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WELCOME!

Welcome to the Engineer-in-Residence (EIR) Program! We’re committed to inspiring
and engaging young people in the world of science, technology, engineering, and
math (STEM), and are glad to have you onboard! Thank you for committing your
valuable time, experience, and energy to help make this program happen.

The EIR Program operates through building dynamic partnerships between educators
and volunteer engineers. By working together, teachers and engineers can connect
classroom theory to real world applications, giving students a broader picture of the
opportunities available in engineering and technology-related fields.

By using hands-on activities, you'll help make STEM subjects relevant and fun.

Have a great year!

HOW IT WORKS

The EIR program allows the engineer and school to work together to develop a custom-
tailored program that meets the science, technology, engineering, and/or mathematics needs
of the class. Given the variety of backgrounds of our engineers, the unique requirements of
each school, and the wide range of participating ages, there is no ‘cookie cutter’ approach to
deliver this program. However, the lessons included in this package may be helpful to
incorporate, or to use as reference when designing your own.

Our EIRs work in collaboration with teachers to develop a curriculum-aligned program,
demonstrating real-world applications of classroom theory. Your visits may include any of the
following:

Giving interactive presentations

Facilitating hands-on activities

Helping with research projects

Leading field trips

Running science fairs / coordinating school-wide competitions
Answering student questions about engineering

Providing student mentorship

The EIR Office is here to help support this journey, brainstorm ideas, give feedback, and
help the program succeed.
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FIRST STEPS

1. When a match is made, the primary contact teacher and EIR will receive an email
introduction with each other’s contact information.

2. The EIR office will give you instructions on how to complete your Police Check. NOTE: It's
mandatory to complete this check before making your first classroom visit.

3. The primary contact teacher and EIR will arrange an initial meeting to discuss their strategy
for the upcoming year. Ideally, this meeting will happen at the school, at a time that is
convenient for both the EIR and the teacher.

4. During the initial planning meeting, the EIR and the primary contact teacher should go over
the following things:

Introduction to the school community
What does the EIR need to know about the school? This may include policies, procedures, and any
special considerations.

Reviewing of the school’s rules and regulations

Every school has a different schedule and a different code of conduct. It is helpful for your integration
into the community if you know certain things such as when the school day starts/finishes, how the
school day is divided, if there are any special traditions you should observe (e.g. singing of the national
anthem), and whether students should address the EIR by their first or last name.

Goals and expectations for the year

Let each other know what you hope to get out of the program. It is also a good idea to discuss whether
the EIR is planning on going into more than one classroom. Discuss how you are going to deal with
scheduling. When an EIR offers to work with multiple teachers, the primary contact teacher should help
to manage expectations so that colleagues are not disappointed, and the EIR’s schedule is not
overwhelmed. TIP: Teachers can be hard to reach by phone during school hours — the best way to start
the conversation is by email.

Scheduling Visits

Since most EIRs are working professionals, the dates and times they are free to come into to the
classroom are often limited. EIRs should come to the initial meeting with a schedule of availability,
including how often they plan on coming to the school. If an EIR’s schedule changes, it is important that
they notify the teacher promptly and well in advance of their scheduled visit, so the teacher can make
the necessary changes and manage the expectations of their students.

Communication
Let each other know the best way and time to get in touch.

First Visit
Arrange your initial visit into the classroom.

O
Tell your story! Most of your students may not be familiar with what engineers do, or why it's important. Let the

students know how you originally became interested in engineering, and what you like most about your career.
Try to focus on the big picture—what impact does your work have on human beings and/or the environment?
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HOW DO STUDENTS LEARN?

Although you probably learned about engineering in a university-type environment, lecturing is not
going to fly with a group of children. So what'’s the best way to engage kids in the subject matter?

ACTIVATING THE SENSES

Research has shown that young children absorb about 50% of what they see and hear, and only 10%
of what they read— assuming that the material is engaging and age-appropriate. In contrast, when
children talk or express something themselves, they retain about 70% of it. This tells us that getting
kids involved is key in the learning process [1].

Hearing: 50% absorption Sight: 50% absorption Reading... only 10% absorption!

Here is how most children learn [1:
Seeing 83%

Hearing 11%

Touching 3.5%

Smelling 1.5%

Tasting 1%

@Tip

Use “facilitated” teaching to engage your students in hands-on learning

[1] Active Teaching — Active Learning, Oregon State University, 2005
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259l.pdf
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MESSAGING GUIDELINES

We have found that these messages generate rich conversation at an age-appropriate level. They
are user-friendly and engaging, helping to break the ice with audiences in both public and classroom
settings. These messages also create a safe and welcoming point of entry for conversation about
engineering. This is especially useful when interacting with students who may be intimidated by
engineering and technology, such as girls, those without a technical background, and those who
believe that engineering is difficult/unfriendly and/or inaccessible. We are working to combat and
address these fears, intimidations, and alienations, celebrating the engineering profession in an
environment of inclusivity.

WHAT ARE EFFECTIVE MESSAGES?

1. Engineering and technology solutions to a diverse set of 21 stcentury
chall enges require a diversity of thi
engineering and technology!

2. Engineering and technology shape the world around us: yesterday,
today and tomorrow.

3. Engineering and technology app ly creativity and imagination to turn
ideas into reality.

4. Engineering and technology are essential to the safety, health,

happiness, comfort, and efficiency of our friends, family and distant
neighbours. Locally and globally, people working for peopl e. Engineers
and technologists make a world of difference.

*Source: Changing the Conversation: Messages for Improving Public Understanding of Engineering,
National Academy of Engineering (USA). Publisher: National Academies Press.
WWW.engineeringmessages.org
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DIRECTIVE VS. FACILITATED TEACHING

There are two approaches to teaching: directive or facilitated.[1] Directive methods are useful for
delivering instructions and theory, whereas facilitated teaching methods focus on hands-on learning,
engaging the students to explore the subject matter. Although both methods are valuable, facilitated
teaching allows students to engage with the material in a hands-on way, and is generally more
effective for younger audiences. [2]

There are a few challenges with the facilitated teaching approach, such as time constraints, activities
requiring greater supervision or guidance, and access to materials. To be used effectively, facilitated
teaching should complement and reinforce theory that students are already somewhat familiar with,
or it may be used in combination with directive teaching.

@Tips

1 The EIR program will reimburse up to $200 for the cost of materials-- be sure to keep your receipts.

1 We recommend asking your teacher for support with your activity, and planning your time wisely.

1 Remember that closure activities are vital to the learning process, so it's important that you leave
adequate time to wrap up your lesson.

How do | facilitate my lessons?

Be a mentor rather than presenter—ask the kids questions instead of just giving an answer.
Each child learns differently— incorporating learning that engages the senses, and calls on
different types of intelligences will help students absorb and retain more information.

9 Our minds learn through patterns and associations— try to relate new material to something
that your students can understand. For instance, if you're talking about tension forces, you
can ask a student to push and pull on a string.

1 Recognize the work of your students—recognition and encouragement should be given as
early on as possible. Young people learn best in environments that are warm and accepting.

9 Ask students to talk about or present their work as early on as possible. They will retain more
of the information this way, and feel more active in the learning process.

1 Use self-evaluation, closure, and reflection activities.

T
T

[1] Active Teaching — Active Learning, Oregon State University, 2005
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259I.pdf

[2] Hartley, James, “Effective Teaching: Facilitative vs. Directive Style” in Teaching PsycHogy: A HandbookPsychology Press: 1990. p. 103-104.
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What is active learning?

Directive Approach

Facilitated Approach

Uses lecture-style teaching

Uses activities that are engaging and active

Communication is 1-way, from teacher to
students

Exercise is defined by the teacher. Information is shared
between students, and with the teacher

Teacher gives solutions to problems

Teacher organizes material, students find their own
solutions.

Focus on answering questions

Focus on asking questions

Teacher is the “expert”

Teacher and students learn from each other. Teacher
provides support in the learning process.

Discussion is minimal

Discussion and activity is encouraged

Product-focused learning

Process-focused learning

Teacher determines the class format

Students explore material within defined parameters

Focus on individual subjects

Draws connections between subjects

[1] Active Teaching — Active Learning, Oregon State University, 2005
https://catalog.extension.oregonstate.edu/sites/catalog.extension.oregonstate.edu/files/project/pdf/4-h0259I. pdf
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ACTIVE TEACHING EXERCISES

The following exercises can be creatively applied to deliver information, survey students’ knowledge
on a subject, or reflect on learning concepts.

1.

2.

10.

Value line: make a line on the ground using masking tape. Students step on or off the line
depending on if the agree/disagree with a statement, or think a statement is true/false.

A debate line: this is a variation on the value line, but the line is placed in the centre of the
room and represents ‘neutral.” One end of the room represents agreement, the other
opposition. A series of questions are asked and students step either the direction of
agreement or disagreement, or stay still if they are neutral. Between each question, students
are given the opportunity to explain their choice. This technique is most effective with high
school students or adults.

Think, pair, share: students are asked a question and they share their thoughts with their
neighbour/partner.

Placematting: each group of 3-5 students receives a large piece of paper with a question or
topic written in the centre. Students write ideas relating to the topic, and can bounce ideas.
This can also be done with the groups rotating to each placemat, followed by presenting their
thoughts.

Peer review: students review and comment on the work of their neighbour. Ask students to
give constructive feedback, both positive and negative. You can use the “two-stars-and-a-
wish” structure for giving feedback.

Snakes and Ladders: make your own Snakes and Ladders game asking trivia questions on
the topic of interest for the squares that they land on.

Card ranking: each group is given a series of cards (e.g. objectives) and asked to arrange
them in priority, providing an explanation for their decision.

Clusters: each student receives a card with a word or idea on it. Students compare cards,
trying to find others that are related. When they find a related card, the students form a
cluster, and search for others that are related. Ask the students to name their cluster, and
explain the relationship between their cards.

Dot voting: a list of options or ideas is posted. Each student can put 3 dots next to their
favourite idea(s) to vote. This can also be used to survey students about their knowledge on a
subject.

What, So What, Now What? Students ask each other what they learned, why it's important,
and what they’re going to take away.

Resources: http://www.nicurriculum.org.uk/docs/key stage 3/ALTM-KS3.pdf
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STRUCTURING A LESSON

Without a strategy, teaching a classroom full of children can feel like trying to herd cats. It's important
to stay organized, and to develop a game plan that will catch the attention of students who are not
intrinsically interested in science, math, and engineering.

The following structure aims to “hook” the students’ attention, so they will be engaged in your lesson
and understand the big picture. There are four key sections to this recipe:

1. “Hook” the students’ attention

2. “Development” of key concepts, giving instructions
3. “Application” of theory to execute an activity

4. “Closure” of the lesson, reinforcing learning concepts

@Tip

When most people plan a lesson, they tend to think about the “Development” and “Application” steps
only. Although it may seem time-consuming, we can’t emphasize enough how vital a “Hook” and
“Closure” are to the learning process.

1. HOOK

A hook should be short, snappy, and ideally under 3 minutes in length (although there are some
exceptions). It's meant to grab the attention of your students, often showing the “big picture” context
of the lesson subject. The hook should lead into your lesson, but should not teach new lesson
material.

Examples of a “good” hook are: a short video or sound clip, photographs, an engaging story, an
interesting object, something connecting the lesson to the students’ lives, a demonstration, or a
challenging question.

2. DEVELOPMENT

This is the time to share your skills and knowledge, or to help students explore their own skills and
knowledge of a subject. If there are any new concepts or vocabulary, you should include it here. This
is also a chance to remind students of what they already know about the topic. This can be facilitated
or directed learning, depending on how knowledgeable the students are on the topic at hand.

3. APPLICATION

This is also known as the “activity.” The application should be creative and hands-on, reinforcing the
ideas and concepts explored in the development section. This is the opportunity for students to
demonstrate their new skills and knowledge, and uses facilitated teaching methods.

4. CLOSURE

This step gives the chance for students to reflect on their learning, reinforcing concepts learned. It’'s
also valuable feedback for the EIR, revealing what the students are taking away from the lesson.
When used effectively, this should be the most important part of your lesson.

Examples of closure activities include:

Popcorn: students share a word or thought by saying it randomly aloud
Value line (see Active Teaching Exercises)

Round circle: students share their thoughts/reflections in a circle
Think, pair, share (see Active Teaching Exercises)

Place matting (see Active Teaching Exercises)

= =4 =4 A -9
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PLANNING YOUR YEAR

There is no cookie cutter way of running the EIR Program. It’s up to the teacher and the EIR to determine how
often the EIR visits the school, how many classes she/he visits, etc. The teacher may request the EIR to cover
certain areas of the curriculum, and the EIR may want to share a lesson from their area of expertise. Each
Teacher/EIR team must decide what works best for everyone.

IMPORTANT: The teacher should be in the classroom with the EIR at all times.

Here are a few things to consider:

How will you format the EIR’s classroom time?

Some EIRs give a presentation on a topic leading into a hands-on activity. Other teams start with a lesson by the
teacher on the theoretical material, followed by a hands-on activity led by the EIR. EIRs can also do large, multi-
classroom presentations, or even lead school-wide engineering challenges. Talk to the teacher and let them
know what you’re comfortable with. The visit format does not have to be the same every time.

Do you want to do a long term project or a one-time activity?

Some EIRs do a different, curriculum-relevant activity or presentation every time they go into the classroom.
Some like to plan longer term, multi-visit projects that can stretch over several visits. In some cases, they even
implement year-long projects.

What are the expected outcomes of each visit?

Set clear objectives and expectations for each lesson. For example, what are the pre-requisites for
understanding the lesson? What is the desired learning outcome or retained knowledge? Is there any prep
students need to do before the class? What happens if you are unable to finish the planned activity in the
expected time? Discussing these points in advance helps ensure that the EIR’s time in the classroom is as
productive as possible.
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@Tlps

Teachers know their schedule for the full year in September. Pick a date, and they will be able to tell
you what curriculum topic they are covering. Some EIRs and teachers like to program the full year of
visits at the initial planning meeting; some like to arrange their visits as they go. Work together to figure
out which system is best for you.

1 Learn about school facilities. Some schools have special audio-visual equipment like Smartboards or
Tech Labs. New technologies sometimes take a few minutes to get used to — if possible, try and come
early to try them out beforehand.

1 Both the engineer and teacher have to be aware and respectful of each others’ schedules, and it is very
important to maintain regular contact. Teachers typically prefer email to telephone during school hours.
Telephone calls usually need to be scheduled in advance.

1 Always schedule one visit ahead, or set a telephone/meeting date to discuss the next visit. It is better
to have something tentative on the calendar, even if it needs to be changed, then to lose momentum.

1 Embrace failure! Sometimes experiments don’t go as planned, or discussions go in an unexpected
direction-- this can provide the most rich and valuable learning opportunities!

1 You can work in all subject areas, regardless of your specific expertise. The program is not intended to
be limited to “Understanding Structures and Mechanisms” — all areas of the science and technology
curriculum benefit from hands-on, minds-on engagement. Our activities cover all four strands.

i Classroom time is precious. EIRs should arrive at least 10 minutes early with EVERYTHING you
need. If you aren’t sure if the school will have something, ask. Be overly organized, and don’t leave
anything to chance!

1 Try experiments and hands-on activities at home first

1 The engineer is there to support the learning process. The teacher is the professional educator. Be
open to learning from each other!

1 STEM refers to Science, Technology, Engineering and Mathematics. STEAM is now gaining ... well...
steam! It refers to Science, Technology, Engineering, Arts and Mathematics. Thinking of STEAM
instead of STEM helps us remember and recognize the importance of the arts for creativity and
innovation in the classroom (and beyond!). This can also help engage students who may not otherwise
be interested in engineering.

91 If you are feeling uncomfortable or unsure about how to begin or proceed with the program, let us
know. We have amazing, experienced EIRs and teachers who would be happy to talk with you, answer
your questions and help get things rolling at your school.

IMPORTANT
Teachers have to work within the Ontario Government-mandated curriculum. EIRs

do not have to become experts on the curriculum, but they should make sure to read
the section of this guide on curriculum so they understand how it works, and how it
affects the program. Curriculums can be found online.
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OTHER GOOD THINGS TO REMEMBER...

Remember that the EIR Program is not something that is mandatory in schools; teachers have signed up
because they are excited and enthusiastic about bringing the joy of learning to their students. They also
often have to give up personal time to plan and coordinate the program for their school. Remember that
teachers are the expert in their classroom — they know teaching, the different ways children learn, the
curriculum and they know their individual students. Listen to their advice regarding presentation and
teaching styles, how to assign students to groups, your conduct in the classroom, etc.

If you are having trouble communicating with your teacher, contact the EIR Office. Sometimes there may

be circumstances you are unaware of (unexpected illnesses, etc.) that we may be able to sort out. Please
don’t simply drop off the radar — it reflects badly on the program, and it means that we will have to spend

time tracking you down. If we don’t know there is a problem, then we can’t help!

Sometimes, for whatever reason, a match is just not a good fit. If this is the case, please tell the EIR Office
and let us handle the ‘break up’. We will deal with the politics, and can then do our best to find you another
school or engineer volunteer. Sometimes moving on can be for the best! When one doors closes, another

one opens...

Curriculum topics should be seen as a starting point; there is a vast variety of hands-on activities or
experiments that can be done to demonstrate or allow students to explore particular topics... so be
creative!
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BEG, BORROW AND REPURPOSE!

Locating cost-effective materials for projects can be tricky! We asked our EIRs to send in their best tips,
and have compiled them here.

Use Found or Re-Salvaged Materials:

= Broken toys (collected from parents, schools, or your local salvation store) can be a
great source for certain parts such as wheels, motors, wood, etc.

= Use materials from you recycling bin (paper towel rolls, cardboard, etc.)

School Resources

= Local universities and colleges often have resources or special facilities that visiting
school groups can use. They may also provide materials (e.g. dry ice) or equipment that
can be hard to find. Try contacting the Engineering Department.

» Local school boards often have science kits that teachers can borrow. Ask your teacher
if this is an option, or call your local school board representative.

Ask For Donations
= School newsletters or bulletins are a great way to advertise to parents that you are in
need of a particular material (egg cartons, Popsicle sticks, old toys, etc.).
= Approach local engineering, construction or technical firms to see if they have excess or
damaged materials they can donate. In some cases, your own companies may be
willing to contribute.

Always remember the three Rs: Recycle, Reuse, and Repurpose!

CAUTION
Do not purchase glue guns from dollar stores. They are a safety concern and not

recommended by STAO (Science Teachers Association of Ontario) or OCTE (Ontario
Council of Tech Educators).
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GENERAL SPEAKING TIPS

= Make sure your presentations aren’t longer than your students’ attention spans. Talk to your
teacher if you are unsure how long your presentation should be.

= Don’t lecture — engagement during presentations is critical! Keep speaking short, sweet, and to
the point.

= Ask your students questions to ensure they understand what you are speaking about. Include
discussions.

= Movement can also be helpful, especially with younger kids. You can use simple physical
activities to keep them engaged (e.g. ‘everyone who has seen an airplane, wave your hand in
the airl’).

= Teachers know their students best. Having the teacher participate in discussion sessions can
be helpful — they will know which students to choose to respond to questions. As one of our
teachers commented: “Sometimes it's not the first hand up that should be responded to.”

* In any interaction, always use language that students can understand. If you are not sure,
ask your teacher for advice.

» Include hands-on learning in every session, and keep talking to a minimum. Kids learn best by
doing.
= Encourage students to ask questions as you go — don’t have them save them till the end.

» Relate concepts to things the students are familiar with, such as local industry, architecture,
history, or community experiences.

= Don’t be afraid to bring your own story to the classroom. Emphasize the big picture of your
work—what is the impact on human beings and/or the environment?

» Students of all ages will get restless with long, text-heavy presentations. Think hard before
deciding if PowerPoint slides are necessary: if you don’t need it, don’t use it! If you do decide to
use PowerPoint, remember to intersperse your presentation with discussion questions that
engage your audience, to keep the text limited, and to use lots of pictures and other visuals.
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1. THE THREE LITTLE PIGS ’

GRADE1 LESSORNESCRIPTION
ASSESSMENT CATEGORIES Use the story of "Three Little Pigs" to investigate building materials.
Knowledge and Underahding

ininkngiandiinvestgation PREPARATION TIME 15 minutes
Colmru R ACTIVITY DURATION 45 minutes

Understanding Structures and Mechanisms
Grade One

This task addresses the And the following specific expectations:

following overall expectations: » follow established safety procedures during science and technology investigations;
= investigate structures tht investigate characteristics of various objects and structures, using their senses;
are built for a specific investigate, through experimentatigrthe properties of various materials;
purpose to see how their use technological probleraolving skills and knowledge acquired from previous investigations, to

design and materials suit design, build, and test a structure for a specific purpose;
the purpose; = use appropriate science and technology vocabulary, inetudkperiment, explore, purpose, rigid,

= demonstrate an flexible, solid, and smooth, in oral and written communication; o
understanding that objects = wdza S | @I NASUé 2F FT2N¥a o0SPId: 2NI X gNRUGUS
and structures have audiences and for a variety of purposes;

observable characteristics
and are made from

describe strutures as supporting frameworks; o ) )
describe the function/purpose of the observable characteristics of various objects and structures

materials with specific using information gathered through their senses;
ﬁropertles that determine = identify the materials that make up objects and structures;
ow they are used. = describe the poperties of materials that enable the objects and structures made from them to

perform their intended function.

