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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 Can You Stand on Me?

Economic Cluster Advanced Manufacturing and Materials

Targeted Grades 8

STEM Disciplines 
Science 
Technology 
Engineering 
Mathematics

Non-STEM  
Disciplines 

English Language Arts: Literacy in Science and Technical Subjects 
Social Studies 
Fine Arts

a. Acknowledgement of Support. Unless otherwise provided in the grant, the grantee is responsible for assuring that an acknowledgment of NSF support is made:

(i) in any publication (including Web pages) of any material based on or developed under this project, in the following terms: 

"This material is based upon work supported by the National Science Foundation under Grant No. EEC - 1009607." 

(ii) NSF support also must be orally acknowledged during all news media interviews, including popular media such as radio, television and news magazines. 

b. Disclaimer. The awardee is responsible for assuring that every publication of material (including World Wide Web pages) based on or developed under this 
award, except scientific articles or papers appearing in scientific, technical or professional journals, contains the following disclaimer: 

"Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the 
views of the National Science Foundation." 

c. Copies for NSF. The grantee is responsible for assuring that the cognizant NSF Program Officer is provided access to, either electronically or in paper form, a 
copy of every publication of material based on or developed under this award, clearly labeled with the award number and other appropriate identifying 
information, promptly after publication. 

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 Visitors to schools in underdeveloped countries have found that students suffer from a lack of technology. In 
some areas, students do not even have access to a flat surface on which to write. Service groups and industries in 
the United States, have shown interest in providing learning materials for students of such schools. When groups ship 
materials overseas, packages must be as compact as possible in order to save space as well as shipping fees.  
Therefore, by employing knowledge of forces and geometry, teams are challenged to create a desk that will serve the 
basic needs of a primary student in underprivileged areas.

Essential Question How can the concepts of similarity, transformations, volume, and surface area integrate with knowledge of forces 
when designing a lightweight desk that is not only able to endure weight, but can also be broken down into shapes 
that fit together efficiently when broken down?

Enduring 
Understanding

Geometric shapes are important for many different reasons. Shapes provide strength for buildings and 
structural objects (furniture) when triangulated or fitted perpendicularly to each other. In order to occupy less 
physical space during transport, an object’s components may be designed to incorporate similar and congruent 
figures, which allow pieces to be efficiently stacked or fitted next to each other.

Engineering  
Design Challenge 

Visitors to schools in underdeveloped countries have found that students suffer from a lack of technology. In 
some areas, students do not even have access to a flat surface on which to write. Service groups and industries in 
the United States, have shown interest in providing learning materials for students of such schools. When groups ship 
materials overseas, packages must be as compact as possible in order to save space as well as shipping fees. 
 
Therefore, your team's challenge is to create a desk that will serve the basic needs of a primary student in 
underprivileged areas. In order to efficiently pack and ship desks stacked together, your team’s design must be easy 
to unassembled and reassemble as necessary.  For cost savings and ease of shipping, the total, unassembled and 
packed up desks must be lightweight and able to ship in flat, stackable packaging. 

Time and Activity 
Overview Day Time 

Allotment Actvities

1 50 minutes
Pretest 
Hook Videos - Underdeveloped Schools 
IKEA Shelter Video 
Journal

2 50 minutes
Forces Mini-Lesson 
Engineering Design Process Discussion 
Engineering Design Challenge Introduction 
Exit Slip

3 50 minutes "What is it about Bees and Hexagons" Article 
Brainstorming/Affinity Mapping

4 50 minutes Hex Cell Design Challenge

5 50 minutes
Geometric Shapes: Transformations Mini-Lesson 
IKEA Cardboard Furniture Video 
Pack It Up! Challenge 

6 50 minutes
Continue Pack It Up! Challenge 
3-Sentence Essay Exit/Entrance Slip 

7 50 minutes
Decision Analysis Matrix 
Think-Pair-Share 
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8 50 minutes Building Prototype

9 50 minutes Testing- Prototype 
3-2-1 Entrance/Exit Slip

10 50 minutes
Building Redesign 
Mini Whiteboard Brainstorming 

11 50 minutes Testing- Redesign 
Reflection Interviews

12 50 minutes Create Presentations

13 50 minutes Presentations

14 50 minutes Post-test

Pre-requisite 
Knowledge & Skill

The following grade 7 Geometry, Common Core Standards are reviewed and applied: 
 
Solve real-life and mathematical problems involving angle measure, area, surface area, and volume. 
 
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. 
 
Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given conditions. Focus on 
constructing triangles from three measures of angles or sides, noticing when the conditions determine a unique 
triangle, more than one triangle, or no triangle. 
 
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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Academic Content Standards

Add Standard Mathematics  

Grade/Conceptual 
Category 8

Domain Geometry

Cluster Understand congruence and similarity using physical models, transparencies, 
or geometry software.

