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by Teri deCocq and Janey Fadely

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. 
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
· 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.

Learning Targets: 
· I can explain the “Ask”, “Imagine” and “Plan” steps of the EDP, 
· apply the Ask, Imagine and Plan steps to a design problem
· work collaboratively with others to produce a design.
· define the following vocabulary: constraints, criteria

Locally and/or personally relevant for students:
Ask students to share about wetlands they have visited. Did they have a boardwalk or means of access?  If so what did it look like?  

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:
· Norms poster from Lesson 1 (create one poster that summarizes student thinking from lesson 1)
· Vocabulary poster
· EDP poster
· Student Engineering Journals
· Pencils for students
· Group roles poster with roles rotated.
· Pictures of wetland boardwalks (8 pictures per set, one set per group of 4)
· Cards with steps of the EDP (1 set per student)
· Set up a test tank that will be used to test the boardwalk models. We used a large clear plastic tub. The tub should be at least 3 times as long as the models will be. It will need 4 posts that are free-standing that students can use an anchors for their boardwalks if they choose to (they can have loops that go loosely around the posts to keep the boardwalk in place in wind or currents, but allow it to ride up or down as the wetland water level changes - you will see this system in some of the photos). Description of how we built the posts can be found here: Build Guide: Wetland Boardwalk Anchor Post
· Materials that will be used to build the model boardwalk (this is flexible depending on what is available to the teacher). We provided these materials to each group: 
· 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
· Hot glue gun to secure boardwalks after Elmer’s glue dries.

Note about boardwalk model construction: We experimented with different materials to use for building the model boardwalks. To hold materials together, we initially used duct tape, then tried Gorilla tape. However, the tape would fall off as soon as students tested the boardwalks in water. We experimented with Elmer’s glue but even when dried, the glue starts to dissolve when the models are tested in water. We did not feel comfortable letting students use hot glue guns. We decided to have them build the models with Elmer’s glue, let the glue dry, and then use a hot glue gun ourselves to secure all the connections. After the models were hot glued, groups tested them in water. If they wanted to make modifications, hot glue connections are fairly easy to pull apart. 

Lesson preparation:
· EDP sorting cards (print one set per student or partnership, cut cards apart)
· Boardwalk picture cards (print one set per group or partnership, cut cards apart, laminate if desired).
· Vocab words and definitions posted in class,
· Poster of constraints for boardwalks ready,
· Poster paper for criteria for boardwalks ready,
· Teacher created poster of student group norms summarizing the groups input form lesson 1,
· Optional: maps of boardwalks that are currently in use.
· Have test tank available for students to see.
· Materials that will be available to students, separated into bins for each group.

Time required: 50 minutes (more if spending time developing a rubric for the criteria)

Grouping of students for instruction:
The lesson is written for partnerships but can be easily adapted for groups of 4. If early in the year, or with students needing to build social skills, partnerships are recommended. If the class is stronger with social skills, try groups of 4. This module is a good opportunity to build collaboration skills.

Sequence of learning
	Activity
	Teacher actions
	Student actions

	Review:
EDP
norms
brainstorm
	Refer to/review/point out posters from yesterday and answer any questions.

Hand back Engineering Journals or pages.

Pass out EDP sorting cards (one set per student or partnership depending on your preference), and ask students to put them in order again.

Check order of EDP cards before sending students to the carpet. 
You can have “student checkers” assist with this step. Student checkers can walk around and check that other students have the steps in order. This is a good job for students who would benefit from repeatedly seeing the steps in order and would benefit from the responsibility.

Review hand signals for each step of the Engineering Process.

	Reflecting, asking questions

Students place the steps of the EDP in order using the cards.

When done putting cards in order, students come forward to the carpet and wait for others to join.

	Learning and Social Targets
	Learning Target: I can explain and use the ASK, IMAGINE and PLAN steps of the EDP, and apply it to a new design process. 

Social Target: I can work collaboratively with others to produce a draft boardwalk model design. 

	

	Vocabulary
	Post/explain/review vocabulary for today: Criteria, constraints, system.
Review “the problem”
Remind students they will be engineering a solution by creating a model. Explain that a model is a small version of what the actual boardwalk would look like.

	listening, ask questions

	“Ask” step:
What do you need to know?
	The first thing we need to do as engineers is to “Ask” to understand the problem.

“What do you think you an engineer would need to know to create a boardwalk for a wetland area?”
Prompt students if they are not asking critical questions.
(things like what materials do we have, how long should the wetland be, how much money do we have, who will be using the boardwalk, what are weather patterns in the area, etc.)

