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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 Fire Safety Impact Systems

Economic Cluster
Advanced Manufacturing & Materials 
Human Performance & Medicine 
Sensors

Targeted Grades 6-8

STEM Disciplines 
Science 
Technology  
Engineering  
Math 

Non-STEM  
Disciplines 

English Language 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 In this unit, students will explore the relationships between force, motion, and gravity as they team up with 
Underwriters Laboratories to create a prototype for use in emergency situations, such as a house fire, to break a 
person’s fall. Teams of students will work collaboratively to employ the engineering design process as they design an 
impact system that will absorb the force of three different masses representing the mass of people at various stages 
of life.  Students will calculate the surface area of their impact system and will use motion detectors and software to 
create and analyze distance versus time graphs.    

Essential Question How can you use your understanding of forces, motion, and gravity to design a fire escape impact system to help 
ensure the safe evacuation of people from a second story window during a residential fire?

Enduring 
Understanding

Direct and indirect forces affect the motion of objects whether they are in contact or not. (Ohio Department of 
Education, 2002) 
 
Energy takes many forms, some forms represent kinetic energy and some forms represent potential energy. (Ohio 
Department of Education, 2002)

Engineering  
Design Challenge 

Underwriters Laboratories is looking to approve a design for an impact system for allowing individuals to safely 
evacuate through an upper-story window during a fire.  They ask that you consider the emotional distress faced in the 
following situation while engineering a solution: 
 
"Imagine waking up in the middle of the night to find your bedroom filled with smoke.     You run to your bedroom 
door, only to find that the door knob is hot to the touch and the only safe escape is out your second story window."   
 
Despite that people know it is safer to risk the jump than the flames, many cannot bring themselves to jump.  A 
reliable impact system, ensuring safety in a fall, would likely decrease the number of fire-related deaths.

Time and Activity 
Overview Day Time 

Allotment Actvities

1 50 Minutes Pre-test 
Forces and Force Diagram Inquiry Activity 

2 50 Minutes Forces and Force Diagram Inquiry Activity (continued) 
Career Choices

3 50 Minutes

Team Code of Cooperation 
Present Design Challenge  
Video: "Man Jumps from Burning Building" 
Conduct Research of Various Impact Design Systems  
-HW: Finish Necessary Research 

4 50 Minutes
Share individual Research 
Think, Pair, Share Brainstorm with Design Team 
Sketch Individual Design Ideas 
Design Matrix Introduction and Development

5 50 Minutes
Choose Team Prototype Design using Decision Analysis Matrix 
Teams identify variable and Create Materials List  
Prototype Construction

6 50 Minutes
Motion detector introduction 
Situation/Graph Matching activity cards 
Distance vs. Time practice problems 
HW: Distance vs. Time Practice

7 50 Minutes Review/Discuss Distance vs. Time Practice  
"Falling Objects" Lab
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8 50 Minutes
Prototype Construction 
Prototype Testing 
Exit Slips

9 50 Minutes Redesigning and Testing  
Present and Demonstrate Impact Systems

10 50 Minutes
Lab Report- Data Analysis and Conclusion 
Forces and Gravity Study Guide 
HW: Complete Lab Report and  Study Guide

11 50 Minutes
Collect Lab Reports 
Discuss Study Guide 
Sample Test Questions Activity 

12 50 Minutes Post-Test

Pre-requisite 
Knowledge & Skill

Students should have a basic understanding of speed, gravitational potential energy, kinetic energy, analyzing 
graphs, using statistical software to interpret graphs, and surface area.
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Academic Content Standards

Add Standard Mathematics  

Grade/Conceptual 
Category 6

Domain Expression and Equation

Cluster Represent and analyze quantitative relationships between dependent and independent variables

Standards

Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an 
equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as 
the independent variable. Analyze the relationship between the dependent and independent variables using graphs 
and tables, and relate these to the equation. For example, in a problem involving motion at constant speed, list and 
graph ordered pairs of distances and times, and write the equation d = 65t to represent the relationship between 
distance and time.

Add Standard Mathematics  

Grade/Conceptual 
Category 7

Domain Ratios and Proportional Relationships

Cluster Analyze proportional relationships and use them to solve real world and mathematical problems.