Standards
1. Verify experimentally the properties of rotations, reflections, and translations: 
    a. Lines are taken to lines, and line segments to line segments of the same length. 
    b. Angles are taken to angles of the same measure. 
    c. Parallel lines are taken to parallel lines.

Add Standard Mathematics  

Grade/Conceptual 
Category 8

Domain Geometry

Cluster Understand congruence and similarity using physical models, transparencies, 
or geometry software.

Standards
4. Understand that a two-dimensional figure is similar to another if the second can be obtained from the first by a 
sequence of rotations, reflections, translations, and dilations; given two similar two dimensional figures, describe a 
sequence that exhibits the similarity between them.
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Add Standard English Language Arts

Grade 6-8

Strand Reading Standards for Literacy in Science and Technical Subjects 6–12

Topic Key Ideas and Details

Standard

Cite specific textual evidence to support analysis of science and technical texts. 
 
Determine the central ideas or conclusions of a text; provide an accurate  summary of the text distinct from prior  
knowledge or opinions. 
 
Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical 
tasks.

Add Standard English Language Arts

Grade 6-8

Strand Reading Standards for Literacy in Science and Technical Subjects 6–12

Topic Craft and Structure

Standard

Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a 
specific scientific or technical context relevant to grades 6–8 texts and topics. 
 
Analyze the structure an author uses to organize a text, including how the  major sections contribute to the whole 
and to an understanding of the topic. 
 
Analyze the author’s purpose in providing an explanation, describing a  procedure, or discussing an experiment in a 
text.

Add Standard English Language Arts

Grade 6-8

Strand Writing Standards for Literacy in Science and Technical Subjects 6–12

Topic Research to Build and Present Knowledge

Standard Conduct short research projects to answer a question (including a self-generated question), drawing on several 
sources and generating additional related, focused questions that allow for multiple avenues of exploration.
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Add Standard Social Studies

Grade 8

Theme U.S. Studies from 1492 to 1877: Exploration through Reconstruction

Strand (pk-8 
only) Economics

Topic Economic Decision Making and Skills

Content Standard Choices made by individuals, businesses and governments have both present and future consequences.

Add Standard Science

Grade 8

Theme Order and Organization

Topic Forces and Motion

Content Standard

Forces have magnitude and direction: 
 
The motion of an object is always measured with respect to a reference point. 
 
Forces can be added. The net force on an object is the sum of all of the forces acting on the object.

Add Standard Science

Grade 8

Theme Order and Organization

Topic Forces and Motion

Content Standard
There are different types of potential energy: 
 
Gravitational potential energy changes in a system as the masses or relative positions of objects are changed.
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Add Standard Science

Grade 8

Theme Order and Organization

Topic Forces and Motion

Content Standard

Forces between objects act when the objects are in direct contact or when they are not touching. 
 
Magnetic, electrical and gravitational forces can act at a distance. 
 
Note: Direct contact forces were addressed in the elementary grades.

Add Standard Science

Strand

Course Content

Content 
Elaboration

Add Standard Fine Arts

Grade 8

Subject Visual Arts 
(2012, Revised)

Standard Producing/Performing

Benchmark Select, manipulate and refine arts concepts and processes to produce artworks that visually communicate their 
experiences, ideas and viewpoints.

Indicator Demonstrate increased technical skill and craftsmanship by using more complex processes and materials to design 
and create two- and three-dimensional artworks.



Page 8 of 32Draft: Monday, August 4, 2014

Add Standard Technology

Grade 8

Standard Design

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

Indicator 2. Identify how modeling, testing, evaluating and modifying are used to transform ideas into practical solutions.  
    Strength and Materials.

Add Standard Technology

Grade 8

Standard Design

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

Indicator 3. Describe how invention is a process of turning ideas and imagination nto devices and systems; and innovation is  
    the process of modifying an existing product or system to improve it.

Add Standard Technology

Grade 8

Standard Designed World

Benchmark A. Develop an understanding of, and be able to, select and use physical technologies.

Indicator 13.  Describe and model the effects of loads and structural shapes on structures.
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Add Standard Technology

Grade 8

Standard Designed World

Benchmark B. Develop an understanding of, and be able to, select and use informational technologies.

Indicator 1. Explain the factors that influence message design (e.g., intended audience, medium, purpose, budget and nature  
    of message).
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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 Design Challenge 
Prototype Rubric 
Presentation Rubric

Quizzes, Tests, Academic 
Prompts 

 

Pre/Post Test

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

 

Table Artifact 
“Pack It Up” challenge 
Engineering Design Challenge Rubric 
Observation of Design Team Collaboration

Student Self- Assessment 

 

Journal 
Exit Slip 
3-2-1 activity 
Prototype Rubric 
Presentation Rubric 
Reflection Interview
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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.