MATERIALS

= Lego blocks = Storybo_ok (Three Little Pigs = Drinking straws
» Popsicle sticks = Fan/Hair Dryer » Tape or glue

HOOK

Read the story of the Three Little Pigs. Ask the students thlegbigs used their house fateeping, protection
from wind, to hide from wolves

DEVELOPMENT

Discuss properties of the three building materials: straw, wood (popsicle sticks), andduymk

Vocabulary:
» Reinforcement = Bracing
= Sidesway = Stabilize

APPLICATION

Preparation Considerationssroup students inteither 3 or Gequal teams; separate materials for each group.

1. Ask each group to buildheir own homes out of stradrinking staws) brick {egg and wood popsicle
sticks).

2. Allowstudents 15 minus to build the houses in teamstyengthenngtheir team cooperation skills.

3. After 15 minutes send the wolf (fahair dryer) to huff and puff and blow tlrehouses down. L ¥ Qa Tdzy
disguisethe fan/hair dryer as some sort of walf ordertohelpa A Ydzt S UKS auz2NEQa

4. Explain that each material strong rigid / flexible andexplain how the use of accompanying connections
(nails, beams, etc) can make the structure streng
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CLOSURE

Ask each group to explain why the built their house the way that theyAl#studentswhich house they
would chose to hide from the wolf, arttbw they could have made the houses stronger
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2. OIL SPILL CLEANUP

GRADE 1-6 ACTIVITY DESCRIPTION

ASSESSMENT CATEGORIES  This activity focuses on the environmeni@jpactof oil spillsallowing
Application students totry different toolsto determine the most effective solution(s
Knowledge and Understanding for clean up. Emphasis is placed on the importance of sedtdity and
Thinking and Investigation risk management, and preservitige environment for future
Communication generations.

TeamBuilding Skills
PREPARATION TIME 20minutes, plus time ta@ollect materials

LESSORURATION 40 minutes

Understanding Structures and Mechanisms Physics
Understanding Matter and Energy Chemistry

Understanding Earth and Space Systems
Thisexercisewill challenge the students to

Understand the importace of sustainability andisaster preventiorin recognition of the moral and social responsibility of preserving
environment for future generations;

Understand the basic concepts of science, engineering, and technology as they hypothesize, testvacesses using technology anc
evaluate the effectiveness of their ideas in terms of benefits, costs and risks.

Discuss the importance risk assessment in preventing environmental disasters;
Emphasize the importance of planning for disaster response;
Investigate and determine the best method for oil spill remediation;
Explore the use and effectiveness of different tools diggpersantin the following situations:
o Oil spill on a water body
o Oil spill on wildlife
o Oill gill from water affecting shorelines
Examine structure and function through the séervation of how mammade tools such as cotton apaépertowelsexpand to absorb oil;
Examine the effectiveness of oil dispersants in oil spill response;

Developskills, strateg?]ies and problesolving thought proesses through communication with peers in a group setting as they discus
ideas for clearup of the oil, as well as the benefits, cqstad risks of each method.

CROS®ISCIPLINE CONNECTIO
Social Studies

MATERIALS

= 3 small baking pans = Stones/pebbles

= Water » Feathers

= Vegetalbe or olive oil mixed with = Various remediation tools: plastic spoons, paper towels, cotton
cocoa powder (to resemble balls,spray bottle with diluted dish detergenétc
petroleum)

* This activity is modified from the University of WindsorBridging Worlds 8 An Engineering Education
Experienceproject by Natalia Bartos and Susan Franzon.
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HOOK

Choose one or two of the followirguggestions:

= Show images of before and after an area has been impacted by an oil spill;

= Demonstrate how oil disperses across water over time;

= Use a value line (see active teaching tools) to ask students questions about the properties of oil.

DEVELOPMENT

Ask students:
= What do we use oil for in our daily lives (cooking, fuel, etc.)?
= How do you normally clean up spilled oil at home?
= How do you think spilled oil would affect plants and animals in an ecosystem?

Explain:
= Why oil is transported over longstiances
= Our dependency on oil for fuahd plastics
= Impacts that oil spills have on the environment
» Methods of cleaning up oil spills
= The role of engineers in preventing contamination and cleaning up areas that are contaminated
= Give examples of past opifls, and explain the effect on the environment

Vocabulary:
= Crude oil
= Site remediation
= Dispersant
= Solvent
= Ecosystem
= Contamination
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APPLICATION

Set up three stations, each corresponding to the following scenarios:

Station 1
Pour water and the oil mixre in another pan. This will imitate an oil spill on a water body.

Station 2
Pace feathers in a second pan anolup the oil mixtureover it This will imitateoil on wildlife

Station 3
The last station will replicate an oil spill on land. Placaesan the last pan and pour the oil mixture over the
stones.

In each station, students will compare which method is east effectivethrough the use of each
remediation tool. Essentially, students will conclude that some materials will work verynvgelme cases, but
they can actually increase the damage in others (ex., in Station 2, ifdesieigyent, the oil will disperse mix
with the water, thereby further contaminating the area).

A

2 A0K GKS GSIFOKSNNa KSf L Sdobs&rvaibhsRuisinigithe fdllowdnd RS v ( &

Cleanup technique | Station 1: Water/Oil | Station 2: Feathers | Station 3: Stones

Spoons

Paper Towel

Cotton Balls

Spray Dish Soap

CLOSURE

Sample discussion questions:
= What cleaning methoavas most effective for each situation?
= What otherapproachesnight work?
=  Whichanimals would be affected by an oil spill?
= What arethe problems andathallengesvhen cleaning up after an oil spill?
= How important is it to respond quickly to an oil spill?
= Whatis the role of engineers in preventing and cleaning up spilled oil and environmental
contaminants?
= Why do we need to be concerned about polluting the environment?
-18 —
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3. THE WATER CYCLE

GRADE?2 ACTIVITY DESCRIPTION

ASSESSMENT CATEGORIES  Students will gain an understanding betwater cycle through
Knowledge and Understanding discussion and demonstration.

Thinking and Investigation
Communication PREPARATION TIME 30 minutes

ACTIVITY DURATION 60 minutes + time for student report writing

TOPICS CRGSDISCIPLINE

Understanding Earth and Space Systems Understanding Life Systems
Understanding Matter and Energy

Grade Two

= investigate the characteristics of air and water and the visible/invisible effects of and che
to air and/or water in the emironment;

= demonstrate an understanding of the ways in which air and water are used by living thin
help them meet their basic needs.

= investigate stages of the water cycle, including evapomtcondensation, and precipitation

= yuse appropriate sciencand technology vocabulary, including solid, liquid, vapour,
evaporation, condensation, and precipitation, in oral and written communication

MATERIALSY

= kettle = food colouring

= can = 1 large paper or Bristol board
= tongs = electric griddle or frying pan

= icecubes = small pieces of paper

= water = blue/purple crayons or markers
= SCissors = tape

HOOK

Ask students what the three states of water avérite the three states on a large paper lanistol board.

Divide students into three groups and give each stuitch small square of papdiaveeach group to draw a
state of water: either in liquid, solid (ice), or gas (cloud) states. Ask them to cut out their image and tape it
onto a large piece of papemderthe appropriatesection of the water cycle.

DEVELORENT

Ask students:
*\What does tle inside of a cloud look liké¥ote tha fog is a cloud on the ground.
=Does hot air or cold air hold more moisture?

Explain the relationship between temperature and states of matter. Usexaenple of chocolate melting

whSy A0Qa | K20G RIFI&3X 0dzi fefrigetdBri dzZNy Ay 3 G2 a2t AR 6K
Vocabulary:
=States of matter =Evaporation
=Condensation Vapaur
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APPLICATION

Condensation

= Fill a can with ice, a few drops of food colouring and water. Observe water osimgeon the side of the
can. (This happens almost immediately on a warm humid day, but it's almost impossible to achieve in winte
when the air is dry. In the winter, try breathing on tban to provide warm, moist gir

= Leave the can on the table andloback periodically to see water droplets forming. It should tak&a3.0
minutes in warm weather.

Evaporation

1. Melt an ice cube on an electric griddle.

2. Ask students where snow and freezing rain come from.

3. Evaporate the wateg point out that the water vapour is in the thin invisible layemmediately above the
griddle. The steam is the water vapour condensing to form tiny droplets (i.e. a cloud).

Water Cycle Demonstration:
= Boil water in a kettle and hold a can of ice water above the steam.
= Let the water vapour condense on the can and drip back into the kettle.

Engineering Tin:
One possible application is to talk about condensation forming inside a wall when hot airarmblsow
engineers solve this problem

Ask students:

= What ae some examples of condensation in everyday life?
= Why is rain important?

= Why does it snow in the winter instead of raining?
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4. SUN, WIND , AND WATER (|||3-

GRADE?2 ACTIVITY DESCRIPTION

ASSESSMENT CATEGORIES Study sun, wind and watethe main elements of weatr
Knowledge and Understanding
Thinking and Investigation
Application
Communication

Understanding Earth and Space Systems

Grade Two

= investigate the characteristics of air and
water and the visible/invisible effects of
and changes to air and/or water in the

= environment;

PREPARATION TIME Varies (time to gather materials)
ACTIVITY DURATION 45minutes

follow established safety procedures during science and technology investigations
Identify and describe forms of moisture in the environment;

investigate, through experimentation, the characteristics of water;

investigate the stages of the wa cycle, including evaporation and condensation,

= demonstrate an understanding of the precipitation, and collection;
ways in which air and water are used by = use appropriate science and technology vocabulary, including solid, liquid, vapour,
living things to help them meet their evaporation, condensation, and precipitation, in oral and written communication;
basic needs. . id_eréltify air as a gaseous substance that surrounds us and whose movement we feel
wind.

MATERIALS
= kettle = lamp = bottle
= cold spoon = talcum powder = apot
» ice cubes

HOOK

Simulate a rain storm by standing in a circle. Start at one end anthgestudents to sequentially start

snapping their fingers until it spreads around the circle. Switch to patting your legs until the entire circle has i
doing it. Next, start lightly stamping your feet, until it travels around the circle. Finish by isgapgers

again, and then get more and more quiet until the storm is over.

DEVELOPMENT
Review the water cycle andstuss the roles that sun, wind, dwater play in weather systems.

APPLICATION

Rain Demonstration:

= Boil water in &ettle. Asthe steam risegshow students the condensation forming on a cold spoon, then
K2fR | L2040 2F AOS OdzoSa 20SNJ UKS (1SudufsSQa alLi2dzu

= Allow students to observe water droplets forming on the bottom of the pot. After a few minutes water
droplets will fall like rain.

Wind Demonstration:

= Sorinkle talcum powder over thbulb of a hot lampThe powder will move as heat rises from the lamp.

CLOSURE

Engineering tien: Dew forms on the ground when the air cools overnight. Water can be captured by digging a
ditch and layig a piece of plastic over it, with a rock on the centre and a cup under the plastic.

Ask students to share one thing they learned or one question they still have about weather systems
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5. MARSHMALLOW TOWER COMPETITION

LESSORMESCRIPTION
Build the tallest free standing marshmallow tower.

GRADES3 and 5
ASSESSMENT CATEGORIES
Knowledge and Understanding
Thinking and Investigation
Communication
TeamBuilding Skills

Understandirg Structures and Mechanisms

Grade Three Grade Five

investigate strong and stable structures to determine how = investigate forces that act on structures and mechanisms;
their design and materials enable them to perform their load = identify forces that act on and within structures and mechanisms

PREPARATION TIME 15 minutes
ACTIVITY DURATION 60 minutes

bearing function;

= demonstrate an understanding of the concepts of structure,
strength, and stability and the factors that affect them.

= follow established safety procedures during science and
technology investigations;

= jnvestigate, through experimentation, the effects of pushing,
pulling, and other forces on the shape and stability of $amp
structures;

= use technological problersolving skills and knowledge
acquired from previous investigations, to design and build a
strong and stable structure that serves a purpose;

= use appropriate science and technology vocabulary, includil
compressiontension,bracing strength, and stability, in oral
and written communication;

= define a structure as a supporting framework, with a definite
size, shape, and purpose, that holds a load;

= jdentify structures in the natural environment and in the buili
environment.

MATERIALS

and describe the effects of these forces on structures and
mechanisms.

follow established safety procedures for working witlols and
materials;

use scientific inquiry/research skills to investigate how structures
are built to withstand forces;

use technological problersolving skills to design, build, and test ¢
frame structure that will withstand the application of an extatn
force or a mechanical system that performs a specific function;
use appropriate science and technology vocabulary, including
tension, compression, torque, system, and load, in oral and writt
communication;

use a variety of forms (e.g., oral, writtegraphic, multimedia) to
communicate with different audiences and for a variety of
purposes;

identify internal forces acting on a structure, and describe their
effects on the structure;

identify external forces acting on a structure, and describe their
effects on the structure, using diagrams.

= Small marshmallows = Metre stick
= Toothpicks (round) = Timer/stopwatch

HOOK

= Piece of paper witl20cm x20cm square drawn on it

~

Show photos of the Leaning Tower oflP® ! a |

a0dzRSyida ¢KIFG GKS

leaning. Show examples of some modeliay towers and skgcrappers.

DEVELOPMENT

Ask students:

= Why do people build towers? (To live in, offices, tourist attractions, etc.)
= What are sme qualities of a good tower? (Strong, stable, good view, etc.)

= What are some challenges that you might face when building a tower? (Cost, unstable ground, wind)

Vocabulary:
= Tension =  Stress = Beam
= Compression = Foundation = Column
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APPLICATION

Teams othree build towers made of marshmallows and toothpicks.

For Grade 5: Students are given 50 toothpicks and 25 marshmallows toltarteanmust purchase
additional materials usm% a budget of $100,000. Additional toothpicks cost $1,000 and additional
marshmallows are $5,000.

Thegoalis to build the tallest, most stable towéat the lowest cost if in Grade 5). Groups are given 25
minutes.

Give each team a piece of paper witR@m x20cm square drawn on it. The tower base must fit in this
square but the structure above the base may hang over. Teams will build the structure by sticking two or
more toothpicks in each marshmallow. In building the tower students should discover the strongesiiss
are triangles. After 2 minutes students are told tstop building (they are given warnings at the 5, 3 and 1
minute marK). If their structure is unstable they may hold it until it is measured.

Use a metre stick to measure the height and stability of each tower. Towers need to stand still for 60 second
to be eligible and penalty points are deducted if any part of the base is outsiddtme x 2@m square.

The winning team is the one with the tallest and most stable tower with no penalty paiogest cost is also
a considered if working with a GradeBssroom.

CLOSURE

Ask students:

» What type of design was strongest?

= Were the strongest towers also the tallest ones?

= How would you change your design if you were to do the exercise again?

= If you were going to live in one of these towers, which one wgold chose? Why?

= Why are there are so many tall buildings being built? Where are they usually built?
= (If in a city) How mangtudents in the claskve in highrise buildings?

TIPS = Students can eat the towers afterwards.
= Buy LOTS of toothpicks and marshimas!
» Toothpicks MUST be round for the activity to work.
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7. MAKING MUSIC g
|

GRADE4 LESSORMESCRIPTION

ASSESSMENT CATEGORIES Explore the properties of sound Ipyilding an instrument
Knowledge and Understanding

ininkngiandiinvestgation PREPARATION TIME 20 minutes
CllimL L e ACTIVITY DURATION 75minutes

STRAND CROS®ISCIPLINE
Understanding Matter and Energy CONNECTION

Grade Four Social Science

This task addresses the following expectations:

= investigate the characteristics drproperties of light and sound, -~
= demonstrate an understanding of light and sound as forms of energy that have specific characte
and properties.

= jnvestigate the basic properties of sound;

= use technological problersolving skills to design, build, Gitest a device that makes use of the
properties of light or sound;

= yse scientific inquiry/research skills to investigate applications of the properties of light or sound

= use appropriate science and technology vocabulary, including natural, artifiegah bf light, pitch,
loudness, and vibration, in oral and written communication;

= describe properties of sound, including the following: sound travels; sound can be absorbed or
reflected and can be modified;

= explain how vibrations cause sound;

= jdentify devces that make use of the properties of light and sound.

MATERIALS

= Rulers, panpipes, straws, egg carfone per each group of 3 or 4jce, tuning fork,
water, bowl, plastic wrap

HOOK

Play music clips from traditions around the worlthen askhe students:
= How many peoplén the clasdisten tomusic?How often?
= Why do people listen to music?
= What is music used fo€oncertsreligious ceremonies, holidays, celebrations, traditional events,
movie soundtracks, commercial jingles, etc.).

DEVELOPMENT

Ask the classtvhat is sound?\(ibration)

= Demonstrate by placing rica a bowl covered with plastic wrap. Hit a tuning fork and allow the
students to see it vibrate. Bring the tuning fork close to the bowl and show the classeayvains of
rice also vibrate.

= Draw a sound wave on the blackboard.

» Provide students with rulerand challenge them to produce vibrations (i.e. sounds). Prompt them to
twang the ruler by holding it tight to thedge of the desKgeaving a section to overhang. Holtetruler
near the edge of the desk (h@k the section that overhangsg)do not hold theruler at itsend.
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Ask the class:
= What is pitch? (frequency of vibration)
= How can we change the pitai somethin@

Ask the students to change the pitchtbg ruler ¢ they can accomplish this by changing the amount of
overhang before they twantie ruler.

Students can feel the change in frequency when they change the pitch of their voices by placing fingers on th
front of their throats.

Ask the class:
» Wha is volume? (height of the vibration)
= How can we change the volume? (twang harder)

Draw sound waves on the blackboard showing changing volume.

Vocabulary:
= Vibration =  Amplitude (loudness)
= Frequency = Pitch (frequency of vibration)

Explain that engineardesign all sorts of things relating to sound. This can be anything from musical
instruments to musical software to sound systems to sound insulation. Think about designing an opera hall tc
carry a singers voice, or walls on the highway that reduce d¢raffise in the nearby neighbourhoods.

APPLICATION

Students will make a papipe that allows them to control volume and pitcandwill use the instrument to
play a simple tune for the class.

Students will nake a set of straw panpipes groups of 3 of. Cut straws according to the following chart:

LENGTH (cm) PROPORTION | MUSICAL NOTE(
19.9 1 Do
17.7 8/9 Re
15.9 4/5 Mi
14.9 Ya Fa
13.3 2/3 So
11.9 3/5 La
10.6 8/15 Ti
9.9 Yo Do

They will ut the straws into tle base of an egg cartoimserting staws through the centre of each cup, and
write the names of the notes on the carto\sk students t@lay a scale on their panpipe.

CLOSURE

Ask students to form a circle and share one thing that they learned about music or one thing they liked about
the lesson.
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8. RUBE GOLDBERG MACHINE Q{}

GRADE4 LESSORMESCRIPTION

ASSESSMENT CATEGORIES  Design and build a "Rube Goldberg"” type machine (i.e. an overly
Knowledge and Understanding complicated apparatus to accomplish a simple task).

Thinking and Investagion
Communication PREPARATION TIME 30-45minutes

ACTIVITY DURATION 90 minutes

Understanding Structures and Mechanisms

Grade Four

This task addresses the following expectations:

= investigate ways in which pulleys and gears modify ffeed and direction of, and the force exerted on, moving objects;
demonstrate an understanding of the basic principles and functions of pulley systems and gear systems.

use scientific inquiry/experimentation skills to investigate changes in force, distapeed, and direction in pulley and gear systems;
use technological problermolving skills to design, build, and test a pulley or gear system that performs a specific task;

use appropriate science and technology vocabulary, including pulley, gear,dartspeed, in oral and written communication;

use a variety of forms (e.qg., oral, written, graphic, multimedia) to communicate with different audiences and for a Jaieposes;
describe the purposes of pulley systems and gear systems;

describe how otary motion in one system or its components is transferred to another system or component in the same structure
describe how one type of motion can be transformed into another type of motion using pulleys or gears.

TEACHER MATERIA STUDENT MATERIAL

= clock or timer = SCISSOrs = Cardboardhinges, springs, gears
= Rube Goldberg cartoons = Foundmaterials (toilet paper pulleys, pipePopsiclesticks,
= Video of a Rube Goldberg rolls,egg cartons, cardboard, string/rope, dominos, etc.
machine cans etc.) = marbles
= glue - bulldog clips

HOOK

Make a Rube Goldberg machine, explain the sophisticated design, and demonstrate how it works, or play a
video of a Rube Goldberg machiff@P: Limit the hook to 5 minutes.

DEVELOPMENT

Show cartoons that Rube Goldberg crehend explain the concept of the Rube Goldberg machine. Show
some examples of mechanisms that can be used in the machine, such as swinging, hinges, springs, slides,
dominos, pulleys, etc.