Standards
2. Recognize and represent proportional relationships between quantities. 
    b. Identify the constant of proportionally (unit rate) in tables, graphs, equations, diagrams, and verbal descriptions   
        of proportional relationships.

Add Standard Mathematics  

Grade/Conceptual 
Category 8

Domain Expressions and Equations

Cluster Understand the connections between proportional relationships, lines, and linear equations 

Standards
Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two different 
proportional relationships represented in different ways. For example, compare a distance-time graph to a distance-
time equation to determine which of two moving objects has greater speed.
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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 Integration of Knowledge and Ideas

Standard

5. Integrate quantitative or technical information expressed in words in a text with a version of that information  
    expressed visually (e.g., in a flowchart, diagram, model, graph, or table). 
 
6. Distinguish among facts, reasoned judgment based on research findings, and speculation in a text. 
 
7. Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with  
    that gained from reading a text on the same topic.

Add Standard English Language Arts

Grade 6 - 8

Strand Writing Standards for Literacy in History/Social Studies, Science and Technical Subjects 6–12

Topic Texts Types and Purpose

Standard

1. Write arguments focused on discipline-specific content. 
    a. Introduce claim(s) about a topic or issue, acknowledge and distinguish the claim(s) from alternate or opposing  
        claims, and organize the reasons and evidence logically. 
    b. Support claim(s) with logical reasoning and relevant, accurate data and evidence that demonstrate an  
        understanding of the topic or text, using credible sources. 
    c. Use words, phrases, and clauses to create cohesion and clarify the relationships among claim(s),  
        counterclaims, reasons, and evidence. 
    d. Establish and maintain a formal style. 
    e. Provide a concluding statement or section that follows from and supports the argument presented. 
 
2. Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments,  
    or technical processes. 
    a. Introduce a topic clearly, previewing what is to follow; organize ideas, concepts, and information into broader  
        categories as appropriate to achieving purpose; 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 and objective tone. 
    f. Provide a concluding statement or section that follows from and supports the information or explanation  
       presented.
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Add Standard English Language Arts

Grade 6 - 8

Strand Writing Standards for Literacy in History/Social Studies, Science and Technical Subjects 6–12

Topic Research to Build and Present Knowledge

Standard

7. Conduct short research projects to answer a question, drawing on several sources and generating additional  
    related, focused questions for further research and investigation. 
 
8. Gather relevant information from multiple print and digital sources, using search terms effectively; assess the  
    credibility and accuracy of each source; and quote or paraphrase the data and conclusions of others while  
    avoiding plagiarism and following a standard format for citation. 
 
9. Draw evidence from literary or informational texts to support analysis, reflection, and research.

Add Standard Social Studies

Grade

Theme

Strand (pk-8 
only)

Topic

Content Standard

Add Standard Science

Grade 6

Theme Order & Organization

Topic Matter and Motion

Content Standard
There are two categories of energy: kinetic and potential.  
-Objects and substances in motion have kinetic energy 
-Objects and substances can have energy as a result of their position (potential energy)
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Add Standard Science

Grade 6

Theme Order & Organization

Topic Matter and Motion

Content Standard An object’s motion can be described by its speed and the direction in which it is moving. 
-An object’s position and speed can be measured and graphed as a function of time.

Add Standard Science

Grade 8

Theme Forces and Motion

Topic Forces between objects act when the objects are in direct contact or when they are not touching.

Content Standard Magnetic, electrical and gravitational forces can act at a distance.

Add Standard Science

Grade 8

Theme Forces and Motion

Topic Forces have magnitude and direction

Content Standard

Forces can be added. The net force on an object is the sum of all of the forces acting on the object. 
 
The net force acting on an object can change the object's direction and/or speed. 
 
When the net force is greater than zero, the object's speed and/or direction will change. 
 
When the net force is zero, the object remains at rest or continues to move at a constant speed in a straight line.
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Add Standard Science

Grade 8

Theme Forces and Motion

Topic There are different types of potential energy

Content Standard Gravitational potential energy changes in a system as the masses or relative positions of the object changed.