LCD Projector 
SmartBoard

D

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

Excel Spreadsheet

I

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

Videos 
Teaching Presentations

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. 

Physical Geometric Models Created 
Google Sketch-Up (alternative: sketched scale drawing, or  
    miniture paper/index card desk model)

C

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

Blended Space: blendedspace.com (free web-based  
    presentation program that integrates well with Google)

*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

Drafter 
Drafters use software to convert the designs of engineers and architects 
into technical drawings and plans.These plans are used to build 
everything from microchips to skyscrapers. Drafters will typically design 
and prepare plans using computer-aided design and drafting (CADD) 
software. They will use this software to then add structural details, 
prepare multiple versions of designs for review and specify dimensions, 
materials and procedures for new projects, usually under the supervision 
of engineers or architects. Typically, drafters will have completed at least 
an associate’s degree from a technical institute or community college; 
however, drafters who specialize in architecture may need at least a 
bachelor’s degree. 
(Bureau of Labor Statistics, U.S. Department of Labor, Occupational 
Outlook Handbook, 2012)

Industrial Engineer 
People who work as industrial engineers find ways to eliminate 
wastefulness in production processes; they devise efficient ways to use 
workers, machines, and materials to make a product or provide a 
service. These professionals typically figure out how to manufacture 
parts or products with maximum efficiency, enact quality control 
procedures to resolve production problems or minimize costs, and design 
control systems to coordinate activities and production planning to 
ensure products meet quality standards. In all different projects, industrial 
engineers focus on balancing many factors such as workers’ safety, 
environmental concerns, and cost. In order to become an industrial 
engineer, a bachelor’s degree is required, but a higher level degree will 
allow an engineer to work as a professor or in the research and 
development field (Bureau of Labor Statistics, U.S. Department of Labor, 
Occupational. Outlook Handbook, 2012)

Packaging Engineer 
A packaging engineer designs and constructs boxes, cartons, bottles, 
plastic wraps, and other containers used to protect consumer goods. 
These professionals research various types of materials and improve the 
techniques used to package products working in settings including 
research and development companies, manufacturing plants, and 
consulting firms. Many packaging engineers first determine which 
materials to use for packaging, such as cardboard, in addition to 
minimizing waste by using the least amount of the selected material as 
possible. The educational requirements to become a packaging engineer 
vary by setting. Those who work in manufacturing plants and consulting 
firms typically hold master’s degrees in packaging science, material 
science or mechanical engineering. On the other hand, those who work 
in research and development will hold doctoral degrees.  
(Conjecture Corporation, 2003, 2013)
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Structural Engineer 
Structural engineers are specialists in design, construction, repair, and 
conservations; in general, they are concerned with all aspects of a 
structure and the stability of the structure. Structural engineers are a key 
part of the design and construction team and often work alongside civil 
engineers and architects on various projects. These professionals 
collaborate with others to create all sorts of structures from houses to 
sports stadiums to bridges to space satellites. In order to become a 
structural engineer, a bachelor’s degree in civil engineering, structural 
engineering, or other related engineering is required. However, other job 
opportunities may open up with the completion of a master’s degree 
program.  
(Institution of Structural Engineers, n.d.)

Materials Engineer 
Materials engineers are specialists in the science and engineering of 
materials.  They use their expertise to produce specification for design, 
process, and applying materials effectively.
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Section II: STEM Lesson Plan 

Title of Lesson Day 1: Pretest and Introduction to STEM Unit

Time Required 50 minutes

Materials -Appendix A: Pre/Post-Test (1 per student)   
-Appendix B: Transcript for "Africa Colors A Destiny" Presentation–Service Learning (OPTIONAL) 
-Appendix C: Journal Template (1 per student)   
-Appendix U: Engineering Technical Brief–Additional Technical Information for Students/Teacher 
-Service Learning & Hook Presentation, "Africa Colors A Destiny" (10m17s): 
     https://www.youtube.com/watch?v=5p9haTyq5mY 
-Hook Video -"Creating Hope within Africa's Largest Slum" (9m52s):  
     http://video.pbs.org/video/2277582742 
-Video - "IKEA Foundation Designs Shelter for Refugees" (4m15s): 
     http://www.archdaily.com/396686/video-ikea-foundation-design-a-shelter-for-refugees/

Objectives Given the pretest, the student will demonstrate knowledge of forces, motion, and strength of geometrical shapes.