Vocabulary:
= Tension = Force = Gears = Friction
= Compression * Pulley = Gravity = Efficiency

APPLICATION

Place students in random groups of 3. They are given the challenge to make the most elaborate machine tha
transports a marble from the top of a chair to the bottomhe grouphas 25 minutes talraw the plan and
produce a lisbf materials required. The plan must include detailed drawings of each individual step. Each
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student in a group should plaat leastone step.Next, the groups are given 25 minutes to construct their
machine with 5 and 1 minute warnings.

CLOSURE

Presntations:

Each group demonstrates and explains their machine to the class (and possibly to other students in the scho
by either visiting classrooms or at a school assembly).

This is a long activityhat will fill whatever time is providedso pg attention to time.Sudents learn most
when presenting and reflecting, so be sure to leave adequate fleeommend schedule is

= Hook (5 mins)

= Development (10 mins)

= Application: design (25 mins), building (25 mins), presentation (15 mins)

= Closure (5 nms)

TIPS
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9. CHOCOLATE CHIP COOKIE MINE %

GRADES3 to5 LESSORNESCRIPTION
ASSESSMENT CATEGORIES  Mine the chips out of chocolate chip cookies while destroying as little
Knowledge and Understanding the cookie as possible.
Application
PREPARATION TIME 10 minutes
LESSORURATION  45minutes

Understanding Earth and Space Systems

This task addresses the following = Analyse the immediate and lorigrm effects of energy and resource use on society ar
* Analyse the impact on society and the the environment, and evaluate options for conserving energy and resources.

environment of extracting and refining = Analyse the longerm impacts on society and the environmenttafman uses of energy
rocks and minerals for human use, takir  and natural resources, and suggest ways to reduce these impacts.
different perspectives into account.

CROS®ISCIPLINE CONNECTIO
Social Studies

MATERIALS

= chocolate chip cookie per student)
= toothpicks

TOPICS

TOPICS:

Discuss human use of tle@vironment.
Learn aboutnining and mining engineering

2(0]0]
Using a walkabout (see active teaching tools), ask students the following questions:
= 2Kl 0Qa 2yS GKAY3 @2dz 1y2¢ |02dzi YAYyAy3K
= What materials are collected through mining?
= What are some enviranental impacts of mining?
= What happens to mines after they are no longer used?

DEVELOPMENT

Introduce students to mining by explaining why mining is necessary, what materials are obtained through
mining, and some of the environmental impacts of minirgwell as outlining the work that Mining Engineers

do. Explain that less material needs to be mined if we recycle materials, which is one way that we can reduce

the impact on the environment.

Vocabulary:
= Ore » Risk management
= Acid mine drainage = Environmenal assessment
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APPLICATION

1. Students are given their first chocolate chip coaknel toothpicks and asked to predict how many chips can
be extracted fromthe cookie(representing the environment)sing the toothpick as mining equipment.

2. Give studentswo minutes to extract as many chocolate chips possible using only a toothpick. Recovered
OKALA FNB O2dzyiSR I'yR O2YLI NBR (2 (GKS aidzRSydQa
impact of "mining" and consider ways of lessening the dasmag

3. Studentsare given a second cookie to "mingSing methods learned from the first cookiereduce damage
of the second cookie. Mined chips are counted and compared to the number extracted from the first cookie

It is most likelystudentswill minefewer chips from the second cookie.

CLOSURE
41 addzRSyida (2 RAAOdzaa GKSANI 20aSNBIFGA2Yya FTNRY
active teaching tools). Ask the following questions:

= How many chocolate chips were you able to agtrfrom the first and second cookies?
» How did the two cookies look at the end of the exercise?
= How can we use what you learned to help reduce environmental impact from mining?

Discuss how mining enginedrg to extract as much material as possible frone tground while limiting
damage to the earth.

Optional: present images showing some impacts that mining can have on the environment (e.g. acid mine
drainage) and talk to students about ways to reduce impact via recycling materials, planning, and wsing oth
risk management techniques.

Ul Use homemade cookies as the stdr@ught kind are often too hard and crumbly.
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10 . DESIGN AND BUILD A HOUSE MODEL /ﬁ\

GRADE$4-9 LESSORMESCRIPTION

ASSESSMENT CATEGORIES  Divide the class into three groups and provide them with identical
Knowledge and Understanding building materials. Each group will design and build a house model.
Thinking and Investigation

Application
TeamBuilding Skills ; ; L
Communication PREPARATION TIME 30minutes + material aquisition time
Other: Creativity ACTIVITY DURATION 90 minutes
STRAND | STRAND
Understanding Structures & Mechanisms Physics
GradeFour to Eight _ o _ _ Grade 9 Courses
This task addresses the following: . E%rﬁgggcﬁéﬁ%g?henqtﬁg%n?gﬁﬁtégﬁﬁog\é(\j/asrtlroeLIJ’IS tnpna%toe“als and  scienceGrade 9 Academic
= assess the importance of form, structures q 9 E. Physics: Structures and
fé’rr&%tt'ﬁrnéssiﬂ?gﬂéhﬁ ﬁrrrl%_stablllty N . inv”e_stigatedl thLoug%h exp?frimentatiobr]l,_ thefef_fectls of pushing, Functions
; ! : ulling, and other forceaffectingstability of simple structures i ;
= investigate strong and stable « Dse tochnological problersolving skills and Knowledge acquire  ScienceGrade 9 Applied
structures to determine how their from previouginve%tigationsotdgesign and build a str%ng agnd E. Physics: Structures and
design and materials enable them t¢  giaple structure that Serves a purpose Functions

. Fd)gm)rrq;ttrg?g ;%agggg:ggggmgigp? = identify properties of materials that need to be considered whe

the concepts of structure, strength, a
and stability and the facors that

affect them. = identify external forces actin [ [
¢ ! - ng on a structure and describe theil
= identify forces that act on and within  gffects on the structure, usmg_dla rams.
i

structures and mechanisms, and p i
describe the effects of these forces ﬁjxgé%gntiggleg\é?ggsges and disadvantages of different types ¢

on structures and mechanisms.

CROS®ISCIPLINE CONNECTIO

Mathematics

MATERIALS

= Foam core = Glue = Duct tape
= Recycled ardboard

HOOK

Show this video about a house that was built in 2 hours and 52 minutes,gsattiorld record:
https://www.youtube.com/watch?v=12HgWAAb20

building structures . ) )
identify internal forces acting on a structure and describe their
effects on the structure

Tip: Read more abouhe 2-Hour Houséhere: http://www.2hourhouse.com/about/the-2hour-house.php

DEVELOPME

Ask students:

= What are some factors that contributed to the success of thear house? (project planning, design, skilled labour,
cooperation, communication, etc.)

= What are important factors to consider whelesigning a house? (Structural elements, budget, climate, location,
aesthetics, heating/pluming/electrical, water rwif, etc.)

= Name some external forces that act on a house? (Wind, snow, earth quakes, soil stability, fire, flooding, termites, etc
= Wha are internal forces acting on the structure of the house? (Compression, tension, etc.)

Give an introduction to some basic building materials used to construct a house (wood, concrete, brick, vapour barriers
gypsum, insulation, etc.)
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https://www.youtube.com/watch?v=I2HqW-AAb20
http://www.2hourhouse.com/about/the-2hour-house.php

Vocabulary:
= Coumn = Joist = Vapour barrier * Runoff = Foundation
= Beam » Grade (slope) = Gypsum = Snow load = Safety factor

TIP:Prepare a test modédirst to figure out what material needs to be purchased.

APPLICATION

1. Divide students intgroups ofthree or four,and provide thegroupswith glue andthe exactsame
a a U0 NHzO U dzNJ- fteebuilOtReYstrd@tyresof dindodel housEive the students some basic design
criteria, such as lot size, maximum heé?ht, the number of occupants, and environmental considdfations
grade 9, yowcan discussnow load, wind, etc.)
2. Using knowledgeabout building componentfbeams, joists, columns, posts, roof structure, etgroups will
be given25 minutes tocreatea desigrfor building their own model of a house. Students wikdto figure
out how theywill support their structure, and to identify structural components.
.DesighaillbeLINSa SY uUSR Ay avylftf 3JNRdzJA 02 UKS 9Lwx @gK2
4. Sudentswill use teamwork and problem solving skills to build tt®use modehs per their originajand
anymodified) design.They are give5 minutes to complete this.
5. Students irhigher grades can calculate conversion factors for loads and apply tinésst loads on the
completed models

CLOSURE

Groups will pesent their house to the class, explaining why they chose the design they did, and how the
house meets their specifications.

w

TIPS = |tis a good idea if each group has one or two strong leaders, but instructors and EIR should still ob
teams to make s all kids are participating.

= This is a long activity, so pay attention to time. Students learn most when presenting and reflecting,
sure to leave adecate time. Recommend schedule is

= Hook (5 mins)

= Development (10 mins)

= Application:instructions 5 mins),design 25 mins), constructionZ5 mins),
= Closure presentationg20 mins)

-31-

Engineer-in-Residence Program Guide



11 . LET & MAKE CONCRETE

LESSORMESCRIPTION

Students learn about the ingredients of concrete as they produce the
own concrete mix

GRADE#4-7, 10, 11 and 12
ASSESSENT CATEGORIES
Knowledge and Understanding

Thinking
Communications PREPARATION TIME Varies
Application ACTIVITY DURATION 50 minutes

Understanding Matter &
Energy

Understanding Structures &
Mechanisms

STRAND

Technological Education

Grade Seven

This task addresses the following grad This task addresses the following grade 7
7 expectations:

investigate the properties and
applications of substances and
mixtures;

demonstrate an understanding of th
properties of pure substances and
mixtures, ad describe these
characteristics using the particle
theory.

follow established safety procedures
for handling chemicals and
apparatus;

use scientific
inquiry/experimentation skills to
investigate the properties of mixture:
and solutions;

use appropriate Gence and
technology vocabulary, including
mechanical mixture, solution, solute
insoluble, saturated, unsaturated,
and dilute, in oral and written
communication;

use a variety of forms (e.g., oral, wri
distinguish between solutions and
mechanical mixtures.

MATERIALS

For each group of students, you will need:

HOOK

Grade Seven

expectations:

= design and construct a variety of
structures, and investigate the relationshi
between the designrad function of these
structures and the forces that act on therr

= demonstrate an understanding of the
relationship between structural forms and
the forces that act on and within them.

= follow established safety procedures for
using tools and handling matelsa

= design, construct, and use physical mode
to investigate the effects of various forces
on structures;

= use appropriate science and technology
vocabulary, including truss, beam,
ergonomics, shear, and torsion, in oral ar
written communication;

= use a vaety of forms (e.g., oral, written,
graphic, multimedia) to communicate witt
different audiences and for a variety of
purposes;

= |dentify the magnitude, direction, point of
application, and plane of application of thi
forces applied to a structure;

® jdentify and describe factors that can
cause a structure to fail.

Grade 1012 Courses

Manufacturing Technology,
Grade 10 Open

A. Manufacturing Technology Fundamental
Manufacturing Technology,
Grade 11 College

A. Manufacturing Technology Fundamental
B. Manufacturing Technology Skills
Manufacturing Technology,
Grade 11 Workplace

A. Manufacturing Technology Fundamental
Manufacturing Technology,
Grade 12 Workplace

A. Manufacturing Technology Fundamental
Manufacturing Engineering Technology,
Grade 11 University/College

B. Manufacturing Techrnlogy Fundamentals
Construction Engineering Technology,
Grade 11 College

A. Construction Technology Fundamentals
Construction Technology,
Grade 11 Workplace

A. Construction Technology Fundamentals

70 g Prtland Cement
Graduated cylinder

500 mL Beaker

Sand(100 g)

= Water
» Scale

Pill bottles(formwork)

Pebbles ranging in size from 1mm to 5 (R0 9
Popsicle stick or spatula

Show a photo of a concrete-mixing truck, and ask the students what it is. Explain that although we use the
name “cement truck,” this is technically a “concrete truck.” Explain the difference between cement and
concrete.
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If | want to fill a box with marbles and have as much space occupied by the marbles as possible (e.g. as little
empty space as possible), would it be better to use large marbles, small marbles, or a combination of the
large/small marbles? Ask students to vote.

Answer: combination of large and small because the small marbles fit between the spaces of the large ones,

occupying more space overall than just the small or large marbles alone. This is key when designing an
"aggregate"” for concrete. Aggregate is the gravel that is mixed with cement to make concrete.

DEVELOPMENT

Vocabulary:
= aggregate = cement = hydration
= concrete = closest packing = tamping

What is concrete? A mixture of aggregate (rocks) and cement (binding material)
Why don't we just use cement? Because it's expensive.

Concrete is simply a mixture of aggregate (in this case, sand), water, and cement. The chemical reaction
between water and cement is called hydration. It produces binding material that hardens over time. Aggregate
forms the skeleton of the concrete. Because aggregate is cheaper than cement, it is less expensive to use the
maximum amount of aggregate possible; however, increasing the ratio of aggregate to cement paste results in
a lower strength concrete.

Another important factor when making concrete is the amount of the water used. After the cement paste
hardens, any remaining water not consumed by hydration will stay in the matrix to form pores of different sizes.
These pores reduce the strength of the concrete. However, enough water must be used to make the concrete
flow so it is workable and can be easily placed in the formwork, as well as to create the hydration reaction. The
optimum amount of water is based on the required workability and strength of the cement.

APPLICATION

Preparation: EIR will need to weigh and bring enough material (cement and sand) to the class.

This activity is expected to give students a sense of the mixture proportions for concrete and the challenge of
finding an optimum volume of water to make "good" concrete.

Procedure:

Divide students into groups of three or four and provide them with their materials. Give students the following
instructions:
= Using a Popsicle stick, dry-mix sand with cement in a beaker for about one minute.
= Continue mixing while gradually adding water from the graduated cylinder into the cement and aggregate
mixture. Stop adding water when you judge the workability of the concrete is enough to properly cast it in a
film canister. Record the amount of water used.
= Continue mixing for another two minutes.
= In three layers, place the concrete (known as mortar when the aggregates are small) in a film canister.
o Consolidate each layer by tamping until the layer surface is uniform. This process also helps remove
air bubbles in the mix.
o Flatten the final surface of the mortar and cover the surface of the mortar with a plastic sheet to avoid
water evaporation.

After 24 hours, use a sharp knife to carefully remove the hardened concrete from the film canister. Submerge
the concrete samples under water for the appropriate amount of time before testing their strength. Ideally, this
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is 28 days after the time of mixing, but allowing different samples to rest for different amounts of time will show
how hydration development leads to increased concrete strength (i.e. 3, 7, and 28 days after mixing).

Test the samples for compressive strength in order to evaluate the strength of the concrete. This is done in a
material-testing lab where a hydraulic jack applies a vertical load on the parallel surfaces of the concrete
cylinders. The load that cracks the concrete sample is divided by the cross-section area of the cylinder, and the
resulting value is the concrete’s strength. Strength of concrete can be correlated with its starting water to
cement weight ratio.

For younger kids, the testing does not need to be so precise. Test samples sooner — for example, do a failure
test after 48 hours using a hammer, or wait 7 days and make a big impression by using a car!

CLOSURE

Ask students to write down one thing they learned about concrete, one thing that they liked about the lesson,
and one thing they still have a question about. Collect the papers and read them for feedback.

TIPS = To prevent dry skin from cement particles have students wash hands if contaminated.

= For younger kids, use safety glasses and gloves.

» Concrete should be cleaned from lab facility before itdeas.

= Try other aggregates, e.g. gravel or crushed stéoe larger aggregates, a bigger formwikecessary. |
this case, the formwork should be removed as soon as concrete achieves minimum strength (after f
hours) or it will stick to the concrete.

= Buy a cone and prepare a sample of the concrete for a slump test before students prepare their owr
concrete samples.

= Turn it into an art project! Prepare a mold for a flower pot, for example, which students can then deg
and bring home. Or ask studexito come up with ideas for what they can make out of concrete (art
projects, something for the school, etc.).

-34—

Engineer-in-Residence Program Guide



13 . HOW TO LIFT AN ENGINEER

GRADES and 8
ASSESSMENT CATEGORIES

Knowedge and Understanding
Thinking and Investigation
Communication

Applications

LESSORMESCRIPTION
Lessorand demonstration of mechanical advantage.

PREPARATION TIME 40 minutes
LESSORURATION

60 minutes

Understanding Structures and Mechanisms

Grade Four
This task addresses the followingde 4 expectations:

TEACHER/EIR MATERIA

investigate ways in which pulleys and gears modify the spe¢
direction of, and the force exerted amoving objects;
demonstrate an understanding of the basic principles and
functions of pulley systems and gear systems.

follow establi®ied safety procedures for working with
machinery;

use scientific inquiry/experimentation skills to investigate
changes in force, distance, speed, and direction in pulley ar
gear systems;

use technological problersolving skills to design, build, and
testa pulley or gear system that performs a specific task;
use appropriate science and technology vocabulary, includii
pulley, gear, force, and speed, in oral and written
communication;

use a variety of forms (e.g., oral, written, graphic, multimedi
to communicate with different audiences and for a variety of
purposes;

describe the purposes of pulley systems and gear systems;
distinguish between pulley systems and gear systems that
increase force and those that increase speed,;

identify pulley systems and gesystems that are used in daily
life, and explain the purpose and basic operation of each.

GradeEight

This task addresses the following grade 8 expectations:

investigate a working system and the ways in which component:
the system contribute to its desired futian;

demonstrate an understanding of different types of systems and
the factors that contribute to their safe and efficient operation.
follow established safety procedures for working with apparatus,
tools, materials and electrical systems;

use scientifignquiry/experimentation skills to investigate
mechanical advantage in a variety of mechanisms and simple
machines;

use technological problersolving skills to investigate a system thi
performs a function or meets a need;

use appropriate science and teabingy vocabulary, including
mechanical advantage, input, output, friction, gravity, forces, anc
efficiency, in oral and written communication;

use a variety of forms (e.g., oral, written, graphic, multimedia) to
communicate with different audiences and fawariety of
purposes;

identify the purpose, inputs, and outputs of various systems;
identify the various processes and components of a system that
allow it to perform its function efficiently and safely;

calculate the mechanical advantage (MA=force rexbdithout a
simple machine divided by force needed with a simple machine)
various mechanical systems.

Hard hat
Harness

HOOK

= Thick rope
= Block and tackle pulley systems

Ask students to balance twapplesof different waghtson opposite ends of a ruler (law of the lever

demonstration)¢ KS NXzf SNJ Ol y

DEVELOPMENT

b

‘LFB

oS

0l f | PisoBKRtheddga ofyebhanicdl ddiRaBtsga. Q :

a

‘LFA

A

Discuss the idea that work (force x distance) must remain the same.

lllustrate the idea by comparintne amount ofwork needed to buy a case of papthe following scenario
Ask the class: If | loaded four cases of pop myccarwould it be the same amount of work as loading one
case (lifted ovemy head) intomy Monster Tuck?
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SINGLE SHEAVE

SINGLE SHEAVE

4 SHEAVE BLOCK

CLOSURE

Ask students to suggest some ways that pulleys can be used in everyday life.

4 SHEAVE BLOCK

= Mechanical
advantage

ever arm
-antilever

d the school strong enough to support the weight of the
0 appropriate overhead structures exist.

' two block and tackles amer]se@n%hould be a
| tacklésee the diagram below)

any of them it takes tpolifoff the floor using
he observed results of both blockldadyatems.

TIPS

= Carefully design this activity to ensure the safety of children and instructors.
= Tell thestudentsthat they cannotwrap the ropes around thiehands.
= A miniature version of this experiment could be set up lifting an egg or another object.
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14. HUMAN HEART IS A PUMP

GRADES LESSORESCRIPTION
ASSESSMENT CATEGORIES  An activity to understand the function of the human heart.

Knowledge and tberstanding :
Application PREPARATION TIME 45 minutes

Communication ACTIVITY DURATION 70 minutes

Understanding Life Systems

Grade Five

This task addresses the following » use appropriate science and technology vocabulary, including circulation, respiration,

expectations: digestion, organs, and nutrients, in oral and written communication;

. i ; ; » use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with
Q\/tﬁsetl%%[grtgregsat;:%?(,%ﬁggsfw&ﬁ:gg different audiences and for a variety of purposes; _ _ ) )
body systems: * identify major systems in the human body and désertheir roles and interrelationships;

» demonstrate an understanding of the " g%secsftlit\)/%tgfsf)eanilg structure and function of major organs in the respiratory, circulatory.
structure and function of human body design and build a model to demonstrate how organs or components of body systems

systems and interactions within and : ; s
between systems. human body wadk and interact with other components;

MATERIALS

= Model of Human Heart (optional) = Flask with spigot at bottom (can use mil * Clamp to pinch hose
= Video on how human heart function carton with modified spigt at bottom) = 50mm check valve
= One Rubber stopper (with hole) to f = One meter of flexible hose to fit snugly = Bucket to drain

top of flask on the spigot water into

HOOK
Ask students to walk around the class while you play music. When the music stops, they must turn to anothe
student and answer a question:

= What does your heart do?

=  Why do we need blood circulated through the body?

