STEM Curriculum Planning Guide
This instructional design guide serves as the template for the design and development of STEM units of
instruction at the Dayton Regional STEM Center in Dayton, Ohio. The guide is anchored to the STEM
Education Quality Framework also developed at the Dayton Regional STEM Center.

STEM Unit Title

"Fish-y" Gardening

Economic Cluster

Advanced Manufacturing & Materials
Agricultural Engineering
Environmental Engineering

Targeted Grades

7

STEM Disciplines

Non-STEM
Disciplines

Science
Technology
Engineering
Mathematics

English Language Arts: Literacy in Science and Technical Subjects

a. Acknowledgement of Support. Unless otherwise provided in the grant, the grantee is responsible for assuring that an acknowledgment of NSF support is made:
(i) in any publication (including Web pages) of any material based on or developed under this project, in the following terms:
"This material is based upon work supported by the National Science Foundation under Grant No. EEC - 1009607."
(ii) NSF support also must be orally acknowledged during all news media interviews, including popular media such as radio, television and news magazines.
b. Disclaimer. The awardee is responsible for assuring that every publication of material (including World Wide Web pages) based on or developed under this
award, except scientific articles or papers appearing in scientific, technical or professional journals, contains the following disclaimer:
"Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the
views of the National Science Foundation."
c. Copies for NSF. The grantee is responsible for assuring that the cognizant NSF Program Officer is provided access to, either electronically or in paper form, a
copy of every publication of material based on or developed under this award, clearly labeled with the award number and other appropriate identifying
information, promptly after publication.
The electronic template is copyrighted to Dayton Regional STEM Center. No permission has been granted for template reproduction. However, lesson contents
may be reproduced and attributed to Dayton Regional STEM Center free of charge.
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Section I: STEM Unit Overview
Unit Overview

Student teams will design and construct a small/micro-scale symbiotic aquaponic system that can be used by
populations lacking natural resources needed to provide and cultivate a sustainable, nutrient-rich food source. This
unit will require students to use live fish and plant vegetables so please be aware of safety guidelines. Students will
also have a two-week period of observations in the middle of the unit to collect data on their system. Water pumps
are a requirement for each system. Seedlings are required for this project and can be purchased or planted in
conjunction with another unit.

Essential Question

1. What is the most effective way to sustain life in a closed system?
2. How can change in one part of an ecosystem affect other parts of the ecosystem?
3. How does matter and energy link organisms to each other and their environment?
4. How do humans have an impact on the diversity and stability of ecosystems?
5. How is matter and energy transferred/transformed in living systems?

Enduring
Understanding

Organisms are interconnected with their environments, and continually recycle matter, needed to sustain life, among
themselves and the environment; therefore, changes in one part of the system will affect other parts of the system.
Humans can also alter the living and non-living factors within an ecosystem, thereby creating changes to the overall
system.
Energy rich molecules are transferred from one organism to another and then are eventually recycled by
decomposers back into mineral nutrients usable by plants, making organisms dependant on both abiotic and biotic
factors in order to survive; symbiotic relationships are necessary for production.
Scientific inquiry involves asking scientifically-oriented questions, collecting evidence, forming explanations,
connecting explanations to scientific knowledge and theory, and communicating and justifying the explanation.

Engineering
Design Challenge

The mayor of Caguas, Puerto Rico and his Strategic Planning staff have developed a plan to address unemployment,
food quality and production, and poverty within the city. He is searching for participants to participate in the
"Sustainable Food Initiative" that will promote local food production. Your company, Agronomics, is asked to create a
viable farming method consisting of a self-sustaining system that would provide both fish and vegetables for families
to eat. Because there is little viable soil and water availability may be scarce, the goal is to combine a hydroponic
planting method with a fresh water system that promotes a symbiotic relationship beneficial to both the plants and
fish. The fish waste (nitrogen) provides nourishment to plants and the plants in turn are able to filter the water.
Your system must be created using readily-available, inexpensive materials and be able to produce nutrient-rich, safe
food. You must submit a small-scale, functioning model of your idea along with a presentation to the mayor and his
strategic planning staff.

Time and Activity
Overview

Day

Time
Allotment

1 50 minutes

2 50 minutes

3 50 minutes
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Actvities
Pre-test
Assemble teams
Code of cooperation/team roles
Read descriptions of potential careers
Reflection
Introduce portfolio/journaling
Hook
Intro to problem
Hydroponics video or article
Brainstorm
Reflection
Review Engineering Design Process
Post-It Note brainstorming
Research guidelines
Review nitrogen cycle
Reflection
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4 50 minutes

5 50 minutes

6 50 minutes

7 50 minutes

Collaboration of ideas/designs
Brainstorm
Define problem statement, constraints, and objectives
Sketches
Reflection
Decision matrix
Aquaponics video
Begin building prototype
Reflection
Water pump inquiry activity
Build prototype/redesign
Add abiotic factors
Reflection
Sketch final design
Create data sheets
Collect data
Begin preparing presentation
Reflection
Collect data
Review animal safety
Final assembly of biotic parts of the system
Reflection

8 50 minutes
****WAIT TWO WEEKS BEFORE CONTINUING TO DAY 9****

****TWO WEEKS AFTER DAY 8****

9 50 minutes

10 50 minutes
11 50 minutes

Pre-requisite
Knowledge & Skill

Collect final data points
Work on presentation/proposal
Reflection
System tear down
Continue work on presentations/proposal
Wrap up individual journal
Presentations
Post-Test

Team Building Skills
Engineering Design Process
Understanding of concepts related to cycles of matter and flow of energy: photosynthesis, abiotic and biotic factors
interact in an ecosystem, aquatic biomes, decomposers, symbiotic relationships.
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Academic Content Standards

Mathematics

Add Standard
Grade/Conceptual
Category

7

Domain

Ratios and Proportional Relationships

Cluster

Analyze proportional relationships and use them to solve real-world and mathematical problems.