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 8

Standard Nature of Technology

Benchmark Analyze information relative to the characteristics of technology and apply in a practical setting 

Indicator 2. Develop technological solutions to problems  
3. Discuss ways that technology is linked to creativity and innovation

Add Standard Technology

Grade 8

Standard Design

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

Indicator
Explain how design involves a set of steps that can be performed in different sequences and repeated as needed 
(e.g., plan - do - study - act; problem analysis - design - coding and debugging - integration - testing and validation; 
define problem - identify options - identify best solution - plan how to achieve best solution - evaluate results).

Add Standard Technology

Grade 8

Standard Design

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

Indicator Invent a tool to solve 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  

 

Impact System Prototype

Quizzes, Tests, Academic 
Prompts 

 

Pre/Post Test

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

 

Exit Slip Reflection 
Team Design Sketch 
Individual Lab Report

Student Self- Assessment 

 

Exit Slip Reflection 
End of Unit Reflection
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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.

Video Clip 
Computers 
Internet

D

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

Data Table  
Distance vs. Time Graphs 
Motion Sensors 
Design Matrix Template 
Laptop or Calculator 

I

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

Internet Research  
Computers 
Motion Sensors 

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. 

Prototype Simulating Impact

C

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

Motion Sensor Data

*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 Engineering is one of the broadest engineering disciplines. 
Mechanical engineers research, design, develop, build, and test 
mechanical devices, including tools, engines, and machines.

Physicists and astronomers study the fundamental nature of the 
universe, ranging from the vastness of space to the smallest of 
subatomic particles. They develop new technologies, methods, and 
theories based on the results of their research that deepen our 
understanding of how things work and contribute to innovative, real-world 
applications. (United States Department of Labor, 2012)

Materials engineers are involved in the development, processing, and 
testing of the materials used to create a range of products from computer 
chips and aircraft wings to golf clubs and snow skis.  They work with 
metals, ceramics, plastics, semiconductors, and composites to create 
new materials that meet certain mechanical, electrical and chemical 
requirements. They also are involved in selecting materials for new 
applications. Material engineers are developed the ability to create and 
then study materials at an atomic level, using advanced processes to 
replicate and modify the material’s characteristics. most materials 
engineers specialize in a particular material.  (United States Department 
of Labor, 2012)

Emergency medical technicians (EMTs) and paramedics care for the sick 
or injured in emergency medical settings. People’s lives often depend on 
their quick reaction and competent care. EMTs and paramedics respond 
to emergency calls, performing medical services and transporting 
patients to medical facilities. (United States Department of Labor, 2012)

Firefighters protect the public by responding to fires and other 
emergencies. They are frequently the first emergency personnel on the 
scene of an accident.
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Section II: STEM Lesson Plan 

Title of Lesson Days 1 & 2

Time Required 100 Minutes (50 minutes per day)

Materials Appendix A - Forces and Gravity Pre/Post Assessment (1 per student) 
Appendix B - Forces and Gravity Pre/Post Assessment: KEY 
Appendix C - Force and Force Diagrams Inquiry (1 per student) 
Appendix D - Force Diagram lab answer key 
Appendix E - Career Descriptions - (1 per team) 
Spring Scale (1 per team) 
Stop Watch (1 per team) 
Objects Varying in mass (to be suspended from spring scale)

Objectives Students will be able to: 
1.  demonstrate prior knowledge of forces and motion through completion of a pre-test. 
2.  explain forces that act on their body and objects everyday.

Instructional 
Process

1. Administer the pretest; allow student 20 minutes for completion. 
2. Discuss and complete the “Force Diagrams” packet.  Please note: Students go into the hallway or another  
long unobstructed wall for wall squats.  It is recommended that a stop watch be used to time students during the 
wall squats.  Most can last 30 seconds to 1 minute.   
3. Assign students to working teams of 3 or 4 students. Instruct teams to assign individual career positions  
    based on their strengths. 

Differentiation Pretest: Structure language to student understanding, limit the number of multiple choice answers (when 
applicable), and/or test read aloud in small group setting by Intervention Specialist.  Other modifications and/or 
accommodations per student IEP. 
 
Keep in mind any physical limitations that your students may have that would exclude them from participating in 
this part of the activity.