» What does blood do?

=  Why does the heart separate oxygenated and deoxygenated blood?

DEVELOPMENT

If you have a model of the human heart available, thisvmles a good visual of the 4 sections of the heart and
the internal valves. Otherwise, a good video will explain how blood flow travels in only one direction.

The health of the heaiis dependent on the air, food and beverages we take in (includingetigaamoke).
Talk about air pollution and hoengineeredsystems (such as HVAC) or sinthlst masks prevent particulate
matter from entering lungs.

Engineering tiein: talk about biomedical engineering including synthetic heart valves, both mechandtal an
tissue engineering.

Vocabulary:
= Valves = Vein = Blood clot
= Ventricle = Capillaries = Oxygenation
= Artery = Blood cells = Circulation
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APPLICATION

Assign a studertb be timekeeper.Set uEafIask with atube andmarkthe side of the flaskalf waywith
maskirg tape. Use& clamp to pinch the hose aboutd@n downstream of the spigot. Fill flask with clean water
until the bottom of masking tapeAdd food colouring. Notice the colour does rp@netrate beyond the
spigot. Acloser look will reveal air trapped beten the spigot and the clamp. Have a timekeeper determine
the amount oftime requiredto drainthe water into a bucket.

For more advanced gradeswycould explain the equatiorfilow = Area x Velocity

Repeathe draw down but place a stopper the top ¢ drainagetime should behe same. Repeat a third time,

but while the water is draining, plagefinger over théd U 2 LILIS NJatér wiK 2op dsaibing from the flask

The stoppage resembles artery blood clot. Keeping in miridlat water is heavier tha air, ask the students

why the lack of airflow prevented water from draining out the bottom. Ask students what they would expect if
the flask were a plastic bag.

Repeat drawdown test (with or without stop_ﬁergwhile holding the hose outlet higherthanthiF f | a1 Qa
level. The water goes to equilibrium much like blood does while people ffeemlder students, xplain

Bernoulli's equation. Ask students why a doctor asks their patients to lie down for 5 minutes taddoe

their blood pressure.

CIOSURE

Ask students:
= Why is it important to keep a healthy heart?
= What are some ways that you can keep your heart healthy?
= What are some ways that engineers help people with heart conditigBs”Z some examples)

TIPS = To obtain a model of the human heaaontact your local College, Heart and Stroke Foundation or Req

Cross offices.
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\l7
15. CHEMISTRY OF AIRBAGS aﬂ

GRADES LESSORESCRIPTION

ASSESSMENT CATEGORIES  Students learn about the chemical reactions that trigger the release of
Knowledge ad Understanding ~ airbag.
Thinking and Investigation

Application PREPARATION TIME 20 minutes
Communication

TeamBuilding Skills ACTIVITY DURATION 60 minutes

Understanding Matter and Energy

Grade Five
Thislesson willaddresses = evaluate the environmental impacts of processes that change one product into another product throug
the followingexpectations: physical or chemical changes;

= assess the social and environmental impact of using processes that rely orcaheainges to produce
consumer products, taking different perspectives into account;

= follow established safety procedures for working with heating appliances and hot materials;

= use scientific inquiry/experimentation skills to investigate changes of statiechanges in matter;

= use scientific inquiry/experimentation skills to determine how the physical properties of materials maki
them useful for particular tasks;

= use appropriate science and technology vocabulary, including mass, volume, properties, matter,

physical/reversible changes, and chemical/irreversible changes, in oral and written communication;

use a variety of forms (e.qg., oral, written, graphic, multimedia) to communicate with different audience

for a variety of purposes;

identify propertiesof solids, liquids, and gases;

describe chemical changes in matter as changes that are irreversible;

explain how changes of state involve the release of heat or the absorption of heat;

identify indicators of a chemical change.

= evaluate the social and
environmental impacts of
processes used to make
everyday products;

= conduct investigations
that explore the
properties of matter and
changes in matter;

= demonstrate an
understanding of the
properties of matter,
changeof state, and
physical and chemical
change.

MATERIAL

= Paper towels = Eggs = Readthis descriptiornof how airbags work
= Margarine containers = Vinegar = Metre sticks (one per group)
= Baking soda = Markers = Very snall Ziploc bags

HOOK

Questions:
1 How many people have ever been in a car accident before?
| 26 Ylye LIS2LX S 6SI NI aSIFioSt da mkSsgaryi KSe QNBE A
Who can tell me what an airbag does?
Do you know anyone whose life was sabgda seatbelt or airbag?
How many people kne that the bag actually inflates because of a chemical reaction?

)l
)l
)l
)l

DEVELOPMENT

Discuss car restraint systems (i.e. seat belts and alrbagd)the bengfiis of each. Ex ﬁ)laln that airbags are not
meant to replaS & I- G6Sftdax odz RR SEUGUN}Y LINBGSOGAZ2Y AT @

QELX AY (KIF{d Sy3aAirySSNH dzaSR G§SOKy2ft23& o0l OKSYAO
the role of the engineer to figure out how this technology can be implemetddelp people Show students

the following video (but tell students not to worry too much about the details of the chemical reaction):
https://www.youtube.com/watch?v=IjsaQwU7BA4

New innovatiors in airbag&chnology, created by engineérsavideo about pedestrian airbag$his isa new
use of airbagshttps://www.youtube.com/watch?v=gw8yJimAU34
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http://auto.howstuffworks.com/car-driving-safety/safety-regulatory-devices/airbag1.htm
https://www.youtube.com/watch?v=IjsaQwU7BA4
https://www.youtube.com/watch?v=qw8yJjmAU34

APPLICATION

Divide students into grops of 3 or 4. Provide each group with an emdiyrgarinecontainer (with lid), Ziploc
bag, some vinegar, baking soda, metre stick and an egg.

Instruct teams on how much vinegar and baking soda is to be placed in the Ziplo€tiagombination will
fill the bag with carbon dioxide ga&ssign different amounts to each grosp students can sesow the
various amounts fill the bagBe aware that bags often leak. If it leaks, provide them with another bag.

Give each group an eggatteach grouppersoralizetheir egg by drawing a face on it. Tleiggis their "crash
test dummy."

Groups place their Ziploc at the bottom oMargarinecontainer with the egg sittingn top. ®al the
container with the lid. Students will drop the container from increasie@hts until their "crash test dummy”
breaks Instruct students to record the height their egg breaks and allow theootapare the different values
between groupslf time and materials allow, let students retest.

It isVERY IMPORTABItTidents wash harglafter handling raw eggs.

CLOSURE

Conclude the activity with a discussion period asking:

Why would baking soda and vinegar not be used in real airbags?

Why did the mixture getold when both components began iitom temperature?
Why is there a lite liquid left in the bottom of the bag?

What other uses could airbag technology be applied to?

What is the role of engineers in airbag safety?

abhwhE
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16. D RY ICE CREAM

<4

GRADES5 LESSORMESCRIPTION

ASSESSMENT CATEGORIES Learn how to rake ice cream using dige.
Knowledge and Understanding

Application

PREPARATION TIME Varies
ACTIVITY DURATION 60 minutes

Understanding Matter and Energy

Grade Five
This task addresses the following = use scientific inquiry/experimentation skills to investigate changes of stadechanges in
expectations: matter;+

= conduct investigaons that explore
the properties of matter and change:
in matter;

= demonstrate an understanding of th
properties of matter, changes of
state, and physical and chemical
change.

= use scientific inquiry/experimentation skills to determine how the physical properties of
materials make them useful for particular tasks;

= identify properties of solids, liquids, and gases and state examples of each;

= explain changesf state in matter;

= describe physical changes in matter as changes that are reversible;

= describe chemical changes in matter as changes that are irreversible;

= distinguish between a physical change and a chemical change.

MATERIALS

Ice Creaningredients
- Two eggs = Two cups heavy cream

= Dash of salt = Two cups hatbnd-half cream

Dry ice pellets
Gloves
Safety Goggles

= Two teaspoons of vanilla = Sugar (3/4 quarters ofacup) | ~ ger

HOOK

Place a reaular ice cube on one nlate and a similar size ni@lre wke on a second nlate. Keen both plates out

of the reach of thestudents and nlace them in a warm area of the classroom (e.a. near the radiator or in the
sun) "Let's trv to auess what is aoina to hannen to the ice cube and the niece of drv icke#wgdt on the

nlfate for15 minutes." The studentre likely to tell you that both pieces of ice will melt, turning into a puddle

of water.

DEVELOPMENT

Ask:

What are the states of matter?
Why are certain materials gases at room temperature, whilemthare solid?

Under what conditions would a solid become gas, without becoming a liquid first? What is the name o
this process?Jublimation)

What is dry ice made from?
What state is carbowlioxide at room temperature?

Look at the ice cube and dry ipeece again, hopefully the ice cube has started to melt and the dry ice has
begun sublimating. Ask the students to share their observations.
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APPLICATION

Note: Students can help mix ice cream ingredients, but should not handle the dry ice.

1. Mix al the ice cream ingredients in a large mixing bowl.

2. Add dry ice flakes slowly, a bit at a time. Keep stirring.

od 2KSy GKS YAE(GdzZNBE NBIFOKSa + 322R A0S ONBILY GSE
lumps of dry ice.

CAUTION
Safety gggles and gloves should be used at all time as dry ice is very I
Dry ice should not be placed in an-aght container as the build up of CO2 could lead to explosive pressl

Make sure students are a few feet back so they do not directlglenthe dry ice vapour.

CLOSURE

Ask students to tell their neighbour one thing that they learned about carbon dioxide, and one thing that they
learned about the states of matter.

TIPS = You can collect dry ice by sprayin@@2 fire extinguisher inta clean pillowcase for about ten seconds
will be in a finely powdered form).
= You can also order dry ice from Praxair for relatively cheap (minimum orderdskfyough some
universities
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17 . TOWER GEOMETRY

LESSORESCRIRON

This activity is designed to show students the value of triangles it
physical structures and how time, cost, planning, modelling, desi
teamwork and applications are all important in construction
projects.The goal is to build the tallest structutieat will support a

GRADES5, 7, 9 and 10
ASSESSMENT CATEGORIES
Application
Thinking and Investigation
Communication

PREPARATION TIME 20 minutes

ACTIVITY DURATION 60 minutes

Understanding Structures and Mechanisms

Grade Five

This task addresses the following grade 5
overall expectations:

tennis ball.

investigate forces that act on structures
and mechanisms;

identify forces that act on and within
structures and mechanisms, and descril
the effects of these forces on structures
and mechanisms.

and the following grade 5 specific
expectations:

TEACHER MATERIA

follow established safety procedures for
working with tools and materials;

use scientific inquiry/research to
investigate how structures are built to
withstand forces;

use technological problersolving skills
to design, build, and test a frame
structure that will withstand the
application of an external force or a
mechanical system that performs a
specific function;

use appropriate science and technology
vocabulary, including tension,
compression, torque, system, and load,
in oral and written communication;

use a variety of forms (e.g., oral, written
graphic, multimedia) to communicate
with different audiences and for a variet
of purposes;

identify internalforces acting on a
structure, and describe their effects on
the structure;

identify external forces acting on a
structure and describe their effects on
the structure, using diagrams.

Grade Seven

This task addresses the following grade 7 overal
expectations:

design ad construct a variety of structures, an
investigate the relationship between the desig
and function of these structures and the force!
that act on them;

demonstrate an understanding of the
relationship between structural forms and the
forces that act orand within them.

and the following grade 7 specific expectations:

follow established safety procedures for using
tools and handling materials;

design, construct, and use physical models to
investigate the effects of various forces on
structures;

investigde the factors that determine the
ability of a structure to support a load;

use technological problersolving skills to
determine the most efficient way for a structur
to support a given load;

use appropriate science and technology
vocabulary, includingtiss, beam, ergonomics,
shear, and torsion), in oral and written
communication;

use a variety of forms (e.qg., oral, written,
graphic, multimedia) to communicate with
different audiences and for a variety of
purposes;

describe ways in which the centre ofgity of a
structure affects the structure's stability;
identify the magnitude, direction, point of
application, and plane of application of the
forces applied to a structure;

distinguish between external forces and
internal forces (tension, compressioresar,

and torsion) acting on a structure;

identify and describe factors that can cause a
structure to fail.

STUDENT MATERIAL

Technological Education

Grade 910 Courses

Exploring Technologies
Grade 9 Open

= B. Technological Skills

Construction Technology
Grade 10 Open
= B. Design, Layout and
Planning Skills

See supplementary document
Ontario Curriculum Alignment
for Engineetin-Residence
Secondary Classroom
Activities: Science and
Technological Educatidor
relevant overall and specific
expectations.

= 1 cost work sheeper group

= meter stick or masuring = 30 plastic drinking straws
tape = 1 box of small paper clips

= clock or timer 1 box of straight pins

= tennis balls 1 roll of masking tape

scissors

1 tape measure or meter stick

1 pen or pencil

= 1 calculator (optiondl
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HOOK

Show this video of a water tower collapggtps://www.youtube.com/watch?v=VkHdCwdkHBk#Ad explain
that this is what we are trying to avoid happening in this activity.

DEVELOPMENT

Demonstration:

The instructor should demonstrate basic stmuction technique including hoto fasten strawgogether with
bent paper clips. Then proceed with the following demonstrations:
1. Make a square and show it is not very stable.
2. Make a triangle anghow it is very strong.
3. Take the square and diagonally tape a straw from one corner to its opposite corner. Show students
how there are now two triangles, and explain how the square is now much stronger than before.
4. Stress the need for a good foundation

APPLICATION

Activity:
Divide students into groups of three or four and distribute materials.

Instruct groups to build a tower with some kind of tennis ball holder. The halalerot be taped onto the
tower and must support a tennis ball for at |¢8€ seconds.

Each group should designate an accountant as groups must record all construction costs.
= straws $D each

= paper clips $2 each

= straight pins $1@ach

= tape $2/cm

Allow5 few minutes for students to brainstorm before starting the timer. All kvorust stop afte25 minutes.

Measuring the Tower:

The tower must stand by itself for at least thirty secomdsle holding the tennis ball.féer 30 seconds it may

be held while it is measured. If the ball falls off ti@der it is as if the tower ha®ppled. The tower is

measured straight up from the floor. The ball need not be on top of the tower, but the measurement is taken
from the location of the ball. In the event of a tie costs are compared and the smallest cost/height ratio wins.

CLOSURE

Ak:
= Why do you think triangles the strongest configuration for building a tower?
=  Why was the winning tower most successful? (e.g. low cost, the tallest, most stable, other design
features)
= | YRSNI gKI(G O2yRAUAZ2Y A R2 @& 2 dzo hiektable? (highiviads, Y 2 a i
earthquake, etc.)
= |f you repeated the exercise again, how would you do it differently?
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18 . BUILD YOUR OWN FLASHLIGHT

GRADE®G6 LESSORESCRIPTION

ASSESSMENT CATEGORIES  Demonstrate a simple electrical circuit using a battery and flashlight
Knowledge and Understanding bulb.
ininkngiandiinvestgation PREPARATION TIME 30minutes
Communication ACTIVITY DURATION 60 minutes

Understanding Matter and Energy

Grade Six

This task addresses the following expitins: = use technological problersolving skills talesign, build, and test a device that

= investigate the characteristics of static and ]Eransforms electrical energy into another form of energy in order to perform a
unction;

current electricity, and construct simple circuits
= demonstrate an understanding of the principles
of electrical energy and its transformation into communication:

. ?r;ld from otkll_eLforms of energy. f ki * use a variety of forms (e.g., oral, written, graphic, multimedia) to communicat
ollow established saty procedures for working  ith gifferent audiences and for a variety of purposes;

= use appropriate science and technology vocabulary, including current, batter
circuit, transform, static, electrostatic, and emgy, in oral and written

with electricity; design and build series and = identify ways in which electrical energy is transformed into other forms efgy
parallel circuits, draw labeled diagrams = explain the functions of the components of a simple electrical circuit;
identifying the components used in each, and = gescribe series circuits (components connected in a daisy chain) and parallel
describe the role of each component in the circuits (components connected side by side like the rungs of a ladder), and
cireutt; identify where each issed.

MATERIALS

= 18 AmericanWire = 1 Flashlight bulb ¢B volts) = 6"-8" wire (stripped = 8 inch electrical wire
Gage(or bigge) = 1/2" x 11" piece of cardboard  at both ends) = 6 brass papeclips

= D-cell Battery

HOOK

Show students tis video on surviving a zombie apocalypse by making your own flashlight:
https://www.youtube.com/watch?v=NoopwQvMs

DEVELOPMENT

Explain that students will build a simple electrical circutflashlight in this case.

A simple circuit has three parts:
1. A source of electrical energy (battery)
2. A path fotthe electricity to be conductelvire or paper clip

3. An electrical resisterthis can be any devidbat usesthe electricity (light bulb). Other examples of
resistors aranotors, heating elemerd, speakes, etc.

To build a circuit, electricity must travel from one end of the power source and return to the opposite end in a
closed, unbroken loop. When using a battahg electricity €aves the negative)end and returns to the

positive (+) endSimilarly,a wall outlethasa positive end and a negative endthe two holeswhich the

prongs plug into
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APPLICATION

Preparation:
= Cut 8"piece wire for each flashlight
= Strip 1/2" of irsulation from one end of the wire and twist strands together
= Strip 1" of insulation from the other end
= Divide#A YyOK SyYyR 2F 40Nl yRSR gANB Ayli2 H &aSQiskthiyendtb y R
hold flashlight bulb

Sudentswill make their own flashlight using ad2Il battery, some wire and a bulb.

Step I Have students wrap a spihded piece of wire on either side of a flashlight bulb and twist the two
ends together to maintain a reliable connection with the bularefully wap in tape leavingthe bottom of
the bulb exposed for circuit testing. L o

Stepy ¢ LIS UKS ¢ AhNBoibin of2zhé BatteNJ(tHe flagnegagve end)Then endwire around
the side of battery and wrap one piece of electrical tape around thedsgthnd wire.

Step 3 Touch the bottom of the bulb to positive end of battery and see it light up.

CLOSURE

Give students a post note or small piece of paper and ask them to write one thing they learned and one
guestion that they have about the twity. Collect thé& anonymous responses.

TIPS = |t is expensive to purchase bulbs from a hardware store. Consider buying several packages of chea

flashlights from a dollar store and allow students to keep the flashlights after the activity.
» Bring extrabatteries in case students forget to bring their own or one dies.
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19 . THE CIRCUIT QUIZ GAME ’“‘7

GRADEG LESSORMESCRIPTION

ASSESSMENT CATEGORIES Build and play The Circuit Quiz Game.

Knowledge and Understanding ;
Thinking and Investigation PREPARATION TIME Varies

Communication DURATION 90 minutes

Understanding Matter and Energy
Grade Six

This task addresses the = follow established safety procedures for working with electricity;
following expectations: design and build series and parallel circuits, diabdled diagrams identifying the components used i
» investigate the each, and describe the role of each component in the circuit; . .
characteristics of static and " Use technological problersolving skills to design, build, and test a device that transforms electrical
current electricity, and energy into another form of energy in agdto perform a function; o
construct simple Gircts: = use appropriate science and technology vocabulary, including current, battery, circuit, transform, :
= demonstrate an ' electrostatic, and energy, in oral and written communication; _ o _
understanding of the = use a variety of forms (e.g., oral, written, graphic, mul@iag to communicate with different audience
principles of electrical and for a variety of purposes; ; ; P
energy and its = explain the functions of the components of a simple electrical circuit; o
transformation into and = Describeseries circuits (components connected in a daisy chain) and parallel circuits (component:
from other forms of energy. connectedside by side like the rungs of a ladder), and identify where each is used.

MATERIALS

= LED's/resistors (green, red) = wires (alligator clips, wire wrap, tinfoil)

= Electrical components/Batteries = contact points (thumbtacks/paperclips/other)
= Electrical tape = Board/cardboardstiff backboard material

HOOK

Show your students one of the following videos about simple circuits:
https://www.youtube.com/watch?v=BwKQ9ldgq9FM

or

https://www.youtube.com/watch?v=MpAvCYFR zM

DEVELOPMENT

Bring an example circuit that you made, and show students how it works, and how to build each component.

A simple circuit has three parts:
1. A source of electrit@nergy (battery)
2. A path fotthe electricity to be conductelvire or paper clip

3. An electrical resisterthis can be any devidbat usesthe electricity (LED bulbs). Other examples of
resistors aranotors, heating elemerd, speakes, etc.

To huild a circuit, electricity must travel from one end of the power source and return to the opposite end in a
closed, unbroken loop/circle. When using a battehg electricity leaves the negative €nd and returns to

the positive (+) endSimilarly,a wall outlethasa positive end and a negative endthe two holeswhich the

prongs plug into
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APPLICATION

Inteamsof 2 or 3 gudentswill design and build a circuit board quiz game on any topic relating to something
they are currently studying irktS Of I aaNRB2Y o0AUQa Fdzy 02 NBEI UGS | dzS
relate to History, Math, Art, etc.Jhe quesbns can be true/false, multiptehoice or matching.

