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STEM Curriculum Planning Guide 
  

This instructional design guide serves as the template for the design and development of STEM units of 
instruction at the Dayton Regional STEM Center in Dayton, Ohio. The guide is anchored to the STEM 
Education Quality Framework also developed at the Dayton Regional STEM Center.

STEM Unit Title Surviving the Storm

Economic Cluster Advanced Manufacturing & Materials

Targeted Grades 7 and 8

STEM Disciplines Science, Technology, Engineering & Mathematics

Non-STEM  
Disciplines 

English Language Arts

The electronic template is copyrighted to Dayton Regional STEM Center.  No permission has been granted for template reproduction.  However, lesson contents 
may be reproduced and attributed to Dayton Regional STEM Center free of charge.
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Section I: STEM Unit Overview

Unit Overview In this unit, students will compare the structural integrity of various shapes and materials in designing a temporary 
shelter.  When weather turns extreme, homeless shelters can exceed capacity. In an effort to best prepare homeless 
shelters to support community homeless needs, students will be tasked to design a temporary structure for a single 
user. Design requirement include transporting, withstanding Ohio's snow load, low-cost design and generation of 
schematic for mass production. This dwelling must be able to sleep one person and protect them from outside 
precipitation and wind.  Students must build a scale model on their own, then collaborate with a group to engineer the 
full-scale design using the actual materials of which the dwelling will be composed.  Students must also show how the 
kit is packaged and carried by a single person. 

Essential Question Using the principles of Geometry and Science, how can a light-weight, easily transported structure be engineered, 
designed, and built with re-purposed materials to protect a person from various weather elements?

Enduring 
Understanding

1. Geometry and science concepts are used in our daily life to calculate, measure and solve real world problems. 
 
2. Technology is a tool that can be used to model and solve real-life problems. 
 
3. Written and verbal communication is an important tool to share your knowledge and sell your product.

Engineering  
Design Challenge 

Students will design and build a light-weight portable structure that can be used to house a single person if a 
homeless shelter should reach capacity.  Students will begin by researching temporary structures used in various 
cultures and take note of specific features that may be used in their own designs.  Students will then sketch possible 
designs that meet the parameters of the challenge and discuss the sketches strengths and weaknesses amongst 
their group.  After agreeing on a specific design the group will use design software (Google Sketchup) to create a 
model of the team’s shelter.  With this model teams will build the full scale version using inexpensive household items 
(cardboard, plastic, etc.).  Upon completion student designs will be inspected to ensure they meet the challenge 
parameters and will be tested for strength and durability.  After testing students will discuss their shelter’s strengths 
and weaknesses and return to the design software to re-engineer their design making any improvements the group 
felt was necessary.

Time and Activity 
Overview Day Time 

Allotment Actvities

1 50 minutes Introduction & Hook

2 50 minutes Nets

3 50 minutes Surface Area of 3 Dimensional Figures

4 50 minutes Designing for Weather

5 50 minutes Introduction to Engineering Design Challenge Rubric & Individual Scale 
Models

6 50 minutes Finish Introduction to Engineering Design Challenge Rubric & 
Individual Scale Models

7 50 minutes Google Sketchup

8 50 minutes Finish Google Sketchup
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9 50 minutes Building a Full Size Model

10 50 minutes Finish Building a Full Size Model

11 50 minutes Testing & Communicating Results

12 50 minutes Finish Communicating Results & Wrap-up

Pre-requisite 
Knowledge & Skill

Scale Factor*  
Basic Measurement Competencies 
Calculating Area of Simple Shapes 
 
*If students have not discussed scale factor, a lesson will need to be inserted between days 4-5.
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Academic Content Standards

Add Standard Mathematics  

Grade/Conceptual 
Category 7 

Domain Geometry

Cluster Draw, construct, and describe geometrical figures and describe the relationships between them.

Standards Solve problems involving scale drawings of geometric figures, including computing  actual lengths and areas from a 
scale drawing and reproducing a scale drawing at a different scale.

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Geometry

Cluster Solve real-life and mathematical problems involving angle measure, area, surface area, and volume.

Standards Know the formulas for the area and circumference of a circle and use them to solve problems; give an informal 
derivation of the relationship between the circumference and area of a circle. 

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Geometry

Cluster Solve real-life mathematical problems involving angle measure, area, surface area, and volume.

Standards Solve real-world and mathematical problems involving area, volume and surface area  
of two- and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 
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Add Standard Mathematics  

Grade/Conceptual 
Category 8

Domain Geometry

Cluster Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres.

Standards Know the formulas for the volumes of cones, cylinders, and spheres and use them to  
solve real-world and mathematical problems.

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Expressions and Equations

Cluster Solve real-life and mathematical problems using numerical and algebraic expressions and equations. 

Standards
 Solve multi-step real-life and mathematical problems posed with positive and negative rational numbers in any form 
(whole numbers, fractions, and decimals), using tools strategically. Apply properties of operations to calculate with 
numbers in any form; convert between forms as appropriate; and assess the reasonableness of answers using 
mental computation and estimation strategies.

