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· Ages 15-18
· Subjects: Biology, Physics, Technology Education

Total Time Required:
4-6 hours

Prepared by:
· Jeffrey Holland, Todd R. Kelley, Euisuk Sung, Nathaniel W Cool 
· June 6, 2019

Unit Objectives:
Students will be able to:
· Observe biological processes and organisms as a source of design inspiration.
· Form testable hypotheses about which aquatic insects are likely fish prey and their important features.
· Create a decision matrix to select the best features that meet the need of the client.
· Create prototype using 3D printer and parametric modeling software and test predictions.

Science Standards and Standards for Technology Literacy:
Next Generation Science Standards: 
High School – Life Science:
· LS2-3 Ecosystems: Interactions, Energy, and Dynamics- Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions.
· LS2-5 Ecosystems: Interactions, Energy, and Dynamics- Use mathematical representations to support claims for the cycling of matter and flow of energy among organisms in an ecosystem
· [bookmark: _GoBack]LS2-6 Ecosystems: Interactions, Energy, and Dynamics- Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem.
· LS4-4 Biological Evolution: Unity and Diversity- Construct an explanation based on evidence for how natural selection leads to adaptation of populations 
High School – Engineering Technology and Applications of Science:
· ETAS1-3 Engineering Design- Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.

Recommended Instructor Preparation
· Cut bottom out of 5 gal bucket before starting.  Bottom and lid are not needed.
· Fill vials approx. 80% full with alcohol or hand sanitizer.  Each group of student will have vials to preserve insects.
· Clear plastic containers are used to observe aquatic insects. They should be very transparent.  Ice cube trays are for sorting insects. 
· During field observations, students may work in teams with one transparent container for observation per team.  
· If there is no field component as Lesson Plan #2, use these materials to obtain living insects before Lesson #1. 


Lesson Plan: Which insects become food for fish?

Lesson Focus:
What kinds of food do fishes eat? Do you think insects can be great food for fish? Why? Then, can we use this information to create artificial baits?
Optional: What can insects tell us about water quality?

Total Time Required:
· 1-2 hours

Lesson Objectives:
Students will be able to:
· Understand how some insects are adapted to breathe, move, feed, and hide underwater.
· Understand how anglers may use biological knowledge.
· Hypothesize which types of insects are likely fish prey.

Equipment and Materials
	Tools and Materials
	Quantity Needed

	Transparent plastic containers (1-5 gal.)
	[number / student, group, or class]

	Plastic bucket (5 gal.), bottom cut off
	1 / group

	Aquarium net
	1 / group

	Ice cube trays
	1 / group

	Forceps
	1-2 / group

	Magnifying glasses
	1-2 / group

	Vials (4-8 dram)
	3-4 / group

	70% Isopropyl Rubbing alcohol or hand sanitizer
	1 32 oz. bottle / class

	Aquatic insect identification guide
	


Special Notes on Materials:
· Cut bottom out of 5 gal bucket before starting.  Bottom and lid are not needed.
· Fill vials approx. 80% full with alcohol or hand sanitizer.  Each group of student will have vials to preserve insects.
· Clear plastic containers are used to observe aquatic insects. They should be very transparent.  Ice cube trays are for sorting insects. 

Lesson Procedures: 
1. One hour lecture on the main aquatic insect groups and how they live.  Focus on adaptations that allow them to breathe underwater, move, feed, and hide.

2. Discuss scientific inquiries.  Main topics will be observation, hypotheses to explain observations, falsifiability and repeatability, predictions and testing, refining hypotheses.

3. Discuss which types of insects are likely prey for fish.  What are the reasons for choices—what are the important features of these insects?  How could we test these hypotheses?  Given unlimited time and resources, how could we test these hypotheses?

4. Field observation: observe insects and those of adaptations.
a. Travel as a group to a nearby safe shallow body of water
b. Press bottomless five gallon bucket into substrate in ~1 foot of water
c. Stir water in bucket to dislodge insects from bottom, rocks, plants
d. Sweep aquarium net several times through the water
e. Drop insects into separate clear plastic container half full of pond/stream water
f. Repeat in different habitats, ex.: different substrates, depths, plants, etc.
g. Cover clear plastic container and observe insects. It may be easier to observe some insects if they are moved with the dip net or forceps to a basin in the ice cube tray.  Based upon their body shape, what do you think they eat?  How do they move?  Use the Insect Body Adaptations table (appendix F) to help guide this activity. 

1.  Optional Activity: Biological Indicators
a. Students will divide into groups and collect their own samples.  Use biological indicator flash cards to determine water quality as indicated by insects (See Appendix A). 

Note: If this field component is not possible (e.g., no accessible or safe body of water available), the instructor may use the tools and materials to collect insect samples beforehand and bring these to the class.  Changes in water temperature and depleting oxygen mean that some insects will not live long so as soon before class time as possible is best.  In class, use an aquarium net to remove one type of insect from the larger bucket and place in smaller clear plastic container or one section of an ice cube tray.  Use live insects in containers to pass around class if containers are small and sealable, or to have students come to view at a break in the class.



