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About the Integrated STEM Units
The integrated STEM units are a product of the partnership between Community Training and
Assistance Center (CTAC) and Tracy Unified School District (TUSD) in California, funded in part
through the Education Innovation and Research (EIR) program of the U.S. Department of
Education in 2018. Teacher leaders came together to develop innovative units that align to
STEM standards for student learning—namely the Next Generation Science Standards (NGSS)
for California Public Schools, the Computer Science Content Standards derived from the
national K-12 Computer Science Framework, and the California Common Core State
Standards.
Each integrated unit brings together the following:
•
•
•
•
•

an engineering design challenge
one or more computational artifacts
core science and math content
language building opportunities
engagement supports

Students in each grade level, pre-kindergarten through twelve, engage with the unit for about
one or two months as part of their required coursework. The units are integrated and selfcontained as a means to provide all students with equitable STEM experiences.

About the Partners
Community Training and Assistance Center (CTAC) is a national not-for-profit organization with
a demonstrated record of success in the fields of education and community development.
Tracy Unified School District, located in California’s Central Valley, serves approximately 15,000
students. Fifty leading teachers from the district contributed to the development of the units.
Computer Science integrations resulted with support from the San Joaquin County Office of
Education and Bootstrap of Brown University.

Terms of Use
The contents of this STEM unit were developed under a grant from the U.S. Department of
Education. However, those contents do not necessarily represent the policy of the U.S.
Department of Education, and you should not assume endorsement by the Federal
Government. All STEM units developed under this project are licensed under the Creative
Commons Attribution Non-Commercial Share-Alike license and are subject to the copyright
rules under that license.
Suggested attribution:
Community Training and Assistance Center and Tracy Unified School District. (2022). Integrated
STEM Unit Planner: Grade 5 Science – Simulate an Eco-Disruption. https://prek12stem.com. CC
BY-NC-SA 4.0 license.
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Big Picture
Unit Emblem

Focal Standard
5-LS1-1 Support an argument that plants get the materials they need for growth chiefly from air
and water. [Clarification Statement: Emphasis is on the idea that plant matter comes mostly
from air and water, not from the soil.]
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Overview
Sequence 1: Teachers engage students with an anchoring phenomenon by showing a video
on the kelp forest. (Here is a 30-minute video of one on YouTube, (Webster, 2020 i), and visiting
Monterey Bay virtually is also a great strategy.) During the entry event, teachers present the
driving essential question: How does energy move to keep things alive? This question connects
the concepts of the unit and leads to the design challenge where students research an
ecosystem, identify what happens when this ecosystem is disrupted and code a model on
Scratch.
To build knowledge, students will participate in learning experiences that help them explore
and explain several key concepts. Initially, they will learn about how plants get the materials
they need for growth chiefly from the air and water (5-LS1-1).
The design challenge will be introduced: to create a coded simulation of a disruption to an
ecosystem. Students ask questions about the challenge including: How do I create a
simulation on Scratch? What components do I need in my simulation? What are the elements
needed for an ecosystem’s survival? What is the flow of energy in the ecosystem?
Sequence 2: Students learn about how matter moves among plants, animals, decomposers
and the environment (5-LS2-1). To expand their knowledge of ecosystems, students will look at
the ecosystem on their school campus and model the flow of energy seen. They will combine
these experiences and begin the design process by planning and drawing their model on
paper.
Sequence 3: Students will participate in learning experiences to explain that energy comes
from the sun and is used for an animal’s body repair, growth, motion, and to maintain body
warmth (5-PS3-1). Students will create the coding for their model, listing out all of the necessary
components to show the flow of energy.
Sequence 4: Students review the criteria for success, reflect on their coding, and share with
others to obtain feedback and to test their ecosystem model.
Sequence 5: Students reflect on their data and revise the model to improve it. The simulation
will be shared with a third grade classroom to raise awareness of endangered ecosystems. It
will also be made public to the online coding community through Scratch.org.
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Integrated Unit Storyline
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Integrated Unit Wayfinder
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STEM Dive

Engineering

Design Challenge: Create a virtual ecosystem showing the impact of disruption to the

environment.

Type of Engineering: Environmental engineer
The Engineering Design Process (EDP) and Engineering Standards
EDP Step

Standard and Grade Band End Points from the Framework

Ask
How do I create a
simulation on Scratch?
What components do I
need in my simulation?
What are the elements
needed for an
ecosystem’s survival?