Standards

Explain what a point (x, y) on the graph of a proportional relationship means in terms of the situation, with special
attention to the points (0, 0) and (1, r) where r is the unit rate.

English Language Arts

Add Standard
Grade

6-8

Strand

Reading Standards for Literacy in Science and Technical Subjects 6–12

Topic

Integration of Knowledge and Ideas

Standard

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).

English Language Arts

Add Standard
Grade

6-8

Strand

Reading Standards for Literacy in Science and Technical Subjects 6–12

Topic

Craft and Structure

Standard

Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a
specific scientific or technical context relevant to grades 6-8 texts and topics.
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English Language Arts

Add Standard
Grade

6-8

Strand

Writing Standards for Literacy in Science and Technical Subjects 6–12

Topic

Production and Distrubution

Standard

Use technology, including the Internet, to produce and publish writing and present the relationships between
information and ideas clearly and efficiently.

English Language Arts

Add Standard
Grade

7

Strand

Speaking and Listening

Topic

Comprehension and Collaboration

Standard

Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse
partners on grade 7 topics, texts, and issues, building on others’ ideas and expressing their own clearly.

English Language Arts

Add Standard
Grade

7

Strand

Speaking and Listening

Topic

Presentation of Knowledge and Ideas

Standard

Present claims and findings, emphasizing salient points in a focused, coherent manner with pertinent descriptions,
facts, details, and examples; use appropriate eye contact, adequate volume, and clear pronunciation.
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Add Standard

Social Studies

Grade
Theme
Strand (pk-8
only)
Topic
Content Standard

Add Standard

Science

Grade

7

Theme

Order and Organization

Topic

Cycles of Matter and Flow of Energy
In any particular biome, the number, growth and survival of organisms and populations depend on biotic and abiotic
factors.

Content Standard
Matter is transferred continuously between one organism to another and between organisms and their physical
environments.

Add Standard

Science

Strand
Course Content
Content
Elaboration
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Fine Arts

Add Standard
Grade
Subject
Standard
Benchmark
Indicator

Add Standard

Technology

Grade

7

Standard

Creativity and Innovation

Benchmark

Indicator

Students demonstrate creative thinking, construct knowledge, and develop innovative products and processes using
technology.
a. apply existing knowledge to generate new ideas, products, or processes.
b. create original works as a means of personal or group expression.
c. use models and simulations to explore complex systems and issues.
d. identify trends and forecast possibilities.
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Assessment
Plan
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What evidence will show that students have acquired the enduring understandings
for this STEM unit?
Performance Task,
Projects

Design Challenge Rubric
Water Pump Inquiry

Quizzes, Tests, Academic
Prompts

Pre-Test
Window Garden Writing Prompt
Ecosystem Writing Prompt
Nature Cycles Anticipation Guide
Post-Test

Other Evidence (e.g.
observations, work
samples, student artifacts,
etc.)

Presentation Rubric

Student Self- Assessment

Interactive Journals
Reflections
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Technology
Integration

ADISC Technology Integration Model*

Type of Integration
Technology tools and resources
that support students and teachers
in adjusting, adapting, or

A

augmenting teaching and learning
to meet the needs of individual
learners or groups of learners.

Technology tools and resources
that support students and teachers

D

Application(s) in this STEM Unit
A Kid's Introduction to Hydroponic Gardening Video:
http://www.meetmeatthecorner.org/episode/earth-day-2011-akids-introduction-to-hydroponics
The Nitrogen Cycle Video:
http://www.youtube.com/watch?v=pdY4I-aqJA&feature=related
The Green Box Video Aquaponics Video:
http://www.kickstarter.com/projects/975759058/the-blue-greenbox?ref=category
Excel spreadsheets could be used to record and graph data
from aquaponic systems.

in dealing effectively with data,
including data management,
manipulation, and display.

Technology tools and resources
that support students and teachers

I

Internet research on different types of plants, fish, gravel types,
aquarium set-up.

in conducting inquiry, including the
effective use of Internet research
methods.

Technology tools and resources
that support students and teachers

S

in simulating real world

Water pump inquiry, students change the variables such as
pumps, tubing, etc. to see how the outcome (flow of water)
changes.

phenomena including the modeling
of physical, social, economic, and
mathematical relationships.
Technology tools and resources
that support students and teachers

C

Presentation: students will present their findings using
PowerPoint, Prezi, or whichever tool they choose.

in communicating and
collaborating including the
effective use of multimedia tools
and online collaboration.