Instructional 
Process

1. Administer the Pretest.  Because this is a pretest and mastery of concepts are not expected, limit test time to  
    about half of the class period. 
2. Play "Africa Colors A Destiny" presentation (10m17s): https://www.youtube.com/watch?v=5p9haTyq5mY  
    and briefly discuss service learning need (optional - see Appendix B: Background Reading/Presentation   
    Transcript – Service Learning) 
3. Share and discuss hook video regarding underdeveloped schools:  
    "Creating Hope within Africa's Largest Slum" (9m52s): http://video.pbs.org/video/2277582742  
4. Share and discuss the video: "IKEA Foundation Designs Shelter for Refugees" (4m15s) 
    http://www.archdaily.com/396686/video-ikea-foundation-design-a-shelter-for-refugees/ 
5. Assign completion of the Journal Template detailing the challenges observed in third world countries.  
    Encourage students to think of ways in which we can help individuals overcome these challenges, and then  
    have them each share 3 ideas.

Differentiation 1.  For students who need accommodations in reading and/or writing on the pretest, allow for the test to be  
     verbally administered and/or their answers to be given through a written or verbal means. 
2.  For students who need accommodations in writing for the journal, allow for the journal to be completed      
     verbally to the teacher and/or classroom aid. 
3.  Allow students’ to watch the video as needed for complete comprehension.

Assessments Pretest is used as a formative assessment to assess students’ prior knowledge regarding forces, motion, and 
geometric figures. 
 
Journal
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Section II: STEM Lesson Plan 

Title of Lesson Day 2: Leap into Engineering Design

Time Required 50 minutes

Materials -Appendix D: Forces Review (1 per student)   
-Appendix E: Engineering Design Challenge (1 per student)   
-Appendix F: Engineering Design Challenge Rubric (1 per student)   
-Appendix G: Team Career Roles (1 per team)   
-Appendix H: Engineering Design Challenge Introduction: Exit Slip (1 per student) 
-Engineering Design, Blended Space Presentation:  
     https://www.blendspace.com/lessons/i6zVTDbghZxAnA/cardboard-table 
   *Additional resource for comparing Scientific Method to Engineering Design Process:  
 http://www.sciencebuddies.org/engineering-design-process/engineering-design-compare-scientific-method.shtml

Objectives Given the forces presentation, students will strengthen and apply their knowledge of forces and how they act on 
objects. 
 
Students will outline the engineering design process in order to interpret the engineering design challenge.

Instructional 
Process

1. Discuss the forces mini lesson with the class and have them complete the force diagrams. 
2. Share and discuss the engineering design process with the students (refer to handout in Appendix D), and  
    present the Blended Space presentation detailing EDP and EDC.  
         https://www.blendspace.com/lessons/i6zVTDbghZxAnA/cardboard-table 
    Additional resource for comparing Scientific Method to Engineering Design Process:  
 http://www.sciencebuddies.org/engineering-design-process/engineering-design-compare-scientific-method.shtml
 
3. Introduce the Engineering Design Challenge (refer to appendix D) of creating a desk that will serve the basic  
    needs of a primary student. This desk needs to be able to ship in a flat pack with the lightest weight possible. 
4. Divide students into teams (4-6 students) for design challenge and assign, or allow them to choose, individual  
    career positions. 
5. Assign the "Exit Slip: Engineering Design Challenge Introduction" to students.

Differentiation 1.  For students’ that need accommodations in reading, allow for the non-fiction article to be altered 
     based on the individuals level of reading comprehension. 
2.  For teams experiencing difficulty agreeing on roles within the groups, instruct the team to complete a 60 
     second elevator interview. Each student has 60 seconds to explain to the rest of their team members what 
     their strengths and weaknesses are and how they will fit into the particular role they want.

Assessments Discussion 
Exit Slip
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Section II: STEM Lesson Plan 

Title of Lesson Day 3: Brainstorming & Painstorming

Time Required 50 minutes

Materials -Appendix I: "What Is It about Bees and Hexagons" Article (1 per students) 
-Post-it notes (1 pack per team) 
-Large Sheet of Butcher Paper (1 per team)

Objectives Given the post-it note and affinity mapping activity, the student will organize team ideas into groups for selection. 
 
Teams will analyze an article in order to determine how biomimicry can play a role in helping them to more 
efficiently complete the engineering design challenge.  

Instructional 
Process

1.  Review the engineering design challenge. 
2.  Instruct each student to individually brainstorm a list of possible ideas for completing the challenge given  
     within the constraints. Have them write each idea on a separate post-it note. Next, have each team member  
     share their ideas with the team. Then give the students 7 additional minutes of individual brainstorming to  
     write down any new ideas gained from the team-sharing session. Allow time for team members to share new  
     ideas. 
3.  Begin Affinity Mapping by instructing teams to group their ideas by similarities, and then assigning each  
     grouping a title (This may be completed on a large poster sheet). 
4.  Instruct the students to the read, "What Is It about Bees and Hexagons?" article. 
5.  Discuss the article, its connections to the engineering design challenge, and what it is about a beehive that  
     makes it compact, yet incredibly strong.

