBLEMATIZING

3 days

In this lesson, we broaden our thinking beyond palm oil. We examine other locations at which people have
changed natural ecosystems. We notice patterns across these cases, which helps us articulate a bigger
problem beyond palm oil that involves how people change the land. We share local experiences of land use
change and examine before and after images of these systems, which gives us ideas of how the systems are
structured differently. We think about how we can design better systems, particularly a better palm farm
system. 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 and a second driving question for our unit, “How
can we use land in ways that work for people and other living things?”

NEXT LESSON We will wonder how many orangutans is a healthy number and examine a StoryMap showing the number of orangutans in four protected areas of rainforest.
We will notice some fluctuation and that larger areas have larger populations. We will calculate a ratio of orangutans per area. We will also make predictions
that this ratio is based on food availability and brainstorm how to test our ideas in a simulation.

BUILDING TOWARD NGSS

MS-LS2-1, MS-LS2-2, MS-LS2-4,
MS-LS2-5

WHAT STUDENTS WILL DO

Define a design problem based on patterns in land use change and its effect on populations that lived in the original ecosystem.

Define a design problem about the structure of palm farm systems to generate ideas for how to better design these systems to function for
populations that live in or near the rainforest and for farmers who depend on the farms for their livelihoods.

WHAT STUDENTS WILL FIGURE OUT

When people change ecosystems, living things are impacted.
When you change parts of the ecosystem, you change how the whole system functions.
People rely on ecosystems for resources. We gain resources when we change ecosystems but lose other resources.
The original ecosystems have more kinds of living things, especially more kinds of plants. The rainforest has more kinds of plants
compared to the palm farm.
A better designed palm farm needs to support living things in the rainforest and farmers, too.



Lesson 5 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 6 min NAVIGATION
Arrange students in pairs to share new ideas that they have learned about the
palm oil problem. Then facilitate a brief whole-group discussion.

A initial consensus model (developed in Lesson 1 and modified in
Lessons 2-4)

2 6 min FOCUS ON LAND USE CHANGE
Review the class’s initial class consensus model developed in Lesson 1 and added
to in Lessons 2, 3, and 4. Focus students on the part of the model that connects
candy to orangutans and the central component of “land use change.”

B classroom whiteboard, dry erase markers, initial consensus model
(developed in Lesson 1 and modified in Lessons 2-4)

3 23 min LOOK FOR PATTERNS ACROSS CASES BY USING A JIGSAW STRATEGY
Have students engage in a jigsaw to learn about different land use change cases.

C-E small whiteboard, dry erase markers, tissue or paper towel, Reference:
Soybean farms in the Midwest, Reference: Canola farms in Canada,
Reference: New Neighborhood, Washington, DC), Reference: Local Case,
strip of chart paper, markers, classroom whiteboard

4 8 min FACILITATE A BUILDING UNDERSTANDINGS DISCUSSION ABOUT PATTERNS
ACROSS CASES
Discuss patterns across the cases through a classroom discussion.

F small whiteboard, dry erase markers, classroom whiteboard

5 2 min NAVIGATION
Have students complete an exit ticket focusing on how changing the land affects
what we can and cannot get from ecosystems.

G sticky note

End of day 1

6 8 min NAVIGATION
Have students turn and talk about their exit ticket ideas from day 1. Transition to a
discussion about how changing an ecosystem affects what we can gain or lose
from the system.

H-I chart paper, markers

7 15 min EXAMINE THE STRUCTURE BEFORE AND AFTER
Introduce students to using structure and function to examine before and after
images of each location. Then have students work in small groups to conduct
their analyses.

J-L Palm Farm Designs, Before and After Images, “structure” and “function”
on word wall

8 12 min ARTICULATE THE PROBLEM IN A CONSENSUS DISCUSSION
Facilitate a Consensus Discussion to identify the main structural changes across
locations and redraw a generic box-and-arrow model to capture this problem.

M-N How does ecosystem structure change function?, classroom whiteboard,
dry erase markers

9 10 min ASSIGN HOME LEARNING: SELF-DOCUMENTATION
Brainstorm with students places within their communities in which the number
and types of plants that grow there have been changed. Assign students to self-
document at least one example in their own lives of a location that now has
fewer amounts and types of plants.

O

End of day 2



Part Duration Summary Slide Materials

10 15 min SHARE SELF-DOCUMENTATION AND BRAINSTORM RELATED PHENOMENA
Allow students to share what they have observed in their self-documentation
home learning assignment. Add any additional related phenomena that they
think is important.

P self-documentation image or drawing, chart paper, markers

11 12 min DESIGN CHALLENGE: BUILDING A BETTER PALM FARM
Set the stage for the design challenge and document the problem to solve, as
well as students’ initial ideas for criteria and constraints.

Q Palm Farm Designs

12 15 min REVISIT THE DRIVING QUESTION BOARD
Allow students to take a second pass at the Driving Question Board. Add a
second unit driving question, “How can we use land in ways that work for people
and other living things?”

