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SESSION THREE

Project Ideas and Resources

Chapters 5 and 6 plus new materials

This session will take a deeper dive into projects that can easily transition from the classroom to an online learning
model. The primary goal of all Engineering is to solve human problems and to make our lives better. Highlighting
this focus and potential is a meaningful way to empower students, particularly during these stressful times.
Examining how various projects connect to core curriculum in various disciplines while allowing students to master
important skills and learn by doing will be the primary focus of this session.

Key Topics/Discussion Points
•
•

Engineering in Grades K-5 – focus on the designed world
Engineering in Grades 6-12 – focus on sustainable design

SESSION FOUR

Putting It All Together

This session will provide an opportunity to pull things together while addressing specific concerns. Role models
matter, particularly for students from populations that are historically underrepresented in STEM fields and
resources for showcasing how entrepreneurs and engineers from all backgrounds make a difference will be shared.
Engineering Design activities and project management and assessment, both in the classroom and online, will also
be discussed.

Key Topics/Discussion Points
•
•
•
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A World of Innovators: Kickstarting the Engineering mindset
Managing project teams (classroom and online)
Assessment tips

BOOK STUDY: Designing the Future

From Early Engineering Learning (2018) p. 40 (Lyn English and Tamara Moore, editors)
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• Experts:

Constraints

Defining
a Problem

Criteria

• Setting:

• Extent:

• Impacts or connections:

What?
• Factors:

Criteria

When?
• Time of day or year:

Figure 4.1: Reverse Design Space Form
• How often:

• Distance:

Where?
• Location:

REPRODUCIBLE

Constraints

Who?
• End users:

• Social:

• Health:

• Economic:

Why?

Figure 2.4: The Five Ws of Problem Definition—Middle and High School

REPRODUCIBLE
REPRODUCIBLE

Designing the Future © 2020 Ann Kaiser • SolutionTree.com
Visit go.SolutionTree.com/21stcenturyskills
to download
this
Designing
the Future
©page.
2020 Ann Kaiser • SolutionTree.com
Designing the Future
Visit go.SolutionTree.com/21stcenturyskills to download this page.

REPRODUCIBLE
REPRODUCIBLE

REPRODUCIBLE

Middle and High School Students Decide
What They Need to Know
Name:

Project:

What topics have we talked about?

Criteria

Directions: Please write down any ideas that you have about the following.

Figure 4.1: Reverse Design Space Form

Who is the end user?

Criteria

Where will the end user use the
solution?

Constraints

How will the end user use the solution?

Why will the end user use the solution?

What has someone tried before?

What else might you need to know
more about?
+ Science concepts
+ Available resources
+ Things that might make implementation difficult (for example,
language, resources, or culture)
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What else do you think you need to
know about?
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Figure 2.8: Identifying Constraints and Their Impact
Design Feature It Led To

If There Were No Constraint

Constraints
Constraints

Criteria

Figure 4.1: Reverse Design Space Form

Criteria

Constraint
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Substitute one thing for another

Design Brief

Combine with other functions, materials or things

In 10 minutes, list a range of possible design
improvements and their benefits for your product.
Produce an annotated sketch of one or two of these
ideas to present to the group.

Adapt the design so it can be used for some other purpose
Modify, Magnify, Minimise elements of its design
Put the design to other uses

Rearrange, reverse sections or move parts around

S

Substitute one thing for another

Criteria

PRODUCT:

Eliminate, Elaborate, Enhance some part of the design

Questions: What kind of alternate material can I use? What part of the design could be substituted for something else?
Your improvement:

C

Benefit:

Figure 4.1: Reverse Design Space Form

Combine with other functions, materials or things
Questions: What could be added to the design the design to make it different?
Your improvement:

A

Benefit:

Adapt the design so it can be used for some other purpose

M

Modify, Magnify, Minimise elements of its design

Benefit:

Criteria

Your improvement:

Questions: What if I exaggerate or modify a component? How can I make it larger or stronger? How can it be made smaller or shorter?
Your improvement:

P

Put the design to other uses

Constraints

Questions: What aspects of the design can be adjusted so it fits another purpose?