Differentiation For students that need accommodations in reading/writing, allow for the post-it note activity to be administered 
verbally and/or provide the student with an aid to transcribe their ideas.

Assessments In order to evaluate where each team is within the brainstorming portion of the engineering design process view 
the affinity mapping activity completed within each team.
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Section II: STEM Lesson Plan 

Title of Lesson Day 4: Hex-Cell Design Challenge

Time Required 50 minutes

Materials -Hex Cell Design:  Downloaded PowerPoint (available on Unit Resources at daytonregionalstemcenter.org) 
-Carnival Tickets (6 strips of 10 per 10 
-Scotch Tape  
-Packaging Tape (1 roll per class) 
-Scissors 
-Weights (i.e., several text books) for Testing.

Objectives Teams will analyze an article in order to determine how biomimicry can play a role in helping them to more 
efficiently complete the engineering design challenge.   
 
Given the hex-cell design challenge, students will utilize biomimicry to create a hex-cell that can hold at least 
100kg amount of weight.

Instructional 
Process

1.  Introduce experiment following the Hex Cell Design PowerPoint. Be sure to include aspects of biomimicry  
     (mimicry of nature) into the discussion and remind them to use biomimicry within their designs. 
2.  Instruct students to complete the hex cell design experiment together as a team. 

Differentiation For students who need accommodations in reading/writing, allow for the informational article to be administered 
verbally to the student and/or allow the student to work with a partner in reading and comprehension.

Assessments Key Out the Door
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Section II: STEM Lesson Plan 

Title of Lesson Days 5 and 6: Turn, Slide, Reflect, and Build!

Time Required 100 minutes (50 minutes per day)

Materials -Appendix J: Transformation Mini-Lesson: Guided Notes (2 -page Student and TEACHER copies) (1 per student) 
-Appendix K: Pack It Up! Challenge: Directions (1 per team) 
-Appendix L: Pack it Up! Challenge: Shape Template (4 copies per team) 
-Appendix M: Pack it Up! Challenge: Justify It! (1 per student) 
-Appendix N: Pack It Up! Challenge: 3-Sentence Essay Exit/Entrance Slip (1 per student - can be used as Exit  
     Slip on current day, or Entrance Slip on the following day) 
-"DIY Cardboard Furniture with Free IKEA-Style Instructions" video (9m18s):  
        http://www.youtube.com/watch?v=4IaSXJOGiuk

Objectives Given the transformations mini lesson and IKEA nightstand video, the student will employ their knowledge of  
geometry design a method to pack and ship pieces of corrugated cardboard.

Instructional 
Process

1.  Review geometry Cgoncepts by completing Transformation Mini-Lesson: Guided Notes with students. 
2.  View "DIY Cardboard Furniture with Free IKEA-Style Instructions" video (9m18s):  
        http://www.youtube.com/watch?v=4IaSXJOGiuk 
3.  Discuss and assign teams "Pack It Up!" Challenge. 
4.  Leave time for teams to measure and share results for "Pack It Up!" Challenge.  
5.  Handout Pack It Up! Challenge: 3-Sentence Essay Exit/Entrance Slip (could also be used for an entrance slip 
     on the following day). 
6.  Optional: assign "Justify It!" extension for "Pack it Up!" activity for homework.

Differentiation Allow the students’ to watch the video as needed to gain complete understanding

Assessments Exit Ticket: 3 Sentence Essay 
Pack It Up! activity measurements and sharing   
Justify It!
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Section II: STEM Lesson Plan 

Title of Lesson Day 7: It’s Time to Make Decisions!

Time Required 50 minutes

Materials -Appendix O: Decision Analysis Matrix Handout & Instructions (1 per team) 
-Appendix T: Google SketchUp quick reference (1 per student)  
     (alternate idea: use grid paper to draw design idea)

Objectives Given the decision analysis matrix activity, students will analyze and rate each individual design option and 
select a table design to pursue as a team.  Students will then create a scaled drawing of their team's design 
choice.

Instructional 
Process

1.  Instruct students to choose one design per person to place within the decision matrix. After choosing the  
     designs , instruct students to create a list of criteria they want the final design to meet (safety, weight-bearing, 
     waterproof, etc.). Rank the criteria using the numbers 3, 6, and 9 (3=low importance, 9=high importance). 
2.  Following the criteria process, instruct teams to rank each design on how well it meets each criteria. The  
     designs will be scored using the numbers 1, 2, 3, and 4 (1=low, 4=high) 
3.  Once the students have completed the decision analysis matrix and chosen a design, instruct each team to  
      briefly share their design with the rest of the class. 
4.  Introduce Google Sketch Up.  
       Alternate Ideas:  
       -Handout graph paper for sketching a scaled drawing of their chosen design. 
       -Have teams build scaled prototypes of the design using paper or index cards. 
5.  Lead a Think-Pair-Share session by instructing students to individually think about about ways in which they  
     may adjust their chosen design. Pair with one team member and have them discuss new design idea. Share   
     new design ideas with the rest of the team.