R-S sticky notes, markers, Driving Question Board

13 3 min NAVIGATION
Problematize the need to better understand what constitutes a healthy
orangutan population, and what orangutans depend upon for survival.

T Palm Farm Designs

End of day 3



Lesson 5 • Materials List
per student per group per class

Lesson materials science notebook
small whiteboard
dry erase markers
tissue or paper towel
Reference: Soybean farms in the Midwest
Reference: Canola farms in Canada
Reference: New Neighborhood, Washington, DC)
Reference: Local Case
strip of chart paper
markers
sticky note
Palm Farm Designs
Before and After Images
How does ecosystem structure change function?
self-documentation image or drawing
sticky notes

initial consensus model (developed in Lesson 1 and modified in Lessons 2-4)
classroom whiteboard
dry erase markers
chart paper
markers
“structure” and “function” on word wall
Driving Question Board

Materials preparation (45 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Prior to day 1:

One of the main learning activities on day 1 is a jigsaw strategy for which students begin in a home group, rotate to an expert group, and return to their home group. Home groups and
expert groups should consist of 3 group members. During the expert groups, there may be fewer texts than groups, so multiple groups can use the same text. Plan how you want to
arrange and facilitate this jigsaw to minimize transition time between groups.

Copy enough of the expert texts for the jigsaw. Each student receives only 1 of the reference cases (e.g., soybean, canola, new neighborhood, and local case).

Create at least one or more local cases using Local Case Planning Template. More explanation is provided in the planning template to help you select a local case that will be productive for
this unit. There is additional information in the “Where We Are Going” section, too.

After day 1, take a photograph of the box-and-arrow models to insert onto slide I for a discussion during day 2.

On day 2 students will be assigned a self-documentation home learning assignment. At the start of day 3, be prepared to gather and display students’ photographs taken with cell
phones or drawn by hand. If the option is available to you, have students email the photographs to you or upload them to the class’s website the evening before.



Lesson 5 • Where We Are Going and NOT Going
These expert texts provide an opportunity to localize the content for your students by adding a 4th case with a local example. Local Case Planning Template can guide your writing of the
local case that you can return to throughout the remainder of the unit. Additional guidance for selecting a local case are included in the Local Case Planning Template, but generally you
need to select a case that includes:

something relevant and visible to your students in their community (i.e., school, neighborhood, town or city, just outside town or city);
a location at which land use has reduced the diversity of plants in the area, which is related to the reduction in other populations; and
something in which you have the possibility of conducting an engineering design task during the last 2 weeks of the unit, such as:

conducting field studies to better understand the system and advocate for a solution (e.g., biodiversity surveys around the school),
planning a better design to a currently flawed system around the school (e.g., monoculture in school landscaping), or
planning a better design to a currently flawed system in the community (e.g., lack of green space/vegetation along the streets).

While this unit will focus on solving the problem of monoculture or few types of plants in the context of palm oil, the ultimate goal is to work toward a generalized model that could be
used to solve many related problems. Localized examples include a monoculture found in your schoolyard, school landscaping, or playground, a monoculture or lack of plants in the
neighborhood around your school, or a lack of habitat for butterflies, insects, or birds of importance to your area. The last 2 weeks of this 8-week unit will include a local design challenge
to improve biodiversity of a local place, which may take the form of actually redesigning (replanting) an area or putting together proposals and advocating for the new design. Lesson 5
is your opportunity to “plant” the local case that will lead students toward a design challenge later in the unit.



6 min

6 min

LEARNING PLAN for LESSON 5
1 · NAVIGATION
MATERIALS: science notebook, initial consensus model (developed in Lesson 1 and modified in Lessons 2-4)

Arrange students in “home groups” for discussion. Place students into groups of 3. These groups will serve as students’ home group for
today’s jigsaw activity.

Share new things learned about the palm oil problem. Display slide A. Say, We’ve learned a lot more about the problem since we first started.
Let’s share with each other one new thing we learned about the problem that makes it more complicated than we originally thought. Encourage
students to use their Progress Trackers from their science notebooks. Give students 2-3 minutes to share with each other using the
prompt on the slide:

What is one new thing you have learned about this problem, and how did it make the problem more complicated to solve?

Facilitate a whole-class discussion. Keep slide A displayed; students can remain in their home groups. Have the class’s initial consensus
model visible to students. Use the same prompt on the slide to begin the discussion. This discussion should be brief. Listen for students
to share ideas related to Lessons 2, 3, and 4, such as:

palm oil is an ingredient from oil palm, and oil palm plants take up less land than alternative crops,
oil palm plants need the same growing conditions as the rainforest plants, and
farmers near the equator see palm oil as a steady income to support their families.

Say, We’ve done some investigating mostly on palm oil, but we learned a few class periods ago that alternative oils also come from crops. I’m
wondering if some of these same things happening with palm oil could be happening in other places where we farm? Let’s think of some foods we
eat, maybe ones from the Maple Syrup unit, that we know come from farms. What do we think the ecosystem could have been like before the farm
was there?