Benefit:

Questions: Who else might be able to use this design? What else could it be used for other than its original purpose?
Benefit:

E

Eliminate, Elaborate, Enhance some part of the design
Questions: What can be removed? What can be expanded or developed upon further?
Your improvement:

Benefit:

R

Rearrange, Reverse sections or move parts around

Constraints

Your improvement:

Questions: How can the layout or pattern be changed? Can I interchange any components? What can be turned around?
Your improvement:
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Figure 4.2: Name Your Pain Activity Form
Part 1: Interview your partner by identifying their pain point and asking them the following
questions. Record their responses in the corresponding boxes.

Criteria

Pain Point:

2. Why is this a problem?

3. Have you tired anything to solve or fix
this? What happened?

4. Is there anything else I should know about
your pain point?

Figure 4.1: Reverse Design Space Form

1. How often does this bother you?

What my partner thinks

Criteria

What I think, based on interview responses
(in no particular order)

Constraints

Part 2: Now switch roles and share your pain point with your partner. Working quietly by
yourself, complete the following table to think about what a good solution should do. Once
you are done, ask your partner for input or a possible ranking of what matters most.

Part 3: Choose at least two ideas from the preceding list and try to create a solution that
deals with both (or more). Working by yourself, draw a sketch or write a description. Share
your solutions with your partner when you are both done.

Constraints

Sketch or describe possible design ideas:
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Exploring the Designed World
Name:
Name of Object:
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Criteria

These questions are meant to guide your research into the history and design of the object you have
chosen.

2.

When was it first invented?

3.

Who is credited with be the inventor/original maker?

4.

List three major changes/innovations in its design.

5.

What materials are typically used to manufacture this item?

6.

Are there any innovative or unexpected uses (hacks) of this object?

7.

Has this object inspired other designs?

8.

Fun facts about this object.
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Constraints

Criteria

Constraints

What problem does/did it solve?

Figure 4.1: Reverse Design Space Form

1.
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SUSTAINABILITY, CIRCULAR DESIGN, AND BIOMIMICRY RESOURCES
Field Guide to Teaching Sustainability

http://sustainability.psu.edu/fieldguide/
Resources for Rethinking – Canadian educator resources for teaching about sustainability

http://resources4rethinking.ca/en/
North American Association for Environmental Education

https://naaee.org/eepro/research
Learning Lab – Sustainability Education; free modules

https://learninglab.usgbc.org/module/11468
TED Talks – Sustainable Design playlist

https://www.ted.com/playlists/28/sustainability_by_design
US Partnership for Education for Sustainable Development – extensive list of websites and resources

http://k12.uspartnership.org/
Sustainable Schools Project – teacher docs, slides, resources

http://sustainableschoolsproject.org/tools-resources
Shaping the Future – great for HS; educator’s guidebook

https://brandwein.org/wp-content/uploads/2019/01/SOF_Facilitators_Guidebook.pdf
Circular Design/ Life Cycles
TedEd – What Happens to Plastic You Throw Away?

https://www.ted.com/talks/emma_bryce_what_really_happens_to_the_plastic_you_throw_away?language=en#t-6347
Life Cycle of a T Shirt (TED Ed)

https://www.youtube.com/watch?v=BiSYoeqb_VY
Shoey Shoes

https://www.circulardesignguide.com/story/a-systemic-approach-to-designing-with-resources
Fashion – great PBS video includes interview with Daniel of Zero Waste Daniel

https://www.pbs.org/video/fashioned-for-the-planet-nqke0n/
Circular Economy – educator resources from the Ellen MacArthur Foundation.

https://www.ellenmacarthurfoundation.org/explore
Circular Design Worksheets

https://www.circulardesignguide.com/resources#worksheets
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Circular Design Lesson Plans – Ellen MacArthur Foundation

https://www.ellenmacarthurfoundation.org/resources/learn/schools-colleges-resources
Sustainability Illustrated (sketch note) video about circular economy

https://youtu.be/X6HDcubgxRk
The Circular Classroom: A Free Toolkit for Activating the Circular Economy through Experiential Learning – article
with good summary, tips, etc.