3-5-ETS1-1. Define a simple design problem that can be solved through the
development of an object, tool, process, or system and includes several
criteria for success and constraints on materials, time, or cost.
• Possible solutions to a problem are limited by available materials
and resources (constraints). The success of a designed solution is
determined by considering the desired features of a solution
(criteria). Different proposals for solutions can be compared on the
basis of how well each one meets the specified criteria for success
or how well each takes the constraints into account. (3-5-ETS1-1)

Plan
Look at the ecosystem
on their school campus
and model the flow of
energy and draw a
model on paper.

3-5-ETS1-2. Generate and compare multiple possible solutions to a problem
based on how well each is likely to meet the criteria and constraints of the
problem.
• Research on a problem should be carried out before beginning to
design a solution. Testing a solution involves investigating how well it
performs under a range of likely conditions. (3-5-ETS1-2)
• At whatever stage, communicating with peers about proposed
solutions is an important part of the design process, and shared
ideas can lead to improved designs. (3-5-ETS1-2)

Create
Use Scatch.org to
code a simulation that
is accurate to the
ecosystem selected.
Test
Review the success
criteria, reflect on
design and receive
feedback from peers.
Improve
Improve the model
based on feedback
received

3-5-ETS1-3. Plan and carry out fair tests in which variables are controlled
and failure points are considered to identify aspects of a model or
prototype that can be improved.
• Tests are often designed to identify failure points or difficulties, which
suggest the elements of the design that need to be improved. (3-5ETS1-3)
• Different solutions need to be tested in order to determine which of
them best solves the problem, given the criteria and the constraints.
(3-5-ETS1-3)
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Computer Science (Technology)

Computer Science Integrations
Description of Student Engagement
Students create a coded simulation showing a disruption to an ecosystem.
Computational Artifact
Definition: Anything created by a human using a computational thinking process and a
computing device. A computational artifact can be, but is not limited to, a program, image,
audio, video, presentation, or web page file. (Source: College Board, 2016)
•

Coded simulation showing a disruption to an ecosystem.

Hardware
Definition: The physical components that make up a computing system, computer, or
computing device. (Source: MDESE, 2016)
•

Computer

Software (includes programs, applications, websites, etc.)
Definition: Programs that run on a computing system, computer, or other computing device.
(Source: k12cs.org)
•

Software for computer simulation (Scratch.org)

Standards
•

3-5.DA.9 Use data to highlight and/or propose relationships, predict outcomes, or
communicate ideas.

•

3-5.AP.11 Create programs that use variables to store and modify data.

•

3-5.AP.12 Create programs that include events, loops, and conditionals.

•

3-5.AP.14 Create programs by incorporating smaller portions of existing programs, to
develop something new or add more advanced features.

•

3-5.AP.16 Observe intellectual property rights and give appropriate attribution when
creating, remixing, or combining programs.

•

3-5.AP.18 Perform different roles when collaborating with peers during the design,
implementation, and review stages of program development.

•

3-5.AP.19 Describe choices made during program development using code comments,
presentations, and demonstrations.

•

3-5.NI.5 Describe physical and digital security measures for protecting personal
information
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Science
Focal Standard
5-LS1-1 Support an argument that plants get the materials they need for growth chiefly from air
and water. [Clarification Statement: Emphasis is on the idea that plant matter comes mostly
from air and water, not from the soil.]

Related Content Standards
5-LS2-1 Develop a model to describe the movement of matter among plants, animals,
decomposers, and the environment. [Clarification Statement: Emphasis is on the idea that
matter that is not food (air, water, decomposed materials in soil) is changed by plants into
matter that is food. Examples of systems could include organisms, ecosystems, and the Earth.]
[Assessment Boundary: Assessment does not include molecular explanations.]
5-PS3-1 Use models to describe that that energy in animals’ food (used for body repair, growth,
motion, and to maintain body warmth) was once energy from the sun. [Clarification
Statement: Examples of models could include diagrams, and flow charts.]

Anchoring Phenomenon
Teachers engage students with an anchoring phenomenon by showing a video on the kelp
forest from the Monterey Bay Aquarium ii (Monterey Bay Aquarium).