TIRS
= Students should come prepared with a sebdfue or falsequestiors per group
= Have students prelesign their circuit boards and have thepproved by the teacher or EIR
= Give the students 45 minutes to prepare their circuitsee mindful to save enough time to test the
circuits and discuss the activity

Instructionson creating the circuit board quiz

1. Write questions and all answers on the cardboard (layout will depend on the question type used). Punch a
hole beside eachjuestion/answerand another hole up at the top (for tHaght bulb).

2. Turn over the cardboard. y.a narrow strip of tinfoil (folded into more than one layer) betwdka two
holes that connect a question withe right answer; poke the ends of the tinfoil strip through the holes.
Carefully tape along the whole length of tinfqilnake sure that ndinfoil is showing or the game will not
work. You can also use copper wire with the ends stripped for this purpose.

o®d CfALI 20SNJ OFNRO6O2FNR F3IFAYy yR 02yySOili GKS (Kdz
sticking through the hole.

4. Srip the ends of three more pieces of wire. Attach one end of the first wire to a paperclip or alligator clip,
and the other end to the positive end of the battery. Take wire #2 and attach one end to the negative end of
the battery, and the other to onede of the bulb socket. Finally, take wire #3 and attach one end to the other
side of the bulb socket, and the other end to a second paperclip or alligator clip.

5. Put youlight bulbthrough the hole at the top of the cardboard and secure with tape.

Yourgame is ready to play! Touch one paperclip/alligator clip to the question, and another to the answer you
think is right. If your answer is correct, the light bulb will light up.

Alternatively, students can create circuits using red and green light baollinglicate correct/incorrect
answers. Use the following circuit diagram for reference.

N red

O— ()
/——> N
3V G B
j— C [;\‘\l green
l O N7

V'\;VV/
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CLOSURE

Ask students to write down one thing they learned, what they enjoyed most about the lesson, and one
guestion that they still have. Collect theggponses and read them for feedback. You may chose to answer
some of the questions the next time you return.

TIPS

Build ansampk game to demonstrate how it works

Have students test their boards on their classmates

Explain the concepts in advance andterate the concepts often
Work individually with each student or group

Ask the teachertodvell KS a0 dzRSy Ga LINBLI NB p ljdzSaidAizya NJ
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21 . ARCTIC PROVISION TRANSPORTER (APT) -Id

GRADE7 LESSORMESCRIPTION

ASSESSMENT CATEGORIES  Design and construct an APT to drop supplies to an Arctic expedition.
Knowledge and Understanding ATP must carry and drop a raw egg down a ramp to land on a target

Thinking and Investigation m below.

Application STUDENPREPARATION TIME 25minutes
Communication

Tean-Building Skills ACTIVITY DURATION 90 minutes

Understanding Structures and Mechanisms

Grade Seven
This task addresses the following = follow established afety procedures for using tools and handling materials;
expectations: = design, construct, and use physical models to investigate the effects of various forci
. i i structures;
gﬁﬁ'é’tﬂr%rs‘d aﬁgﬁ‘ﬁf{g‘;‘ig‘a@ rt'ﬁéy of * investigate the factors that determine the ability of a structure to support a load;
relationshi’p between the design and = use techmlogical problerssolving skills to determine the most efficient way for a
function of these structures structure to support a given load; _ _
= and the forces that act on them: = use appropriate science and technology vocabulary, including truss, beam, ergonor
= demonstrate an understanding of the shear, and torsion, in oral and written communication, ) _ )
relationship between structural forms an: " US€ avariety of forms (e.?., oral, written, graphic, multimedia) to communicate with
the forces that act on and within them. different audiences and for a variety of purposes;

MATERIALS

= Inexpensive and recycled materials (d2gpsicle stickgpaper, cardboard, straws, plastidog Styrofoam
tape, elastics, etc.)
= Do not usgylass wood,or metal parts

HOOK
{K2g &0GdzRSyGa (GKA& SEOSNLII FNRY (GKS R20dzySy il Ne
https://www.youtube.com/watch?v=zA6KCs_0O73Q

DEVELOPMENT

Explain the mission:

G, 2dz2NJ GSFY A& NBALRY A AgioupofcliimatéldhahefrasadiShed gcatedindtialaittia. S
CKSe IINB fAQGAY3I AY ©OSNE KIFENBK O2YRAUOA2YAEZrivesy | K
al ¥Sfte IyR 2y A0KSRdzZ S® ¢KS LINRP@GAaAAZ2Yya (GKF G &2d«Q

clothing, and emergency supplies for 8 people.

One of the researchers is ill and requires antibiotics, so the package must be sent gustoidlaan be

RSt AUSNBR 0€ UZ2Y2NNRBg YZ2NYyAy3Iod | 2dzNJ uSFYQa YAaaa
packag% (?n egg) from your Arctic Provision Transporter (APT) down a ramp, and have it land safely on a tar
1.75 m below.

Each tam consists of 4 members, assigned by your Research Control Office (a.k.a. your Teacher). In your
team, you will have a Project Manager, a Materials Manag@omstructorBuilder, and a Communication
Specialist.

Construction materials have an associa@@ a 1 = ¢ KA OK &2 dzNJ ( S| Y QThe Padjeét S N |
al ylI3SN) gAff 20SNBRSS @2dzNJ RSaA3ays yR NBIldzSad GK
Construction Manager will oversee building of your transportation system making sure it yoegtdesign
specifications, and the Communicator will present the design to the class and demonstrate how it works.

Your success will be judged design creativitycost,and accuracy in hitting the targefhe cargo (egg) must
not break during the drojfirom the rampé
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APPLICATION

Student teams must collaborate to design and construct an APT transporter to carry and drop a raw egg 1.75
down a ramp to land on a targét75 m below

Cost of materials:

= Popsicle sticks $2 » Phstic tubs $10 » Elastic band $0.25
= Straws $1 = Styrofoam cup $2 = Paper $0.50/sheet
= Cardboard $3/piece = Tape $1/30cm

Teams will consist @f students with the following responsibilities:

= Project Manageg students will work together to design their transportation system (ramp), but \&ieh
one person manage the project. The PM will present the design to the EIR in order toaldtsonization
before beginning construction.

= Materials Manager Keeps record of all materialsedand the cost incurred.

= Construction Managet manages teann building the ramp, making sure it meets tdesign
specificationsand incorporates modifications

= Communicéion Specialist pokesperson for team who will present the project to others

Students are given the following timeline:
= 5 minutes to assembl@to groups and receive their job descriptions
= 15 minutes to complete their design, and have it approved
= 20 minutes to construct their transport system
= 15 minutes for all groups to present and demonstrate their design (approx. 2 minutes per group)

The carg (egg) must not break during the drop from the ramp.
Judge the teams based on théiesign creativitycost,safe deliveryand accuracy in hitting the target

CLOSURE

Ask students:
= How many people would be willing to spend 6 months 4gear in thearctic to conduct research?
= What would be most challenging about living in the arctic?
= How important do you think it is to study climate change?
= What was happening in the video that | showed the class? Why was the iceberg capaiaingRould
we care?
=  Wha was the most challenging part of completing your mission?
= Which part did you enjoy the most?

TIPS

Assign roles at random buy printing the job descriptifielow)on pieces of paper, and getting team
members to draw a role, with the papers fadewn

Ask your teacher to divide the class into teams of 4
Make sure you budget your time, leaving adequate time for demonstrations and the closure activity
Print the material cost shedbelow)ahead of time to help groups track the cost
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JOB DESCRIPTIONS

Project Managerg students will work together to design their transportation system (ramp), but will have
one person manage the project. The PM will present the design to the EIR in order toalttsnization
before beginning construction. Students ajwen B minutes to complete their design.

Materials Manager- Keep
O

d of II materials used spent. Ensure that the project
R2SayQi SE u

S recor and ich is
SSR Ala LIXIFIYYSR 0dzZRIS0G 6AGK2dzi GKS al

Construction Manager, managedeam in building the ramp, making sure it meets thesignspecifications
and incorporates modifications

Communication SpecialistSokesperson for team who iWpresent the project, demonstrating the design
to the class.

MATERIALS WORKSHEET
MATERIAL UNIT COST AMOUNT TOTAL COST
Popsicle sticks $2
Straws $1
Plastic tub $10
Styrofoam cup $2
Paper $0.50
Tape $1/30 cm
Elastic band $0.25
TOTAL
52
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22 . RESISTING THE WINDS OF CHANGE * @
i,

GRADE7 LESSORMESCRIPTION

ASSESSMENT CATEGORIES  Studentswill build a structure that is to be tested against high force
Knowledge and Understanding winds. The structures will be evaluated based on their ability tstes

Thinking and Investigation wind damage
Application
TeamBuilding &ills

Communication PREPARATION TIME 30 minutes

ACTIVITY DURATION 60 minutes

Understanding Structures and Mechanisms

Grade Seven

This task addresses the following expectations:

= design and construct a variety of structures, and invegiglae relationship between the design and function of these structures and
the forces that act on them;

demonstrate an understanding of the relationship between structural forms and the forces that act on and within them.

design, construct, and use phgal models to investigate the effects of various forces on structures;

investigate the factors that determine the ability of a structure to support a load;

RSAONAOGS gl &a AYy 6KAOK GKS OSYiGNB 2F INIGAGE 2F | adNHzOidc
identify the magnitude, direction, point of application, and plane of application of the forces applied to a structure;

distinguish between external forces (e.g., wind, gravity, earthquakes) and internal forces (tension, compression, shesipahd
actingon a structure;

= jdentify and describe factors that can cause a structure to fail.

MATERIALS
= 1 set of straws per teanb( pieces) = 30cm x 30 cm cardboard bag®ne perteam = 1 Industrial Fan
= 1 roll of masking tape per team = 3 sheets of newsaperper team

HOOK

|

K2g GKS FTANBRG np aSO2yRa 2F (GUKA&a @OARS2 2F || K2dz

avoid: https://www.youtube.com/watch?v=91RwZB4KL4M

DEVELOPMENT

2dz KI S 0SSY KANBR o0e | NBIf SadlLuosS RSQSE 2LISNI
[dd W2KyQa Aa 2yS 2F /FylFIRIFIQa 6AYRASAG OAGASa:
asked your team to dégn and construct a prototype of a house. This prototylfze will be tested against strong
gAYRa 02 &SS AdprokeedWith tRedesigntf S Sy 2 dz3

Lead a class discussion regarding structural units (triangles vs. squares), need for flexibilibyilditadis, etc.

Each group will be gives0 straws, a 30 cm x 30 cm cardbolsse, a role of tape, and 3 sheets of newspaper
to construct a house. The walls and the roof must be covered in p&jaeh house must be able to withstand
30 seconds of highMIOS WgAY RQ®

*Wind data found or'National Climate Data and Information Archiv€hvironment Canad&etrieved2013-01-23.
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APPLICATIO

Assign student® groups of3, and distribute materials to each group.

Each group will have 15 minutes to create a design strategy, and you will approve the design before they bec
building. After having their design approved, students will have Rutes to build their house.

Test each house to see if it can withstamd 34 SO2y Ra 2F KAIK F2NDOS WHAYyRQ(

Grade 8 Extensions
Activity can be modified expanded to meet curriculum requirements for Grade 8 as follows:

Understanding Structures and MechanisgiSystems in Action

1.2 ¢ assess the impact on individuals, society, and the environment of alternative ways of meeting
needs that are currently met by existing systems, taking different points of view into consideration

To make the exercise more challemg, sudents can be given a list of additional requirements for the
building, focused on green spaces and environmental concerns. Examples:

A.Ratio green spaces vs. construction area

B.Building volume

C.Maximum occupancy, based on building volume

D Parking spacedvased on maximum occupancy

E.Energy savings when using natural light

Grade 8 students require more planning time to create their structure, so that they can meet the additional
requirements

CLOSURE

Have a gpup discussion to determine whiatructuretypeswere more successful than others.

Structures can be displayed aroutiek school

TIPS : : : . -
Get an industrial fan. Office famse generally not powerful enough for this activity.
= Build your own house in advance and test it using your fan. Adjegbuiiding materials provided to
make the activity easier/more difficult.
» |ndustrial fans may require students to use safety glassespisult with your teacher ahead of time.

-54—

Engineer-in-Residence Program Guide



23 . ROLLER COASTER COMPETITION

GRADES7, 11 and 12 LESSORMESCRIPTION

ASSESSMENT CATEGORIES  Studentsdesign anduild a roller coasteusing pipensulation and
Knowledge and Understanding Straws. A marble will serve as the car.
Thinking and Investigation
Communication

TeamBuilding Skills PREPARATION TIMI 2-3 hours

ACTIVITY DURATIO 75 minutes
Students are expected to research the subject
outside of class

Understanding Structures and Mechanisms Science

Grade Seven Courses

This task addresses the following grade 7 = use technological problersolving skills to determine the Physics, _ )

expectations: most efficient way for a structure to support a given load Grade 11 University

= design and corteuct a variety of = classify structures as solid structures, frame structures, or = C. Forces
structures, and investigate the shell structures .
relationship between the design and = describe ways in which the centre of gravity of a structure  ppygjeg
function of these structures and the P¥rsoua UKS adNHzOud2NBQa al  Grade 12 University
forces that act of them = identify the magnitude, dection, point of application, and . :

= demonstrate an understanding of the plane of application of the forces applied to a structure B. Dynamics
relationship between structural forms an ® distinguish between external forces and internal forces
the forces that act on and witn them. acting on a structure _ Physics,

= design, construct, and use physica| - deSCI_’Ibe the role Of Symmetry In structures . Grade 12 Open
models to investigate the effects of = identify and describe factors that canus® a structure to fail = B. Motion and its
various forces on structures u Identlfy the factors that determine the Sultablllty of Applications

= investigate the factors that determine the ~ materials for use in manufacturing a product
ability of a structure to support a load . . . o
See supplementary docume@ntario Curriculum Alignment for Enginger
Residence Secondary Classroom Activities: Science and Technological Ec
for relevant overall and specific expectations.

STUDENT MATERIA

= 2 lengths pipe indation (the track) = straws (limited quantity)
= paper clips (limited quantity) = a marble
= twist ties (limited quantity) = chair

= duct tape (limited quantity)

HOOK

Roller coaster joke

"It's not the most excitina theme parkvé ever been to." | told miriend, as we looked at the painting of us
together on the rollercoaster.

Share some of these ridiculous nhotos that neonle have staaed on roller coasters. followed bv photos of
different types of roller coastersittp://www.stuffyoushouldknow.com/blog/gallery/rollercoastephotos/

DEVELOPMENT

Discuss physia@nd engineeringrinciples relevant to the grade levéhcludingo S¢ 12y Qa [ laadh 2 F
the following voabulary:

=  Gravity = Compression = Safety factor
= Acceleration = Tension = Side sway
= Deceleration = Frictional force
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Ask the class what structural elements are important to consider when designing a roller coaster. Make a list.

Ask the class to make a listtbk sdety considerations and featuresouldthat need to be considered when
designing a ro)ller coaster (minimum height, weight, age, seatbelts, electrical saiétyyardsegnvironmental
concerns, etc.

APPLICATION

Explainthe task and divide students imteamsof 3.

Udng in% the materials providestudents are asked to build a roller coastdgth at least two hills and one
curve in the trackThey are given 20 minutes to design the roller coaster and present the design to the EIR,
and 20 minutes to aostruct It.

The pipe insulation provided cannot be cut. The initial launch platform will be no higher than the backrest of a
student chair. A marble will serve easler-coastercar. Thegoal is to have thenarble siwcessfully complete

the course. To sucssfully complete the course, the marble must stay on the track and landanget

locatedat the track base

One student from each group will demonstrate their roller coaster to the class.

CLOSURE

Ask students what they learned from the activity, wiiaey liked about it, and what they would do differently if
they did it again.
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N

24. EXPLORING WATER FILTRATION .2
Y
GRADES/-11 LESSON DESCRIPTION

ASSESSMENT CATEGORIES  Students will get to explore the characteristics of different water

Knowledge and Understanding filtration materials.
Thinking and Investigation

Application
TeamBuilding Skills PREPARATION TIME 30 minutes
Communication ACTIVITY DURATION 45-60 minutes
STRAND? STRANEG
Grade Seven and Eight Technological Education
Understanding Mdter & Energy Grade 911 Courses
Understanding Earth & Space Systen  Exploring Technologies, Manufacturing Technology,
9 P y Grgde 9gopen g Grade 11College
B. Technological Skills A. Manufacturing Technology
C. Technology, Environment & Fundamentals
Society Manufacturing Engineering Technology,
Health Care, Grade 11 University/College
Grade 10 Open A. Manufacturing Technology
C.Health Care, the Environment, ar ~ Fundamentals
Society Technological Design and the Environmet
Technological Design, Grade 11 Open
Grade 10 Open B. Technological Design Skills
B. Technological Design Skills C.Technology, the Emonment, and
C.Technology, Environment & Society
Society
Manufacturing Technology, See supplementary document Ontario
Grade 10 Open Curriculum Alignment for Enginear-
A. Manufacturing Technology Residence Secondary Classroom Activitie
Fundamentals Science and Technological Education for

B. Manufacturing Technology Skills relevant overall and specific expectations.

= One 2litre plastic bottle with large end cut off =M O0F3 FAYS &ty
= Four 500 ml plastic cups filled with clean water (for filter-gresing) =M o0F3 O2I NAS a
s¢g2 pnn Yt LIXIFAGAO o620G0fSa FAEf SR = 1baggravel

500 ml water) 1 carbon filer pack

1 bucket (to catb rinse water and to dump used materiglsave carbon packs = 8 cotton balls

for reuse!) Four 16 cri(4 x 4 cm) pieces of

Elastic band to secure cheese cloth (get band from bag of sand or gravel) cheese cloth

= 4 large pieces of paper

Coloured markers

HOOK

PAAY3 aLX I OS YFGAYy3IES ONBFGS F2dzNJ £ F NBS akKSSia 2
1. What have you used water for today?

2. How does access tteanwater affect yourhealth?

3. How does clean water affect economic conditiona regior?

4.Who is responsible for delivering clean water to your home/school?
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Split the class into four groups, and hasach group spend 3 or 4 minutes at each place mat, writieg t
thoughts relating to each question.

DEVELOPMENT

Show this 10 minute video on water sanitatiand cholerah y G KS My pnQay
http://www.ted.com/talks/steven_johnso_tours_the ghost map?language=en

Explain that water ipurified using many different methods, which include both biological and chemical
processes. Biologicplrificationusessand,activated carbon filters (briefly explain each),natural processes
such aplants or bacteriato break down waste. Chemical filtration uses processes such as flocculation/

O 3Adzf F GA2Y O60NASTFfte SELIIAYOS gKAOK NBY20S 41 ai
focuses on mechanical filtration.

Vocabuary
= Pathogen = Slurry = Sanitation
* Mechanical = Effluent = Biological filtration
filtration = Ultraviolet light = Chemical filtration
= Coagulation = (Ozonation

APPLICATION

Therearefour separate filtration tests to complete2 Y S S+ OK T2 NJ al y Rnddcdreolz &l y F
t £ SIFAS R2Yy QG RNAY] Fyeé 2F GKS g+ GSN) dzZaASR Ay GKAa

Students wilcomplete the following steps for each material:

1. Loosely put 2 cotton balls in the neck of the cut bottle, then cover the neck of the bottle with the
cheese cloth andecure withan elastic band
2. Insert the filter material (one material only per test) in a level layer in the bottle over the cotton plug.
Pour 500 ml of clean water through the filter material and catch water in the bucket.
4, { KI'1S GKS pnnievet 6ol 200S0N) S5 227L) @RA NIKS o200t S LI St
the filter material, catching the filtered water in an empty clear plastic cup.
5. Write down observations as follows using the form provided (next page):
a. Filter effectiveness (how cleanfikrate): 1 ¢ dirty, 2¢ OK, X great
b. Filter speed (how fast water comes through filter); deally slow, 2; OK, X fast
c. Comments (notes about handling materials and the experiment in general)
6. Dump the used materials from the bottle into the pail (oot dump the filtered water yet), and follow
steps 1¢ 5 for each of the remaining materials.
7. Write a conclusion about your activity present to the class
8. Clean up your work area (no dirt or water left on desks)!

DEVELOPMENT

Each group will be pad with one or two other groups to discuss what they observed, and answer these
guestions:
=  Which filters did you expect to be the most effective? Which ones were the most effective? Why?

= If you were designing a filter with multiple components, which matieriould you pick and why?
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TIPS . c2tt2s

dzLJ GKA& | OUAQGALE gAGK ! Of

Testing Filtration Materials: Observation Table

Team Name:
Material Rating
Effectiveness Speed Comments

1 —dirty 1 —slow
2-0K 2 - 0K
3 —clear 3 —fast

Sand “A”

Sand “B”

Gravel

Carbon

Conclusions:
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25. WATER FOR THE WORLD (ORIGINALLY DEVELOPED BY ENGINEERS WITHOUT BORDERS)

GRADE-9 LESSORNESCRIPTION

ASSESSMENT CATEGORIES  Students design a water filtration systdor their assigned country, and
Knowledge and Understanding are givenconstraints €.g.money, resources, and literacy) similar to the
Thinking and Investigation ones faced by their designated country.