Allow students about 1-2 minutes to share their prior knowledge and experience about where they have seen or heard about farming
food for people. This may draw heavily on what your students did in the previous Maple Syrup unit. As students share, focus on
prompting them to brainstorm what the land could have been like before the food was being grown.✱

✱ ATTENDING TO EQUITY

It is critical that your students consider their
own role in this system. Every student
benefits from the hard work of farmers and
the food production system we have that
brings food from farms to our tables.
Some students may want to distance
themselves from this problem. Others may
have a hard time relating to the problem
because it feels distant from their
immediate experience. Use these
discussion moments to (1) help students
stay personally connected to the issue and
(2) to feel that they can be part of the
solution, especially if they better
understand the problem first. How to
accomplish these two purposes will vary
depending on your students’ personal
experiences with agriculture, the food
system, and their motivation toward
protecting natural ecosystems, even those
distant from their local community. You are
the best judge about which leverage point
will make the problem more relevant to
your student population.

2 · FOCUS ON LAND USE CHANGE
MATERIALS: classroom whiteboard, dry erase markers, initial consensus model (developed in Lesson 1 and modified in Lessons 2-4)

Set up a diagram that focuses on the main links between orangutans
and candy. Display slide B.

Say, Let’s describe the connection again, focusing only on the orangutans
and the candy we buy at the grocery store. This may feel redundant at
first, but the purpose is to focus students on a part of the more
complex system model (i.e., the parts depicted in green to the right).
Prompt students to share the important components and
interactions from candy to orangutans until all have been
mentioned.

✱ ATTENDING TO EQUITY

This discussion is intended to help students
broaden beyond agricultural changes. Use
this opportunity for students to share
something from their own community or
neighborhood that has changed the land.



23 min

Suggested prompts Sample student responses Follow-up questions

Using our initial model, what are some of the
main components and interactions
happening between orangutans and candy?

The rainforest is being cut down for palm oil. So, the rainforest being cut down is a key
component resulting from land use change.

How does that impact the orangutans?

What are some other key components and
interactions?

Oil palm plants and palm oil. Oil palm plants are planted to get oil palm.
What is the connection to the candy?

As students articulate the
components and interactions,
redraw a simplified box-and-
arrow diagram on the front
whiteboard or chart paper, as
shown on the right.

Point to the center box on the diagram, “land use change.” Ask students, Is farming the only way we change land? Elicit from students other
ways in which people change the land.✱ For example, some of the ways are:

to build homes, cities, and neighborhoods,
for roads and highways,
for pasture land for cattle or other livestock, and
to make parks, playgrounds, and sporting fields.

Say, We have some ideas that, when we grow food and build houses and roads, we could be changing land in ways that affect ecosystems. Let’s go
take a look at a couple of other places where people have changed the land to see if there is anything similar or different to what is happening in
Indonesia with palm oil.

3 · LOOK FOR PATTERNS ACROSS CASES BY USING A JIGSAW STRATEGY
MATERIALS: small whiteboard, dry erase markers, tissue or paper towel, Reference: Soybean farms in the Midwest, Reference: Canola farms in Canada, Reference: New Neighborhood,
Washington, DC), Reference: Local Case, strip of chart paper, markers, classroom whiteboard

Set the purpose for looking at other cases. Point to the candy-orangutan box-and-arrow diagram (model) you drew on the board. Say,
This model shows the problem that we identified with palm oil. If we make a new model for other places that we think could have similar problems
as palm oil in Indonesia, what do we need to pay attention to? Listen for students to suggest paying attention to:

what is in the location right now,
what the ecosystem was like before, and
whether any animals were or are being affected.

Say, This sounds like a good list. We need to see if these new places have some of the same components and interactions that we saw in Indonesia.
As we read about these new places, let’s pay attention to what the place was like before, what it is like now, and how the change has affected things
that live there.

Display slide C and preview instructions for the jigsaw strategy with students. Explain to students that they will transition to their expert
group for learning about their case and return to their home group to share what they have learned.

✱ ATTENDING TO EQUITY

The purpose of this jigsaw strategy is to
revisit the cases with a new lens for making
sense of the text. Two cases are repeated
from Lesson 2, and two cases are new.
When you assign the cases to each group,
assign repeat cases to your emergent
multilingual learners, learners who are
below grade level in reading, or other
students who may benefit from rereading a
familiar text with a new purpose.



drawn on a whiteboard

strips of paper attached to a
chart paper

Form expert groups and assign each expert group a case. Arrange students in new expert groups of three. Pass out one whiteboard and
one dry erase marker to each student in the group. Assign each group one case.✱ There are two ways to access and use these cases. The
first is a color version that can be found in the “Reference” section of the Student Edition. The cases are also included as a handout for
printing, writing on, and attaching to students’ science notebooks. You can use either option for this activity.