*The ADISC Model was developed by James Rowley PhD, Executive Director of the Institute
for Technology-Enhanced Learning at the University of Dayton
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Career Connections

Career Description
Industrial Designer:
Industrial designers combine science and creativity to improve a
product’s aesthetics, function, or design in order to increase userfriendliness. This often makes the product easier to market and produce.
They often work with other engineers and designers in teams, and think
out of the box. They design everything and anything, from iPods to
furniture to kitchen appliances.
Mathematician:
Mathematicians use their knowledge of math to solve quantitative
problems. They help others analyze changes in numbers, data,
quantities, finances, and models. Applied mathematics is the process of
working with others to solve numerical problems and consulting
professionals in the fields of science, engineering, business, and industry
to help them make important decisions.
Environmental Engineer:
An environmental engineer uses science and engineering tools to
improve and maintain the natural environment. This includes healthy air,
water, and land for human, animal, and plant use. This type of engineer
works with a team to find solutions to pollution problems as well as to
improve the recycling process. They also assist with educating the public
about the importance of a healthy natural environment.
Materials Engineer:
Also known as a material scientist, a materials engineer focuses on the
properties of materials for science and engineering use. They study the
atomic and molecular structures of materials, and use this knowledge to
best develop and apply materials to solve problems. This type of
engineer is important because a decrease in natural resources is
occurring and development of innovative materials is in high demand.
They work with chemical, civil, and mechanical engineers as well as
business professionals.
Project Manager:
The project manager is the leader, and responsible for organizing and
making sure that each task is completed. They must work with their team
to communicate clear expectations of the client, and distribute tasks
accordingly. They must make sure that project components are
completed on time, under budget, and of appropriate quality.
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Section II: STEM Lesson Plan
Title of Lesson

Day 1: Team Formation/Pre-Test

Time Required

50 minutes

Materials

Appendix A: Pre/Post -Test (1 per student); and KEY (1 per teacher)
Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career roles (1 per student)

Objectives

Students will engage effectively in a collaborative discussion through a team building activity and creating a code
of cooperation.
Students will form a real-life connection with potential STEM career fields through research and exploration, as
well as choosing their role on their team.

Instructional
Process

1. Administer pretest, located in Appendix A. Give approximately 15 minutes to complete the test. Do not return
the graded tests to students, this is simply to gather information on how much students already know before
the beginning of the unit.
2. Assign teams.
3. Handout and explain the Team Code of Cooperation. Then instruct teams to complete it together with their
team. In order to keep your classroom flowing smoothly, have the students create their own code of
cooperation.
Note: consequences may be: simple as bring a snack/treat to share with the team the next day, to a little
more serious: drop and do 10 push ups.
4. Distribute and read descriptions of Career Roles. Assign, or allow time for teams to choose, roles.
Instruct them to read and be sure they understand their job, as that will be their responsibility for the duration
of the unit.
5. Exit slip: Choose whether to have them reflect at the end of the day, or complete it as homework. Have them
specifically reflect on the Code of Cooperation and the importance of team career roles in their journals.

Differentiation

Provide a sample Code of Cooperation Template.
Provide a journalling template where they simply answer a specific prompt rather than having free reign to write
as they wish.
Cooperative Teamwork

Assessments
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Exit Slip
Code of Cooperation
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Section II: STEM Lesson Plan
Title of Lesson

Day 2: Introduction to the Problem/Brainstorming

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix D: Ecosystem/Aquaculture Article (1 per student)
Appendix E: Window Gardens Video/Aquaculture Article Assessment (1 per student)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
1 spiral notebooks or compositions book per student
Pens or pencils with eraser, colored pencils, markers, scotch tape, scissors (1 per student)
LCD projector/computer
Internet Access (YouTube):
"Hunger and Poverty in the Dominican Republic" (4m27s) video:
http://www.youtube.com/watch?v=kYObMb7JXak
"A Kid's Introduction to Hydroponic Gardening" (5m9s) Video
http://www.meetmeatthecorner.org/episode/earth-day-2011-a-kids-introduction-to-hydroponics

Objectives

Students will apply prior knowledge of ecology as well as evidence from multiple sources in order to generate
new ideas.

Instructional
Process

1. Consider introducing research notebooks to students by telling them interactive journals can be used to help
develop better understanding, practice, and refine their science research skills and understanding, while also
enhancing writing and communication skills. Science notebooks contain information about students'
research experiences. Notebooks will be used throughout the entire process. Students may use a notebook
or folded sheets of paper made into a booklet. Have students title the 1st page with the unit title “Fish-y
Gardening” and their name. Students may also want to include additional information such as their teacher’s
name, class period, team member’s names, etc. On the next page have students write “Table of Contents”.
Designate two pages for the table of contents. Have students begin numbering the front and back of all
remaining pages of their notebooks. Tell them to use both front and backs of each page in the notebook and
be careful not to skip any pages. Inform them that they will be using their notebooks as a research journal
every day. They must clearly title and date every entry (i.e. brainstorming, initial design, research, reflection,
etc.). They may make more than one entry per page as long as the table of contents is accurate. Remind
students that their notebook entries will be used for self-reflection and as documentation for final presentation.
2. Play the video: Play the video “Hunger and Poverty in the Dominican Republic” (4min27s). Explain to the
students that this problem is very similar to what Puerto Rico is experiencing in their engineering design
problem simulation. This will lead directly into the next step of the lesson.
3. Introduction to Problem: Provide students with the Engineering Design Challenge and Rubric, Engineering
Design Process Graphic, and Engineering Design Challenge Presentation Checklist and Rubric appendices.
Read and discuss it together as a class. Allow time for questions, but do not answer how they should go
about creating a solution.
4. Show the video on hydroponic window gardens, “A Kid’s Introduction to Hydroponic Gardening”(5m9s). This
will give the students a little bit of an idea how aquaponics works, as hydroponics and aquaponics are very
similar.
5. Review sustainable, hydroponics,aquaculture, ecosystem article: Provide students with the Ecosystem/
Aquaculture Article and Window Gardens Video/Aquaculture Article Assessment appendices. Have them
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read it, and then answer questions, using domain-specific vocabulary and evidence from the video and article.
6. Reflection: Have students reflect on their initial thoughts on the Engineering Design Challenge. What are
they nervous about? What ideas do they already have?