https://medium.com/disruptive-design/the-circular-classroom-a-free-toolkit-for-activating-the-circular-economy-through-experiential-64ffe1274b9c
Circular Classroom resources for students and teachers (used in Finnish schools)

https://circularclassroom.com/
Biomimicry/ Design from Nature
Great animated video about the circular economy in Nature

https://youtu.be/zCRKvDyyHmI
Learn from Nature – Circular Design

https://www.circulardesignguide.com/post/biomimicry
Nature-Inspired Design Handbook (free online PDF)

http://www.natureinspireddesign.nl/handbook.html
Biomimetic Solutions
Lots of Great Examples from Young People – Biomimicry Youth Design Challenge

https://youthchallenge.biomimicry.org/en/custom/ydcgallery/directory
Biomimicry Toolbox – a great resource for students in grades 8-12

https://toolbox.biomimicry.org/introduction/
Case studies of biomimetic solutions

https://toolbox.biomimicry.org/references/case-studies/
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Took responsibility for a
fair share of the work

Respectfully listened to
others

Contributed useful ideas

Helped keep the group
focused and on task

Participated in group
discussions

Criteria
Myself

1.

4 = Always
2.

3 = Often
3.

2 = Sometimes
4.

1 = Never
5.

Write the names of your group members in the numbered boxes. For each criteria, rate yourself using the scale below. Then rate each off your group
members. Record any additional comments on the back of the rubric.

Peer Assessment Form

Group: ___________________________________________________________________________________

Name: ______________________________________________________________Date
__
: ________________

Evaluating How Well We Engineer
What we can do better

Goal
Know the Problem: We
understand the end-user; we
interviewed them or researched
how they live and the problems
they have.
Know the Problem: We listed our
constraints (limitations).
Know the Problem: We decided
on our criteria (goals) and gave
them a ranking.
Know the Options: We researched
and thought about what had been
tried before.
Know the Options: We
brainstormed lots of ideas
Develop a Solution: We decided
to make a prototype of a solution
that fits the criteria and
constraints.
Develop a Solution: Planning – we
made an Initial Design Plan and
decided what materials we would
need.
Develop a Solution: Building – we
followed our plan to build a
prototype.
Develop a Solution: We tested
our prototype to see if it would
work and/or we got some
feedback from others.
Develop a Solution: We modified
or made plans to modify our
prototype based on our testing or
feedback. Our solution is the best
it can be (optimized).
Develop a Solution:
Communication -We presented,
pitched, or explained our solution
to others.
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Got
it! (√)

What we did that was
awesome!

REPRODUCIBLE
REPRODUCIBLE

REPRODUCIBLE

Figure 7.2: Teacher Post-Project Reflection Checklist
Project:

Key ideas were clearly stated and understood.
The amount of direct instruction was appropriate.
Students’ hands-on investigation was helpful.

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
Possible
Modifications

Process and Skills
1

2

3

4

5

Creativity, divergent thinking, and brainstorming
were evident.

1

2

3

4

5

Planning and following the process were evident.

1

2

3

4

5

There was a collaborative effort, and jobs supported
collaboration.

1

2

3

4

5

The testing procedure was effective.

1

2

3

4

5

The final prototype met quality expectations.

1

2

3

4

5

The final pitch presentation reflected on the overall
process.

1

2

3

4

5

Criteria

The design challenge was clear with the appropriate
number of constraints and criteria.

Possible
Modifications

The time allotted was sufficient.

1

2

3

4

5

Was any one part over- or under-planned?

1

2

3

4

5

The group makeup and jobs were appropriate.

1

2

3

4

5

The proper materials were available
for prototyping.

1

2

3

4

5

Was there sufficient evidence to make
formative assessments?

1

2

3

4

5

Did the summative assessment reflect
student learning?

Constraints

Logistics
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Constraints
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Online background resources were sufficient.
Content was sufficient.

Possible
Modifications

Rating

Criteria

Content

1

2

3

4

5

Were assessment components for individuals and
groups well designed?

1

2

3

4

5
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