Differentiation For students’ that may need accommodations in areas such as reading/writing, allow the to 
participate in the team activity through verbal means, while another team member scribes for the group. 
 
For students’ that may need accommodations in the area of speaking, allow the student to communicate 
through written means throughout the decision matrix and think-pair-share activity.

Assessments Think-Pair-Share
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Section II: STEM Lesson Plan 

Title of Lesson Day 8: Hard Hats and Safety Glasses--Building Day!

Time Required 50 minutes

Materials -Appendix E:  Engineering Design Challenge 
-Appendix F: Engineering Design Challenge Rubric 
-Construction materials -  
    Possible Suggestions (use materials available): corrugated cardboard, scissors, hot glue, box cutters, duct  
    tape, ruler, yardstick

Objectives The students will collaboratively construct a cardboard table based on of the team’s chosen design using 
concepts of forces and geometry and provided materials.

Instructional 
Process

1. Provide materials to the teams and instruct them to begin constructing their prototype. 
2. Ensure that all individuals are working in a safe, responsible manner.

Differentiation For students with disabilities affecting their coordination, allow them to assume a team role where they feel 
comfortable completing activities.

Assessments Cardboard table prototype
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Section II: STEM Lesson Plan 

Title of Lesson Day 9: Testing Prototype

Time Required 50 minutes

Materials -Appendix P: Table Testing: Quantitative and Qualitative Observations 
-Appendix Q: 3–2–1 Entrance/Exit Slip 
-Team Prototype: Cardboard Table (from previous day) 
-Ruler (1 per team) 
-Weights up to 100 kg (or several text books)

Objectives The student will test their prototype and record data regarding its dimensions and ability to withstand weight.

Instructional 
Process

1.  Supply the materials needed for prototype testing. 
2.  Instruct the students to begin the testing process. 
3.  Student should add weight slowly and be ready to grab their prototype should it begin to fall. 
4.  Instruct students to record prediction and observations on their "Team Testing Record" before and during   
     testing. 
5.  Upon completion of testing- assign 3-2-1 activity as their assessment for the activity.   
     (Students write down on notecards three things that were completed in class today, two aspects of their    
       design that they would have done differently, and one question or comment that they have for the teacher.)

Differentiation For students’ that need accommodations in the areas of reading/writing, allow the 3-2-1 activity to be administer 
and/or completed verbally to the teacher. 

Assessments Testing and Data Collection  
3-2-1 Entrance/Exit Slip



Page 22 of 32Draft: Monday, August 4, 2014

Section II: STEM Lesson Plan 

Title of Lesson Day 10: Back to the Drawing Board -- Brainstorm and Redesign

Time Required 50 minutes

Materials Redesign Materials -  
     Suggestions: whiteboards, markers, erasers, tape, scissors. 

Objectives Given the brainstorming and redesign process, the student will reconstruct their prototype to better meet the 
design challenge criteria.

Instructional 
Process

1.  Instruct the students to review their prototype’s results from testing.  
     Questions to consider:  
        - Did their prototype hold weight?  
        - How much weight did it hold?  
        - Did it meet all the requirements?  
        - If not, what requirements were not met? Where can modifications be made? 
2.  Supply students with whiteboards and instruct them to begin brainstorming of ways in which they may      
     redesign their prototype to meet all of the requirements. 
3.  Following the brainstorming and redesign session, instruct the students to make changes to and/or adjust  
     their prototype. 

Differentiation For students who need accommodations in the area of writing, encourage them to verbally administer their ideas 
for redesign to the team. 

Assessments Discussion 
Observation of Whiteboard Brainstorming 
Design Modifications
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Section II: STEM Lesson Plan 

Title of Lesson Day 11: Redesign- Testing & Reflection

Time Required 50 minutes

Materials -Appendix R: Reflection Interview 
-Prototypes -Team Cardboard Tables

Objectives Given redesign and testing data, the student will analyze the choices they made and reflect on how their 
prototype met the criteria. 

Instructional 
Process

1.  Begin retesting after the students are completed with their redesign. 
2.  Following the testing, instruct teams to record their new data.   
3.  Instruct students to complete reflection interviews with their peers.

Differentiation For students’ with disabilities affecting their communication, allow the student to complete the interview reflection 
process orally with teacher (outside of class). 