Differentiation

Provide guided notes for article/summary for students
Provide list of content specific vocabulary words for students
Create a journal checklist for journal project
Videos

Assessments

Reflection
Window Garden Assessment

Draft: Monday, July 28, 2014
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Section II: STEM Lesson Plan
Title of Lesson

Day 3: Guided Research and Definition

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
Appendix I: Research Guidelines (1 per student)
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide (1 per student)
Appendix K: “The Nitrogen Cycle” Article (1 per student)
Post-It Notes (one pack per team)
"The Nitrogen Cycle" (5m8s) Video:
http://www.youtube.com/watch?v=pdY4I-EaqJA&feature=related
Access to computers for research

Objectives

Student will generate solutions to the problem using team and individual brainstorming strategies.
Students will identify human impacts on the nitrogen cycle.
Students use a variety of technological and information resources (e.g., libraries, databases, computer networks,
video) to gather information and to create knowledge.

Instructional
Process

Draft: Monday, July 28, 2014

1. Review content covered on the previous day, along with the engineering design process.
Have students brainstorm Ideas for possible solutions to the problem in Puerto Rico.
2. Sample brainstorming activity: Post-it Note brainstorming. Give each student Post-It Notes and them
individually brainstorm silently for 4 minutes. You may give them a stimulus, such as idea blocks or
magazines to look through for inspiration. Then have them share their ideas with their teammates one at a
time, placing the post-it notes in the middle of the table or nearby wall. Finally, give students 5 more minutes
to brainstorm independently elaborating on others ideas. This final set of brainstorming notes should be
recorded in their journals.
3. Give students “The Nitrogen Cycle” Article: Anticipation Guide. Allow a few minutes to complete the left side
of the worksheet, predicting the answers to the questions.
4. Show the "The Nitrogen Cycle" (5m8s) Video:
http://www.youtube.com/watch?v=pdY4I-EaqJA&feature=related
5. Hand out “The Nitrogen Cycle” Article appendix and instruct them to read it together with their team. Inform
teams that as they read the article they are to complete the middle section of the anticipation guide, making
sure to cite evidence from the article and/or video.
6. Distribute the Research Guidelines appendix to each student. Go over worksheet with class and explain each
parameter that will be researched. Teams will be responsible for assigning sections to individual team
members, and completing necessary research.
7. Give students time to carry out their task. Students must finish for homework if not completed in class.
8. During the last five minutes of class have students reflect on what role the nitrogen cycle will play in creating
their design challenge.

Page 14 of 34

Differentiation

Anticipation guides
Journaling

Assessments

Nature’s Cycles Anticipation Guide
Research Guidelines Worksheets
Reflections

Draft: Monday, July 28, 2014
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Section II: STEM Lesson Plan
Title of Lesson

Day 4: Collaboration of Ideas

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
Appendix I: Research Guidelines (1 per student)
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide (1 per student)
Appendix K: “The Nitrogen Cycle” Article (1 per student)
Appendix L: Design/Data Requirements and Fish Safety (1 per team)
Appendix M: Turbidity Guidelines (1 per team)
Appendix N: Troubleshooting Plan (1 per team)
Appendix O: Problem Statement, Objectives, and Constraints (1 per team)
Student journal
4 feet PVC tubing (various sizes)
Plastic containers with minimum dimensions for tank (2 per team, one for the fish, one for the plants)
1 Pack of 100 Styrofoam Cups (optional)
1 Pack of 100 Straws (optional)
Gravel (3 types, enough to provide at least 2 inches on the bottom of each team’s tank)
Water Pump (1 per team)
Cutting device for tubing (1 per team)
Drill for cutting plastic containers (1 per class)
Any Other Viable Materials Stored in Classroom

Objectives

Students will use a variety of technological and informational resources (e.g., libraries, databases, computer
networks, video) to gather and synthesize information and to create and communicate knowledge.
Students will define the problem statement, objectives, and constraints for their engineering problem.

Instructional
Process

Draft: Monday, July 28, 2014

1. Assemble teams together, and instruct them to share information gained from their research with their
teammates. Remind students that they are responsible for taking notes during the discussion and recording
all information in their journals (what was found during individual research).
2. Tell students that they will now use the information gathered to brainstorm and sketch individual designs. Set
out construction components to aid the students in idea generation. Give the students 10-15 minutes for
brainstorming. All sketches must be in their journal. Encourage the students to create at least 2-3 sketches of
their own.
3. Review the problem statement. Lead the class in discussion about some of their basic ideas. Ask them about
some of the components of their design; what are some things their farming model must include; what
are some things you would like to see in their model. Record their ideas on the board. Distribute the Design/
Data Requirements and Fish Safety, Turbidity Guidelines, Troubleshooting Plan, and Problem Statement,
Objectives, and Constraints appendices and go over the instruction with the class. Instruct the teams
to define their problem, objectives and constraints and record this in their journal.
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4. Have students refine or create more sketches, depending on how far along they are in their brainstorming
process.
5. Reflection- Have students reflect on the brainstorming process and sketching.