Case 1: Reference: Soybean farms in the Midwest
Case 2: Reference: Canola farms in Canada
Case 3: Reference: New Neighborhood, Washington, DC
Case 4: Use Local Case Planning Template to develop a local case

ADDITIONAL
GUIDANCE

Case 3 depicted in New Neighborhood, Washington, DC is intended to add an example of nonagricultural land
use change and also to open up the possibility that more green space and parks could benefit some wildlife,
which may influence students’ design ideas later in the unit.

In this unit, local cases are important for helping students feel connected to the science about which they
are learning. This activity presents an opportunity for you to include a local case that your students can
revisit throughout the unit. Use Local Case Planning Template to write about a case study connected to your
community or local ecosystem. The goal is for students to see patterns across the cases, so select a local
case that students can identify as sharing similar aspects as palm oil (i.e., a rich ecosystem that has been
replaced by an ecosystem with few types of plants, which has led to the decline of native insect or animal
populations).

Have students quietly read their case and develop a box-and-arrow model on their whiteboard.
Display slide D to give students more guidance on developing the box-and-arrow model. Students
will be in their expert group for about 14 minutes to accomplish the expert group tasks. Give
students time to read their case. Remind students to mark the text if they are using the handout
version or to record notes on their whiteboard if using the reference version. After about 4-5
minutes, transition students to working on their own to create a box-and-arrow model to capture
the components and interactions in their case. Students can use the palm oil example already
drawn on the class whiteboard to help them construct their model.

After a minute or so, prompt the expert groups to share their individual box-and-arrow models
with each other and to discuss what is similar or different. Members can edit their individual
models as needed from the discussion. Ask students to recreate a
shared box-and-arrow model on a strip of chart paper using markers, following the template set up for
the palm oil examples.

Have each expert group designate one person from their group to come to the class whiteboard (or chart
paper) to attach their strip of chart paper for their assigned case. If you have multiple expert groups for
the same case, they can work together to draw the model on a strip of paper, noting any differences the
different groups had.

Transition students back to their home groups. Ask students to return to their home group. Display slide
E, which includes new prompts for home groups to discuss. Give the home groups 6 minutes to share
what they each learned about their individual case. Prompt them to use the case study box-and-arrow
model to explain how land has changed in their assigned location, why it has changed, and how it has
affected living things.



8 min4 · FACILITATE A BUILDING UNDERSTANDINGS DISCUSSION ABOUT PATTERNS ACROSS CASES
MATERIALS: small whiteboard, dry erase markers, classroom whiteboard

Facilitate a Building Understandings Discussion about patterns. This
discussion should be brief and focus on identifying patterns across the cases.
The discussion will continue on day 2 as students transition toward a
Consensus Discussion. If you do not get to a full discussion in today’s class, you
can pick up where you left off.✱

Have the box-and-arrow models drawn by each expert group clearly displayed
for the discussion. Students should work with their individual box-and-arrow
models as they share.

Display slide F and use the prompts on the slide to guide the discussion. Use
the box-and-arrow models on the classroom whiteboard as a scaffold to
facilitate a discussion of patterns. Be prepared to write notes onto the models
when students articulate a similarity or difference, as shown on the example
image here.✱

ADDITIONAL
GUIDANCE

Take a photo of the class whiteboard after day 1 to insert on slide I for discussion during day 2.

KEY IDEAS Purpose of the Discussion: to identify patterns, based on evidence from the cases, of similarities and
differences across the cases.

Listen for students to find similarities, such as:
animals, birds, and insects declined,
there was a land use change,
the original ecosystem got smaller,
the original ecosystem had more kinds of plants,
the new ecosystem (farm, neighborhood) got bigger,
the new ecosystem had fewer kinds of plants, and
the change happened because people needed something.

Listen for students to find differences, such as:
palm, canola, and soybean are farms for food, and the neighborhood was for homes;
palm, canola, and soybean are new plants that were planted, and the neighborhood was for
mostly for homes and roads and only a few plants;
the neighborhood also had parks in which wildlife was found, so not all wildlife were declining;
and
any differences when considering the local case.

✱ STRATEGIES FOR THIS BUILDING
UNDERSTANDINGS DISCUSSION

As students share, encourage them to use
evidence from the cases to justify why they
see a similarity or difference across the
cases. It is not necessary for the class to
reach a consensus during this discussion.
The class should be working toward a
consensus, which is the focus of the
discussions on day 2.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING PATTERNS

Students are identifying patterns across
cases that will be used later in the unit to
establish cause-and-effect relationships.
Students may use causal language when
they share their thinking in this discussion.
For example, they may say that destroying
the original ecosystem caused the ______
(population) to go down. It is not necessary
to correct students’ use of causal language
in this instance, but rather prompt students
to consider, “How would we know if
destroying the _______ecosystem caused
_______ to happen? What additional
information would we need to determine
this?”