Student Resources:
Guide to aquatic insects


Student Worksheets:
[Include documents students will turn in including observation sheets, reflective journals, assessments, and other assignments. Include assessment rubrics or keys as needed]
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Lesson Plan: How do we select the best features from design solutions?

Lesson Focus:
Imagine you are an engineer; how would you generate innovative ideas? How would you assess existing solutions to select the best features?

Total Time Required:
· 1 hour

Lesson Objectives:
Students will be able to:
· Identify the client’s needs and constraints of the problem.
· Generate ideas to design the best bait prototype through brainstorming.
· Utilize benchmarking using existing bait products in the market.
· Assess benchmarking products using the decision matrix.

Equipment and Materials
	Tools and Materials
	Quantity Needed

	Examples of commercially available fishing lures
	

	Fishing line or string
	

	Plastic tub filled with water
	1 / class

	Decision matrix printout
	1 / student


Special Notes on Materials:
If using real lures, be aware that the hooks are very sharp.  It may be good idea to remove the hooks, or cover the points in tape.

Lesson Procedures: (Number and describe the steps or procedures to follow. Include information about how to introduce students to new content and how to review and summarize key information.)
1. Teacher provides the material detailing the design brief.
2. Teacher asks what the context, criteria, and constraints of the design problem are.
3. Student teams brainstorm to generate possible solutions.
4. Student teams refine generated ideas and make a list of solutions.
5. Teacher explains that engineers might look at existing bait designs to understand current bait design features
6. Student teams study fishing bait market products.
7. Student teams test fishing bait product on the water by pulling them through the water to better understand their action, depth range, natural mimicking characteristics to insects or other creatures. 
8. Students create a decision matrix to select the best features for the bait.
a. List products on the columns
b. Fill out decision criteria on the rows
c. Weight percentages with each row criteria
d. Assess the products, and calculate total scores
9. Students will choose the best solution from the decision matrix.
1. Optional Activity: How do we predict the bait’s movement in the water?
a. Students will learn about forces that cause organisms to float, sink, or hover in water, as well as how to make lures neutrally buoyant (See Appendix A). 
2. Optional Activity: Buoyancy and displacement
a. Students will learn how about forces that cause organisms to float, sink, or hover in water, as well as how objects from bobbers to boats float.  (See Appendix A).

Note: If it is not possible to use real examples of lures, images and videos of lures can be found online.


Student Resources:
Decision matrix printout


Student Worksheets:[image: ]
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Lesson Plan: How can we create a fishing lure to mimic an insect?

Lesson Focus:
How do engineers prove their ideas? Can you explain a complex object without its visualization?
Total Time Required:
· 1 hour

Lesson Objectives:
Students will be able to:
Create unique design solutions applying the result of the decision matrix with the observation of the insect specimen collected in the field.
Visualize the 3D prototype of soft baits using the parametric modeling software. 
Print the designed lure mold for creating prototypes using a 3D printer
Equipment and Materials
	Tools and Materials
	Quantity Needed

	Computer with parametric software
	1 / group or 1 / student


Special Notes on Materials:
If you are unfamiliar with parametric software, you can follow this simple guide.

Lesson Procedures: 
1. Student teams brainstorm design ideas on paper.
2. Student teams design the bait prototype using the parametric modeling software.
3. Student teams note the volume and weight of the bait prototype from the parametric modeling software, and predict how the bait will behave in the water.
4. If students need to create prototype using a mold, student teams create the bait mold for creating prototype using the liquid plastic.
5. Once student teams finish designing the bait (mold) design, teacher examines its completeness to avoid collapse during the printing of the 3D object



Student Resources:
Parametric software guide


Student Worksheets:
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Lesson Plan: How do we test the model prototype?

Lesson Focus:
Students will learn how to test and assess their prototypes.

Total Time Required:
· 1-2 hours

Lesson Objectives:
Students will be able to: (list 2-3 that apply directly to the lesson)
Produce the fishing bait prototype using 3D printer or the bait mold.
Test the depth of lure dive, lure motion, and the attractiveness for fish.
Research and report on the design of products and processes 
Share the process of integration with science, technology, engineering, and mathematics to solve a real-world problem

Equipment and Materials
	Tools and Materials
	Quantity Needed

	3D Printer 
	

	Liquid plastic for casting soft baits (optional)
	


Special Notes on Materials:


Lesson Procedures: 
1. Create the fishing bait using 3D printer directly or the bait mold.
2. Student teams calculate the weight of the prototype regarding buoyancy.
3. If students use a mold with plastic liquid, teacher carefully explains the instructions and safety guidelines.
a. * generally 3D printers allow solid objects, not flexible objects.
b. If students use a mold, prepare plastic liquid
c. Inject plastic liquid into the mold using an injector (piston)
d. Place the mold in the microwave, and run 2 minutes.
4. Students will examine the bait prototype in water: depth of lure dive, lure motion, attractiveness for fish.
5. Students will write a report detailing and reflecting on the design process.
6. Teacher asks what types of knowledge and skills the students used during this project.
7. Students will discuss the integration of STEM knowledge and skills]


Student Resources:


Student Worksheets:
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