Assessments Score the pretest and use as a guide for modifying the unit based on your particular students' prior knowledge.  
compare pre and post tests to check for understanding following the unit.
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Section II: STEM Lesson Plan 

Title of Lesson Day 3

Time Required 50 Minutes

Materials Appendix F - Team Code of Cooperation (1 per group)  
Appendix G - Team Code of Cooperation example (1 for teacher to display) 
Appendix H - Engineering Impact System - Engineering Design Challenge (1 per student) 
Appendix I -   Engineering Design Challenge Rubric (1 per student) 
Appendix J -  Guided Internet Research - (1 per student) 
"Man Jumps from Burning Building" Video:  http://www.youtube.com/watch?v=d6nf9TQz2MI (1m59s) 
Computers (1 per student or team) 
Computer with Projection Capabilities (1 per class) 
Internet Access

Objectives Students will be able to: 
1. apply knowledge gained regarding forces and motions by completing the engineering design challenge. 
2. research existing impact design systems currently used in daily life in order to effectively design a prototype.

Instructional 
Process

1. Refer to the "Sample Code of Cooperation to help you discuss the importance of a code of cooperation when  
    working with a team.  Allow time for teams to complete their team code of cooperation. Make sure all teams  
    have code available for reference throughout the unit. 
2. Distribute “Engineering Impact System - Engineering Design Challenge” information sheet.   
3. Present and discuss the engineering design challenge.  Allow time questions.  
4. Show 30 seconds of "Man Jumps from Burning Building" video:   
http://www.youtube.com/watch?v=d6nf9TQz2MI (1m59s). 
5. As a class, brainstorm real life examples of when impact systems are used.  Record ideas on the board.  
6. Distribute "Guided Internet Research" sheet to students.  
7. Instruct students to conduct research of various impact design systems.  This will serve as related stimulus 
throughout the brainstorming process.  Stimulus can be related or unrelated knowledge or sensual engagement 
which fuels the idea-forming process (jigsaw: fire rescue, automotive, stuntmen, pilots/aviation evacuation 
slides). 
8.  Homework: Instruct students to finish any necessary research and be prepared to share findings with his or 
her group on following day.

Differentiation Resources on the four various topics may be provided based on students needs.  Provide resources that will be 
challenging as needed for students.  
 
Some students may benefit from a list of websites. 

Assessments Guided Internet Research 
Discussion
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Section II: STEM Lesson Plan 

Title of Lesson Day 4

Time Required 50 Minutes

Materials Appendix K - Decision Analysis Matrix - Teacher Instructions  
Appendix L - Decision Analysis Matrix Template (1 per team) 
Appendix M - Fire Safety Impact System Lab Report (1 per student) 
Post-it notes (1 pack per team) 
Ball to Toss (optional)

Objectives Students will be able to  
1. collaborate in order to effectively work as a team. 
2. utilize resources for the brainstorming process and decision making process in order to design a prototype  
    given specific constraints and criteria.

Instructional 
Process

1. Check for completion of guided internet research while teams share individual research with one another. 
2. Instruct students to identify constraints and objectives for the design challenge and write it in the  
    corresponding section of the Fire Safety Impact System Lab Report. 
3.  Instruct students to discuss and record possible prototype variables with their team  
    (independent,  dependent and controlled variables).  
4. Distribute post-it notes to each team. Facilitate a  
    brainstorming activity for a type or component of an impact system. Have students write ideas for prototype  
    design or possible components for an impact system (one idea per note, all possible ideas accepted). Instruct  
    teams to share individual brainstorming ideas with team. 
    NOTE:  Discuss rules of brainstorming if students are unfamiliar with brainstorming technique please  
    reference the following website:  
    https://www.sallyridescience.com/files/docs/pd/toy_design/Rules_of_Brainstorming_Poster.pdf 
5. Conduct a class discussion about ideas of possible impact system design components. Consider using ball for 
teams to toss around to each other (limit to 5 tosses).  
    share with the team.  
6. Use the provided decision analysis matrix example to familiarize students with the decision making process. 
    Distribute one design matrix template per team and allow time for recording goals previously defined.  
7. Have each student complete one individual prototype design plan sketch, and then share with the team and  
    score on the matrix.

Differentiation Define explanations and technical terms appropriate to students' prior knowledge. 