Differentiation

Cooperative Teamwork

Assessments

Research data page in journal
Reflection

Draft: Monday, July 28, 2014
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Section II: STEM Lesson Plan
Title of Lesson

Day 5: Prototype Construction

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
Appendix I: Research Guidelines (1 per student)
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide (1 per student)
Appendix K: “The Nitrogen Cycle” Article (1 per student)
Appendix L: Design/Data Requirements and Fish Safety
Appendix M: Turbidity Guidelines (1 per team)
Appendix N: Troubleshooting Plan (1 per team)
Appendix O: Problem Statement, Objectives, and Constraints (1 per team)
Appendix P: Decision Analysis Matrix Instructions (1 per team)
"The Green Box Video Aquaponics" (2m44s) Video:
http://www.kickstarter.com/projects/975759058/the-blue-green-box?ref=category
4 feet of PVC tubing (various sizes)
Plastic bottles (2-3 per team)
Pack of 100 Plastic cups
Plastic containers with minimum dimensions for tank (2 per team)
Pack of 100 Straws
Gravel (enough for each tank)
Water Pump (1 per team)
Cutting device for tubing (1 per team)
Drill for cutting plastic containers (1 per class)
Thermometers (1 per team)
pH strips (1 set per team)
Rulers (1 per team)

Objectives

Students will use the decision matrix as a team in order to select their most appropriate design.
Students will create a list of materials, collect them, and begin to construct their prototype of their design solution.

Instructional
Process

Draft: Monday, July 28, 2014

1. Introduce Decision Analysis Matrix Instructions to the class. Provide and elaborate on the included example.
Instruct teams to create their own team matrix.
2. Have students share their individual designs with their teammates. Individual will choose at one of their
designs and use the Decision Analysis Matrix to score and select their final team design choice. Instruct each
individual in the team to sketch the final design in their journal. Final design sketches should be to scale and
have dimensions and notes and be labeled clearly.
3. Show “The Green Box: Aquaponics” video (2m44s):
http://www.kickstarter.com/projects/975759058/the-blue-green-box?ref=category
4. Instruct teams to collaboratively make materials list, record information in their journals, and begin gathering
materials for their project.
5. Have teams begin construction of their prototype, building the shell of the prototype before adding any biotic

Page 18 of 34

factors. This way, the safety of the animals and the plants will be ensured during the construction process.
6. Reflection: Have students reflect on their decision analysis matrix, and how their experience with it went.
Have them record their final design and justification for why they think it will work.

Differentiation

Example Decision Matrix
Cooperative group
Journaling
Hands- on Construction
Video

Assessments

Reflection

Draft: Monday, July 28, 2014
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Section II: STEM Lesson Plan
Title of Lesson

Day 6: Prototype Redesign

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
Appendix I: Research Guidelines (1 per student)
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide (1 per student)
Appendix K: “The Nitrogen Cycle” Article (1 per student)
Appendix L: Design/Data Requirements and Fish Safety (1 per team)
Appendix M: Turbidity Guidelines (1 per team)
Appendix N: Troubleshooting Plan (1 per team)
Appendix O: Problem Statement, Objectives, and Constraints (1 per team)
Appendix P: Decision Analysis Matrix Instructions (1 per team)
Appendix Q: Water Pump Inquiry (1 per team)
Previous Appendices
4 feet of PVC tubing (various sizes)
Plastic containers with minimum dimensions for tank (2 per team)
Pack of 100 Straws
Gravel (enough for each team’s tank)
Submersible Water Pump (1 per pair)
Stopwatch (1 per pair)
Funnel (1 per pair)
250mL beaker (1 per pair)
Cylinder (1 per pair)
Sink
Cutting device for tubing (1 per team)
Drill for cutting plastic containers (1 per class)
Pack of 100 Styrofoam Cups
Thermometers (1 per team)
Nitrogen testing kit (1 per team)
ph strips (1 set per team)
Rulers (1 per team)
Plants (at least 2 per team)
Fish (2 per team)

Objectives

Students will demonstrate an understanding of rates by utilizing the water pump and measuring its output and
graphing the data.

Instructional
Process

1. Hand out the Water Pump Inquiry Demonstrate how to assemble the water pump. Note: make sure that all
pumps are working properly. Lead students in the inquiry-based activity in which they measure and calculate
the flow rate water pump. Remind students of safety hazards, such as water and electricity used in unison, as
well not allowing the pumps to run above water. Have the teams connect various lengths and configurations
of plastic tubing to the pump. Submerge the pump in water, turn it on. Collect the water coming out of the

Draft: Monday, July 28, 2014

Page 20 of 34

tubing in a beaker for 5 seconds. Students should record data (time, amount of water) in their journals.
Remind students that they may need to consider the flow rate of the water when finalizing their construction.
2. Have students continue to build their model and redesign if necessary.
3. Instruct teams to gain your approval when they feel they are ready to add water and other abiotic factors.
4. Have students write a reflection on the inquiry activity: have them record any changes they made to their
design and why they think these changes will be beneficial.