Application

TeamBuilding Skills
Gommunication

Other: International Developmen

STRANDS TOPICS

Grades Four to Eight  Technological Education

Matter & Energy Grade 9 Courses

Earth & Space Systems Explaing Technologieszrade 9 Open
D. Technological Skills
E. Technology, Environment & Society

Health CareGGrade 10 Open
D.Health Care, the Environment, and Society

PREPARATION TIME 60 minutes
ACTIVITY DURATION 60-75 minutes

Technological DesigGrade 10 Open
D. Technological Design Skills
E. Technology, Environment & Seti

Manufacturing Technologyrade 10 Open
C. Manufacturing Technology Fundamentals & Manufacturing Technology Skills

MATERIALS

= 2-litre plastic bottles (from recycling bins)
= 500-mL plastic bottles (from recycling bins
= Charcoal, actiated (from aquarium)

= Plastic cups = Rubber Bands

= Cheese cloth = Hammer

Cotton balls (from drug or hardware stores)

Gravel (Coarse) (from hardware store; garden section)
Gravel (Fine) (from hardware store; construction section’
Sand (Course) (from hardware store; construction sectio
Sand (Fine) (fromardware store; garden section)
Buckets or plastic bins (from hardware store)

PREPARATIO

1. Prepare materials: = Cut bottom off 2L bottle

Cut cheese cloth into 2 pieces; 10 cm

Break down charcoal intgranules with a hammer

t NEBLI NBE GRANIE& gl GSNE o6& FRRAYy3 | LI
mL of water

2. Assemble country packages = Each group will receive a handout that includes a country profile,
instructions on how to make a wait filter, and an amount of
Monopoly money based on the following table:

United States  $1000 Cameroon $60

Canada $700 Uganda $50

South Africa $200 Ethiopia $40

Ghana $80 Malawi $15
- 60 _
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HOOK

{K2g AYlI 3ISa FTNRY a h}/S 5 NP LJ / & INgj 21762 RN dfiifedie BNEiME K D d:
space) https://www.onedrop.org/gaiapromo

Ask Isrt]udents why clean water is important, and what connection there is between access to clean water and
wealth.

DE\ELOPMENT

Discuss the following with the class:

= Engineeringlesign always has constraints

= Engineerings about solvig real life problems and issues

= Whatimpact does technology have amternational development?

Vocabulary:
= International =  Water treatment = Environmental
development = Irrigation migrant/migration
= Literacy = Groundwater/well = Soil compaction
= Pathogen water/freshwater = Natural resource
= Effluent = Desertification

ACTIVITY DESCRIPTI(

Procedure

1)
2)
3)

4)

5)

Put filter materials in an easily accessible aredNa@fy &t 2F (GKS Ofl da o0GKS aadi:
Divide students into groups {& students per group) and distribute a country profile to each group.

Explain to students they are to make a water filter as outlined on their instryction sheet. They may
purchasethe needed U SNA It a FTNRBY U0UKS dadauz2zNbe¢ dzaAy3d UKS a

After 20 minutes, have a representative from each group come up to the front of the room to demonstrate
their water sample.

Followup the activity with a class discussion on howvelates to the real world. There is a slide
presentation and script available on the Engineers Without Borders website (@owioeir.caand look
dzy RSNJ WwSaz2dzZNOSaQz W aStTdzd 2So0aAusSaQ T2NJ UKS f A

TIPS = Consider doinghe activity in a lab setting where a water sink is available
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® COUNTRY PROFILES AND INSTRUCTIONS

UNITED STATE

GENERAL Area 9,629,091 ki Main Language English Rurat 18.6% "
Populatiort 318,892103 Growth Rate 077% per year Urban 814%
WATER Rainfalt 940 mm Total Water Withdrawals. 1870 ni/cap/year u

RESOURCE WaterUse Domestic: 13% Industrial: 45% Agricultural: 42%

HEALTH Life Expectancy 79.6years  |nfant Mortality rate: 6 infant deaths/1000 live births
LITERACY  Adult literacy: >99% of population age 15 and above

ECONOMY GDP per capita (PPP US$4, 75000 GDP % Towards Assistan:19%
INSTRUCTION{

1. Loosely put cotton plug in neck of cut bottle and then cover neck of bottle with chees
cloth, using a rubbeband to secure it.

2. Pour Xcm of fine sand over the cotton plug, followed by activated charceam bf
coarse sand, fine gravel, and coarse gravel.

3. Over a bucket clean filter by slowly (and carefully) pouriligrd of clean water through it
4. Test he filter by placing it over a plastic cup and pouring half of the dirty water throug

COARSE GRAVEL

FINE GRAVEL.

COARSE SAND

R s — ACTIVATED CHARCOAL
i FINE SAND

COTIoN

- CHEESECLOTH

COST OF MATERIA

Activated Charcoal $50/cup Cheesecloth  $5/square Sand, Carse  $20/cup
Cotton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Carse $10/cup Rubber Band $5 each

CANADA
4
GENERAL Area 9,976,140 ki Main Languagse: English, French Rurat 18.4% %
Populationt 34,834,841 Growth Rate 0.76% per year Urban 81.6% e
WATER Rainfalt From 250 mm in Yellowknife Total Water Withdrawals. 1601

RESOURCE NWT t02415 mmin Prince Rupert, BC ~ m/caplyear
WaterUse  Domestic: 18% Industrial: 76% Agricultural: 12%

HEALTH Life Expectancy81.7years  |nfant Mortality rate: 5 infant deaths/1000 live birth
LITERACY  Adult literacy: >99% of population age 15 and above
ECONOMY GDP per capita (PPP US$34, 50000 GDP % Towards Assistance28%

INSTRUCTION}

1. Loosely put cotton plug in neck of cut bottle and then cover neck of bottle with chees
cloth, using a rubberadnd to secure it.

2. Pour Xcm of fine sand over the cotton plug, followed by activated charceam bf
coarse sand, fine gravel, and coarse gravel.

3. Over a bucket clean filter by slowly (and carefully) pourititrd of clean water through it
4. Test thefilter by placing it over a plastic cup and pouring half of the dirty water throug

WATER

COARSE GRAVEL

FINE GRAVEL

COARSE SAND

— ACTIVATED CHARCZOAL

FINE SAND
COTIoN

- CHEESECLOTH

COST OF MATERIA

Activated Charcoal $50/cup Cheesecloth  $5/square Sand, Garse  $20/cup
Cotton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Coase $10/cup Rubber Band $5 each
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COUNTRY PROFILES AND INSTRUCTIONS

GENERAL  Area 239460 knf Main Language English Rurat 47%
Populatiornt 25,758,108 Growth Rate 22% per year Urban 53% 3
WATER Rainfalt 2000 mm Total Water Withdrawals 50 m*/caplyear
RESOURCE WaterUse Domestic: 35% Industrial: 13% Agricultural: 52%
HEALTH Life Expectancy€5.8years  |nfant Mortality rate: 39infant deaths/1000 live birtr
ChildMortality rate: 78 child deaths/1000 live births |
LITERACY  Adult literacy. 76.6% of population age 15 and above T WATER

ECONOMY GDP per capita (PPP US$},247.00

INSTRUCTION}

1.®00+M o put NYCI4 ¢O1m plug in neck oflh @ ¢ bottle SomML2 ¢ 21211 W cover neck
of S04 ¢ @1 with cheese cloth, using a rubbétSSmL to secure it.

2. Pour Zcm of X*XmIN, sand over the cottomplug, followed byZsi) XI5 M 2
charcoal, icm of coarse SSBL: | fine VbS5« 11, ®, and coarse gneel.

3. Over a bucketh @ com filter by +@0+@[A (and carefully A0 @ OXmY)y 1-litre of
clean water through it.

4. % +# the filter byD@ISI) XMWY}, X4 over a plastic cup and pourirgi s @ x* of the

2 X4 water through it.
COST OF MATERIA

COARSE GRAVEL

FINE GRAVEL

o COARSE SAND
— ACTIVATED CHARZOAL
$ FINE SAND
COTIoN
- CHEESECLOTH

Activated Charcoal $50/cup Cheeseloth $5/square Sand, Carse  $20/cup
Cotton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Coarse $10/cup Rubber Band $5 each

CAMEROO
GENERAL  Area 475440 knf Main Language: French, English Rurat 46%
Population 23,130,708 Growth Rate 26% per year Urban 54% ‘
WATER Rainfalt 3,000 mm Total Water Withdrawals: 60 m*/caplyear
RESOURCE WaterUse Domestic: 46% Industrial: 19% Agricultural: 35%
HEALTH Life Expectancy57.4years  |nfant Mortality rate: 55infant deaths/1000 live birtt
ChildMortality rate: 95 child deaths/1000 live births |
LITERACY  Adult literacy. 75.0% of population age 15 and above v T MRER
ECONOMY GDP per capita (PPP US$},907.00

COARSE GRAVEL

INSTRUCTION}

1. @00+, @& put cotton plug in neck of cuf, ¢ 4 @1 and thenlhO <M 3 neck of
06 e with cheesellh @42, using €& M 3 band to secure it.

2. Pour cm of x* XM, sand over the cotton plug, followed IS5 43 < oM £
charcoal, icm of coarse sand*XmN|, Y 3Ss<+1 @, and coarse gravel.

3. Over a bucketlpo | Som filter §) A slowly (M2 HSsON x* @ @ @A) pouring itre
of Npe 1, Ssm water through it.

4, %1, +# the x*> @411 3 by placing it over a 0@+ 4 X 1) cup andO1 ¢ T+ MYy half
of the 22X J4[A water through it.

COST OF MATERIA

FINE GRAVEL

COARSE SAND

0 — ACTIVATED CHARZOAL
g FINE SAND

COTIoN

- CHEESECLOTH

Activated Charcoal $50/cup Cheesecloth  $5/square Sand, Carse  $20/cup
Coton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Coarse $10/cup Rubber Band $5 each
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SOUTH AFRIC

GENERAL Area 1,219,09Ckm’ Main Languags: Zulu,English Rurat 37%
Populatiort 48,375645 Growth Rate -0.5% per year Urban: 63%
WATER Rainfalt 464mm Total Water Withdrawals: 272m®/cap/year
RESOURCE WaterUse Domestic:36% Industrial: 7% Agricultural:57%
HEALTH Life Expectancy49.6years  Infant Mortality rate: 42infant deaths/1000 live births &

ChildMortality rate: 44 child deaths/1000 live births
LITERACY  Adult literacy: 94.3% of population age 15 and above

ECONOMY GDP per capita (PPP US$}4,130.00
INSTRUCTION{

1. Loosely put cottor]1® 4 Yo in neck of cut bottle and 2211, B cover neck of bottle wit
cheese cloth, using a rubber band to secure it.

2. Pour Xcm of fine sand over the cotton plug, followed &) 4 3 < 54 M £ charcoal, icm
of coarse sand, fine gravel, and coarse gravel.

3. Over a bucket clean filter by slowly (afjgPs N x* ¢ ® ®[A]) pouring litre of clean water
through it.

4. Test the filter by placing it over a plastic cup and pouring half of the dirty water
4200@ Vo2 it

COST OF MATERIA

COARSE GRAVEL

FINE GRAVEL

COARSE SAND

3, — ACTIVATED CHARCZOAL
7 FINE SAND

COTION

- CHEESECLOTH

Activated Charcoal $50/cup Cheesecloth  $5/square Sand, Carse  $20/cup
Cotton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Coarse $10/cup Rubber Band $5 each

MALAWI
GENERAL  Area 118480 knf Main Language: EnglishChichewa Rural 8%
Populatiort 17,377,468 Growth Rate 3.3% per year Urban 16%
WATER Rainfalt 875- 1250mm  Total Water Withdrawals: 378 m*/cap/year
RESOURCE WaterUse Domestic: 5% Industrial:5% Agricultural: 8% |
HEALTH Life Expectancy60.0years  |nfant Mortality rate: 48infant deaths/1000 live births

ChildMortality rate: 68 child deaths/1000 lig births
LITERACY  Adult literacy: 65.8% of population age 15 and above

ECONOMY GDP per capita (PPP US$§92.00

INSTRUCTION{
1. Loosely14 ¢ cotton plug inmIM & Ox* cut ¢ e N and thenlhO«1M 3 neck of

— WATER

COARSE GRAVEL

FINE GRAVEL

T COARSE SAND
3289 ACTIVATED CHARCOAL

S O eeem with cheese cloth, using a rubber ba#d secure it. FINE SAND
2. =060 1-cm of fineeSomM2 O« O the NI ¢ 1M plug, X GG+ M 2 by CoTroN

activatedlhzxgsONpOss e, 1-cm of coarse sand* X W1, gravel, andlpCdSsT+1, gravel.

3. Over ad] ® &M ¢ cleanx* X @41 3 by +@d+@[~ (and carefully ¢ TXmYo 1-litre
of clean water through it.

4. %N +# the filterby O@ISIh MY X4 O<N 3 a plastic cup an@O @ XMWYy half
Ox  éx2, LXK water through it.

COST OF MATERIA

- CHEESECLOTH

Activated Charcoal $50/cup Cheesecloth  $5/square Sand, Carse  $20/cup
Cotton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Coarse $10Qcup Rubber Band $5 each

COUNTRY PROFILES AND INSTRUCTIONS
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UGANDA

GENERAL Area 241,010 knf Main Language English Rurat 84%
Population 35,918915 Growth Rate 3.2% per year Urban 16%
WATER Rainfalt 1,180 mm Total Water Withdrawals: 20 ni/cap/year .
RESOURCE WaterUse Domestic: 32% Industrial: 8% Agricultural: 60%
HEALTH Life Expectancy54.5years  |nfant Mortality rate: 61infant deaths/1000 live births

ChildMortality rate: 66 child deaths/1000 live births
LITERACY  Adult literacy: 78.4% of population age 15 and above

ECONOMY GDP per capita (PPP US$) 856.00

INSTRUCTION}

5. ®0O0+1M @A put cotton plug in neck of cut bottle and then cover neck of bottle with
cheese cloth, using a rubber band«, Iy N, it.

6. Pour tcm of fine sandd <+ M O the cotton 1@ Yy, followed§)[Al TSN »Toem 2
charcoal, icm of coarse sand, find 3511 ®, and coarse gravel.

7. Over a bucket clean filter by slowly (afigEs N, x* ¢ @@ [~) O @ XMWY, 1-itre of clear
+35 4.3 through it.

8. Test the filter by O@IsIhX MYy, X4 overa plasticly 40 and pouring:ndcext Ox
the 22X ¢  +354 11 O through it.

COST OF MATERIA

COARSE GRAVEL

FINE GRAVEL.

T COARSE SAND

R e —— ACTIVATED CHARCOAL
“ FINE SAND

COTION

- CHEESECLOTH

Activated Charcoal $50/cup Cheesecloth  $5/square Sand, Carse  $20/cup
Cotton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Coarse $10/cup Rubber Band $5each

ETHIOPIA
GENERAL  Area 1104300 knf Main Language Amharic, English Rurat 81%

Population 96,633458 Growth Rate 29% per year Urban 19% ‘

WATER Rainfalt 865 mm Total Water Withdrawals: 81 m*/cap/year
RESOURCE WaterUse Domestic: 11% Industrial: 3% Agricultural: 86%
HEALTH Life Expectancy60.8years  |nfant Mortality rate: 56infant deaths/1000 live births

ChildMortality rate: 64 child deaths/1000 live births
LITERACY  Adult literacy. 49.1% of population age 1&nd above

ECONOMY GDP per capita (PPP US$)50000

INSTRUCTION}

5.800+«M oA put HOeeCOm O @Yo in MM N& OxX cutdCI¢eeN and
emm pO<sM T neckOxr LOe 40N with Nhaxm M +N, cloth, @ +XmYs a
O M O band toeN My @ON it.

6. Pour Xcm of finesSSML over 4221, yO1¢ ¢ O0M plug,
XOeedeM 2 §HIEA SHeX+SeM 2 charcoal, IcmOx* MOSSN sand,
X' XMW, gravel, and coarse gravel.

7. BeMOalen&ne menscm xxeél dby+edd+0N
(Com MHSsON, X @ @e[Al) pouring itre of Nh@N, Som  +S541M 3 through it.

8. Testé2n1, X' ¥4 O by placing i« N O a0eIs«¢ X cupTom
O0eOxmYy, halfx* 42321, X006 water ¢ 200€@ Vo sa it

COST OF MATERIA

~ WATER

COARSE GRAVEL

FINE GRAVEL

COARSE SAND

— ACTIVATED CHARCZOAL
g FINE SAND
— COTIoN

- CHEESECLOTH

Activated Charcoal $50/cup Cheesecloth  $5/square Sand, Carse  $20/cup
Cotton $5/ball Gravel, Fine  $10/cup Sand, Fine $20/cup
Gravel, Coarse $10/cup Rubber Band $5 each
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CLOSURE

Ask each group to share the country that they were assigned, and the challenges that they encountered. Ask: How does
this activity relate to access to water across the globe?

Additional Resources:

CIA World Factbook (2014)

Organization for Economic Cooperation and Development (2013) for Assistance spending
Statistics for Child mortality from UNICEF (2013) for children under age 5

BBC Weather Centre
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26. GO FISH!

AN INQUIRY ACTIVITY ABOUT SUSTAINABILITY

GRADES/, 912

ASSESSMENT CATEGORIES
Knowledge and Understanding
Thinking and Investigation
Application
TeamBuilding Skills
Communication

Understanding Lié Systems

Grade Seven

This task addresses the following grade 7
expectations:

= assess the impacts of human activities anc
technologies on the environment, and
evaluate ways of controllinthpese impacts;

= investigate interactions within the
environment, and identify factors that affec
the balance between different components
of an ecosystem.

= use scientific inquiry/research skills to
investigate occurrences that affect the
balance within a loal ecosystem;

= demonstrate an understanding of an
ecosystem as a system of interactions
between living organisms and their
environment

= explain why an ecosystem is limited in the
number of living things (e.g., plants and
animals, including humans) that éc
support

= describe ways in which human activities ar
technologies alter balances and interactior
in the environment.

CROS®ISCIPLINE CONNECTI(]

LESSORESCRTION

A handson, teantoriented activity using scenarios for students to discov
the importance of sustainability through the concept of the Tragedy of tl
Commons The activityusing inquirybased learningpromotes a sense of
community among student&nd is highly adaptable.

Biology

Grade 912 Courses

Science,
Grade 9 Academic

B. Biology: Sustainable
Ecosystems (B1, B2, B3)

Science,

Grade 9 Applied

B. Biology: Sustainable
Ecosystems anduman
Activity (B1, B2, B3)

Biology,

Grade 11 University

B. Diversity of Living Things
(B1)

Biology,

Grade 12 University

F. Popu[;tion Dynamics (F1

* P~

PREPARATION TIME 20 minutes

DURATION 75 minutes

Chemistry

Earth and Space Science
Environmental Science
Grade 912 Courses

Science,

Grade 10 Academic
D.Earth and Space i8ace: Climate Change (D2, D3)

Science,

Grade 10 Academic
DOl NI KQ&

Chemistry,

Grade 11 University
F. Gases and Atmospheric Chemistry (F1)

58ylFYAO [/ EAYL G

Environmental Science,
Grade 11 University/College

D. Sustainable Agriculture and Fores(fyl, D3)
Environmental Science,

Grade 11 Workplace

B. Human Impact on the Environment (B1, B3)

E. Natural Resource Science and Management (E1,

= Mathematics

MATERIALS

= Social Studies, History and Geography

= written and visible set of rules
= minimum of 100 candy fishes
= a whistle fecommendeq

= a central bowl (fastened down)

= large playing ares

= activity diagram to show paths of players
= 4 paper plates/bowls for each team

* This activity was originally developed through the University of WindsoBridging Worlds 8 An Engineering Education Experience

HOOK

proiect bv Eric Bondi and Aaron Blata.

{ K26
Ask students:
1 What is sustainability?

0KS 24 RIS 2{ de& K Htlisy/ivant yQutulie kamiinatih 2v=6psOtruARKs

1 What are sustainable fishing practices?
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DEVELOPMENT

Sustainability is becoming increasingly important as the human population is growing and we live in an industrialized
world. As our global population continues to rise we are faced, globally, with the problem of having fewer resources for
all. Becoming aware of the movement toward a more sustainable future is important, especially for the next generation.
The idea of sustainability, however, is not new to the 21* century. In fact the philosopher Aristotle described what we now
call the Tragedy of the Commons more than 2000 years ago. In his book, Politics, Aristotle says, “Everyone thinks chiefly
of his own, hardly at all of the common interest” (Politics, Book 11, Ch. 3). When this becomes the case, our resources
are carelessly used and this may eventually lead to depletion beyond recovery. A prime example of such a scenario is the
collapse of cod stocks off the coast of Newfoundland which occurred in 1992.