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Expression and Equations

Cluster Solve real-life and mathematical problems using numerical and algebraic expressions and equations. 

Standards Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and 
inequalities to solve problems by reasoning about the quantities.
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Add Standard Mathematics  

Grade/Conceptual 
Category 8

Domain Functions

Cluster Use functions to model relationships between quantities.

Standards
Construct a function to model a linear relationship between two quantities. Determine the rate of change  and initial 
value of the function from a description of a relationship or from two (x, y) values, including reading these from a table 
or from a graph. Interpret the rate of change and initial value of a linear function in terms of the situation it models, 
and in terms of its graph or a table of values.

Add Standard English Language Arts

Grade 7

Strand Writing

Topic Text Types and Purposes

Standard

Write informative/explanatory texts to examine a topic and convey ideas, concepts, and information through the 
selection, organization, and analysis of relevant content. 
a. Introduce a topic clearly, previewing what is to follow; organize ideas, concepts, and information, using strategies 
such as definition, classification, comparison/contrast, and cause/effect; include formatting (e.g., headings), graphics 
(e.g., charts, tables), and multimedia when useful to aiding comprehension. 
b. Develop the topic with relevant facts, definitions, concrete details, quotations, or other information and examples. 
c. Use appropriate transitions to create cohesion and clarify the relationships among ideas and concepts. 
d. Use precise language and domain-specific vocabulary to inform about or explain the topic. 
e. Establish and maintain a formal style. 
f. Provide a concluding statement or section that follows from and supports the information or explanation presented.

Add Standard English Language Arts

Grade 7

Strand Writing

Topic Production and Distribution of Writing

Standard Produce clear and coherent writing in which the development, organization, and style are appropriate to task, 
purpose, and audience. (Grade-specific expectations for writing types are defined in standards 1–3 above.)
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Add Standard English Language Arts

Grade 8

Strand Writing

Topic Text Types and Purposes

Standard

Write informative/explanatory texts to examine a topic and convey ideas, concepts, and information through the 
selection, organization, and analysis of relevant content. 
a. Introduce a topic clearly, previewing what is to follow; organize ideas, concepts, and information into broader 
categories; include formatting (e.g., headings), graphics (e.g., charts, tables), and multimedia when useful to aiding 
comprehension. 
b. Develop the topic with relevant, well-chosen facts, definitions, concrete details, quotations, or other information 
and examples. 
c. Use appropriate and varied transitions to create cohesion and clarify the relationships among ideas and concepts. 
d. Use precise language and domain-specific vocabulary to inform about or explain the topic. 
e. Establish and maintain a formal style. 
f. Provide a concluding statement or section that follows from and supports the information or explanation presented.

Add Standard English Language Arts

Grade 8

Strand Writing

Topic Production and Distribution of Writing

Standard Produce clear and coherent writing in which the development, organization, and style are appropriate to task, 
purpose, and audience. (Grade-specific expectations for writing types are defined in standards 1–3 above.)

Add Standard Social Studies

Grade

Theme

Strand (pk-8 
only)

Topic

Content Standard



Page 8 of 32Draft: Friday, December 8, 2017

Add Standard Science

Grade 8 

Theme Physical Science

Topic Forces and Motion

Content Standard Forces have magnitude and direction.

Add Standard Science

Strand

Course Content

Content 
Elaboration

Add Standard Fine Arts

Grade

Subject

Standard

Benchmark

Indicator
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Add Standard Technology

Grade 7

Standard Technology for Productivity Applications

Benchmark Select appropriate technology resources to solve problems and support learning.

Indicator Solve problems using all available technology for inquiry, investigation, analysis & presenting conclusions.

Add Standard Technology

Grade 7

Standard Technology and Communication Application

Benchmark Communicate information technologically and incorporate principles of design into the creation of messages and 
communication products.

Indicator Integrate advanced design features into communicating products (e.g., background selection, framing, set design).

Add Standard Technology

Grade 7

Standard Design

Benchmark Evaluate the aesthetic and functional components of a design and identify creative influences. 

Indicator
Make two and three dimensional representations of designed solution (e.g., 2D includes sketches, drawings & 
computer aided designs—CAD and 3-D includes graphic, mathematical and physical 
models).



Page 10 of 32Draft: Friday, December 8, 2017

Add Standard Technology

Grade 7

Standard Design

Benchmark Recognize the role of engineering design and of testing in the design process. 

Indicator Describe and test characteristics of various materials (e.g., strength, color, conductivity).

Add Standard Technology

Grade 7

Standard Design

Benchmark Understand and apply research, innovation, and invention to problem-solving. 

Indicator Describe and complete an experiment to evaluate the solution to a problem.
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Assessment 
Plan

What evidence will show that students have acquired the enduring understandings 
for this STEM unit?

Performance Task, 
Projects  

 

Engineering Logbook 
Design Challenge 
Proposal 
Homelessness in US 

Quizzes, Tests, Academic 
Prompts 

 

Pretest 
Post Test 
Engineering Logbook 

Other Evidence (e.g. 
observations, work 
samples, student artifacts, 
etc.) 