Content Outline
Below is a content outline for the science content in this unit. It includes the key concepts
within the unit along with an approximate number of days it would take to facilitate a
sufficient amount of student learning experiences. For each key concept, key learnings
appear, which come from the grade band endpoints in A Framework for K-12 Science
Education: Practices, Crosscutting Concepts, and Core Ideas (source:
https://www.nextgenscience.org/framework-k-12-science-education). The storyline begins
with an anchoring phenomenon.
Key Concept

Key Learnings

Producers

•

Plants acquire their material for growth chiefly from air
and water. (5-LS1-1)

Consumers

•

The food of almost any kind of animal can be traced
back to plants. Organisms are related in food webs in
which some animals eat plants for food and other
animals eat the animals that eat plants. Some
organisms, such as fungi and bacteria, break down
dead organisms (both plants or plants’ parts and
animals) and therefore operate as “decomposers.”
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Key Concept

Key Learnings

# of Days

Decomposition eventually restores (recycles) some
materials back to the soil. Organisms can survive only in
environments in which their particular needs are met. A
healthy ecosystem is one in which multiple species of
different types are each able to meet their needs in a
relatively stable web of life. Newly introduced species
can damage the balance of an ecosystem. (5-LS2-1)
Decomposers

•

Matter cycles between the air and soil and among
plants, animals, and microbes as these organisms live
and die. Organisms obtain gases, and water, from the
environment, and release waste matter (gas, liquid, or
solid) back into the environment. (5-LS2-1)

Energy
Transfer

•

The energy released [from] food was once energy from
the sun that was captured by plants in the chemical
process that forms plant matter (from air and water). (5PS3-1)

Food Webs

•

Food provides animals with the materials they need for
body repair and growth and the energy they need to
maintain body warmth and for motion. (LS1.C, 5-PS3-1,
secondary)

Science and Engineering Practices

Crosscutting Concepts

1. Asking questions and defining
problems

1. Patterns

2. Developing and using models

3. Scale, proportion, and quantity

3. Planning and carrying out
investigations
4. Analyzing and interpreting data
5. Using mathematics and
computational thinking

2. Cause and effect
4. Systems and system models
5. Energy and matter
6. Structure and function
7. Stability and change

6. Constructing explanations and
designing solutions
7. Engaging in argument from evidence
8. Obtaining, evaluating, and
communicating information
Note. Bolded items are called out specifically in the standards cluster for this unit.

Integrated STEM Unit Planner: Grade 5 Science – Simulate an Eco-Disruption

Page 8

Mathematics

Description of Student Engagement
Students will show and describe fractional changes to the ecosystem. (e.g., what fraction of
the environment was affected, what fraction will be affected in a given change)

Standards for Mathematical Content
5.G.2. Solve word problems involving addition and subtraction of fractions referring to the
same whole, including cases of unlike denominators, e.g., by using visual fraction models or
equations to represent the problem. Use benchmark fractions and number sense of fractions
to estimate mentally and assess the reasonableness of answers.

Standards for Mathematical Practice
MP.1 Make sense of problems and persevere in solving them.
MP.2 Reason abstractly and quantitatively.
MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics.
MP.5 Use appropriate tools strategically.
MP.6 Attend to precision.
MP.7 Look for and make use of structure.
MP.8 Look for and express regularity in repeated reasoning.

Note. Bolded items are emphasized in this unit.
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English Language Arts and Development
Reading Standard: Key Idea and Details
RI.5.3 Explain the relationships or interactions between two or more individuals, events, ideas,
or concepts in a historical, scientific, or technical text based on specific information in the text.

Reading Standard: Integration of Knowledge and Ideas
RL.5.9 Compare and contrast stories in the same genre (e.g., mysteries and adventure stories)
on their approaches to similar themes and topics)

Writing Standard: Text Types and Purposes
W.5.2 Write informative/explanatory texts to examine a topic and convey ideas and
information clearly.
•

W.5.2.d Use precise language and domain-specific vocabulary to inform about or
explain the topic.

W.5.3 Write narratives to develop real or imagined experiences or events using effective
technique, descriptive details, and clear event sequences.

Writing Standard: Research to Build and Present Knowledge
W.5.7 Conduct short research projects that use several sources to build knowledge through
investigation of different aspects of a topic.

Speaking and Listening Standard: Comprehension and Collaboration
SL.5.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and
teacher-led) with diverse partners on grade 5 topics and texts, building on others' ideas and
expressing their own clearly.

Speaking and Listening Standard: Presentation and Knowledge of Ideas
SL.5.4 Report on a topic or text or present an opinion, sequencing ideas logically and using
appropriate facts and relevant, descriptive details to support main ideas or themes; speak
clearly at an understandable pace.
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Unit Vocabulary
The following terms reflect the core vocabulary students should understand and use in this unit.