Assessments Individual Research 
Discussion 
Individual Design Plan 
Decision Analysis Matrix
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Section II: STEM Lesson Plan 

Title of Lesson Day 5

Time Required 50 Minutes

Materials Appendix M - Fire Safety Impact System Lab Report  
 
Prototype Material Suggestions (use similar materials available to you): 
Cotton Balls 
Newspaper 
Fabric 
Pillow Stuffing 
Packing Peanuts 
Packing Bubbles 
Ziploc Bags 
Window Screen 
Saran Wrap 
Aluminum Foil 
Brown Paper Bags 
Tulle 
Plastic Needles 
Fishing Line 
Picture Wire 
DMC Floss 
Yarn 
Tape 
Scissors (1 per team) 
Rulers (1 per team) 
other teacher approved material per student request

Objectives Students will be able to collaborate with team members to employ the use of knowledge gained regarding forces 
and motion as well as a decision analysis to systematically select a final design and complete construction of a 
prototype.

Instructional 
Process

1. Instruct students to use the decision analysis matrix as a tool to assist in choosing a team design plan.   
2. Have each team sketch their final design choice and create a material list. 
3. Allow time for teams to construct their chosen prototype.  

Differentiation For groups struggling with the design matrix, spend extra time posing questions for stimulus or answer any 
questions that they may have. Provide any extra guidance needed. 
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Assessments Check each group for completion of design matrix and final prototype decision.
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Section II: STEM Lesson Plan 

Title of Lesson Day 6

Time Required 50 Minutes

Materials Appendix N - Situation/graph matching cards (one set per group) 
Appendix O - Situation/graph matching cards: KEY 
Appendix P - Interpreting Graphs Homework (1 per student) 
Computer with Projection Capabilities (1 per teacher) 
Motion Sensor and Software (1 per team if available; at least 1 per class) 
Computer (1 per team if available; at least 1 per class)

Objectives Students will be able to explore and synthesize relationships between distance and time and identify methods for 
represented them graphically.

Instructional 
Process

1. Using motion sensor software connected to a computer and an LCD projector, display a distance vs. time  
    graph from the software's from pre-programmed graphs.   
2. Have a student volunteer to replicate the motion of the object represented on the graph. The motion detector  
    will use sound waves to detect the student’s movement and create a graph of the movements. To replicate the 
    information given on the displayed graph the student will need to decide how quickly to move, when to stop,  
    etc.  
3. Instruct students to complete Situation/Graph Matching activity cards as a team.  After teams  
    have worked through the sample problems, have them verify answers with teacher.  
4. Distribute "Distance vs. Time" practice problems to begin completion in class, and finish for homework if  
    needed.

Differentiation Modify "Distance vs. Time" handout as need for individual students.

Assessments Situation Cards 
Distance vs. Time Handout
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Section II: STEM Lesson Plan 

Title of Lesson Day 7

Time Required 50 Minutes

Materials Appendix M: Lab Report 
Appendix Q - Interpreting Graphs Homework: KEY 
Appendix R - Falling Object Inquiry (1 per student) 
Objects to Drop (examples: coffee filter, small bounce balls, wadded up paper) 
Motion Sensors and Software 
Computer or Graphing Calculator (1 per team) 
Computer with LCD Projection

Objectives Students will be able to:  
1.  explain and graphically represent distance vs. time.  
2.  use a lab report to record and analyze both quantitative and qualitative observations.

Instructional 
Process

1. Check for completion of and discuss "Distance vs. Time" handout.   
2. Distribute “Falling Objects” lab to students.  Remind them to obtain teacher initials when necessary.  
3. Instruct students to complete follow-up questions on the activity sheet after completing the inquiry activity.  
4. Conduct informal conversations with teams to check for understanding.

Differentiation When circulating the room, be mindful of students who may have difficulties and asking leading questions.

Assessments "Distance vs. Time" handout 
Informal Teacher/Student Conversations 
Lab Report
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Section II: STEM Lesson Plan 

Title of Lesson Days 8 and 9

Time Required 100 Minutes (50 minutes each day)

Materials Appendix M: Lab Report 
Appendix S: Exit Slip (1 per student) 
Prototypes 
Motion Sensors (1 per team) 
Computer/Graphing Calculator Attached to Motion Sensor (1 per team) 
Masses for Testing Prototypes

Objectives Students will be able to: 
1. identify and create procedures and data tables for use during testing. 
2. apply their knowledge of distance vs. time interpret collected motion sensor data.    
3. test, analyze, and redesign a prototype using engineering process.