2 min

8 min

Suggested prompt Sample student response

What patterns did you notice in how the land changed? There was less of the natural ecosystem left.

There were different kinds of plants growing after compared to
before.

One looked wild and the other made by people.

Did you notice anything about the types of plants growing before or
after?

There was just one type of plant after, or there were plants people put
in.

There were more trees and flowers for some. The canola had a lot of
flowers but only one type of them.

How did the land affect what lives there? In most cases the animals went down. They didn’t have homes
anymore.

They didn’t have their ecosystem to live in anymore.

5 · NAVIGATION
MATERIALS: sticky note

Have students complete an exit ticket. Display slide G and read the exit ticket prompt.
When we change the land to these new ecosystems, what do we gain? What do we lose?

Have students spend the last 1-2 minutes of class completing their exit ticket. Ask students to give you their exit ticket before leaving
class.

End of day 1

6 · NAVIGATION
MATERIALS: chart paper, markers

Have students turn and talk about their exit ticket ideas from the previous class. Display slide H and give
students 2 minutes to share their thinking with a partner about what we gain and lose when we change to these
new kinds of ecosystems.

Generate ideas about what we gain and lose when we change ecosystems. Display slide I, which includes an
image from the class whiteboard showing the box-and-arrow models from day 1. Say, When we change land, we
gain some things for people, but we also lose some things. Let’s generate a list of the things we gain and lose.

Record student ideas on a class chart, as shown to the right.



15 min

Suggested prompt Sample student responseSuggested prompt Sample student response

What are things we gain when we change the ecosystem? Space for homes and buildings.

Food for us to eat.

What are things we lose when we change the ecosystem? Animals, birds, and insects.

Trees and other plants.

Are there things we lose from ecosystems other than animals (and
plants if students don’t mention them after the second prompt)?

Oxygen to breathe and clean air.

Places to go into nature, like hiking.

Say, Let’s keep this in mind as we learn more about what happens when we change ecosystems. We change them to gain these things , but it seems
that, when we make a change, we lose other things that could be important to us .

ADDITIONAL
GUIDANCE

On slide I you will need to insert an image of the box-and-arrow models from the class whiteboard from
day 1, or, if they are still on your whiteboard, you can skip the slide and use the whiteboard space.

ADDITIONAL
GUIDANCE

Ecosystem services receive a light touch in the field-test version of the unit. This moment is the primary
place to introduce them, though you do not need to label them as “ecosystem services.” Keep this chart
displayed throughout the unit so that you can add additional services that we gain or lose when we change
ecosystems, notably after Lessons 10, 11, and 12.

7 · EXAMINE THE STRUCTURE BEFORE AND AFTER
MATERIALS: science notebook, Palm Farm Designs, Before and After Images, “structure” and “function” on word wall

Motivate the need to examine before and after images to identify what has changed. Display slide J, which depicts the tropical rainforest
(before image) and the palm farm (after image). Use the prompt:

Examine the images. Identify what you see that has changed.

Give students 1 minute for a Turn and Talk before eliciting a few of their ideas aloud. Listen for ideas, such as:
some tall trees and some short trees or bushes in the rainforest and only grass and one kind of tree in the palm farm and
everything is “messy” or tangled in the rainforest, and the trees are planted in rows in the farm.

Use structure and function as a lens for observation and analysis. Keep slide J displayed. Say, One way scientists examine these
ecosystems is to look at how the structure of the ecosystem changes, which then changes the way it works, or functions, for other things that live
there. When we say the word “structure” when looking at a forest, like the rainforest, what could we be referring to?✱

Work with students to generate an understanding of structure, including the components of the system (i.e., the parts), which are the
living and nonliving things that make up the ecosystems (e.g., types and number of different kinds of plants).✱ Use the images on slide
K to help students articulate what they need to look for when thinking about structure.

✱ ATTENDING TO EQUITY

Spend a few minutes developing a shared
understanding of the terms “structure” and
“function.” If the words are new for your
students, this discussion may need more
time, and you will want to add them to
your word wall during this lesson. If your
students are familiar with these words, this
discussion needs to clarify how we are
using them in the new context of
ecosystems, and you may need to modify
your word wall.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING
STRUCTURE AND FUNCTION



12 min

Repeat this same discussion for “function.” Display slide K. Use the prompt on the slide to construct a shared understanding of
functions.

How does the structure of each affect how it functions (or works) for things that live there?

Listen for students to suggest ideas such as:
more places to hide in the rainforest,
more places to swing and live in the trees in the rainforest,
easier to walk through the palm farm, and
more kinds of food and homes in the rainforest.

Have students work in small groups to identify structural changes that affect function. Arrange students in small groups. Display slide L.
Pass out 1 copy of How does ecosystem structure change function? to each student and direct students to use Before and After Images that
are found in the “Reference” section of their Student Edition (these are colored before and after photographs). Give groups about 10
minutes to work. Remind students to attach their observations and initial analyses to their science notebooks.