Differentiation

Hands on lab
Cooperative Teamwork
Journaling

Assessments

Water flow analysis
Reflection
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Section II: STEM Lesson Plan
Title of Lesson

Day 7: Data Collection

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
Appendix I: Research Guidelines (1 per student)
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide (1 per student)
Appendix K: “The Nitrogen Cycle” Article (1 per student)
Appendix L: Design/Data Requirements and Fish Safety (1 per team)
Appendix M: Turbidity Guidelines (1 per team)
Appendix N: Troubleshooting Plan (1 per team)
Appendix O: Problem Statement, Objectives, and Constraints (1 per team)
Appendix P: Decision Analysis Matrix Instructions (1 per team)
4 feet of PVC tubing (various sizes)
Plastic containers with minimum dimensions for tank (2 per team)
Pack of 100 Straws
Gravel (enough for each team’s tank)
Water pump (1 per team)
Cutting device for tubing (1 per team)
Drill for cutting plastic containers (1 per class)
Pack of 100 Styrofoam Cups
Nitrogen testing kit (1 per team)
Thermometers (1 per team)
ph strips (1 pack per team)
Rulers (1 per team)
Plants (2 per team)
Fish (2 per team)

Objectives

Students will demonstrate their understanding of abiotic and biotic factors by constructing a model of a viable
farming method.
Students will record their learning by creating a log of data and recording information.

Instructional
Process

1. Have students sketch their final design in their journals.
2. Tell students to get out their design requirements handout, and instruct the teams to create data sheets
containing ammonia levels, temperature, pH, turbidity, nitrate, and nitrite levels.
3. Have students collect baseline data on water properties from their system.
4. Review the Engineering Design Challenge Presentation Checklist and Rubric. Discuss with the class the
expectation for the presentation to the mayor's council. Have students collaboratively work on their
presentation. Remind them that all members of the team will receive the same grade on this portion of their
final evaluation.
5. Instruct students to write a reflection on the day’s activities: have them record their final designs, and baseline
water data, including what they learned and what they found interesting.

Differentiation

Data Sheets
Journaling
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Assessments

Draft: Monday, July 28, 2014

Reflections
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Section II: STEM Lesson Plan
Title of Lesson

Day 8: Redesign and Final Assembly

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
Appendix I: Research Guidelines (1 per student)
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide (1 per student)
Appendix K: “The Nitrogen Cycle” Article (1 per student)
Appendix L: Design/Data Requirements and Fish Safety
Appendix M: Turbidity Guidelines (1 per team)
Appendix N: Troubleshooting Plan (1 per team)
Appendix O: Problem Statement, Objectives, and Constraints (1 per team)
Appendix P: Decision Analysis Matrix Instructions (1 per team)
4 feet of PVC tubing (various sizes)
Plastic containers with minimum dimensions for tank (2 per team)
Pack of 100 Straws
Gravel (enough for each team’s tank)
Submersible water pump (1 per team)
Thermometers (1 per team)
ph strips (1 per team)
Nitrogen Testing Kit (1 per team)
Rulers (1 per team)
Plants (2 per team)
Fish (2 per team)
Fish food (1 per team)

Objectives

Students will demonstrate their understanding of abiotic and biotic factors by constructing a model of a viable
farming method.
Students will record their learning by creating a log of data and recording information.

Instructional
Process
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1. Have students collect data from their system, such as water purity, etc.
2. Review animal safety precautions with the class. Distribute plants and fish to teams and allow time for them
add to their system. Students should again collect and record the data after biotic factors are added.
3. Have students reflect on the engineering design process so far in their journals: how their experiences with it
have gone, what they wish they could have changed, and what went well.
4. For the next TWO WEEKS have the students collect data and feed fish, making note of any adjustments
made in their journal.
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Differentiation

Team collaboration

Assessments

Data Collection
Reflection
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Section II: STEM Lesson Plan
Title of Lesson

Day 9: Analyze Results (TWO WEEKS LATER)

Time Required

50 minutes

Materials

Appendix B: Team Code of Cooperation (1 per team)
Appendix C: Team Career Roles (1 per team)
Appendix F: Engineering Design Challenge and Rubric (1 per student)
Appendix G: Engineering Design Process Graphic (1 per team, or post throughout room)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)
Appendix I: Research Guidelines (1 per student)
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide (1 per student)
Appendix K: “The Nitrogen Cycle” Article (1 per student)
Appendix L: Design/Data Requirements and Fish Safety (1 per team)
Appendix M: Turbidity Guidelines (1 per team)
Appendix N: Troubleshooting Plan (1 per team)
Appendix O: Problem Statement, Objectives, and Constraints (1 per team)
Appendix P: Decision Analysis Matrix Instructions (1 per team)
Team Aquaponic Systems
Thermometers (1 per team)
pH strips (1 pack per team)
Rulers (1 per team)
Plants (2 per team)
Fish (2 per team)
Fish food (1 per team)
Excel (If available/desired)

Objectives

Students will make a graph using data collected to display their learning about the nitrogen compounds, pH,
temperature, etc.
Students will analyze variables in the experiment and draw conclusions.