1

•

absorption: The uptake of water , other fluids, or dissolved chemicals by a cell or an
organism (as tree roots absorb dissolved nutrients in soil). (Sourced from EPA 1:
https://bit.ly/3tqzovu)

•

carbon dioxide: A colorless, odorless greenhouse gas. It is produced naturally when
dead animals or plants decay, and it is used by plants during photosynthesis. People
are adding carbon dioxide into the atmosphere, mostly by burning fossil fuels such as
coal, oil, and natural gas. (Sourced from EPA: https://bit.ly/2WZx4zn)

•

carnivore: A carnivore is an animal (such as a dog, fox, crocodile, or shark) that feeds
primarily or exclusively on animal matter. (Source: https://www.merriamwebster.com/dictionary/carnivore)

•

consumers: A consumer is an organism requiring complex organic compounds for food
which it obtains by preying on other organisms or by eating particles of organic matter.
(Source: https://www.merriam-webster.com/dictionary/consumers)

•

convert: To convert means to change from one form or function to another or to alter
for more effective utilization. (Source: https://www.merriamwebster.com/dictionary/convert

•

decomposer: A decomposer is a living thing (as a bacterium, fungus, or insect) that
feeds on and breaks down plant and animal matter into simpler parts or substances.
(Source: https://www.merriam-webster.com/dictionary/decomposer)

•

disruption: A disruption is the action of preventing something, especially a system,
process, or event, from continuing as usual or as expected. (Source:
https://dictionary.cambridge.org/us/dictionary/english/disruption)

•

ecosystem: An ecosystem includes all living things and nonliving things in an area, as
well as the interactions between them. (Sourced from the EPA: https://bit.ly/3hgRH16)

•

endangered: An endangered species is a type of animal or plant that has become very
rare and that could die out completely. (Source: https://www.merriamwebster.com/dictionary/endangered)

EPA = Environmental Protection Agency
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2

•

energy: Energy is the ability to do work. Energy comes in many forms, such as heat,
light, motion, and electricity. Most of the world's energy comes from burning fossil fuels
to produce heat, which can then be converted into other forms of energy, such as
motion (for example, driving a car) or electricity. (Sourced from EPA:
https://bit.ly/3z0SObg)

•

environment: The environment is the air, water, and land in or on which people,
animals, and plants live. (Source:
https://dictionary.cambridge.org/us/dictionary/english/environment)

•

food web: A food web is a diagram of the links among species in an ecosystem –
essentially who eats what. A food chain shows only the organisms that contribute to the
diet of the top consumer. (Sourced from USGS 2: https://on.doi.gov/38Y9h5H)

•

fungus: A fungus is any member of the kingdom of living things (as mushrooms, molds,
and rusts) that have no chlorophyll, must live in or on plants, animals, or decaying
material, and were formerly considered plants. (Source: https://www.merriamwebster.com/dictionary/fungus)

•

germinate: To germinate is to cause to sprout or develop. (Source:
https://www.merriam-webster.com/dictionary/germinate)

•

herbivore: An herbivore is an animal that only eats plants. (Source:
https://www.merriam-webster.com/dictionary/herbivore)

•

interact: To interact is to act upon or together with something else. (Source:
https://www.merriam-webster.com/dictionary/interact)

•

omnivore: An omnivore is an animal that feeds on plants and other animals. (Source:
https://www.merriam-webster.com/dictionary/omnivore)

•

organism: An organism is a living thing made up of one or more cells and able to carry
on the activities of life (as using energy, growing, or reproducing). (Source:
https://www.merriam-webster.com/dictionary/organism)

•

oxygen: Oxygen is a chemical element found in the air as a colorless, odorless, tasteless
gas that is necessary for life. (Source: https://www.merriamwebster.com/dictionary/oxygen)

•

producers: Producers are organisms that use available resources such as water, soil and
sunlight and turn them into organic matter.

USGS = U.S. Geological Survey
Integrated STEM Unit Planner: Grade 5 Science – Simulate an Eco-Disruption

Page 12

Assessment Tools

Student Experience Inventory

Teachers can use the following prompts with students prior to the beginning of the unit or early
in the unit in order to learn about students’ experiences that relate to the unit. Teachers can
make informed instructional decisions based on this learning, enabling tailored opportunities
for students to make their own meaning.