 

Engineering Logbook 
Exit Slips 
Engineering Design Challenge/Logbook Rubric 
Proposal Rubric 
3D Scale Model 
3D Full Size Model

Student Self- Assessment 

 

Exit Slips 
Engineering Design Challenge/Logbook Rubric
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Technology 
Integration ADISC Technology Integration Model*

Type of Integration Application(s) in this STEM Unit

A

Technology tools and resources 
that support students and teachers 
in adjusting, adapting, or 
augmenting teaching and learning 
to meet the needs of individual 
learners or groups of learners.

Computer with projector 
 
Google Sketchup 
 
Calculators 
 
Ruler/Meter stick 
 
Homeless in America PSA http://youtu.be/ke3pJyXuaGA 
 
ShelterBox - Response to Haiti Earthquake - Help Haiti http://
youtu.be/1uNrWyFmSNU 
 
Portable Homeless Shelter http://youtu.be/cClseLxQ9Xg 
 
CNN - Tents on wheels give homeless people roof and pride 
http://youtu.be/LH7V3f7tbko       

D

Technology tools and resources 
that support students and teachers 
in dealing effectively with data, 
including data management, 
manipulation, and display.

Calculators 
 
Ruler/Meter stick 

I

Technology tools and resources 
that support students and teachers 
in conducting inquiry, including the 
effective use of Internet research 
methods.

Haiti House http://www.youtube.com/watch 
v=Tr_D7Gvxw9U&safe=active. 
 
Metrodome Roof Collapse - **** NEW ANGLE **** UNSEEN ! . 
http://www.youtube.com/watch?
NR=1&v=EaHcJfol9nU&feature=endscreen 
 
Metrodome Roof Collapse Video From the Inside Metrodome 
http://www.youtube.com/watch?v=AAyLX2hY7E0 
 
Calculators 
 
Ruler/Meter stick 
 
Google Sketchup 

S

Technology tools and resources 
that support students and teachers 
in simulating real world 
phenomena including the modeling 
of physical, social, economic, and 
mathematical relationships. 

Google Sketchup 
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C

Technology tools and resources 
that support students and teachers 
in communicating and 
collaborating including the 
effective use of multimedia tools 
and online collaboration.

Microsoft Word or other Document Software 
Google Sketchup

*The ADISC Model was developed by James Rowley PhD, Executive Director of the Institute 
for Technology-Enhanced Learning at the University of Dayton
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Career Connections Career Description

Mechanical Engineer: A mechanical engineer employs mathematics and 
physics to create products that answer a specific question or have a 
primary function.  Expertise is needed in the areas of friction, force, 
balance, inertia, and work allow the mechanical engineer to respond to 
multiple projects and arrive at an effective and efficient solution.  It is the 
job of the mechanical engineer to interpret blueprints, schematics, other 
technical drawings of a project.  In this project, the mechanical engineer 
will contribute expertise in the construction of the shelter design and 
make suggestions for better use of the given materials.

Human Factors Engineer: Human Factors engineers integrate the 
mechanics of a project with the issues facing human implementation of 
the project.    This job increases the ergonomics of how humans interact 
with projects, safety issues with the design of the project, and how to 
best integrate human behavior with the project. The human factors 
engineer accumulates data through observations and logs focused on 
the new project.  These engineers must have strong problem solving 
skills to make suggestions that improve the performance of the project 
while not causing the user frustration and rejection of  the project.  In this 
project, the human factors engineers will be key players to ensure that 
the shelter is safe, houses one or more people, and keeps those 
sheltered warm and dry.

Computer modeling CAD, CAM trained professions: A CAD (Computer 
Aided Drafting) or CAM (Computer Aided Manufacturing) Specialist is 
trained to use multiple CAD/CAM programs that help the operator create 
new drawings and/or manipulate established drawings in order to follow 
the directions of an engineers' designs. These programers  are 
considered graphic documentists because their drawings become legal 
documents which end in the production and/or construction of a product. 
As a specialist, CAD/CAM designers have advanced training and 
knowledge of the computer programs that they use.  Their design work 
can be modeled in 2 dimensions or three.  The 2D versions are used as 
examples of possible designs and shared with clients as prototypes.  The 
3D versions are called solid modeling which result in models that can be 
used for virtual tours.  Changes, corrections, adjustments to the designs 
can be made at this point in a project that save costs of revamping the 
project after actual parts have been constructed.  In this project, dynamic 
geometric programs will be used that will allow students to be the 
computer modelers who make adjustments to the created shelter. 