The collapse of the cod stocks in Eastern Canada

Until the 1950’s, the Canadian fishing industries used traditional methods (using hook and “jiggling” techniques, or small
nets), and the cod were plentiful, being fished at a rate that they could reproduce to keep their numbers stable. At around
that time, large factory “trawlers” were being introduced, using huge ships with enormous nets that are dragged behind
the boats, catching whatever is in their path.

Another “improvement” in fishing technology made it popular to use “draggers,” which are large nets that are dragged
along the bottom of the ocean, catching everything in their path, including young fish, food sources for the cod, and other
marine life. To make matters worse, many of the fish that were caught were also spawning, making it impossible for them
to reproduce. This highly destructive method damages eco-systems, making it difficult for the plant and animal life to
recover.

These new fishing methods caused “over-fishing,” meaning that fish were being caught much faster than they could
reproduce. The populations of cod began to rapidly decline, with available fish mass dropping from 250,000 tonnes in the
1950’s down to 1,700 tonnes in 1995.

Fortunately, the local fisherman started to report the drop in the normal levels of cod, which attracted the interests of
scientists in the 1980’s. The government ignored their concern for several years, until the decided to take action in 1992,
imposing a ban on Northern cod fishing in Canada.

Note:
Sustainability is important for understanding natural resources and how we as humans can affect the environment we live
in. This activity can be a powerful tool towards the Environmental and Sustainable Education movement.

Students are given the opportunity to start considering their finances and how they spend money. This activity also has
the potential to be adapted incorporate Financial Education in the classroom. GO FISH! is an activity rooted in methods
of differentiated instruction that provides an avenue where financial education can be applied in the classroom. It
promotes students to think critically and explore methods of sustainability based on their observations and experiences
from the activity. This is accomplished in a fun and engaging way, adapting to a variety of learning preferences. The game
itself encourages students to develop their problem solving skills and practice team-work in a community setting.

APPLICATION

The Essence of the Game

This activity has been designed so that students are able to ‘discover’ the idea of the tragedy of the commons and the
importance of living sustainably through an inquiry-based game involving four teams (communities) and one common
resource. This activity can be adapted to suit the classroom needs. In reference to the scenario above (the collapse of the
cod stocks in Eastern Canada), the common resource may be a stock of candy fish.

Students will run through trials of the game with their designated team. Since there are four teams, using a deck of cards
works well to randomly designate the teams. At the end of each round, when the time has finished (or when the common
resource has been depleted), each team needs a certain amount of fish to survive. In the first round, there are only
enough players in the game that there is extra fish to go around to all teams (Please see below for an example of a class
with 24 students). When the round finishes, teams add up their ‘total catch’ and any surplus they sell back to replenish the
commons (this can be done by the teacher keeping a tally).
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In the second round, one player is added to each team. This puts the system at full-capacity, meaning that there is no
extra fish in the commons. If any individuals cannot be properly fed, then that team does not survive and is removed from
the game. During this round some teams will likely have to use up of some of their points they previously accumulated in
order to survive. In the third trial, another player is added to each team. This pushes the system beyond capacity and
‘nature’ begins to take its toll on the communities. The process of elimination and growth in community (team) population
can be continued until it reaches a point where no team is able to survive.

Fundamental Rules
1. Players must always WALK. There is NO RUNNING.
[The teacher may wish to do the activity outside, in which case it is their discretion for the allowance of running]
2. Players must follow the designated path.
[Teacher has path posted on wall or taped on ground]
3. Only one fish allowed per person at a time (i.e. no grabbing handfuls)
4. There is a minimum amount of fish to feed each person (in the example above, it was five fish per person)
5. In order to obtain fish, team members must form a “boat.” Members of the boat must join in a hand-on-shoulder
fashion.
6.
Sample Trial of GO FISH!

This trial was played with 24 students and a common stock of 100 candy fish.

Round #1: 100 fish in the commons and 4 players on each team. Each player needs five fish to survive the round.
Therefore there is a surplus of 20 fish in the commons for the round (the system is under-capacity).

Round #2: Commons is replenished to 100 fish and each team adds a new member to the community (population
growth) so that each team now has 5 players (the system has now reached full capacity).

Round #3: The commons is restocked to 100 (or teacher has option of removing ¥ of the stock per team that is
eliminated to speed up the trials) and each of the remaining teams gains a new player for the round. If all teams
remain, then the system is over-capacity and teams will begin to be eliminated.

Following Rounds: The game continues until all teams have been eliminated. If it gets to the point where only one
team is surviving, the population growth can increase as the rounds increase; that is, add 2 players, then 4 players,
then 8 players, etc.

CLOSURE

What happened in the three rounds of the game? What would happen if you kept adding more players?
Why is sustainability important? What other situations would sustainability be important for?
What can you do to promote sustainability?

= Run a trial round with the class before the actual activity begins.
= Be mindful of time, ad be sure to leave enough time for the closure activity, even if all three rounds
the game are not completed.

TIPS
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Visual Representation of GO FISH! Set up
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27. PIRATES AT BAY

GRADES7-12
ASSESSMENT CATEGORIES

Thinking and Investigation
Application

TeamBuilding Skills

Understanding Structures &
Mechanisms

Grade Seven and Eight

This task addresses the following grade -
expectations

= design and construct a variety of
structures, and investigate the
relationship between the design and
function of these structures and the
forces that act of them

= demonstrate an understanding of the
relationship between structural forms
and the forceshat act on and within
them.

= design, construct, and use physical
models to investigate the effects of
various forces on structures

= investigatea working system and the
ways in which components of the
system contributeo its desired
function.

= usescientificinquiry/experimentation
skills to investigate mechanical
advantagen a variety of mechanisms
and simplanachines;

= use technological probleraolving skills
to investigate a system that performs ¢
function or meets a need.

MATERIALS

LESSORMESCRIPTION

e

Studentswill figure outhow to bring aall bearing at the bottom of a
tub of water to the surface with the materials providesithout
manually pulling it up in any way.

PREPARATION TIME 20 Minutes

LESSORMURATION

Physics

Grade 912 Courses

Science,
Grade 9 Academic

F. Physics: Structures and Functions
Science, _
Grade 10 Applied

F. Physics: Structures and Function
Science,
Grade 10 Academic

G.Physics: Structures and Function
Science, _
Grade 10 Applied

G.Physics: Structures and Function
Physics,
Grade 11 University

C.Forces
Physics,
Grade 12 University

B. Dynamics

D. Gravitational, electric, and

magnetic fields

Physics,
Grade 12 College

C. Mechanical Systems

45 minutes

Construction Engineering

Grade 1112 Courses

Exploring TechnologieSkploring Construction,
Grade 9 Open

C. Technological Design Fundamentals

D. Techmlogical Skills
Technological Design

Grade 10 Open

A. Technological Design Fundamentals

B. Technological Design Skills

Manufacturing Technology,
Grade 10 Open

B. Manufacturing Technology Fundamentals

Manufacturing Technology,
Grade 11 College

A. Manufacturing Techology Fundamentals
B. Manufacturing Technology Skills

See supplementary documef@ntario
Curriculum Alignment for Engineier
Residence Secondary Classroom Activities:
Science and Technological Educafmn
relevant overall and specific expectations.

= 8 gal Bucket/tub
= 2 Magnets*

= 1 Ball Bearing*
*Necessary materials.

= 10 Marbles*
= 1 Balloon*
»nQ wdzo 6 SNJ F = Tape*

5 Straws

2 Matchsticks

MQ 5Sydart ¥F
10 Toothpicks

10 Paper clips

2ft of String

2 Zip ties

10 Popsicle sticks

The rest can be substituted for other materials. They are to throw students off and make them think, but can be used as well

* This activity was developed through the University of WindsaBridging Worlds 8 An Engineering Education Experience
project by Katie Facecchia and Jeff Gagnier.
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HOOK

Divide students randomly into groups of 3 or 4. Have one representative from each team come to the front of the class to
play “walk the plank.” The group representatives take a place at the end of a piece of tape on the floor, which represents

“the plank.” The plank is divided into three “steps.” Present Jeopardy-type questions to the contenders about pirates. The
first student to raise their hand gets to answer the question. If they answer correctly, they take a step back on the plank, if
the answer is wrongly, they must take a step forward. After answering 3 questions incorrectly, the student will “fall off” the

plank.

DEVELOPMENT

The story: one of your team members has tripped over your box of treasure, accidentally spilling a very valuable
gemstone overboard. Being pirates, none of you know how to swim, and the waters are filled with sharks. The Captain
has threatened to make your entire team walk the plank, but you convince her to give you 20 minutes to recover the
gemstone to spare your lives. You can use the materials provided, but cannot touch the water with your hands or other
limbs, and are not allowed to hook the “gemstone” using the paperclip. Good luck!

APPLICATION

Preparation:
= Count and divide the materials for each group.
= Create a scenario handout for each group.

Each team is equipped with the materials listed above, and is given a barring at the bottom of a tub of water. The team
must recover the “gemstone” so they will not be thrown overboard. It is up to them to figure out a way to bring the

ball bearing to the sdace of the water without simplpulling it up(either withé 2 dzZNJ KI Yy R &

with the paperclip and pulling it up)

CLOSURE

2 NJ

Ask students what they liked most about the activity. Was it difficult? What woulddhaggeto
increase/decrease the level of difficulty?

Potential Solution:
Put the manet and the marbles (for weight) inside of the balloon. Connect the balloon to the hose. The

magnet will attract the ball bearing that should rise to the surface of the water when the balloon is inflated by

mouth, through the hose

TIPS

Remind studets that the ball bearing only has to reach the surface of the water.

Remind studentsthalt KS& Ol yy2{i alLJzZ t ¢ (G§KS ol ff
magnet to a string, get the ball bearing with the magnet, and pull it up that wa

o Sanmahtiy &
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28 . EDIBLE CELLS

GRADES8 and 10
ASSESSMENT CATEGORIES

Knowledge and Understanding

Thinking and Investigian
Communication
Application
TeamBuilding Skills

PREPARATION TIME 30 minutes
ACTIVITY DURATION 60 minutes

LESSORMESCRIPTION

Students create cells using J@lland Halloween candy to learn the
basic parts of an animal cell and specific specialized cells. Stude
will identify cell components by completing alagiagram and then

get into groups to discuss their project before presenting their ce
to the class. At the end of the activity students will be able to eat

their cell creations.

Understanding Life Systems
Grade Eight

Science
Grade 10 Courses

This taskaddresses the following overall expectations: Biology,

= demonstrate an understanding of the basic structure and
function of plant and animal cells and cell processes

and the following specific expectations:

Grade 10 Academic
B. Biology: Tissues,

Organs, and Systems

of Living Things

= jdentify structures and organelles in cells, including th )
nucleus, cell membrane, cell wall, chloroplasts, vacuole, Biology,

mitochondria, and cytoplasm, and explain the basic )
functions of each (e.g., the nucleus holds all the informatic
needed to make every cell in the body)

Grade 10 Applied
B. Biology: Tissues,

Organs, and Systems

= compare the structure and function of plaahd animal cells

TEACHER RESOUR(

= Diagrams describing animal cell parts

= Examples & pictures of specialized cellsuman body
= Table relating cell components to candy pieces

= A microscope and a glass slide

CROS®ISCIPLINE

CONNECTIONS
Language
The Arts

See supplementary document
Ontario Curriculum Alignment for
Engineeiin-Residence Secondary
Classroom Activities: Science and
Technological Educatidor relevant
overall and specific expectations.

MATERIAL&PER STUDE

= An onion (and a knife to cut the onion)

PRERRATION

= Bag containing Je® = Bag with various
= Paper plate
= Plastic knife
= Plastic spoons

candies to represen
parts of the cell

= Prepare bags of set J€ll for each student (have extras on hand).

= For each grouppreparea separate bag of candies that represent various parts of a cell. The table below
provides suggestions of candy types to use:

CELL COMPONENT CANDY EQUIVANT

Membrane Plastic Bag
Cytoplasm JeltO

Nucleus Gum Ball
Centrosome Gum Drops
Lysosome M&M Candy
Rough ER Sour Gummy Worms
Smooth ER Gummy Worms
Ribosome Candy Sprinkles
Vacuole Jaw Breakers
Golgi Body Fruit RoHups
Mitochondrion Raisins
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HOOK

Carefully el the inside skin between the layers of an onion, and place it on a slide under a microscope. Invits
students to come up and look at the onion cells under the microscope.

DEVELOPMENT

Explain the differences between plant and aninells; and use diagrams. Review what each of the
components in a cell is responsible for.

Additional background information (optionat)
= Describe how cells divide
= Describe how cells get nutrients, exchange information and connect to other cells to forestissu

EPITHELIAL CELL MUSCLE CELL
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APPLICATION

Assign students to one of the above cell types and instruct them toeiieasing the provided materials.
1. Students will first open their bag of J&land divide it into two halves using a plastic knife.

2. Using the bag as the outer membraaed the JelO as the cytoplasnstudents insert candies into the
JeltO to createcell components.

3. Once students complete their cell they will place the otherQOdfalve on top (creating a J&llsandwich).
4. Students will then complete a diagram indicating the parts of the cell.

When completedgroup students according to their céfpe to discuss their cell designs and then present
these findings to the class.

Possible Discussion Questions: What is your cell type? ¥dnaponentsdoes it have? Which parts it
missing? Why?

CLOSURE

Why is it important to understand how a télinctions?
What appgications might thé knowledge have for medicinegsearch or engineering

-75—

Engineer-in-Residence Program Guide



29 . EGG BUNGEE JUMP COMPETITION @

GRADE9 LESSORESCRIPTION
ASSESEENT CATEGORIES To determine the distance an egg will "bungee” jump to the floor
Knowledge and Understanding ~ Without breaking.
Thinking
Communication PREPARATION TIME 20 minutes
TeamBuilding Skills ACTIVITY DURATION 75 minutes

Mathematics& Physics

Grade Nine

Principles of Mathematics, Foundations of Mathematics, Relevant mathematics expectations for this activity can be found in the

Grade 9 Academic Grade 9 Applied supplementary Ontario curriculum alignment docume®@ntario Curriculum

= LinearRelations = Linear Relations Alignment for Engineein-Residence Sendary Classroom Activities: Science and
Technological Education.

MATERIALS

= Panty hose = Metre stick = Weigh scales (gramspne per group of four = Eggs

= Ziploc bags = Graph paper = Coins or other weights

HOOK

Tell the class that you’re looking for 3 volunteers, and show them this video of bungee jumping:
https://www.youtube.com/watch?v=2RzXLhcVO0xg

Explain that unfortunately—or perhaps fortunately—it’s an egg that they are going to take bungee jumping. These three
volunteers are going to lie underneath an egg when it is released at the end of the lesson (make sure that the egg is being
launched from high enough that it won’t actually hit them).

DEVELOPMENT

Explain that engineers often use modelling to predict physical outcomes. One example of this is a software developed in
the wind power industry that predicts when equipment will fail, and determines which mechanical parts need to be
replaced. There are countless other examples. Although we won’t be using sophisticated software to model our egg
bungee, we will be using a set of experimental data to predict what will happen.

Explain how graphing and best fit analysis works. If you know how something reacts at 0, 30, 60 and 100 grams, then you
will know how an egg (about 70g) will react.

Vocabulary:
= [nterpolation = Elastic deformation
= Gravity » Plastic deformation

APPLICATION

In teams of four provide students with 100 grams of weight (coins, metal or other item), an egg, pair of regular (cheap)
panty hose, a metre stick, Ziploc bag, and a piece of graph paper.

First, have students measure the panty hose when unstretched. Then, with a weight (about 30g) have one student stand
on a chair, hold the panty hose with one hand, and then drop the weighted end of the panty hose. The other students will
note how far the panty hose stretches. Repeat activity with 60g and 100g weights. On a piece of graph paper students will
graph the distance their panty hose stretched with each trial.

Using a best-fit analysis (once the egg is weighed), students can determine how far the panty hose will stretch when an
egg is placed in the panty hose and dropped.
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After completing their analysis each group will hold the panty hose with the egg (in a Ziploc bag) from the height they
determine. The one that gets the egg closest to the floor without breaking it wins the competition.

CLOSURE

Ask students:

What applications could this activity have?
Were their predictions accurate?

What did they like abut the activity?

TIPS
= Have plenty of eggs on hand.

= |If possible have the eggs and weights-preasured as this can take the longest amount of time.
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.
30. MINI SUMO -BOT 'y '_b
<
GRADES9-12 LESSONESCRIPTION
ASSESSMENT CATEGORIES  Students will @sign and build aimple robot,the mini "SumeBot."
Knowledge and Understanding
Thinking PREPARATION TIME 75minutes

Communication :
TeamBuilding Skills ACTIVITY DURATION 90 minutes

Technological Education
Grade 9 & 10 Courses Grade 11 & 12 Course

Exploring Technologies, Technological Design, Technological Design in the 21st Century,

Grade 9 Open Grade 11 University/College Grade 12 Open

= A. Technological Fundamentals = A. Technologal Design Fundamentals = A. Technological Desigfundamentals

= B. Technology Skills = B. Technological Design Skills = B. Technological Design Skills

Technological Design, Technological Design, See supplementary docume@ntario

Grade 10 Open Grade 12 University/College (R:urr_lé:ulum éllgnrrbent f(c%rI EngmeEFA fivit

= A. Technological Fundamentals ® A. Technological Design Fundamentals R€Sldence seconaary Llassroom ACUVIUES:
. B Techn0|ogica| Design Skills = B. Technological Design Skills Science and Technological Educafam

relevant overall and specific expectations.

TEACHER BBURCE! STUDENT MATERIA

= See robot building and competition websites, as well as robot = found materials (parts from
building hints +/ wQaz gLt 1YlyYy.

MATERIALS

= A base: This is used to hold everything together, and could be as simple as a piece of cardboard, or an old
plastic container. You could use plastic or cardboard or whatever- but try to use recycled material!

= Two Electric DC Motors/group: these can be found in most anything that spins! Fans, pencil sharpeners, RC
Cars. Try to make sure they're the same size, although that doesn't necessarily mean they're the same.

=  Two AA 1.5V batteries/group: both of these will supply three volts to the motors.

= Four “wheels”/group: anything round you can find to use as wheels! Bottle caps are one easy material; although

they don't have the best traction so may need to be used on short carpet. For best results, use actual wheels for

the front.

Strong tooth picks or barbeque skewers: these are used as the axle for the front wheel.

One Two-Position Switch/group: these have three pins.

Wire to connect the batteries to the switch to the motors.

2 Popsicle sticks/group: used to attach the front wheel axle to the base of the car.

A Hot Glue Gun and glue: Use the Hot Glue Gun with caution!

Wire Clippers/Scissors

Found materials (e.g. parts from VCR’s, walkmans); servo motors, motors with existing gearboxes, logo or

meccano-type building materials are not allowed

Rulers (optional but helpful)

= Bulldog clips, or something to “clamp” down

= A Drill Press or Something sharp to make a hole. NOTE: the EIR should drill the holes ahead of time before
visiting the classroom. Students are not permitted to drill the holes themselves
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PREP

Photos and details of this project are available online:
http://www.instructables.com/id/The-Simplest-House-Hold-Objects-Robot/#stepl

Drill or punch holes in the “wheels” for each robot. Each group will need 4 wheels. The hole size should match the size of
the shaft of the motor. It's okay if it's a little off-- hot glue will fix it later. Once you have drilled both of the back wheels, drill
your front wheel of choice. Ideally, the front wheels are actual wheels, but you can use anything round! Test the whole of
the front wheel by putting a tooth pick in -- make sure it is not too tight. If it's too tight, it won't roll. You should have three
wheels per group with some sort with a hole in the middle of each.

HOOK
Show he class a robot that you built ahead of time. Explain what it does and how you built it.

DEVELOPMENT

We rely on various machines and robots everyday. This lesson is an introduction to building robots. Some of
the students may want to try building otheobots at home, and there are a lot of free instructions on the
internet for building amateur robots.

APPLICATION

Randomly dside the class into groups of 3 people.

1. Add Wires to the Motors

Give 2 motors of equal sizes to each group, and four lengths of wire that are 8 inches long. If the motors already have
wires connected to them that are about 5 inches long, you’re all set. If not, you'll need to add some. It's great if you can
use the same two colours of wire on each motor (i.e. red and black on each motor or blue and white) so you don't get
them mixed up later on. Wrap the end of each wire on the small metal leads. Make sure you make a connection between
the wire and the leads. Squeeze it tight so it's connected. Now, use your hot glue gun and glob some glue on top of the
connections between the wires and the leads. Once it dries, connect each end of the wire to a battery and make sure the
motor moves. Ensure that there is a good connection.

2. Attach the Wheels!

We want to connect the wheels to the motors. First, insert a toothpick or wooden skewer through the axel of your front
wheel, and set it aside (this one is not turned by the motor). Next, position the toothpick shaft inside the hole in one of the
back wheels. Leave enough length in the shaft to ensure that the wheel will not be rubbing on the motor. Once you have it
positioned to your liking, put a dab of hot glue on the shaft poking through the hole. This should secure the wheel to the
motor and it should not move without moving the motor.

