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GRADE 6-8 STEM CHALLENGE

Take it Slow

Inspired by Yolanda, an Industrial Engineer in the Indiana Uplands.

Students will design and build an obstacle
course to extend the travel time of a marble.

CAREER CUNNECTI”ON AND ILESSUN OVERVIEW

Engineers like Yolanda are given unique challenges to solve

every day. All engineers use the engineering design process as
a blueprint for solving problems and devising solutions. Like
real engineers, students will be given criteria (what the design
must do) and constraints (resources and limitations).
Industrial engineers design efficient systems to build a
product. Often that means making sure something is made as
quickly as possible but it can also mean slowing down the rate
of production for one machine to keep from overloading
another. For example, if the widget maker can produce 10
widgets in a minute but the widget polisher can only polish 5
widgets in a minute, it doesn’t make sense to have widgets
piling up faster than they can be finished.

In this challenge, students will design ways to make a marble
travel from one side of a slanted piece of foam board to the
other in the longest time possible.

For more information about careers in the Uplands, visit www.regionalopportunityinc.org/uplands-careers
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Show the job shadow video,

"Yolanda - Industrial Engineer” (5

minutes)

e [ntroduce the Engineering Design
Process (10 minutes)

e [ntroduce the challenge (5
minutes)

e Brainstorm and design runs (20

minutes)

Build marble run designs

o Test and refine designs (these
steps have flexible timing, provide
at least one full class period)

e Final design performance

3 evaluation

Recommended Supplies

General supplies per group of 3-4 students

Foam Board (at least 24 inches x 36
inches)

10 Index Cards

6 Sheets of Paper (printer or
construction)

1 Box Dry Spaghetti

1 Marble

Masking Tape

Scissors

Ruler

Other optional upcycled materials such
as cardboard boxes, paper tubes, etc.
Stopwatch or Timer

STEM Notebook
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IN THIS CHALLENGE,
STUDENTS WILL:

e Explore why engineers might
design a process to be faster
or slower.

e Design a marble run that takes
the maximum amout of time
to move from start to finish
without stopping.

Standards

Science & Engineering Process Standards

SEPS.1 Posing Questions (for science) and defining problems (for
engineering)

SEPS.2 Developing and using models and tools

SEPS.4 Analyzing and interpreting data

SEPS.6 Constructing explanations (for science) and designing solutions (for
engineering)

SEPS.8 Obtaining, evaluating, and communicating information

Engineering Design and Development

ETE4.1 Apply the steps of the design process

ETE4.2 Use the design process to create a product that addresses a real
world problem

ETE4.3 Create a technical sketch of a design with appropriate notation
ETE4.4 Develop a product using the design process, while maintaining
appropriate documentation

ETE4.5 Develop various types of models (graphical, physical, or
mathematical) that help communicate solutions to peers

Engineering

6-8.E.1 Identify the criteria and constraints of a design to ensure a successful
solution, taking into account relevant scientific principles and potential
impacts on people and the natural environment that may limit possible
solutions.

6-8.E.2 Evaluate competing design solutions using a systematic process to
identify how well they meet the criteria and constraints of the problem.
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6-8.E.3 Analyze data from investigations to determine similarities and
differences among several design solutions to identify the best
characteristics of each that can be combined into a new solution to
better meet the criteria for success.

6-8.E.4 Develop a prototype to generate data for repeated
investigations and modify a proposed object, tool, or process such that
an optimal design can be achieved.

Tth Grade Science Standards

1.PS.7 Construct a device that uses one or more of Newton's laws of
motion. Explain how motion, acceleration, force, and mass are affecting
the device.

1.PS.8 Investigate a process in which energy is transferred from one
form to another and provide evidence that the total amount of energy
does not change.

Grade 6-8 Employability Skills

6-8.M.2 Engage in feedback with peers to seek growth and learning
opportunities from others.

6-8.WE.4 Understand failure as an opportunity for growth.

6-8.LS.1 Communicate information to audiences in a variety of formats
(i.e., large and small group presentations, e-mail communication,
interview setting, etc.).