Instructional
Process

Draft: Monday, July 28, 2014

**TWO WEEKS AFTER DAY 8**
1. Instruct teams to collect and graph the final data from their system.
2. Lead a class discussion on the success and failures from their project. With their teams, have students make
an analysis on whether their device is a suitable solution to their problem statement.
2. Instruct students to reflect on the whether or not their system would be a viable solution to the given
engineering design challenge problem. Have them record justifications for why it is viable or, if not, what could
be changed to make it a viable solution.
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Differentiation

Hands on activity
Excel Spreadsheets for graphing

Assessments

Reflection
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Section II: STEM Lesson Plan
Title of Lesson

Day 10: Completion of Presentation

Time Required

50 minutes

Materials

Team Aquaponic Systems
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per team)

Objectives

Students will make a graph using data collected in the previous days.
Students will analyze variables in the experiment and draw conclusions.

Instructional
Process

1. Have students tear down their system.
2. In teams, have students make a final analysis on their system and the functionality and effectiveness of their
produced solution.
3. Instruct teams work on and complete final presentations, in which they will present their findings. The type of
presentation could be anything from a PowerPoint, a Prezi.com presentation, to a commercial or paper.
Homework: Incomplete presentations should be finished for the next day's presentation.
4. Have students write a reflection on their final analysis and how they felt the project went overall.

Differentiation

Cooperative Teamwork
Presentation Template
Assessment Variations

Assessments

Reflection
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Section II: STEM Lesson Plan
Title of Lesson

Day 11: Presentations and Post-Test

Time Required

50 minutes

Materials

Appendix A: Post Test (1 per student)
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric (1 per student)

Objectives

Students will communicate result and analysis of their design through an oral presentation.
Students will complete a post-test with at least 80% accuracy.

Instructional
Process

1. Allow time for each team give present to the class.
2. Administer the post-test.
3. If time allows, students reflect on other teams presentations: what they learned from seeing what other teams
did, what they wish they would have thought of, etc.

Differentiation

Cooperative Teamwork

Assessments

Post test
Final design rubric
Reflection

Draft: Monday, July 28, 2014
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Section III: Unit Resources
Materials and
Resource
Master List

Printable Resources:
Appendix A: Pre/Post Test and Pre/Post Test KEY
Appendix B: Team Code of Cooperation
Appendix C: Team Career Roles
Appendix D: Ecosystem/Aquaculture Article
Appendix E: Window Gardens Video/Aquaculture Article Assessment
Appendix F: Engineering Design Challenge and Rubric
Appendix G: Engineering Design Process Chart
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric
Appendix I: Research Guidelines
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide
Appendix K: “The Nitrogen Cycle” Article
Appendix L: Design/Data Requirements and Fish Safety
Appendix M: Turbidity Guidelines
Appendix N: Troubleshooting Plan
Appendix O: Problem Statement, Objectives, and Constraints
Appendix P: Decision Matrix Instructions
Appendix Q: Water Pump Inquiry
LCD projector/computer
Internet access (YouTube)
Post-It Notes (one pack per team)
Journaling Materials:
1 spiral notebook or composition book per student (may use folded sheets of paper)
Pens or pencils with eraser, rulers, colored pencils, markers, 1 roll double-sided tape, scissors (per students)
Water Flow Inquiry Materials:
Access to Sink and water
Stopwatch (1 per pair)
Funnel (1 per pair)
250mL beaker or greater (1 per pair)
Cylinder (1 per pair)
Design Material Suggestions:
At least 4 feet of PVC tubing (various sizes)- must fit outlet of water pump
Plastic containers with minimum dimensions for tank and plant grow beds (2 per team: one for plants, one for
fish)
Pack of 100 Straws (optional)
Fish gravel (enough to cover at least 2 inches on the bottom of the tank)
Plant Grow Bed Gravel (3 types: clay pebbles, river rock, and granite)
Submersible Water Pump (1 per team)
You may use small pond or fountain/statuary pumps(<90 gph) You may find pumps: http://www.shop.
aquagardensupplies.com/Pumps-Fountain-Statuary_c62.htm
Cutting device for tubing (1 per team)
Drill for cutting plastic containers (1 per class)
Pack of 100 Styrofoam Cups (optional)
Plastic water bottles (2-3 per team) (optional(
Water Testing Material
Thermometers (1 per team)
pH strips (1 pack per team)
Nitrogen testing kit (1 per team)
(Example: http://www.amazon.com/Culligan-TK-2-Water-Test-Kit/dp/B000DZDV80/ref=sr_1_1?
ie=UTF8&qid=1374846881&sr=8-1&keywords=TK-2+Culligan+Water+Test+Kit)
Fish and Plant Selection
Fish (2 per team)
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● In selecting your fish, choose hardy species like Tetras or Danios from your local aquarium or pet store. Be
sure to provide adequate water temperature, gravel and feed for the fish you select.
Plants (2 per team)
● IF PLANNED IN ADVANCED: A desktop aquaponic garden will support most varieties of house plants, lettuce,
spinach and herbs. Ideally, you should start your plants from seed in a grow cube (also called jiffy cubes) or
loose in the growing medium in your grow bed. Very small seeds can be sprouted by placing them between two
paper towels that are kept warm and most. You can also transplant plants from an existing hydroponic system
with good results.
● If you must transplant from soil, thoroughly but carefully wash away all of the dirt surrounding the roots and
wash the leaves, being sure to remove any pest insects.
● You will have the most success with leafy vegetables like lettuce, spinach and herbs or houseplants such as
anthodium, dracaena, dieffenbachia and philodendron.
● You can also plant aquatic plants in the fish tank, such as duckweed. This will provide a more natural habitat
for the fish and aid in purifying the water.