Once you have both of the back wheels done, set them aside and grab your toothpicks, hot glue gun, and Popsicle sticks.
First cut the Popsicle sticks according to your wheel size. Measure from the center of your wheel to the outside of the
wheel. Double that number and cut 4 Popsicle sticks to that length. Once you have those four, get one person to hold your
toothpick straight up and down. Grab two of the Popsicle stick pieces and position them like this:

The Popsicle sticks should be in an L shape, with the toothpick/skewer in the crook. Glue it together and wait for them to
dry. Now put the front wheel on the long part of the toothpick. DON"T FORGET TO PUT ON THE WHEEL! Then repeat
what you did on the opposite side. The front wheel should look like this:
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http://www.instructables.com/id/The-Simplest-House-Hold-Objects-Robot/#step1

3. Attach the Motors to the Base

Line up your motor with the wheel where you want to put it. Use pencil to mark where the wires will be going through the
base. Use scissors to cut out the area that you marked. Now, grab both of your motors and a battery. By reversing the
wires going to the battery (+ and -), determine which way the motor turns and mark on a piece of paper or something
which wire (ie, red, blue, etc.) goes to the + of the battery and which goes to the -. Once that is finished and you know
which way to put your motors, put them in the holes you cut and feed the wires through the holes. Glue it in place,
securing both sides of the motor so it doesn't fall off. It should look something like this:

4. Attach the front wheel to the base
Set the four legs of the front wheel onto wherever you want it on the base. Then put some hot glue on that and let it dry.

5. Wiring

You'll need your battery holder and the switch. The battery holder has two metal leads on it near the bottom. There is a
positive lead and a negative one. The negative one goes directly to the negative wire of your motor. You can go use two
pieces of wire and glue one to each lead on the battery holder. Once you have them on there with hot glue, glue the
holder to the top surface of the base.

The switch has three leads coming out of the bottom of it, like so:

The top black part of the switch (that you move) is connected to the large conductive piece. When you move the switch to
the left or right, you are connecting either the left two leads or the right ones, allowing electricity to flow through it. In order
to control the electricity going to the motors, we need to put the positive wire coming from the battery holder to one of the
end leads. We also need the motor connected to the middle lead. Put your battery on the far right lead. When the switch is
to the left, it is connecting the motor to nothing, so it will not run. But when it is to the right, it connects to the battery which
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supplies electricity, and both motors move.

Connect all the wires by twisting them together and then putting some hot glue on the connections. This diagram shows

where the wires go:
Batteries
U H +
=

Switch

CLOSURE

Have each group demonstrate their robot for the class. Ask students to turn to the person next to them, and
tell them what they liked most about the lesson, and one thing that they found to be challenging or confusing.

CAUTION
Do not purchase glue guns from dollar stores. They are a safety concern and not

recommended by STAO (Science Teachers Association of Ontario) or OCTE (Ontario
Council of Tech Educators).
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31. BLUE BOX FRANKENTOY

GRADE$A-9 LESSON DESCRIPTION
ASSESSMENT CATEGORIES  Design and buildn interesting toy from recyclable materials.
Knowledge and Understanding

Thinking Note: This is an activity that is fun for almost any age, but we
Communication recommend grades-9.
TeamBuilding Skills PREPARATION TIME TimeVaries

LESSON DURATION 75 minutes

Technological Education
Grade 9

Exploring Technologies,
Grade 9 Open
= A. Technological Desigh Fundamentals

= B. Technological Skills
= C. Technology, Environment & Society

See supplementary docume@ntario Cariculum Alignment for Engineém-Residence Secondary Classroom Activitie
Science and Technological Educatanrelevant overall and specific expectations.

MATERIALS

-found materials
-duct tape

-glue

-string

-needles and thread

HOOK
Show these photos of Frankentoys that other people have made:
https://www.pinterest.com/melleny/frankentoys/

Bring an example of a toy, gadget, container, backpack, musical instruonether contraption that was
built using recovered or recycled materials.

DEVELOPMENT

t S2LX S OFy dzaS NBO&Of SR 2NJ NBLIzZNLIZ&ASR Yl 0SNXI
FY20KSNJ YIyQa 2dzyl €0 o ¢ KAnd buddhdNd sapkrierd thativil fielp Agyitd 2
climate change.

As a group, make a list of some qualities that this super hero might possess (e.g. it eats carbon dioxide, it cal
refreeze polar icecaps, etc.)

ta.
t 98

Vocabulary:
1 Up-cycling 1 Reue 1 Greenhouse gas
1 Repurposing 1 Recycling 1 TerraCycling
1 Frankentoy 1 Climate change
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APPLICATION

Teams of 23 students will design a superhero to help fight climate change using recyclable materials. They wi
create a onepage report detailing how the toy fights climate changey R 6 Ke A0 Qa AYLIZ2 NI
reduce waste. The toys are graded on their overall ingenuity, appearance, safety and effectiveness.

Students are given 10 minutes to design their superhero, and 25 minutes to build/name their toy and write
their report. Each team will present theguperhero and explain how it fights climate change.

CLOSURE

Explain some creative wagsashe is converted into useful or artistic items, have students think about why
reusing and ugycling waste materials is becoming re@nd more important, and encourage them to do

their own research on ways to tgycle household itemsMost schools have a sustainability, environmental or
4-H clubs

TIPS = Superheroes can be displayed in the school with their description.
= LT @ 2 ayNiEh agrdup of older students, you can extend this activity over 2 or more lessons,
adding animatronics components or LED lights for a technological challenge.
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32. PAPER AIRCRAFT COMPETITION '

GRADES9, 11 and 12 LESSON DESCRIRMTIO

ASSESSMENT CATEGORIES  Students will research, design and build their own aircraft using papt
Knowledge and Understanding weights and glue to compete intane-in-the-air competition. A mixture
Thinking and Investigation of theory and experimentation that teaches some basics of
TeamBuilding Skills aerodynamics, energy conservation and experimentathodology.

PREPARATION TIME 30 minutes
ACTIVITY DURATION 75minutes

Physics Transportation Technology
Grade 9, 11 & 12 Course Grade 9, 11 & 12 Courses
Physics,
Grade 11 University Physics, See supplementary docume@ntario Curriculum
» C. Forces Grade 12 Open Alignment for Engineein-Residenc&econdary
» B. Motion and its Applicatons ~ Classroom Activities: Science and Technological
Physics, Educatiorfor relevant overall and specific
Grade 12 University expectations.

= B. Dynamics

MATERIALS

= typing paper = tissue paper = glue

= modellingclay = plastic straws = newsprint paper or Mard envelopes

= balsa sticks = SCISSOrs = Computer(Internet) orbooks for researching designs

HOOK

Show this video about the Wright Brothers and the history of the airplane:
http://www.history.com/topics/inventions/wright-brothers

Ask:

What were the factors mentioned that defined an “airplane™?

What are the three axes that need to be controlled on an aircraft?

What designs found in nature inspired early inventors to build flying machines?
How have airplane designs advanced over time?

DEVELOPMENT

Using visual examples, explain the basics of aerodynamics that illustrates flight, stalls and stability. It may also be
beneficial to build and bring in some examples of non-standard paper aircrafts built with multiple parts using glue, or those
constructed with origami folding techniques. If you don’t have the time to build the examples, try and find some on the
internet to show to students. Several books on paper airplanes, such as those by Norman Schmidt (a professional glider
Pilot), may be helpful to bring to the classroom for students to look at. There are plenty of other books on origami-based
designs, and “interceptor” aircrafts, airplanes modeled after birds, and designs with a straw fuselage that can inspire
students’ creativity.

TIP: Incorporating artistic and nature-inspired designs will help to engage different types of students.

Vocabulary:
= Lift, drag, thrust = Nose, tail, wings, fuselage, and cockpit
= Yaw, pitch, roll, and stall = Streamline
= Airfoil
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APPLICATION

Propose two design challenges, and allow students to decide which one they would like to chose.
1. Design and build the most creative or uniquely-designed flying machine. This machine must be able to fly
a minimum of two meters, and will be evaluated on creativity, appearance, and flying ability.
2. Build an airplane that will fly the farthest distance.

Divide students into teams of two within the challenge they have chose. Distribute materials to each team (several types
of paper such as typing paper, tissue paper, newsprint, Manila paper and/or onion paper, scissors, glue, plastic straws,
modeling clay and balsa sticks).

Give each team 20 minutes to research and design their aircraft, and 15 minutes to build it. Help students by giving
feedback and critique on their designs. Encourage students to experiment with different designs.

Challenge #1: Have each team from challenge #1 present their flying machine and demonstrate how well it flies. Students
from challenge #2 will vote for their favourite.

Challenge #2: draw a line on the ground in an open space, and each team will take a turn throwing their airplane. The
airplane that flies the farthest is the winner.

CLOSURE

Ask students:
=  Why do they think the wining designs were most successful?
= [f they had to design another aircraft, what would they do differently and why?
= What parts of the plane provided lift, reduce drag, and make the plane fly efficiently once thrust (by
throwing/launching) is added?
= What surprised you about this activity?

This activity should inspire students who do not think of themselves as engineers to become more enthusiastic and
knowledgeable about using their design skills to create better paper models that fly.

TIPS
= Students can also do research for their designs outside of class.

= Have the students stand on a desk or chair (making sure this is safe) to throw their aircraft.

= Balsa sticks provide the rigidity to make robust larger aircraft. Paper on its own when rolled tightly is too
heavy for strutting and if rolled loosely, is not very rigid.

= Larger, lighter, longer wingspan aircraft will fly farther than smaller folded units.

= Try to encourage students to move beyond the simpler, smaller folded paper aircraft designs (though these
are fine for younger students).

= This activity can be adapted for grade six

= Mention how engineers today design aircrafts, and connect students with local flying organizations and
university aviation clubs if there is interest.
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33. INTERNET AND EMAIL

GRADESL1 and12

ASSESSMENT CATEGORIES
Knowledge and Understanding
Application

LESSORNESCRIPTION

A simulation designed to show the underlying structure and method:
communication on the Internet.

PREPARATION TIME Time Varies
ACTIVITY DURATION 60 minutes

Business Studies
Grade 11 & 12 Courses

Information and Communication Technology: The Digital Environm
Grade 11 Open
= Digital Literacy

Information and Communication Technology: Multime8iautions,
Grade 12 College
= The Electronic Business Environment

Relevant business studies expectations for this activity ca
be found in the supplementary Ontario curriculum alignme
document:Ontario Curriculum Alignment for Enginéier
Residence Secdary Classroom Activities: Science and
Technological Education.

MATERIALS

Technological Education
Grade 11 & 12 Courses

Technological Engineering Technology,
Grade 11 University/College
= Computer Technology Fundamentals

Technological Engineering Technology,
Grade 12 University/College

= Computer Technology Fdamentals

See supplementary docume@mntario Curriculum
Alignment for Engineein-Residence Secondary
Classroom Activities: Science and Technological
Educatiorfor relevant overall and specific
expectations.

» A prepared lisbf student namesg A G K
25 and 16 students

0KSAN Yy 2 sgamexamply setis attaghRdSod Rt

= "Email" messages {2 per student) with destination name or address clearly indicated at the top

= Names attached to desks

HOOK

Show this shdrvideo about the history of the internehttps://www.youtube.com/watch?v=h8K49dD52WA

Ask students how people used to get by without the internet (snail mail, etc.).

DEVELOPMENT

EveryoneuseS Y. | A f_5 _0_dzi AYIéyé LIS2LJX S R2y Qi dzy RSNBR Gl YR K?2
dalgorithma ¢ U2 SESOdzu S FNA2dza alajlad !'tI2NAIKYa OFy
that lets the computer know théestmethod of accomplishing task. This activity explores a simple algorithm

for delivering email.

Vocabulary:
= |teration
= Algorithm

APPLICATION

Stage One Basic Email Delivery

This stage answers the question: How daasmail get delivered when the place you are sendinganfr

doesn't know thdfinal destinatior?

-86 —

Engineer-in-Residence Program Guide


https://www.youtube.com/watch?v=h8K49dD52WA

For this stage, use the example set for 16, 25 or 26 students, or prepare your owdiftarentnumber of
students. For older grades, using alternative names (such as suggested in the example set) is moginchallen
FYR Fdzy® C2NJ f 26 SNJ INI RSa dzaS (KS addzRSyuaQ | O dz

In this simulation, each student plays the role of an email server. They get a piece of paper with their name a
the top (representlng their email address) and a list of names below (represgrdl 0 K | 0 addzRSyi
APSd GKS 2G0KSNJ I RRNBaasSa GKFG 0KSes Fa_Fy SYI At
Fa | ¢gK2tS NBLINBaSyda GKS LYyGSNySasz FyR gAfft 0S8

Make sure every student area (desk, chair, or computer) is labelled with their r@iveeach studertheir
list of destinations anéxplainthe rules for delivery.

The rules for delivery are as follows:

1. You may only deliver an email message addrssesomeone who is on your ligéachmessage can
0S GF1Sy RANBOIG patwhigh poirkit bécoraes azRiBpjeiedx@liveryS a |

2. Ifl YSaal J&@esssyidtonGourlish G A a Wy 2 leliveril iRsteadio iha fRsR Q5
name on yar list

3. This process continues until the delivery is complete. Depending on the situation, the number of hops
canvary from1to 7.

Do a couple of trial runs using any message andabievedelivery rulesOnce students understangjive each
student 25 messages to be deliveredou can expect chaos fomdnile and a number of students will be
confused and need extra direction. Everyone usually gets it after one or two assisted deliveries.

Ask the students:

How efficient is this method of delivery?
How would you improve this algorithm?

This activity works if, and only if, everyongissent. Complicationstherefore arise if someone is absent.
Here is how to handle absences:

1. Mailaddressed to this person cannot be delivered; thereftine, persondelivering the message
should hold oto it until the end of the round. This is the same as with the Inteqmehere nodes
will hold messages for specified periods of time and will retry delivery at regular intervals.

2. For one student, the absent personlMie the first name on their list (i.e. the address to deliver
YFEAf (G2 6KSYy (GKSé& OFryy2i RStAGSNI AG RANBOUCE &
dzy RSNBEGU22RQ YSaal3Sa G2 G4KS aSO2yR yI YSklRRN

Stage Twao Iterations

If stage oneadelivery were continueghetwork growth wouldmean the volume of mail would quickly become
intolerable, aeach message would be handlethegenumber of times. This simulation stagemonstrates
K2g (KS Ay (tGodgfcdriethist S| N & ¢

To run the seond simulation each student will need a copy of saenple fornmthat allows them add new
addresseso their delivery list It is recommended that the instructor first run a few demonstrations as this
simulation can be complicated.
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Take any student ahany message:

1. Can the message be delivered directly to the recipient (according to the rules in stage one)?
2. Ifyes,then delivery proceeds exactly as it would in the first stage
3. If no, thentake the message to the first address your list, as pertage one Leave the message
there but look at theaddress listor that person.
a. Can that person directly delivéine message to its interedl recipient?
b. If yes¢ go back to your desk and complete the form (sample below).
c. If nog note thefirst address tlat that personhad on their list. @ back to your desk and
complete the form.

Sample Form:

For send message to : ,

An example would play out as follows:

Delta has to deliver a messageRoxrot, but Foxtrot is not orher list.
Instead Mike is the first address on her rules list. Delta goes to Mike's desk and lookssat his

Scenario 1: Mike has Foxtrot on his list.

The form would be completed as: Heoxtrot send message tdé-oxtrot, ,
Scenario 2: Mée does not have Foxtrot on Hist, and Romeo is the alternate address.

The form would be completed as: Heoxtrot send message t&Romeo, :

The next time the student hasmessage for Foxtrot, they would take it directly to Romeo, and repeat the
process. By repeating the process for each new message for Foxtrot, eventually the student will find a direct
link to Foxtrot, and therefore be able to deliver to Foxtrot directly

CLOSURE

9 OK atdzRSyidG oAttt gNRGS Iy aSYIFAfté (G2 GKS FTANAD
about the lesson, what they learned, and anything that they found confusing. Students can also include any
thoughts or ideas w how the efficiency could be improved upon. After students read the message that is
delivered to them, they will deliver the message to you.

TIPS = This activity works perfectly with Unit 3 of the Grade 9 Business Technology course. .
= Each simulation wibe chaoticcd G dzZRSy ia aK2dzZ R y20S GKAA& NBI §
nature.

» Be prepared for lots of questions!

= |If possible provide introductory or closing remarks about real world use of the Internet, and explain
following: Althoughin the description of this simulation the names are represented as email address
and the messages as emails, this scenario can actually represent any part of the Internet communi
systems. Whether the message is an email or a chunk of a webthaggme basic process is used. Fg
example, if you type in a web page address for the first time in your browser, the local ISP (web set
may not understand the address. It turns the web address into IP form, and then goes to their desig
alternatid S oA ®Sd (KS FANRIG yIFIYS 2y (GKS tAad Ay
passes it onto their designated alternative, etc. Ultimately, a server out there will know the new add
and can interpret it.
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List for 26 Students

Engineer-in-Residence Program Guide

Alpha | Bravo Charlie Delta | Echo Foxtrot | Golf Hotel
Juliette | Kilo Lima Mike November| Oscar Papa Quebec
Sierra | Tango | Uniform | Victor | Whiskey | XRay Yankee Zulu
Papa | Quebec| Romeo | Sierra | Tango Uniform | Victor Whiskey
X-Ray | Yankee | Zulu Alpha | Bravo Charlie | Delta Echo
Hotel India Juliette Kilo Lima Mike November | Oscar
Delta Echo Foxtrot Golf Hotel India Juliette Kilo
India Juliette | Kilo Lima Mike November | Oscar | Papa
Romeo | Sierra | Tango Uniform | Victor | Whiskey X-Ray | Yankee
Alpha Bravo | Charlie Delta Echo Foxtiot Golf Hotel
X-Ray Yankee | Zulu Alpha Bravo | Charlie Delta | Echo
Foxtrot | Golf Hotel India Juliette | Kilo Lima Mike
Papa Quebec| Romeo Sierra Tango | Uniform Victor | Whiskey
Lima Mike November | Oscar Papa Quebec Romeo| Sierra
Quebec Romeo | Sierra | Tango Uniform | Victor Whiskey | X-Ray Yankee Zulu
Zulu Alpha Bravo | Charlie Delta Echo Foxtrot Golf Hotel India
India Juliette Kilo Lima Mike November Oscar Papa Quebec Romeo
Foxtrot Golf Hotel | India Juliette | Kilo Lima Mike November | Oscar
November | Oscar Papa | Quebec | Romeo | Sierra Tango Uniform | Victor Whiskey
X-Ray Yankee | Zulu Alpha Bravo Charlie Delta Echo Foxtrot Golf
Tango Uniform | Victor | Whiskey | X-Ray Yankee Zulu Alpha Bravo Charlie
List for 25 Students
Alpha | Bravo Charlie Delta Echo Foxtrot Golf Hotel
India Juliette | Kilo Lima Mike November | Oscar | Papa
Sierra | Tango | Uniform | Victor Whiskey | X-Ray Yankee | Alpha
Kilo Lima Mike November | Oscar Papa Quebec| Romeo
X-Ray | Yankee | Alpha Bravo Charlie | Delta Echo Foxtrot
Echo | Foxtrot | Golf Hotel India Juliette Kilo Lima
Charlie | Delta Echo Foxtrot Golf Hotel India Juliette
India Juliette Kilo Lima Mike November | Oscar Papa
Quebec | Romeo Sierra Tango Uniform | Victor Whiskey| X-Ray
Bravo Charlie Delta Echo Foxtrot Golf Hotel India
Sierra Tango Uniform | Victor Whiskey | X-Ray Yankee | Alpha
Golf Hotel India Juliette Kilo Lima Mike November
Mike November | Oscar Papa Quebec | Romeo Sierra Tango
Kilo Lima Mike November | Oscar Papa Quebec | Romeo
Quebec Romeo | Sierra Tango Uniform Victor | Whiskey | X-Ray Yankee
Yankee Alpha Bravo Charlie Delta Echo | Foxtrot Golf Hotel
Juliette Kilo Lima Mike November | Oscar | Papa Quebec | Romeo
Bravo Charlie Delta Echo Foxtrot Golf Hotel India Juliette
Oscar Papa Quebec | Romeo | Sierra Tango | Uniform | Victor Whiskey
Uniform Victor Whiskey | X-Ray Yankee Alpha | Bravo Charlie Delta
Sierra Tango Uniform | Victor Whiskey X-Ray | Yankee | Alpha Bravo
List for 16 Students
Alpha Bravo Charlie Delta Echo Foxtrot Golf Hotel
Hotel India Juliette Kiloe Lima Mike November | Oscar
Kilo Lima Mike November | Oscar Papa Alpha Bravo
Ogar Papa Alpha Bravo Charlie Delta Echo Foxtrot
Charlie Delta Echo Foxtrot Golf Hotel India Juliette
India Juliette Kilo Lima Mike November | Oscar Papa
Papa Alpha Bravo Charlie Delta Echo Foxtrot Golf
Charlie Delta Echo Foxtrot Golf Hotel India Juliete
Golf Hotel India Juliette Kilo Lima Mike November
Kilo Lima Mike November | Oscar Papa Alpha Bravo
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