	Thinking

Asking questions

	“Ask” step: 
Determining criteria for success.
	“The answers to these questions gives us the “criteria” and the “constraints.”

“Criteria are what is needed for the solution to be considered successful.” 

Criteria are the “must have” part of a successful system. What would we need to have a successful educational boardwalk system? What features would the system need to work well? 

Explain that there is a difference between what is needed and what is desired. We can do many things to make our systems attractive (value-added) that may not make them any more successful in achieving their purpose. 

Direct students to write their own definition of “criteria” on page 3 of their Engineering Journal. Then direct them to discuss ideas for criteria for a wetland boardwalk in their groups using group roles to structure discussion, and to write their thoughts in their journal on page 3 under “Criteria: What features does a wetland boardwalk system need to work well?”

After students have met in their groups, have them share out their ideas to the whole class.

	Sharing thinking
Asking questions

Students meet in their groups to determine what would constitute a successful educational boardwalk system.

Students come together as a class and create a criteria chart.

Consider when you want to create a rubric for assessing the boardwalks. The rubric should take the criteria and create a scoring system to determine the success of the boardwalk system.
A rubric will be most powerful if you create and revise it with students. This step could require an independent session later in the module.

	ASK - Constraints
	Write the term “constraints” on a piece of poster paper and add the definition after you define it with the students. (or have pre-written…)
“Constraints are those thing that set limits on what we can do and not do with our solution. Constraints are like a fence. They keep us within certain boundaries when we’re coming up with a solution. Constraints usually have to do with available materials, cost and time, but other factors can place constraints on solutions.”

Direct students to write a definition of “constraints” in their own words on page 3 of their journals.

Discuss what constraints engineers might face when designing a wetland boardwalk. Have students talk in their groups and then jot their thoughts down in their journal on page 3 under: “Constraints: What constraints might an engineer face when designing a wetland boardwalk?”
 
	

	Ask step continues. 
Research what others have done.
	Students research how others have solved designing a boardwalk that allows people to access wetlands. 

“Let’s look at some boardwalks that other people have designed for people to use.  

All of these are “systems”**, connected parts that work together to accomplish a goal or task. Think about if some of these ideas might work for our situation. 

More importantly, look for the parts of these boardwalk systems.  What do they have in common?  How are they different?”  

Pass out a set of 8 pictures of different boardwalks to student groups of 4.  Each group member takes 2 of the pictures and examines them carefully.  Prompt students to ask themselves these questions about each picture: “What do I notice about this system? What are the parts?” and “What am I wondering about this system?”.

Instruct students that after examining their pictures, they will share with their group about their noticings and wonderings.

Direct students to write about their own noticings and wonderings, and those discussed in their group, on page 4 of their Engineering Journal. 

	Students form groups of 4. Each student takes 2 pictures from the set of 8.  
Each student carefully examines each of their pictures silently. Then students take turns to share some they noticed about the boardwalk system in the picture and something they are wondering about with the system. Then other members of the group share what they noticed about the picture and something they are wondering about.  Repeat this process until everyone has shared about each picture.
Consider having one student record the groups thinking on a chart, then complete a Venn diagram or T-chart showing similarities between the systems and differences.
You can also have groups report out to the whole class what they discovered especially if some groups seem to be “stuck” for ideas.

	Criteria and Constraints for a Model Wetland Boardwalk
	When we make a model, we are making a mini version of the actual product. Sometimes, we can make it from the exact same materials. Others times, we need to get as close as we can as we think about the important design elements. 

Introduce wetland test tank. Explain support posts that groups can use as part of their design if they choose.

Explain criteria for boardwalk model, incorporating some of the criteria students generated if possible…

Suggested criteria for model: 
· It must be 12-15 in length
· It must be 3-5 inches wide
· Is stable: doesn’t tip or sink when weight is shifted from one side to the other
· It must have some sort of lip or border that would discourage or prevent a person from stepping into the wetland (this could be a fence, a curb-like structure...)
· The boardwalk must float and stay above the water level in the test bin even when the water level changes,
· The boardwalk must support at least 4 ounces of weight (cubes, glass beads, rocks, or whatever is handy) without sinking or tipping over (note: the engineers must think about how to stabilize the boardwalk so it doesn’t sink on one or both sides, or flip over).

Develop a list of criteria and constraints with students. Post in the classroom where they can easily be viewed and reviewed for the rest of this unit. 