Student Prompts
1. What kinds of plants have you seen or grown? (Additional prompts: Where were they?
How big were they? Did you see them change in any way?)
2. What kinds of things do you like to eat? Do you notice your body change at all as a
result of eating?
3. Think of an animal you have or have observed. What kinds of things does it eat? Do you
know where the food comes from?

Aligned Learnings
1. Responses to this item provide insight into students’ experiences with plants and how
they grow and change. 5-LS1-1
2. Responses to this item provide insight into students’ experiences with food sources and
the energy transferred through consumption. 5-LS2-1, 5-PS3-1
3. Responses to this item provide insight into students’ experiences with food sources and
the energy transferred through consumption. 5-LS2-1, 5-PS3-1
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Student Self-Assessment of Engineering
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One-Point Design Challenge Rubric

Criteria serve as a primary reference point throughout the engineering design process.
Teachers use the criteria to communicate expectations and to guide students. With teacher
guidance, students use the criteria to inform and reflect on their work.
Approaches Expectations

Notes on how to improve the
project

Meets Expectations

Criteria indicating success

Exceeds Expectations

Notes on how project goes
beyond expectations

Engineering
Students participate in the 5part engineering design
process, use data, and make
thoughtful improvements to
their design. (3-5-ETS1-1, 3-5ETS1-2, 3-5-ETS1-3)
Computer Science
Students create coded
simulation of an ecosystem
using Scratch (3-5.DA.9, 35.AP.11, 3-5.AP12., 2-5.AP.14,
3-5.AP.16, 3-5.AP.19. 35.AP.19, 3-5.NI.5
Collaboration
Students give and receive
input with kindness and
honesty. (SL.5.1)
Communication
Students speak and write
about their ideas clearly
using accurate vocabulary
(W.5.2, W.5.2.D). I can share
thoughts, read, and listen to
learn from others. (SL.5.4)
Science
Students use knowledge of
the flow of matter and
energy in an ecosystem to
show how a disruption to the
ecosystem affects an
organism. (5-LS1-1, 5-LS2-1, 5PS3-1)
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Engagement

Community and Career Connections

During the unit, students engage with STEM professionals who can inform students’ work at
some point during the engineering design process. The interaction with STEM professionals
serves a few purposes:
•
•
•

Expose students to STEM as it applies in various careers
Enrich student learning through collaborating with STEM professionals
Help students see themselves doing the actual work of STEM

Below are a few potential STEM-related professionals that align to one of California’s 15
industry sectors for Career and Technical Education:
•
•
•

Wildlife Rehabilitator (Agricultural and Natural Resources)
Conservationist (Agricultural and Natural Resources)
Computer Programmer for gaming or simulation (Information and Communication
Technologies)

The interactive experience will ideally be co-constructed by the teacher and professional. In
coordinating with the professional, a few questions appear below that can be used to guide
the planning and live interaction with students:
•

Wildlife Rehabilitator (Agricultural and Natural Resources)
 What animals do you work with most commonly?
 How do they come to your attention? In part, that is who brings them to you as
well as what problems do they have?
 What is the goal of wildlife rehabilitation?
 Are there ever animals who cannot be released into the wild again? Why?
 What is the main reason that wildlife get into trouble and need your help?

•

Conservationist (Agricultural and Natural Resources)
 What habitats are the most at risk near us? Why are they at risk?
 What role do people play in putting land at risk?
 What do you do to try to protect those lands?
 What do you wish people we know and do to promote conservation of our
resources?

•

Computer Programmer for gaming or simulation (Information and Communication
Technologies)
 What types of games or simulations have you developed?
 How do you gather information about what you are attempting to simulate?
 What are key tools and knowledge required for your job?
 What is the most difficult challenge to your role?
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Materials List
The only materials required for this design challenge are computing devices for the students.

Distance Learning Modifications

In distance learning, the design challenge will be conducted by students individually at home.
Student collaboration will need to occur remotely with a modified materials list.

Modified Materials List (student totals):
The only material required for this design challenge is a computing device for the student.

Endnotes
Webster, P. (2020, November 3). 30 minutes of cold water magic in a Monterey Bay kelp forest.
YouTube. https://www.youtube.com/watch?v=GIJFTbAS6S0
i

Monterey Bay Aquarium. (n.d.). Kelp forest. https://www.montereybayaquarium.org/visit/exhibits/kelpforest
ii
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