Architectural Engineer: Architectural engineers apply engineering 
principles to the construction, planning, and design of buildings and other 
structures. They often work with other engineers and with architects, who 
focus on function layout or aesthetics of building projects. Architectural 
Engineering often encompasses elements of other engineering 
disciplines, including mechanical, electrical, fire protection, and others. 
The architectural engineers are responsible for the different systems 
within a building, structure, or complex. 
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Architect: The essayist and poet Ralph Waldo Emerson called Greek 
architecture the "flowering of geometry." Architects blend art and science, 
designing structures for people, such as houses, apartments, schools, 
stores, malls, offices, places of worship, museums, sports stadiums, 
music theaters, and convention centers. Their designs must take into 
account not only the structure's appearance, but its safety, function, 
environmental impact, and cost. Architects often participate in all phases 
of design, from the initial consultation with the clients where the 
structure is envisioned, to its completion. Architects can enrich people 
lives by creating structures that are as beautiful to look at as they are 
functional to live, work, or shop in.

Civil Engineer: Civil engineers design and supervise the construction of 
roads, buildings, airports, tunnels, dams, bridges, and water supply and 
sewage systems. They must consider many factors in the design process 
from the construction costs and expected lifetime of a project to 
government regulations and potential environmental hazards such as 
earthquakes and hurricanes. Civil engineering, considered one of the 
oldest engineering disciplines, encompasses many specialties. The 
major ones are structural, water resources, construction, transportation, 
and geotechnical engineering. Many civil engineers hold supervisory or 
administrative positions, from supervisor of a construction site to city 
engineer. Others may work in design, construction, research, and 
teaching.

Structural Engineer: Structural Engineering is a specialty within Civil 
Engineering. Structural Engineers create drawings and specifications, 
perform calculations, review the work of other engineers, write reports 
and evaluations, and observe construction sites. A Professional 
Engineer's license is required in order to practice Structural Engineering. 
A license can be obtained only after completing a prescribed amount of 
education and work experience, and taking a 2-day exam. 
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Section II: STEM Lesson Plan 

Title of Lesson Day 1- Introduction & Hook

Time Required 50 minutes

Materials Computer with Internet and projector 
Appendix A: Pretest (1 per student) 
Appendix C: Homelessness in the US (1 per student) 
Appendix I: Engineering Logbook (1 per student)

Objectives Students will summarize how weather and climate affects homelessness.

Instructional 
Process

1. Administer pretest.  
 
2. Share and discuss hook videos.  
        Homeless in America PSA http://youtu.be/ke3pJyXuaGA 
        ShelterBox - Response to Haiti Earthquake - Help Haiti http://youtu.be/1uNrWyFmSNU 
        Portable Homeless Shelter http://youtu.be/cClseLxQ9Xg 
        CNN - Tents on wheels give homeless people roof and pride http://youtu.be/LH7V3f7tbko        
 
(Note: If your school does not allow you to watch videos directly, you can download 
the video to a flash drive or to your computer using the video converter available at 
http://www.online-convert.com/. Select wmv as the target format and make sure 
Windows Media Player is installed on the computer you will be using to show the 
videos. If it is not, you can download it from http://windows.microsoft.com/en-US/ 
windows/products/windows-media-player) 
 
4. Introduce the Engineering Logbook. Take some time and look at the various components of the Engineering 
Design Process. Discuss the Design Challenge and the Rubric so that students are aware of how skills and 
information throughout the unit will be assessed.  
 
5. Assign homework: Homelessness in the US.

Differentiation Modify the Pre-Test as necessary to meet the needs of individual students.  

Assessments Pre-Test  
Engineering Logbook 
Class Discussion 
Homework: Homelessness in the US.
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Section II: STEM Lesson Plan 

Title of Lesson Day 2-Nets

Time Required 50 minutes

Materials Appendix I: Engineering Logbook Nets: Guided Notes  (1 for each student) 
Appendix I: Engineering Logbook: Nets Handout  (1 for each student) 
Construction paper (several sheets per group) 
Scissors (2 per group) 
Rulers (2 per group)

Objectives Students will use and create nets to represent 3-dimensional figures.

Instructional 
Process

Pre-Lesson Set-up: The classroom should be arranged in a way to facilitate students working in teams of 3-4.  
Materials for lesson (articles, scissors, construction paper and rulers). 
 
1.  Instruct students to turn to  Nets Guided Notes sheet in their logbook. Have the students study the diagrams 
at the beginning of the notes, and ask each team of students to form their own definition for a net. 
 
2.  Have teams share out for the whole class. Afterwards create a “class definition” for a net and record in the 
appropriate place on the guided notes sheet. 
 
3.  Ask students to turn to Nets handout, and complete the short matching section; matching nets to 3-
dimensional figures. After students have completed matching their figures they should cut-out and then fold the 
nets to see if their matching was correct. 
 
6.  Close class by summarizing when nets are used as a way to represent 3-dimensional figures in 2 dimensions 
and can be useful for creating models. 
 
7. Ask students to bring in cereal boxes or shoe boxes in for day 5 & 6.

Differentiation Place students in heterogeneous groups based on individual learning needs.  
Differentiate expectations according to individual student learning needs and modality. 