Assessments Final Testing and Data Records 
Reflection Interviews
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Section II: STEM Lesson Plan 

Title of Lesson Day 12: BlendSpace.com Presentation Creation

Time Required 50 minutes

Materials -Appendix S: Presentation Rubric 
-Computer Lab Reservation (Note: check to see that www.blendspace.com is accurately working on computers) 
-Taems' Design Planning Documents and Recorded Testing Data

Objectives The students will compose a "BlendSpace" presentation detailing their team's engineering design process and 
final outcomes.  

Instructional 
Process

1.  Handout and discuss the presentation rubric and expectations with the class. 
2.  Instruct each team to go to blendspace.com, create an account, and begin designing their BlendSpace  
     presentation.  
         *Note: BlendSpace integrates well with Google Chrome and is a free online resource that allows both  
           teachers and students to create canvas’ on a topic of their choice.  Text, pictures, and videos may be  
           uploaded.  These resources may be imported from within BlendSpace and/or outside resources.  Once an 
           BlendSpace is created and completed, it may be shared between educators and/or students. 

Differentiation For students who may need accommodations in typing, allow an alternative team member complete the typing 
aspects of the Blend Space and instruct the other student to communicate through a verbal means. 

Assessments Presentation Rubric
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Section II: STEM Lesson Plan 

Title of Lesson Day 13: Presentation Day

Time Required 50 minutes

Materials Appendix S: Presentation Rubric (1 per student)

Objectives The student will reflect on the engineering design process and describe the process in terms of the challenge 
given through a class presentation.

Instructional 
Process

1.  Assigns teams to present their BlendSpace to the class one at a time and explain the design they came up  
     with and the outcomes from testing. 

Differentiation For students’ that may need accommodations in the realm of communication, allow them to a complete a 
different activity within the process. 

Assessments Presentation Rubric
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Section II: STEM Lesson Plan 

Title of Lesson Day 14: Post-Test/Unit Wrap-up

Time Required 50 minutes

Materials Appendix A: Pre/Post-Test (1 per student)

Objectives Given the post-test, the student will recall the knowledge retained throughout the unit with at least 85% accuracy.

Instructional 
Process

1.  Administer post-test.

Differentiation Administer post-test according to individual education plan requirements.

Assessments Post-test
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Section III: Unit Resources 

Materials and 
Resource 
Master List

Appendix A: Forces Pre-Test and ANSWER KEY 
Appendix B: Transcript of "Africa Colors A Destiny" Presentation/Background Reading – Service Learning 
Appendix C: Journal Template 
Appendix D: Forces Review and ANSWER KEY 
Appendix E: Engineering Design Challenge 
Appendix F: Engineering Design Challenge Rubric 
Appendix F: Team Career Roles 
Appendix H: Engineering Design Challenge Introduction: Exit Slip 
Appendix I: “What is it About Bees and Hexagons?” Article 
Appendix J: Transformation Mini-Lesson: Guided Notes (Student & Teacher copies) 
Appendix K: Pack It Up! Challenge: Directions 
Appendix L: Pack It Up! Challenge: Shape Template 
Appendix M: Pack It Up! Challenge: Justify It! 
Appendix N: Pack It Up! Challenge: 3-Sentence Essay Exit/Entrance Slip 
Appendix O: Decision Analysis Matrix Instructions 
Appendix P: Table Testing: Quantitative and Qualitative Data 
Appendix Q: 3–2–1 Entrance/Exit Slip 
Appendix R: Reflection Interview 
Appendix S: Presentation Rubric 
Appendix T: Google SketchUP Reference Cards 
Appendix U: Engineering Technical Brief–Additional Technical Information for Students/Teacher 
 
-Hex Cell PowerPoint teaching aid (found under unit resources at www.daytonregionalstemcenter.org) 
 
-Engineering Design, Blended Space Presentation:  
     https://www.blendspace.com/lessons/i6zVTDbghZxAnA/cardboard-table 
   *Additional resource for comparing Scientific Method to Engineering Design Process:  
 http://www.sciencebuddies.org/engineering-design-process/engineering-design-compare-scientific-method.shtml
 
Videos: 
-PBS Video: Creating Hope within Africa’s Largest Slum: 
    http://video.pbs.org/video/2277582742 
-Arch Daily: IKEA Foundation Designs Shelter for Refugees: 
    http://www.archdaily.com/396686/video-ikea-foundation-design-a-shelter-for-refugees/ 
 
-YouTube: DIY cardboard furniture with free IKEA-style instructions: 
    http://www.youtube.com/watch?v=4IaSXJOGiuk 
 
Recommended Supplies: 
-Corrugated cardboard materials for building 
-Basic art supplies (scissors, tape, and glue) 
-Carnival tickets (60 tickets per team: 6 strips of 10 tickets) 
-Yardsticks (1 per team) 
-50 yd. roll of packaging tape (1 per team)

Key Vocabulary Balanced forces 
Forces are balanced when the forces pushing (or pulling) an object in one direction are the same size as the 
forces acting in the opposite direction. (balanced forces, n.d.). 
 
