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Problem statement: Wetlands in our region are in trouble. People don’t understand the importance of wetlands and their role in the ecosystem so they don’t realize how important it is to protect them. 

A school is being built in your town on a plot of land that includes some wetlands. The builder originally planned to fill the wetlands for a parking lot. However, when they applied for a building permit, it was turned down because of the impact to the wetlands. To get the permit approved, the State is requiring that the the wetlands be preserved and that the builders pay for a floating boardwalk through the wetlands with educational display boards to teach the public about the importance of wetlands. You are a environmental engineer who works for the state and have been assigned to this project to design the educational display boards and the floating boardwalk.

Lesson standards (NGSS, CCSS, CTE):
NGSS  3-5 ETS 1-1
Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time or cost. 
NGSS 3-5 ETS 1-2
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.

Learning Targets: 
· Explain the “Create” and “Improve” steps of the EDP, 
· Apply the Create and Improve steps to a design problem
· Explain and use the following vocabulary: model, failure point, critique
· Identify positive communication within their partnership and areas for improvement
· Students create a plan for improving communication for next session



Common Core
CCSS.ELA-LITERACY.SL.4.1.B
Follow agreed-upon rules for discussions and carry out assigned roles.
CCSS.ELA-LITERACY.SL.4.1.C
Pose and respond to specific questions to clarify or follow up on information, and make comments that contribute to the discussion and link to the remarks of others.
CCSS.ELA-LITERACY.SL.4.1.D
Review the key ideas expressed and explain their own ideas and understanding in light of the discussion.
Soft skills/21st Century Skills:  
Communication and Collaboration
Communicate clearly:
· Articulate thoughts and ideas effectively using oral, written and nonverbal communication skills in a variety of forms and contexts.
· Listen effectively to decipher meaning, including knowledge, values, attitudes and intentions.
· Use communication for a range of purposes (e.g. to inform, instruct, motivate and persuade.
· Communicate effectively in diverse environments.
Collaboration:
· Demonstrate the ability to work effectively and respectfully with diverse teams.
· Exercise flexibility and willingness to be helpful in making necessary compromises to accomplish a common goal.
· Assume shared responsibility for collaborative work, and value the individual contribution made by each team member.
Critical Thinking and Problem Solving
Reason Effectively:
· Use various types of reasoning(inductive, deductive, etc.) as appropriate to the situation.
Use Systems Thinking
· Analyze how parts of a whole interact with each other to produce overall outcomes in complex systems.
Make Judgements and Decisions
· Effectively analyze and evaluate evidence, arguments, claims and beliefs.
· Analyze and evaluate major alternative points of view.
· Synthesize and make connections between information and arguments. 
· Interpret information and draw conclusions based on the best analysis.
· Reflect critically on learning experiences and processes.
Solve Problems
· Solve different kinds of non-familiar problems in both conventional and innovative ways.
· Identify and ask significant questions that clarify various points of view and lead to better solutions.
Creativity and Innovation
Think Creatively:
· Use a wide range of idea creation techniques (such as brainstorming).
· Create new and worthwhile ideas (both incremental and radical concepts).
· Elaborate, refine, analyze and evaluate their own idea in order to improve and maximize creative efforts.
Work creatively with others:
· Develop, implement and communicate new ideas to others effectively.
· Be open and responsive to new and diverse perspectives; incorporate group input and feedback into the work.
· Demonstrate originality and inventiveness in work and understand the real world limits to adopting new ideas.
· View failure as an opportunity to learn; understand that creativity and innovation is a long-term, cyclical process of small successes and frequent mistakes

Locally and/or personally relevant for students:

Connections to career and educational pathways:
· Invite engineers to discuss how they might have or will build a boardwalk.
· Invite an architect to talk to the class about how they use models and the process they use to go from drawing to model to the actual build.
· If available, invite in a park ranger or engineer or other professional to come in and give feedback on the models. 


Materials: 
· Materials for each student partnership/group to build the boardwalk model.  
· 30 wide craft wood sticks (tongue depressor size)
· 30 narrow craft wood sticks (popsicle size).
· Elmer’s glue
· 10 straws, 
· 10 paper clips, 
· Flotation material: We discovered that craft foam does not work well, and ended up pool noodles purchased at a dollar store which we cut into sections about 3 inches long, and then longitudinally in half), 
· 10 pipe cleaners

· Poster paper or cards for today’s vocabulary
· Posters from sessions 1 and 2:
· norms poster, vocabulary posters, EDP poster, constraints and criteria posters
· Student Engineering journals
· Pencil for each student
· Boardwalk Test Tank
· Several smaller bins with some water in them for students to use to test models as they are designing, building and revising them. The test tank can also be used for this, but ours was quite large so was practical for holding water inside the building.
· Groups with groups roles posted (rotated from last session). 
· Criteria and constraints list for students journals (a small version of the lists for them to glue or tape in their journals)

Lesson preparation:
· Put starting materials for each partnership/group in a container large enough to hold their model.
· Lay out additional materials at a location within the work area that can be easily accessed by the groups.
· Decide upon constraints you want for using the materials. Can the groups only use a certain amount of each material?  How do you want to handle students being wasteful with materials?
· Put some water in smaller bins so students can test their designs.
· Make copies of smaller versions of criteria and constraints list for students to tape or glue into their journals on page 

Time required: 2 sessions of approximately 50 minutes (or more) depending upon how quickly they work with the building of the model and the depth of the critique. 