	Participate in discussion, brainstorm, 

	“Ask”: Constraints for Model
	Explain how the constraints for an actual boardwalk would be different than the constraints for a model. A model represents a proposed solution. The materials used for a model might be different than materials used for an actual solution. Constraints in a real engineering project include things like budget, time, materials and labor...

Suggested constraints for the boardwalk model (budget, time, materials, labor) are:
· Materials: (this is flexible depending on what is available to the teacher). We provided these materials to build one 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
· Does not impact health of the wetlands (pollution, water flow, etc)

Note: teacher can modify supply list as desired. Teacher can consider adding time as a constraint.

Discuss any additional needed constraints for the boardwalk model. Post constraints in the classroom where they can be viewed and reviewed for the remainder of the unit. 

	Participate in discussion, contribute to generating list of constraints. 

	Imagine and Plan 
	“Now that we’ve done some research and made sure we understood the problem, it’s time to Imagine some possible solutions to our problem.
On page 4 of your Engineering journal, make a sketch of what you imagine as a solution. We’re going to take about 5 mins. for you to quickly draw some ideas. This is not a detailed picture, it just a way to record your thinking. I’d like you to work for 3-5 minutes without sharing your thinking.  Respect others right to “think time”. Make sure you add labels to your drawings to help others understand your thinking.” (Do a quick example under the document camera.)
After 5 mins. ask for volunteers to share their thinking by placing drawings under a document camera. Remind students that thinkers build on other’s thinking; no one invents an idea on his/her own. We are observing the drawings but not critiquing or evaluating them. Students should feel welcome to revise their own drawings based on what others shared.
Allow revision time.

	Make drawings on page 4 of Engineering journal.








Share thinking. As each student shares, emphasize clear explanations






Revise drawings.

	Self-
evaluation
	“I’d like you to look at your drawing and check to see if your drawing fits our criteria for a solution.”
Call out the criteria one at a time and ask students to check their drawings.

	Evaluation of drawing

	Plan stage continued - Collaborate
	Place students in groups or partnerships depending upon their social skills. 

“Engineers work together, combining their ideas to produce the best product possible. Please share your design ideas in your group using an explain and question format. Each person will have approx. 1 minute to explain and show their design. Then each person must ask one question about that person’s design. Remember to ask questions to understand, not to judge or criticize their design. You might say, “I noticed that you included a bench in your design. Will you need additional flotation so the weight of the bench won’t make the boardwalk sink?” or “Tell me more about this part of the design.” After everyone has explained their design, please complete pages 5 in your journals.”

You may need to remind students about how to work with others, respectful disagreement, compromise skills. If students need additional work on social skills, this is a good place to pause and do a mini-lesson on communication skills.

	Students meet with others and agree upon a design. Sketch it out on scratch paper.

One student puts the scratch paper into his/her journal for safe keeping.

	Self- Assessment
	Have students complete the self-assessment of group work on page 5 (“End of Session 2 Reflection”)
	Complete self-assessment



**Students may be unsure about the concept of a “system.”  Consider doing a mini lesson about what a system is and some common systems students interact with every day.  Common systems: a pencil (lead, wood, eraser, metal band to hold the eraser), a binder (dividers, clips, covers, pencil pouch, papers, …), a back scratcher (handle, curved scratching “claws”, …)*
Vocabulary:
Once engineers have identified the problem to solve, they identify the criteria and constraints of the project.
Criteria: Rules or directions that must be followed; they are the requirements that must be met.
Constraints: restrictions that keep something from being the best that it can be. They can be problems that arise or issues that come up.
System: connected parts that work together to accomplish a goal or task.

Accommodations: 
ELL students can be partnered with students speaking the same language to provide support.  
Preteach social skills for students needing extra support.

Extensions: 
· Invite engineers to discuss how they might have or will build a boardwalk.
· If available, invite in a wetland or wildlife specialist to share their perspective on what is important in educating the public about wetlands.
· With students, develop a rubric students can use to assess their boardwalk designs and model at different points as they make revisions and at the end. 

Math extension: When creating drawings, you can address the concept of “scale” in the drawings. Guide students in creating a scale drawing of their boardwalk and a scale drawing of the suggested area for the boardwalk. Students should label their drawings with inches/centimeters. They might need a review lesson on these units.

Assessment: 
Observation, student questions, thinking recorded in Engineering Journal

References/Resources: 
Wetlands Boardwalks pictures (sources noted with pictures)