Assessments Discussions 
If through observation it is evident that students are not grasping a specific topic the instructor should adjust 
instruction to provide additional examples and support for students.
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Section II: STEM Lesson Plan 

Title of Lesson Day 3- Surface Area of 3 Dimensional Figures

Time Required 50 minutes

Materials Student-generating Nets 
Rulers/Meter Sticks 
Computer with Projector & Internet 
Calculators 
Each Team: rectangular prism, cylinder and triangular prism 
Appendix D: Surface Area of 3 Dimensional Figures Exit Slip (1 per student) 
Appendix I: Engineering Logbook (1 per student)

Objectives Students will evaluate prisms and cylinders to determine the 2 dimensional shapes they are composed of. 
 
Students will calculate the surface area of prisms and cylinders to connect geometry concepts to real world 
applications.

Instructional 
Process

1. Using nets from the previous lesson, have students identify the various 2 dimensional shapes of prisms and 
cylinders. 
 
2. Discuss how you could find the surface area of the 3-D shape. 
 
Teacher's Note: Using knowledge from previous lessons, students should be able to use simple formulas for 
area of rectangles, triangles, circles and the circumference of circles to find the surface area of prisms and 
cylinders. 
 
3. Place students in teams of 3-4. 
 
4. Give each team a rectangular prism, a cylinder and a triangular prism. 
 
5. Have students apply formulas of area utilizing rulers, to find find the surface area of the 3-D figures and record 
in their Engineering Logbook.                        
              
6.  Go over the answers with the class while measuring the various lengths, widths and radii of the 3-D figures. 
 
7.  Ask students to complete the Surface Area of 3 Dimensional Figures Exit Slip.

Differentiation Place students in heterogeneous groups based on individual learning needs.  
Differentiate expectations according to individual student learning needs and modality. 

Assessments Observations 
Engineering Logbook 
Class Discussion 
Surface Area of 3 Dimensional Figures Exit Slip
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Section II: STEM Lesson Plan 

Title of Lesson Day 4- Designing for Weather

Time Required 50 minutes

Materials Blanket (1 per team) 
Meterstick (1 per team) 
Scale (if possible 1 per team)

Objectives Students will derive a formula that will be used to test simulated snow loads on their temporary structure.

Instructional 
Process

1.  Show students the video of the roof of the Metrodome collapsing.  You may choose to show either one or 
both of the following videos. 
 
Metrodome Roof Collapse - **** NEW ANGLE **** UNSEEN ! . http://www.youtube.com/watch?
NR=1&v=EaHcJfol9nU&feature=endscreen 
 
Metrodome Roof Collapse Video From the Inside Metrodome http://www.youtube.com/watch?v=AAyLX2hY7E0 
 
2.  Ask student teams to brainstorm different variables that may affect the weight of the snow on a roof.  You 
may need to prompt students to consider multiple aspects of snow (density, depth).  Be sure to point out the fact 
that wet dense snow will weigh more than dry fluffy snow.  
 
3.  Have several teams share their thoughts and as a class create an equation that maybe used to find the 
weight of the snow on a given roof.  For example   where w is the total weight of the snow, d is the depth of the 
snow in feet, p is the pounds per cubic foot of the snow, and s is the square feet of the roof.  If you able to 
measure a cubic foot of snow’s weight, an approximation of 12 pounds per cubic foot may be used. 
 
4.  Have students use the equation to calculate the weight of snow in several examples using various depths of 
snow, sizes of roofs, and weights per cubic foot of snow. 
 
5.  Each team will need a blanket you may choose to provide one or have them use a blanket brought from home 
(heavy blankets will work best).  Each group should also be provided a yard stick or tape measure, and access 
to a scale.   
 
6. Explain to students that the blanket is to represent snow that has fallen on the ground or the roof of a shelter.   
Ask each group to devise a method to find the blankets load (pounds per square foot).  
 
5.  Have 1 or 2 groups share the procedure that they used to find the load of their blanket.  Use students’ 
explanations to create an equation that can be used for calculating load.  An example may be:   where w is the 
weight of the blanket, s is the square footage of the blanket and l is the load. 
 
6.  As a class create a table containing the weight of each blanket, the square footage of each blanket, and the 
load (pounds per square foot) for each blanket.  These blankets and values will be used later when testing 
student structures in the Engineering Design Challenge. 
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Differentiation Place students in heterogeneous groups based on individual learning needs.  
Differentiate expectations according to individual student learning needs and modality. 

Assessments Engineering Logbook 
Discussion



Page 21 of 32Draft: Friday, December 8, 2017

Section II: STEM Lesson Plan 

Title of Lesson Day 5 & 6 - Introduction to the Engineering Challenge Rubric & Individual Scale Models

Time Required 100 minutes

Materials Computer with projector and Internet 
Individual student supplies (shoe box or cereal box pieces) 
Each team: 1 roll of tape, 3 plastic trash bags, 1 pair of scissors 
Appendix E: Team Career Positions (1 per student) 
Appendix F: Team Code of Cooperation (1 per student) 
Appendix I: Engineering logbook (1 per student)

Objectives Students will work with their team to set rules for discussions and decision making and assign individual career 
positions. 
 
Students will evaluate the rubric provided to create their own scale model. 