ADDITIONAL
GUIDANCE

Allow students to work at their own paces. After analyzing the rainforest example, deeper analyses of 2 or 3
cases is fine. Some groups may work ahead and analyze all 5 cases. The purpose is to see a pattern across
cases, so, ideally, looking at images for 2 or 3 cases is sufficient.

Have your students apply structure and
function as a lens to make sense of land
use change. This lens is particularly
productive when trying to identify how
components of the systems (structure)
impact the overall functioning of the
system. The goal of this activity is to give
students additional evidence that the main
problem in each case is that the plant
structure is very different from before to
after, which is likely impacting other
populations in each location.

8 · ARTICULATE THE PROBLEM IN A CONSENSUS DISCUSSION
MATERIALS: science notebook, How does ecosystem structure change function?, classroom whiteboard, dry erase markers

Facilitate a Consensus Discussion to identify the main problem. Display slide M. This discussion has two main parts. In the first
half of the discussion, students should focus on using evidence from the case studies and the before and after images to suggest

that the main structural change that happened to the systems was a change to the plants in the systems. The second half of the
discussion should help students to re-articulate the change in plants using the box-and-arrow model structure. Conducting this
discussion in a Scientists Circle would be productive if time permits setting students up in this class arrangement.

KEY IDEAS Purpose of the discussion: (1) to come to agreement that the main structural change in the system is the
number and types of plants and (2) draw a generalized box-and-arrow model that reflects this change.

Listen for students to suggest the following:
There are more plants in the original system and fewer plants in the new system.
There are more kinds of plants in the original system and fewer kinds of plants in the original
system.
There are more tall trees in the original systems (rainforest/forest) compared to the new systems.
There are more kinds of flowering plants in the original systems (shortgrass and tallgrass prairie)
compared to the new systems.
There are more shelters/habitats for animals in the original systems and fewer in the new systems.

✱ SUPPORTING STUDENTS IN
THREE-DIMENSIONAL LEARNING

With this move to generalize the box-and-
arrow model, have your students use
structure and function to capture what to
include in the boxes. Then have your
students test the general model to see if it
applies to all of the cases (patterns).
Students are working toward the idea that
the structure of an ecosystem (more or less
biodiverse) affects its functioning and
resilience. They will get to these concepts
fully in Lessons 10 - 13.



Suggested prompt Sample student response

What seemed to change in the ecosystem? The plants are really different.

There were more kinds of plants before and fewer kinds of plants
afterward.

The ecosystem was messy and busy with different things before, and
then it was all planted in rows and landscaped afterward.

How does changing a part of the ecosystem (e.g., plants) affect how it
works for things that live there?

If there are fewer plants, there are fewer places to hide.

If there are fewer plants, there may be less shelter or habitats for
animals.

Fewer plants means less food for animals and birds to eat.

If we wanted to design better systems (farms, palm farms,
neighborhoods) what are some things we might want to think about?

We would need to grow plants that animals, birds, and insects could
use for shelter or food.

ASSESSMENT
OPPORTUNITY

You are looking for students to articulate the problem focused on how changing the structure of the plant
community in each location affects other living things. To help students articulate the problem, focus
students on using the box-and-arrow models for each case (on day 1, depicted on slide I) to show how a
change in land impacted things that live there. Then focus on what changed structurally with the plants that
impacts other parts of the ecosystem.

Construct a generic box-and-arrow diagram
that would capture the similarities across the
cases. Display slide N as a template for thinking
about how to build a general box-and-arrow
model that could apply to all of their cases.✱

Say, So if we want to design solutions to support animals, insects, and birds that need the original ecosystem, it sounds like we need to think about
structures that are more similar to the original ecosystems that they depend upon.

Motivate wanting to figure out a solution to the palm oil problem. Say, As a consumer of foods grown on farms and as someone living in a
home that was built on land that was originally , I want to make sure I’m supporting both the farmers and my community, but I also want to support
other living things. I especially like chocolate and want to feel good about eating it, and I don’t want to worry that I’m contributing to rainforests being
cut down. I’m wondering if any of you feel like this, too? Elicit a few ideas from students to be part of the solution.

Motivate wanting to also figure out solutions to a local problem. Tell students that they will think about redesigning the palm farm in
the next class but that, while they are solving the palm oil issues, they also want to come up with solutions in their own communities
that are related to the same problem.



10 min9 · ASSIGN HOME LEARNING: SELF-DOCUMENTATION
MATERIALS: None

Introduce students to the self-documentation home learning assignment. Display
slide O. Explain to students that self-documentation is a way to see where these
things they are talking about in class happen in their own lives and in their own
communities. Ask students to “photo document” or hand-draw an example of where
they see a place near their home or in their community with no, few, or many types
of plants.✱ If necessary, you may want to brainstorm a few options together. For
example, options can include:

lawns and landscaping,
trees planted along a street or in a public park,
no trees at all—just concrete or pavement,
gardens with few or only one kind of plant, or
a schoolyard with one kind of grass or none at all.

