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This book will help you implement engineering design challenges in your classroom by using
stories as an entry point. This interdisciplinary approach helps students contextualise
engineering and design concepts, and they will get excited about engineering!
The stories are fun and engaging and have been specifically developed to include several
problems—some obvious and some not so obvious. Students read a story and look for and
discuss the prhoblems they find, which encourages them to reread and analyse the text of
the story. Once students have chosen a problem, they work in teams to define what they
need to create to solve it. Teams then use the engineering design process to plan, build, test,
and improve their solution using recycled materials and common supplies. Finally, students
reflect on their experience through writing. This integration of literacy and STEM allows
students to acquire and practise skills in both areas.
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Engineering challenges may be different from what you and your students are used to.
Instead of lecturing or demonstrating, you will be putting materials in the hands of students,
setting them up for success, and turning them loose to create and build. You become a
facilitator—scaffolding when necessary; providing guidance; and checking in with groups
to offer encouragement, advice, correction, and support. Motivate students to help one
another, both within teams and between teams.
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There may be a bit of a learning curve at first, but once students understand how
engineering challenges work, they really dive into them. They become fully engaged in
working together on their own terms, manipulating materials, and solving a compelling
problem, with their hands and minds occupied and on task. And these challenges are not
conducive to silence; a low buzz of purposeful conversation indicates that students are
actively engaged. Your biggest problem may be getting them to wrap things up!
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HOW TO USE THIS BOOK
READ THE STORY AND IDENTIFY PROBLEMS
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Each unit in this book features an original, levelled short story to engage students
and provide context for engineering problems. After students read a story, have them
identify some of the multiple problems embedded within. For your reference, the teacher
section of each unit lists some problems within the story and possible engineering
challenges to solve them. Students may identify even more problems within a story or
create problems and challenges based on what they’ve read.

GUIDED CHALLENGES

nl
ow

Ed

For each story, one specific problem has been selected for a guided challenge. The
challenge is predefined through criteria and constraints, and challenge pages support
student teams as they work through the engineering design process to solve it. These
scaffolded challenges can help students work through the process of creating a solution,
even if they have not participated in an engineering challenge before. The guided
challenges have been created with small groups of two to five students in mind, but they
can certainly be solved by students working alone.
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Step 1: Prepare for the Challenge defines the criteria and constraints and gives students
a task that will help them prepare to solve the challenge.
Step 2: Brainstorm, Plan, and Build leads students in brainstorming ideas for their
solutions, identifying the best ideas, creating a diagram or plan of their solution,
and choosing materials.
Step 3: Test, Improve, and Share prompts students to test and refine their solution and
collaborate with other teams to identify areas of improvement.
Step 4: Reflect asks students to evaluate both their final solution and the process of
planning and building it.

STUDENT-DEFINED CHALLENGES
Once students are comfortable with the engineering design process, the Universal
Challenge Pages (pages 105–108) give them some structure for tackling problems they
identify on their own. They define a problem by identifying criteria and constraints using
context from the story, and work through the engineering design process to create
solutions.
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CRITERIA AND CONSTRAINTS

©

Every engineering challenge starts with criteria and constraints that student engineers
must follow.
• Criteria are things the solution needs to have or do to be successful or the
requirements that must be met.
• Constraints are limitations placed on the solution.

When planning, testing, and evaluating a solution, students should continually think
about how it fulfills the criteria and follows the constraints.
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HOW TO USE THIS BOOK
CRITERIA AND CONSTRAINTS

(CONT.)

(CONT.)
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In the guided challenges, the criteria and constraints are given. When students take on
their own challenges using the Universal Challenge Pages, the first thing they must do is
define the initial criteria and constraints.
If students ask, “Can I do this?” refer them back to the criteria and constraints to check
for themselves. Criteria and constraints create an envelope within which students can
be creative, so try to give them as much freedom as possible within it. If students levy
a charge of “cheating” at a new idea, have a group discussion about the criteria and
constraints and whether the new idea falls within them.
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NO “RIGHT” ANSWERS
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Of course, don’t hesitate to add constraints if necessary. “Can I throw this across the
room?” or “Is it okay to light this on fire?” most definitely call for new constraints! The
challenges give students a certain amount of freedom, but they should not be free-foralls.

Engineering challenges can have many solutions, so don’t try to predict or prescribe what
students will produce. Students will surprise you with solutions you might never have
considered.
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Students often need help reframing failure as a necessary part of the engineering design
process. Failure is not the end of an engineering project; it is a positive step along the
way to discovering and designing solutions. Review the Engineering Design Process (page
8) frequently, pointing out that the test-and-improve cycle is all about looking at why
failure happens and how to fix it.
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Not every solution has to be successful within the time available, as long as students
go through the entire engineering design process and can explain how their solution
addresses (or misses) the criteria and constraints.

RECORDING

In the real world, engineers do a lot of writing. They write procedures, reports, funding
requests, and more. And they write not only to communicate with others, but also to
clarify their thinking, to explore new ideas, and to come to conclusions. As part of the
engineering challenges in this book, students will record their planning, testing, and
refining of their designs on paper. At the end of each challenge, they will evaluate and
write about their experience by answering reflection questions.
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Both speaking and writing give students an opportunity to articulate their thinking. As
they work on a challenge, they discuss their work with other students. These discussions
allow students to work out their thoughts and observations aloud, which makes
writing easier. This is particularly helpful for English language learners who practise
vocabulary and sentence structure as a natural part of their challenge work time.
Encourage students to use their natural language during challenges to communicate their
ideas—even if their grammar isn’t perfect. When assessing students’ writing for these
challenges, don’t worry so much about spelling and punctuation—focus on the ideas.

6

HOW TO USE THIS BOOK
RECORDING

(CONT.)

(CONT.)
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Visual and symbolic representations such as diagrams, blueprints, technical drawings,
schematics, and models are integral parts of engineering. In every challenge, students are
asked to sketch and label their ideas. Sketching helps students get their ideas on paper
quickly and encourages them to think through the relationships of the parts to one another
and to the whole. Drawings are also useful for assessment, as you can see how well students
understood the challenge concepts by how they represent those concepts visually.

ASSESSMENT

Ed

As students work through the challenges, check for understanding through formative
assessment by examining the following evidence:
• Observations of and discussions with students during work time
• Class sharing and discussions
• Written and drawn responses on challenge pages

nl
ow

These formative assessments provide multiple sources of evidence to guide you in making
inferences about what students understand and are capable of doing and also point toward
next steps in instruction.
For summative assessment, you may want to have individual students complete the Step 4:
Reflect page for each challenge.
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MATERIALS
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The challenges in this book call for recycled materials, along with classroom supplies you
probably already have. For most of the challenges, the materials lists are suggestions—you
can use whatever materials you have available. See page 109 for more information about
materials.

TIPS FOR MATERIALS

H

• Develop specific routines for how students will access materials, and practise with them
before each activity. Also, be sure to review safe practices with items like scissors and
pushpins.
• Make clear which materials students can alter (cut, fold, etc.) and which are non-alterable
materials. You don’t want students to break rulers and cut apart textbooks!
• You can vary the challenges by varying the available materials. Restricting the number of
available materials forces students to think creatively to use them in new ways. Offering
a wide selection of materials means they will have to think critically about what they really
need.
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BUDGETS
To add an extra layer to each challenge—and some more maths—assign prices to materials
and give students a budget for their projects. Materials that are in short supply or that are of
easier use in solving the challenges can have higher prices. Fill out the Price Sheet (page 110),
and give students a copy of that and the Budget Sheet (page 111).
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ENGINEERING DESIGN PROCESS
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