Instructional 
Process

1. Watch Haiti House video: http://www.youtube.com/watch?v=Tr_D7Gvxw9U&safe=active. 
 
2. Review the Engineering Challenge found in the Engineering logbook and discuss the details making sure to 
explain the constraints and limitations of this project. See Teacher Note below. Answer any questions students 
may have.  
 
3. Discuss how the students will now take on the role of an engineer. When given a problem to solve engineers 
typically go through a process. Discuss the Engineering Design Process found in the Engineering logbook.  
 
4. Place students in teams of 4 and ask them to complete the Team Career Positions and Team Code of 
Cooperation.  
 
5. Ask students as individuals to begin the Engineering Design Process by completing the "Ask" phase found in 
the Engineering logbook.  
 
6. As a whole team discuss and clarify and questions students may have concerning the "Ask" phase. 
 
7. Ask students as individuals to complete the "Think" phase in the Engineering logbook.  
 
8. Once a large majority of the students have completed the "Think" phase, ask students to choose one 
proposed solution from their list and sketch a net of it, complete with scale measurements. Record this in their 
Engineering logbook.  
 
9. Ask students to build a 3D scale model of their shelter to share with the rest of their group and list three of the 
most important characteristics of their structure. If this cannot be completed in class, assign it as homework. 
 
Day 2: 
10. Students share with their team their sketch and 3D model defending their design choices. Each member 
completes the table in the Engineering logbook. 
 
11. After each team member has had the opportunity to defend their design, the team creates a sketch of their 
team model complete with scale measurements and list of materials and records it in their Engineering logbook. 
 
 



Page 22 of 32Draft: Friday, December 8, 2017

Teacher Notes: The Shelter Criteria include-  
* in some way must address rain, snow and wind weather conditions (some examples might include plastic 
covering to address wind, stabilization or bracing to address wind, and triangular shape to address snow load) 
* tear down and set-up can occur in 20 minutes 
* one person can easily carry it 
* made from re-purposed materials 
* must accommodate a 6' tall person laying down

Differentiation Students who need additional scaffolding may be assigned a partner.   
Differentiate expectations according to individual student learning needs and modality. 

Assessments Engineering Logbook 
Scale Model 
3D Model
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Section II: STEM Lesson Plan 

Title of Lesson Day 7 & 8- Google SketchUp

Time Required 100 minutes

Materials Computer with Internet per student if possible, or students may be placed in teams of 3-4 
Google SketchUp Software (http://sketchup.google.com/download/) 
Appendix G: Google SketchUp Toolbar Glossary 
Projector (optional)

Objectives Students will be able to navigate Google SketchUp and use the program’s tools to model 3-dimensional figures.

Instructional 
Process

Pre Lesson Setup: 
Google Sketchup requires a free download and can be found at, http://sketchup.google.com/.  The program 
should take less than 5 minutes to download and install.  It is possible for students to begin by visiting the 
website to download and install.  Warning: Some schools require special access to download any program.  Be 
sure to check your school’s policy to be certain you can successfully download the program. 
 
Lesson: 
1. Once installed have the students open the program and then follow the links,  
>>Watch Video Tutorials>>New to Google SketchUp>>Getting started with SketchUp Part 1, to watch a short 
tutorial video. 
 
2. Students can view the tutorial individually or in small groups. (The video is viewable in several different 
formats, however, the easiest is via YouTube if allowed at your school.)  Check to see if it will be difficult to load 
videos in your room/lab. If difficult, it may be best to view the video as a class via a projector. 
 
3. Hand students the Google SketchUp Toolbar Glossary (Appendix G) and allow them to use it to help navigate 
through the tools and features of the program. 
 
4. After watching the tutorial video allow the students 10-15 minutes to explore the functions that were just 
explained to them during the tutorial. 
 
5. Now have the students view the second tutorial video, >>Watch Video Tutorials>>New to Google 
SketchUp>>Getting started with SketchUp Part 2. 
 
6. After watching the video give the students 5-10 minutes practice what they have just seen.  Be sure to 
encourage them to practice using the functions that allow them to make objects of specific dimensions, as they 
will be required to do this for, their final Engineering Design Challenge drawing. 
 
Encourage students to view some of the other shorter video tutorials that emphasize specific skills.  Allow 
students to spend the remaining time in the period exploring tutorials and familiarizing themselves with the 
program. 
 
Some suggested video tutorials include: Dimensioning,  Move, Selection 
 
More advanced videos that may be of use are found under the Familiar with Google SketchUp video section. 
Day 2: 
7.  After students have completed several tutorials and are comfortable with Google SketchUp.  Students should 
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use the software to model their team design.  Be sure to have students include real world dimensions in their 
Sketchup drawing. (50 minutes)

Differentiation Place students in heterogeneous pairs based on individual learning needs.  
Differentiate expectations according to individual student learning needs and modality. 