6-8.LS.4 Identify possible career choices and high school course
selection using self-assessment (including an appraisal of strengths,
interests, and values)

6-8.LS.12 Use prediction and evaluation skills to develop potential
solutions.
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Planning and Implementation

TAKE IT SLOW

Essential Vocabulary

ENGINEERING DESIGN PROCESS: A series of steps
that a student or engineer follows to come up with an
optimal solution to a problem.

POTENTIAL ENERGY: Stored mechanical energy
caused by its position, i.e. the energy a marble has at
the top of a hill before it starts rolling down.
KINETIC ENERGY: The energy of motion.

GRAVITY: Attraction between two objects with mass,
i.e. amarble and the Earth.

DISTANCE: The amount of space between two points.
VELOCITY: The speed at which an object moves.
FRICTION: The resistance one object encounters
when moving over another.

EFFICIENT: A system is efficient if it avoids wasting
energy, time, or materials.

INEFFICIENT: A system is inefficient if it takes more
time, energy or materials than needed.

CRITERIA: The standards a design or solution must
meet.

CONSTRAINTS: The limitations on a design due to
materials, time, space, etc.

Guiding Questions

In this challenge, students will:

e Explore why engineers might

design a process to be faster or
slower.

Design a marble run that takes the
maximum amout of time to move
from start to finish without

stopping.

Before Class:

e Read the activity outline sheet and

leader notes to become familiar
with the activity.

Gather necessary materials. Be sure
that you have enough materials and
space for students to work in
groups of 3-4.

Prior to this activity, students
should be able to work respectfully
in small groups.

1.What would make a marble travel fastest down an incline? What path would it

travel?

2.How would you increase the time it takes for a marble to travel across a surface?

3.Why might an engineer want to be able to slow down or speed up how objects get

from place to place?

4.How do industrial engineers create efficient processes?

Regional Opportunity Initiatives, © 2021 V1
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Take it Slow

. IDENTIFY
In?r!{)duction THE
PROBLEM

Show students Yolanda’s career shadow

video. Talk about what engineers do and

outline the engineering design process

(EDP). There are many versions of the BRAINSTORM
EDP that include more or fewer steps but

each should include some variation of:

¢ Identify the Problem DESIGN

e Brainstorm

e Design

e Test & Evaluate

e Redesign (if necessary)

¢ Communicate Solutions B u I I-D

Generally, everybody wants to get things ‘ \

(and themselves!) to their destination as

fast as possible. Moving things efficiently RED ES I G I TE ST
from one point to another is a challenge

that industrial engineers spend a lot of

time thinking about. Here, students will

do the opposite: create a run for their

marbles that is inefficient and takes the

most time to get to its destination.

Building an inefficient system helps S HARE Y 0 UR
engineers recognize what to eliminate to s 0 I_u Tl 0 N!
build an efficient one.

Regional Opportunity Initiatives, © 2021 V1
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Getting Started

Explain the challenge to the class and outline what materials they will have to work
with. Explain the criteria for successful designs and the constraints.

“Today you’ll be designing a device to make a marble travel from one point to
another in the most time possible. Your designs will be judged by the following
criteria and constraints."

CRITERIA:
o The marble must take the maximum time to travel from one end of the foam
board to the other.
o The marble must be in motion for the duration of the run (a still marble is not a
traveling marble!)

CONSTRAINTS:

o You may only use the materials provided.

o Your marble must start in one corner of the foam board and travel to the
opposite corner. It must come to rest in the target corner and not roll off of the
board.

There must be a triggering mechanism that can be released to start the marble.

(o]

The triggering mechanism must be able to be reset (It can’t be a one-time event—
the student engineers should be able to re-run their marble paths.)

(o]

When testing, once the marble is released no one may touch the marble or the

board.
Brainstorm and Design
o Share the challenge and give your student engineers
~ Q time to think through and plan, both on their own
W and in small groups. Discuss the questions as well

Q as the criteria and constraints of the challenge.

ﬁ Encourage students to think about:
/ e What’s the fastest way for them to get from

home to school? Is it a straight path? A winding
End path?

e How could this inform your design? What will
the marble’s path be? What should the angle of
the board be?

Regional Opportunity Initiatives, © 2021 V1
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Give students the remainder of the class period to brainstorm and plan out their
designs. Let them choose their materials and begin building, if time allows. Encourage
them to record their designs on the student data sheet or in their STEM notebooks.