Preview with students the logistics for how to share the photos with you via the
class’s website, email, or airplaying them for the class, or bringing in hand-drawings.

The image to the right comes from the STEM Teaching Tools
(http://stemteachingtools.org/sp/self-doc) and depicts one example of how a teacher
printed and displayed images brought in by their students.

ADDITIONAL
GUIDANCE

The purpose of the self-documentation is to:
(1) ask students to “photo document” aspects of their everyday lives (e.g., about a phenomena or topic),
(2) cluster their photos into similar types of changes or problems,
(3) identify which ones present possible areas of investigation for the unit,
(4) support students in engaging in investigations related to their focus, and
(5) arrange for students to present their results to members of the community/STEM experts.

This home learning supports students in step 1. Students will need to complete step 2 in the next class or
within the next few classes, depending on how much time you need to organize students’ photos.

Steps 3, 4, and 5 should guide your localized learning experience in the last 2 weeks of this unit.

Source: http://stemteachingtools.org/brief/31 and http://stemteachingtools.org/sp/self-doc

✱ ATTENDING TO EQUITY

If your students do not feel safe completing
the self-documentation in their
neighborhood, have students complete the
assignment around the school or their
home, or look for an example that interests
them online.

End of day 2

https://www.google.com/url?q=http://stemteachingtools.org/sp/self-doc&sa=D&ust=1576614990230000
https://www.google.com/url?q=http://stemteachingtools.org/brief/31&sa=D&ust=1576614990235000
https://www.google.com/url?q=http://stemteachingtools.org/sp/self-doc&sa=D&ust=1576614990235000


15 min

12 min

10 · SHARE SELF-DOCUMENTATION AND BRAINSTORM RELATED PHENOMENA
MATERIALS: self-documentation image or drawing, chart paper, markers

ADDITIONAL
GUIDANCE

You may need additional time to collect, print, and organize students photos from the self-documentation
home learning. If so, use time during today’s class for students to verbally share what they have observed to
generate a list of local examples. When ready with printed photos, return to the self-documentation activity
to complete step 2 below. The purpose of the self-documentation is to:
(1) ask students to “photo document” aspects of their everyday lives (e.g., about a phenomena or topic),
(2) cluster their photos into similar types of changes or problems,
(3) identify which ones present possible areas of investigation for the unit,
(4) support students in engaging in investigations related to their focus, and
(5) arrange for students to present their results to members of the community / STEM experts.

Steps 3, 4, and 5 will be pursued in the latter 2 weeks of the unit. Source:
http://stemteachingtools.org/brief/31 and http://stemteachingtools.org/sp/self-doc

Have students share local examples from the home learning and construct a list of related phenomena. Arrange students in a Scientists
Circle for today’s activities. This circle needs to be near the Driving Question Board.

Display slide P. Give each student an opportunity to share what they have self-documented as part of the home learning assignment.✱
Students do not need to share their photo or drawing unless you have a quick and easy way to do it (e.g., airplay on tablets or
previously uploaded images).

As students share their examples, record them on chart paper organizing the examples (as much as you can) into clusters. Clusters may
include: lawns, landscaping around homes, landscaping around school, trees/plants along streets, gardens, and no plants at all. After all
students have shared at least 1 example, allow students to take a second pass at the list, offering examples that they may not have seen
locally but know about from secondhand sources (news, internet, movies, etc.).

ASSESSMENT
OPPORTUNITY

Self-documentation is a type of cultural formative assessment. This opportunity allows you insight into
what students understood from days 1 and 2 in terms of the problem and allows aspects of students’
cultural lives to surface (source: http://stemteachingtools.org/sp/self-doc). This is good formative
assessment opportunity to see how students make sense of the problem as it applies to their lives.

Say, We’re going to do some more work on the palm oil problem, but as we do that work, let’s keep these examples in mind, too. If we can figure out
solutions to the palm oil problem, some of those same solutions could work to fix some of the problems we see in our own neighborhoods.

✱ ATTENDING TO EQUITY

The purpose of the self-documentation is
to broaden students’ experience of the
phenomenon, while also making the
phenomenon more personally connected
to their lives.

11 · DESIGN CHALLENGE: BUILDING A BETTER PALM FARM
MATERIALS: science notebook, Palm Farm Designs

Focus students on designing better palm farms. Remind students that palm oil is an ingredient in our foods that is likely not
going away. Say, This is a really complicated problem. We want to protect rainforests and the animals that live there, and we don’t want to

be part of this problem when we buy candy or anything else with palm oil. But we kind of understand why this is happening because palm oil is an
efficient crop and brings Indonesian farmers a good income to support their families. If palm oil is the best option right now, I’m wondering: Could we
somehow plant these oil palm farms in a way that would protect the rainforest and still give the farmers income? What would be something we
could do? Listen for students to suggest:

planting more or different kinds of plants in the palm farm,

https://www.google.com/url?q=http://stemteachingtools.org/brief/31&sa=D&ust=1576614990250000
https://www.google.com/url?q=http://stemteachingtools.org/sp/self-doc&sa=D&ust=1576614990251000
https://www.google.com/url?q=http://stemteachingtools.org/sp/self-doc&sa=D&ust=1576614990258000


protecting some rainforests along the edges of the farm,
using part of the land for forests and part for farm,
planting more oil palm on less land so that we don’t have to cut down more rainforests, and
protecting enough rainforest so that orangutans and tigers can survive.