Assessments Google SketchUp
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Section II: STEM Lesson Plan 

Title of Lesson Day 9 & 10 Building a Full Size Model 

Time Required 100 minutes

Materials Cardboard cut into single pieces 
Each team: 1 roll Duct tape, 1 ball of Twine, 4-5 plastic trash bags, 2 rulers, 1 student created models, 1 Google 
SketchUp drawing 
Appendix F: Team Code of Conduct (1 per student) 
Appendix I: Engineering Logbook (1 per student)

Objectives Using their scale drawings and 3D scale models, student will create a full size design of a homeless shelter. 
 
Students will evaluate their design through the testing and reflection process.

Instructional 
Process

1.  Explain to students that the next two class days teams will be devoted to designing their full size shelter 
designs.  
 
2.  Review the Engineering Design Challenge/Logbook Rubric and parameters of the design and discuss the 
criteria on which their structure will be evaluated.  
 
3.  Instruct students to use their scale drawings, 3D scale models and Google SketchUp drawing to design their 
shelters.  
 
4.  When the designs are completed, instruct students to evaluate and reflect on their team design using the 
questions in the Engineering Logbook. 
 
As time allows begin testing:  
1.  Each team should make any last minute adjustments or fixes to their shelters in preparation for testing. 
 
2.  The class should move from shelter to shelter to view testing.  
 a) Testing team should provide a brief (≈30 sec) explanation of their team’s design. 
 b) When the team is ready to begin testing, add the blankets from Day 4 one by one by laying  them over the 
structure being careful to ensure that the structure is both completely and evenly  covered.  Continue adding 
blankets until the structure fails. 
 c)  Have teams use the class table created on Day 4 to find the pounds per square foot of each  blanket added.  
Add the pounds per square foot for each blanket to find the total load each  structure could support.  
 
3.  Provide students the formula:  w = d x p / s  where w is the total weight of the snow, d is the depth of the 
snow in feet, p is the pounds per cubic foot of the snow, and s is the square feet of the roof.  Using this formula, 
the square footage of their shelter’s roof, and an average of 12 pounds per cubic foot students should calculate 
the depth of snow that their structure could support.  
 
4.  As a class share the depths of snow that each structure is able to support.  The structure that supports the 
deepest amount of snow should be declared the winner.

Differentiation Place students in heterogeneous groups based on individual learning needs.  
Differentiate expectations according to individual student learning needs and modality. 
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Assessments Informal assessment-walk from group to group observing each team.  Observe teamwork, observe that the 
teams are designing their structure based on their scale drawings and scale models.  Formal assessment-using 
the rubric, assess each teams’ design for durability, transferability and the ability to be set up again.  Student 
assessment-each student will assess their own performance within the group and the group as a whole based on 
their guided reflection using the Team Code of Conduct.
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Section II: STEM Lesson Plan 

Title of Lesson Day 11 Testing & Communicating Results

Time Required 50 minutes

Materials Appendix H: White Paper Directions and Rubric (1 per student)

Objectives Students will evaluate their design through the testing and reflection process. 
 
Students will produce clear and coherent writing in which the development, organization, and style are 
appropriate to task, purpose, and audience.

Instructional 
Process

Testing:  
1.  Each team should make any last minute adjustments or fixes to their shelters in preparation for testing. 
 
2.  The class should move from shelter to shelter to view testing.  
 a) Testing team should provide a brief (≈30 sec) explanation of their team’s design. 
 b) When the team is ready to begin testing, add the blankets from Day 4 one by one by laying  them over the 
structure being careful to ensure that the structure is both completely and evenly  covered.  Continue adding 
blankets until the structure fails. 
 c)  Have teams use the class table created on Day 4 to find the pounds per square foot of each  blanket added.  
Add the pounds per square foot for each blanket to find the total load each  structure could support.  
 
3.  Provide students the formula:  w = d x p / s  where w is the total weight of the snow, d is the depth of the 
snow in feet, p is the pounds per cubic foot of the snow, and s is the square feet of the roof.  Using this formula, 
the square footage of their shelter’s roof, and an average of 12 pounds per cubic foot students should calculate 
the depth of snow that their structure could support.  
 
4.  As a class share the depths of snow that each structure is able to support.  The structure that supports the 
deepest amount of snow should be declared the winner. 
 
5. Introduce the White Paper Directions and Rubric.   
 
6. Provide time for team members to assign white paper components. If time permits during class, allow students 
to access computers to complete their white paper components. Otherwise individuals need to complete their 
components as homework.  
 
7. Remind students to complete their homework as assigned within the team. Stress that failure to complete the 
homework as agreed will result in an incomplete team proposal presentation.

Differentiation Form Breakout groups for each team to allow all student to contribute to the brief.  
Provide Briefing outline. 
Differentiate expectations according to individual student learning needs and modality. 

Assessments Engineering Logbook 
White Paper Directions & Rubric
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Section II: STEM Lesson Plan 

Title of Lesson Day 12- Communicating Results and Wrap-up

Time Required 50 minutes

Materials Appendix H: White Paper Directions and Rubric (1 per student) 
Post-Test (1 per student)

Objectives Students will produce clear and coherent writing in which the development, organization, and style are 
appropriate to task, purpose, and audience. 
 