Day 2

Build, Test, Evaluate, and Revise

Once the student engineers have been given their challenge and their materials, give
students at least one class period to create their marble runs. Students should do some
pre-planning but encourage them to rapidly test and prototype their designs. We want
them to truly think like engineers, and this means working through the build-test-
redesign cycle multiple times. Encourage them to think about how to improve their
design after each cycle.

As students time their runs it can be helpful to have a leader board of the longest marble
travel times. Students should be recording their revisions and times on their student
data sheets or in their STEM notebooks.

Discuss and Report

Each student group should share out their initial designs as well as any revisions or
modification. Ask them to describe their approach either verbally or in writing.

Invite students to think about the STEM connections in this activity:

1.What role does energy play in this system? What kinds of energy are at work here?

2.What effect does the angle of your board have on the speed your marble traveled?

3.What design choices have the MOST effect on the travel time of your marble?

4.Why might engineers want to speed up or slow down the movement of items in a
factory?

Regional Opportunity Initiatives, © 2021 V1
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Career Exploration and Extension

Prompt students to think about and research what a
career as an industrial engineer might entail.
Brainstorm the types of fields that industrial engineers
might work on.

e What does an industrial engineer do all day? What
does Yolanda do as part of her daily duties?

¢ What kind of training would a student need to
become an industrial engineer? What about an
engineer in general? What other jobs might have
similar skill sets?

e Are jobs like Yolanda’s in demand? Will more people
be hired for engineering jobs in the future?

e What kind of education is needed to be an industrial
engineer? Where could a student be trained locally
for a career in engineering?

Regional Opportunity Initiatives, © 2021 V1
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Name:

Take it Slow
Student Data Sheet

IDENTIFY THE PROBLEM

What are we trying to do?

BRAINSTORM

Imagine solutions to the problem above. Record your ideas in words or pictures.

Regional Opportunity Initiatives, © 2021 V1
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Name:

DESIGN

Create a drawing of the prototype you will build. What materials will you use?

BUILD

You will have minutes. Use this time to construct the prototype you planned.

Regional Opportunity Initiatives, © 2021 V1
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Name:

TEST AND REDESIGN

Improve the prototype that you created. How can you make it better?

SHARE AND COMMUNICATE

Share your marble run with the class or a classmate.

What was the most difficult part of this challenge?

What was your biggest success?

Regional Opportunity Initiatives, © 2021 V1
www.regionalopportunityinc.org/uplands-careers

Take It Slow S3



ACKNOWLEDGEMENTS

Activities developed and written for Regional Opportunity Initiatives by

Adrienne Evans Fernandez Emily Menkedick
Education Specialist Education Specialist

ROI would like to thank the following members of our Educator Advisory
Group for their gracious support and review of this curriculum:

Amy Gordon Jean Schick
Elementary STEM Coordinator High School Science Dept Chair (Ret)
Brown County Schools Monroe County
Alison Kern Community School Corporation
6th Grade Science Teacher
Kelly Grimes Mitchell Community Schools Katy Sparks
Tth Grade Science Teacher STEM & Computer Science Coach
Richland-Bean Blossom Monroe County

Community School Corporation Community School Corporation

Joann Novak
Business & Computer Science Teacher

Alexis Harmon Monroe County Tara Weisheit
Academy of Science & Community School Corporation 4th Grade Teacher
Entrepreneurship Principal Washington Community Schools

Monroe County
Community School Corporation

IMAGE AND CONTENT CREDITS

Images
Stock photography courtesy of Canva.com
Still video images from Yolanda - Industrial Engineer
Black and white icon assets courtesy of The Noun Project,
including

Half Fold by Nathan Rofkahr

Rolled Paper by Juan Pablo Bravo

Spaghetti by mikicon

Christmas Ornament by dilakuscan

Regional Opportunity Initiatives, © 2021 V1

www.regionalopportunityinc.org/uplands-careers Take It Slow




Take it Slow

Inspired by Yolanda, an Industrial Engineer in the
Indiana Uplands.

Published by Regional Opportunity Initiatives,