Review the problem and set a goal for the palm farm design. Display slide Q. Pass out 1 copy of Palm Farm Designs to each student.
Direct their attention to Part 1: Define the Problem. Read the problem together and ask students if they have anything they want to add
or change about the problem.

Brainstorm a goal for the palm farm design. Have students talk with a partner first and then elicit ideas for a goal. The goal needs to
focus on both the needs of rainforest plants and animals and on the needs of farmers.

Example goal: a palm farm that meets a farmer’s need for crops to sell and also keeps orangutan
and tiger populations steady (or goes up).

Generate a list of criteria to know if we have met this design goal. Given the goal, write down a criteria that we could measure to see if it
has met the goal. Example criteria include:

farmers have the same amount of crop to sell, or farmers still make money from their land,
the amount of orangutans stays the same or goes up, and
the amount of tigers stays the same or goes up.

Generate a list of constraints. You may need to help students articulate these constraints.
Use only the land available to us.
Do not take away too much land from farmers.
Grow the oil palm in a place where it can grow.

If time permits, brainstorm initial ideas for tests to run to measure whether a farm has met the criteria and constraints. Students can
write down these notes now.

Tell students that they will be designing farms in a simulation test environment later in the unit, but first we need to learn more about
rainforests and palm farms to know what to test. Have students attach their design handouts to their science notebooks.

ADDITIONAL
GUIDANCE

In OpenSciEd, students will know the language of criteria and constraints and understand what they mean
prior to this unit. For that reason, this discussion is brief and assumes students’ prior knowledge. If your
students are not familiar with these terms, you will need to build in more support for definitions and model
for students how to come up with and write a criteria and constraints.

ASSESSMENT
OPPORTUNITY

During this discussion, prompt students to consider how they want their newly designed palm farm to
function better for orangutans and tigers, as well as farmers. Focus students on setting a goal for the design
based on a structure for the palm farm system that will function for farmers, orangutans, and other living
things. Students’ criteria and constraints should be measurable ones and in-line with this goal. Constraints
may be difficult for students to identify and that is OK. If students are uncertain about constraints, suggest
that they will redesign a single farm with a set amount of land so that their land area cannot increase. Also,
students will be limited to plants that can grow in tropical areas.



15 min

3 min

12 · REVISIT THE DRIVING QUESTION BOARD
MATERIALS: sticky notes, markers, Driving Question Board

Take a second pass at the Driving Question Board. Now that students have (1) answered several of these questions in Lessons 2, 3, and
4 and (2) started thinking about designs for palm farms, they are ready to take another pass at the DQB. Encourage students to generate
ideas for questions that, if answered, would help them with designing a better palm farm.

Display slide R and give students 2-3 minutes to write 1 new question they want to add to the board.

Display slide S and facilitate another sharing of questions to place on the DQB. Help the class organize these questions as they are
shared.

Revisit the original unit driving question, “How does changing an ecosystem affect what lives there?” And offer to the class to add a
second unit driving question that is even bigger than the first and that relates to their new challenge to design a better palm farm, “How
can we use land in ways that work for people and other living things?”

13 · NAVIGATION
MATERIALS: science notebook, Palm Farm Designs

Generate next steps. Display slide T and focus students on the criteria they listed on the design handout. Ask students, How are we going
to know what constitutes a good number of orangutans? What do we need to know about orangutans in order to design a better farm?

Allow students to make suggestions for additional information that we need to learn about orangutans (and tigers) that would help with
the designs.

Additional Lesson 5 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-Literacy.RST.6-8.7 Integrate quantitative or technical information expressed in words in a text
with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).

Students read case studies and then develop a visual representation of the system using box-and-arrow
models, which are similar to flowcharts.

CCSS.ELA-Literacy.SL.7.1.a Come to discussions prepared, having read or researched material under study;
explicitly draw on that preparation by referring to evidence on the topic, text, or issue to probe and reflect
on ideas under discussion.

CCSS.ELA-Literacy.SL.7.2 Analyze the main ideas and supporting details presented in diverse media and
formats (e.g., visually, quantitatively, orally) and explain how the ideas clarify a topic, text, or issue under
study.

During the Consensus Discussion on day 2, students are expected to come to the discussion prepared with
evidence to support their conclusions. They are expected to articulate the underlying main problem that
exists across the case studies they have read and the images they have analyzed.