Biomimicry 
Biomimicry or biomimetics is the imitation of the models, systems, and elements of nature for the purpose of 
solving complex human problems. (biomicry, n.d.). 
 
Congruency 
Two shapes are congruent if you can Turn, Flip and/or Slide one so it fits exactly on the other.   
(congruency, n.d.). 
 
Compression Stress 
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A stress state where a body of material is compacted or squashed. resulting in a decrease in volume. Also called 
compressive stress. 
 
Deflection 
The movement of a structure or structural part as a result of stress. 
 
Deform 
Become distorted or misshapen; undergo deformation: "the suspension deforms slightly on corners". 
 
Design 
A plan or drawing produced to show the look or function or workings of a building, garment, or other object 
before it is built or made. 
 
Failure 
For purposes of this document, an engineered system fails or experiences failure when it stops working. (Usually 
this means it broke, or broke down, or shut down.) 
 
Force 
A force is a push or pull upon an object resulting from the object's interaction with another object. Whenever 
there is an interaction between two objects, there is a force upon each of the objects. When the interaction 
ceases, the two objects no longer experience the force. Forces only exist as a result of an interaction.   
(force, n.d.). 
 
Gravitational potential 
The energy gained by an object as its height above ground level increases. (gravitational potential, n.d.). 
 
Gravity 
The natural force of attraction between objects. (gravity, n.d.). 
 
Level 
a practically horizontal surface or area 
 
Manufacture 
the process of making wares by hand or by machinery especially when carried on systematically with division of 
labor 
 
Mass 
The amount of matter an object has, measured in kilograms. (mass, n.d.). 
 
Net force 
A net force is a measure of the force being exerted on an object; zero net force means an object is at rest or 
moving at a constant speed. (net force, n.d.). 
 
Similarity 
In Geometry, two shapes are Similar if the only difference is size (and possibly the need to turn or flip one 
around). 
 
Stress 
A force applied to a body. 
 
Tensile Strength 
The tensile strength of a material is the maximum amount of tensile stress that it can be subjected to before 
failure. 
 
 
Tension 
A force tending to stretch or elongate something. (tension, n.d.). 
 
Unbalanced forces 
When the forces pushing an object in one direction are greater than the forces pushing in the opposite direction. 
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Also known as the resultant or net force. (unbalanced forces, n.d.). 
 
Weight 
Force due to gravity acting on an object, measured in newtons. (weight, n.d.).

Technical Brief Corrugated cardboard is made from a combination of two sheets of cardboard, called liners, which are glued to a 
corrugated inner medium called the fluting. The construction of this forms a series of connected arches, which 
are very capable of supporting strong weights as well as having considerable rigidity. In addition to this, the air 
circulating in the flutes also serves as an insulator, which provides protection against temperature variations. 
 
Corrugated cardboard is engineered to withstand heavy weight and other damages. It is crush-resistant and 
passes burst-strength tests due to withstanding top and side pressure. Corrugated cardboard also offers tear 
and tensile strength as well as being resistant to impact, drop and vibration damage. The design of the 
corrugated cardboard makes it stackable and has an excellent weight distribution. 
 
While corrugated cardboard is very strong, the strength also depends on several factors including: the strength 
and thickness of the two liner sheets and the inner corrugated sheet, the thickness of the corrugation (that is, the 
distance between the two liner sheets) and the number of corrugations per foot in the middle sheet. 
 
There are three basic geometric shapes that are incorporated into all designs: squares, circles and triangles. 
Triangles are considered to be the second strongest two-dimensional shape because they have fixed points, are 
able to better balance tension and compression and distribute weight very evenly. For example, a geodesic 
dome is created out of a series of triangles or the base of a three-legged stool (which is the only type of stool that 
won’t wobble). 
 
The circle is considered to be the strongest shape, however, a combination of the three basic shapes can prove 
to be an even stronger base than any individual shape. Adding arcs of a circle can add strength to the corners 
and incorporating triangles to straight, vertical lengths add side-to-side strength.

Safety and 
Disposal

Throughout the construction process, ensure the safety of students through the enforcement of lab safety rules:  
 
    -Closed toe shoes, safety goggles, long pants, and hair pulled back (if necessary) 
 
    -Sharp objects must be used in presence of teacher 
 
    -Dispose of the prototypes following the unit via school janitor and/or nearest recycling bin.  
 
    -If these resources are not available, please contact the nearest recycling center.  
 
Following the hex cell experiment, allow the students to take home the hex cells and/or expose of them via 
recycling. 
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