Key Vocabulary

SCIENCE:
Abiotic- physical rather than biological; non-living things
Aquaculture- the rearing of aquatic animals or the cultivation of aquatic plants for food
Aquaponics- a system of aquaculture in which the waste produced by fish or other aquatic animals supplies
nutrients for plants grown without soil, which in turn purify the water
Biotic- living things
Closed system- a physical system which does not exchange any matter with its surroundings, and isn't subject to
any force whose source is external to the system
Cultivate- prepare and use of land for crops or gardening
Decomposition- the state or process of rotting; decay
Ecosystem- a biological community of interacting organisms and their physical environment
Hydroponic- the process of growing plants in sand, gravel, or liquid, with added nutrients but without soil
Limiting factors- the factor that limits the growth or development of an organism, population, or process
Nitrogen cycle- the series of processes by which nitrogen and its compounds are interconverted in the
environment and in living organisms, including nitrogen fixation and decomposition
Nitrogen fixation-the chemical processes by which atmospheric nitrogen is assimilated into organic compounds,
especially by certain microorganisms as part of the nitrogen cycle
Nutrient-a substance that provides nourishment essential for growth and the maintenance of life
Open system- a system where matter and energy can enter or leave
Photosynthesis- the process by which green plants and some other organisms use sunlight to synthesize
nutrients from carbon dioxide and water, photosynthesis in plants generally involves the green pigment
chlorophyll and generates oxygen as a by-product
Sustainable- conserving an ecological balance by avoiding depletion of natural resources
Symbiotic relationship- interaction between two different organisms living in close physical association, typically
to the advantage of both
TESTS:
Turbidity- qualitative state of water
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High turbidity=liquid is cloudy, opaque, or thick with suspended matter
Low turbidity=liquid is clear, no suspended matter
pH level- a figure expressing the acidity or alkalinity of a solution on a logarithmic scale on which 7 is neutral,
lower values are more acid and higher values more basic
Temperature- the degree or intensity of heat present in a substance or object, especially as expressed according
to a comparative scale and shown by a thermometer or perceived by touch
MATHEMATICS:
Accuracy- the quality or state of being correct (hitting the bull’s-eye)
Precision- the quality, condition, of the data taken (hitting the same spot every time)
Qualitative- adjectives measuring the quality of something rather than its quantity
Quantitative- numbers describing the quality of something in size, weight, value, etc.

Technical Brief

Aquaponics is a system of aquaculture in which the waste produced by fish or other aquatic animals supplies
nutrients for plants grown without soil, which in turn purify the water (Oxford Engish Dictionary). This is most
often done in a recirculating system, in which water is pumped from a fish tank into a raised gravel bed. The
water containing fish waste is pumped up and the waste is filtered by the gravel. Bacteria breaks down the toxic
ammonia in the fish waste to Nitrite and then to Nitrogen, and the plants absorb this key nutrient. As the water
travels through the gravel, it collects the nutrients from the plants, and gravity helps drain it back into the fish
tank. When the water returns, it is cleaner due to the filtration of the rocks and the removal of Nitrites (Allen,
2013).
The relationship between the fish and the plants is a symbiotic relationship. A symbiotic relationship is the
interaction between two different organisms living in close physical association. This is typically to the advantage
of both. For example, in an aquaponic system, the plants thrive off the Nitrogen from the fish waste, and the
water in the fish tank is cleaner due to the plants removing Nitrites.
The Nitrogen Cycle is the series of processes by which nitrogen and its compounds are interconverted in the
environment and in living organisms, including nitrogen fixation and decomposition (oxford dictionary). Nitrogen
fixation is the chemical processes by which atmospheric nitrogen is assimilated into organic compounds,
especially by certain microorganisms as part of the nitrogen cycle (Hagan, 2012).
Many people use this system because it is easy to build, is easily maintained, inexpensive, the scale of the
operation is flexible, and only needs a pump to keep the system running. Families from Caribbean islands such
as Barbados often have aquaponic systems at home. They grow and sell produce to tourists in an effort to lower
dependence on imported food. In densely populated areas of the world, farmers may choose to use aquaponic
inspired systems to enhance the quality of their food and storage life.

Safety and
Disposal

Basic lab safety training (no eating/drinking, appropriate dress, close toed shoes, long hair tied back, etc.)
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Section IV: Appendices
Appendix A: Pre/Post Test and Pre/Post Test KEY
Appendix B: Team Code of Cooperation
Appendix C: Team Career Roles
Appendix D: Ecosystem/Aquaculture Article
Appendix E: Window Gardens Video/Aquaculture Article Assessment
Appendix F: Engineering Design Challenge and Rubric
Appendix G: Engineering Design Process Chart
Appendix H: Engineering Design Challenge Presentation Checklist and Rubric
Appendix I: Research Guidelines
Appendix J: “The Nitrogen Cycle” Article: Anticipation Guide
Appendix K: “The Nitrogen Cycle” Article
Appendix L: Design/Data Requirements and Fish Safety
Appendix M: Turbidity Guidelines
Appendix N: Troubleshooting Plan
Appendix O: Problem Statement, Objectives, and Constraints
Appendix P: Decision Matrix Instructions
Appendix Q: Water Pump Inquiry
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