Grouping of students for instruction:
Use partnerships or groups established in lesson 2. 

Sequence of learning
	Activity
	Teacher actions
	Student actions

	Setting soft skill goals
	Pass out engineering journals

Have students set goals for working in their groups today and write them down on page 6 of their engineering journals.
	Set goals and write them down. 

	EDP review
	Prompt students to notice we are at the “create” steps of the EDP

	Listening, making connections to previous sessions

	Review class norms

	Refer back to class norms and ask students to share any difficulties they’ve had honoring the norms. 
Explain that today students will be working in partnerships/groups and that they can refer to the norms to help them share their thinking. Make revisions to the norms if needed.

	Offer ideas, situations
Offer suggestions to resolve issues

	Review concepts and vocabulary
	Post, refer to and review posters from previous sessions: vocabulary, constraints, criteria

Hand out small versions of criteria and constraints lists and have students tape or glue them in their Journals on pages 6 and/or 7 (or you can do this ahead of time). We found that this step is important because students needed multiple, frequent and varied interactions with the criteria list in order to begin to internalize the concept of criteria - and to use the criteria to design and improve their boardwalk models. 

	Listening, thinking

	Define users
	Discuss with the class who the users will be for the wetland boardwalk. Engineers always think carefully about who will be using their product and what needs or limitations those users might have that need to be considered. 


	Discuss users, and record thinking on page 6 of Engineering Journal

	“create” step



“improve” step


failure point
	Briefly review group roles for the day. 

Explain/review that they will probably find ways that their models will not work and/or doesn’t meet our success criteria. Those are called “failure” points.  
“Failure points are areas where our model does not meet the criteria for success. (refer to criteria poster) Failure points are important because they show us a way to improve our designs. As a matter of fact, we want to seek out failure points because they are so valuable for making our models the best they can be. Most designs have multiple failure points before revision. The more failure points we find with our models, the stronger and better the end product.”

Have students write their own definition of failure point on page 7 of their journals. 

Give partnerships/groups their supplies for building a model and give them considerable time to collaborate, build, test, revise, etc. 

Remind students to frequently consult the criteria and constraints lists as they build, revise, etc. 

	Write in journals.

Partnerships build their models.


test models


Review and refer back to the criteria poster.

Identify failure points and revise models

	Highlighting failure points*
	Pause the building process to share some “failure points” you observed as you monitored building. Share creative ways students adjusted for those failure points and revised their designs.(Do this without mentioning names or identifying groups.) This will allow students to strengthen their systems. Ask for teams to share a failure point they found and how they revised their design to fix the failure point.


	considering their system’s failure points
volunteers sharing thinking 












Complete page 7 in journal.

	Criteria check
	Refer to the criteria poster
	Students check their designs against the criteria to see if they meet the criteria.


	Possible breaking point for lesson.

	


critique**
	Ask for two or more partners/groups to share their designs.
Remind students that engineers build on each other’s thinking and share information. If they see something they like in someone else’s design, they can revise their own design to reflect their new knowledge.

Have students complete the reflection on page 7 of their journals about ideas they noticed.

	One partnership/group at a time will share their model and give a brief explanation of the features.
Then the partnership/group will call on the class to offer 2 things they liked about the design and to offer one suggestion for improvement. 




journal entry

	Improve/
revision time
	allow students to revise their designs

	revise designs

	Reflection
	Review/explain “soft skills” (21st century skills needed in the workplace such as cooperation, collaboration, flexibility, listening to understand, etc.)

Ask students for examples of what went well in their partnerships.
Ask what did not go as well.
Ask what they think they could do to improve for next session.

	Students share examples.


Record thinking in Engineering Journals.


Notes:
*This offers a great opportunity to promote a growth mindset perspective and to encourage risk taking. You will need to come back to this idea multiple times for students to embrace making mistakes and using failure points as growth opportunities.
**The critique step is a powerful way for students to analyze products and to build on each other’s thinking in a constructive manner. The critique protocol can be used in multiple curriculum areas. Take time with this step. Support students in this process - encourage them to structure how they respond to each other so positives are recognized first and suggestions are framed in a neutral or positive manner. This is a good opportunity for a mini-lesson on giving and receiving feedback from others. As students grow in their critique skills, the student sharing work can ask for feedback on specific aspects of the work, not just general observations. For a good example of a critique session, watch Austin’s Butterfly  https://www.youtube.com/watch?v=E_6PskE3zfQ 
Accommodations: 
ELL students can be partnered with students speaking the same language to provide support.  
Preteach social skills for students needing extra support.

Extensions: 

· The detail put into the models can vary widely.  If time, continue working on critique and revision.  
· Students can also create a wetland environment around the model.
· Invite engineers to discuss how they might have or will build a boardwalk.
· Invite an architect to talk to the class about how they use models and the process they use to go from drawing to model to the actual build.
· If available, invite in a park ranger or engineer or other professional to come in and give feedback on the models.

Math extension: 
· Teach the concept of scale and have students determine the scale for their models.
· Label their models with measurements. Determine the measures of a real-life, full size version of their model.
· Calculate the square footage of their boardwalk. Calculate the square footage of a real-life version of their model.
· Create a real materials list for building an actual boardwalk and calculate the cost.
Assessment:  Observation, student questions, thinking recorded in Engineering Journal
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