Students will demonstrate their knowledge of content standards learned during this lesson

Instructional 
Process

1. Collect the White Papers 
 
2. Administer the Post-Test. 
 
3. If time permits or as homework, allow students to reflect and debrief about their 
experiences and learning throughout the unit. Some sample questions you might 
ask include: 
-What were the students’ favorite and least favorite parts? 
-What did they find especially challenging or easy? 
-What were the students surprised by? 
-What is the greatest lesson they will take away from this unit (this question is 
meant to be wide open- students should feel free to write something they’ve 
learned that is science related, engineering, something about themselves or 
others, etc.) 
-How would they improve the unit if they were teaching it? 
-What advice can they offer for future students who will complete this challenge?

Differentiation Modify the Post-Test as necessary to meet the needs of individual students. 
Differentiate expectations according to individual student learning needs and modality. 

Assessments Post- Test
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Section III: Unit Resources 

Materials and 
Resource 
Master List

Appendices 
Computer with internet access and projector 
Construction Paper (several pieces per group) 
Scissors (1-2 per group) 
Rulers/Meter Sticks (1-2 per group) 
Prisms 
Calculators 
Blanket (1 per group) 
Scale 
Individual Student Supplies (cereal/shoe box) 
Scotch Tape (1-2 rolls per group) 
Trash Bags (Several per group) 
Google SketchUp 
Duct Tape (2-3 rolls per group) 
Twine (1-2 rolls per group)

Key Vocabulary Force - strength or power exerted upon an object 
 
Homeless – without a home 
 
Gravity - the force of attraction by which terrestrial bodies tend to fall toward the center of the earth. 
 
Net force - A net force is a load that is applied to an object, fluid, gas, etc. For example, in engineering, a net 
force applied on a beam could make the beam achieved deformation, plasticity, torsion, and even fracture. 
 
Nomadic – of, or pertaining to, or characteristic of nomads 
 
Nomads - a member of a people or tribe that has no permanent abode but moves about from place to place, 
usually seasonally and often following a traditional route or circuit according to the state of the pasturage or food 
supply. 
 
Shelter –  
a. something beneath, behind, or within which a person, animal, or thing is protected from storms, missiles, 
adverse conditions, etc.; refuge.  
b. the protection or refuge afforded by such a thing: He took shelter in a nearby barn. 
c. protection from blame, incrimination, etc.  
d. a dwelling place or home considered as a refuge from the elements: Everyone's basic needs are food, 
clothing, and shelter. 
e. a building serving as a temporary refuge or residence for homeless persons, abandoned animals, etc 
 
Dwelling – a building or place of shelter to live in; place of residence; abode; home. 
 
Weather - the state of the atmosphere with respect to wind, temperature, cloudiness, moisture, pressure, etc. 
 
Climate - the composite or generally prevailing weather conditions of a region, as temperature, air pressure, 
humidity, precipitation, sunshine, cloudiness, and winds, throughout the year, averaged over a series of years.

Technical Brief Recent natural disasters in our world have reinforced the need for better and stronger buildings. This 
combination always comes down to materials and structure and the intricate balance between the two. In some 
situations the strongest material may not build the safest structure. Further, the need for a certain structure (or 
shape) of building may dictate the material. In fact, new materials such as composites may be lighter and even 
stronger than traditional materials. Also, in some cases, strength is not always a virtual. Look at any video of an 
earthquake in Tokyo Japan and notice the incredible amount of sway in the buildings. Rigidity would be 
detrimental here. In this lesson students will be building structures that are portable and can protect the 
homeless from the elements. In this case light and strong is needed.
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Safety and 
Disposal

All of the materials used in this project can be legally disposed through regular trash or recycling.  Students will 
be using scissors or other cutting utensils to cut cardboard.  Teachers may have to do this for them if a group of 
students is unable to do this safely. 

References http://answers.ask.com/Science/Physics/what_is_a_net_force)  
 
Homeless in America PSA http://youtu.be/ke3pJyXuaGA 
 
ShelterBox - Response to Haiti Earthquake - Help Haiti http://youtu.be/1uNrWyFmSNU 
 
Portable Homeless Shelter http://youtu.be/cClseLxQ9Xg 
 
CNN - Tents on wheels give homeless people roof and pride http://youtu.be/LH7V3f7tbko   
 
Haiti House http://www.youtube.com/watch v=Tr_D7Gvxw9U&safe=active. 
 
Metrodome Roof Collapse - **** NEW ANGLE **** UNSEEN ! . http://www.youtube.com/watch?
NR=1&v=EaHcJfol9nU&feature=endscreen 
 
Metrodome Roof Collapse Video From the Inside Metrodome http://www.youtube.com/watch?v=AAyLX2hY7E0 
 
http://www.tryengineering.org/become.php?major=Architectural+Engineering 
 
http://www.sciencebuddies.org/science-fairprojects/ science-engineering-careers/CE_architect_c001.shtml? 
From=testb#natureofwork 
 
http://www.bls.gov/oco/ocos027.htm 
 
hhttp://www.seaonc.org/public/ what/what_is.html
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Section IV: Appendices 
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