Instructional 
Process

1. Instruct each team to test their prototype according to the Fire Safety Impact System Lab Report testing  
    section. 
2. Following the engineering design process, allow teams time to redesign and test impact system prototype  
    based upon results of the first test.  
3. Distribute exit slips. 

Differentiation For struggling teams, monitor and assist in the procedure generation, assuring that the team has clear guidelines 
while testing.  
 
Choose vocabulary on exit slip appropriately depending on students' prior knowledge.

Assessments Observation of Team Prototype Testing 
Testing Results Recorded on Lab Report 
Exit Slip
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Section II: STEM Lesson Plan 

Title of Lesson Lesson Plan: Days 10 and 11

Time Required 100 Minutes (50 minutes per day)

Materials Appendix T: Forces and Gravity Study Guide (1 per student) 
Appendix U: Forces and Gravity Study Guide Answer Key (1 per teacher)

Objectives Students will be able to: 
1. examine data and develop conclusions based upon test results. 
2. recall knowledge gained and verify understanding regarding forces and motiong by completing a study guide.  

Instructional 
Process

1. Instruct students to individually complete their Fire Safety Impact System Lab Report data analysis and  
    reflection sections.  If needed, model examples of proper data analysis and reflections. 
2. Collect Fire Safety Impact System Lab Reports as they are completed, and have students begin the Forces  
    and Gravity Study Guide.   
3. Assign Forces and Gravity Study Guide as homework if it is not finished in class. 
4. Discuss the Study Guide to ensure students have correct answers/understanding.

Differentiation Scaffold Fire Safety Impact System Lab Report by providing additional questions, and prompts for the necessary 
“parts” of the data analysis and conclusion.  
 
Conduct small group study sessions.  Pair students to study key vocabulary words

Assessments Fire Safety Impact System Lab Report 
Review Discussion 
Study Guide
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Section II: STEM Lesson Plan 

Title of Lesson Day 12

Time Required 30 Minutes

Materials Appendix A:  Forces and Gravity Pre/Post Assessment (1 per student) 
Appendix B:  Forces and Gravity Pre/Post Assessment Answer Key (1 per teacher) 
Appendix C:  Engineering Impact System - Engineering Design Reflection (1 per student)

Objectives Students will be able to: 
1.  Demonstrate understanding of forces and gravity by completing assessment. 
2.  Reflect on design challenge by completing reflection sheet.

Instructional 
Process

1.  Distribute Forces and Gravity Pre/Post Assessment.  Allow 20 - 30 minutes for students to finish assessment. 
2.  Distribute reflection sheet for completion.

Differentiation Modify post-test as necessary for individual students.

Assessments Post Assessment 
Reflection 
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Section III: Unit Resources 

Materials and 
Resource 
Master List

Printable Resources 
Spring Scale (1 per team) 
Stop Watch (1 per team) 
Objects Varying in mass (to be suspended from spring scale) 
"Man Jumps from Burning Building" Video:  http://www.youtube.com/watch?v=d6nf9TQz2MI (1m59s) 
Computers (1 per student or team) 
Computer with Projection Capabilities (1 per class) 
Internet Access 
Post-it notes (1 pack per team) 
Ball to Toss (optional) 
Motion Sensor and Software (1 per team if available; at least 1 per class) 
Computer or Graphing Calculator (1 per team) 
Objects to Drop (examples: coffee filter, small bounce balls, wadded up paper) 
Masses for Testing Prototypes 
 
Computer (1 per team if available; at least 1 per class) 
Prototype Material Suggestions (use similar materials available to you): 
Cotton Balls 
Newspaper 
Fabric 
Pillow Stuffing 
Packing Peanuts 
Packing Bubbles 
Ziploc Bags 
Window Screen 
Saran Wrap 
Aluminum Foil 
Brown Paper Bags 
Tulle 
Plastic Needles 
Fishing Line 
Picture Wire 
DMC Floss 
Yarn 
Tape 
Scissors (1 per team) 
Rulers (1 per team) 
other teacher approved material per student request

Key Vocabulary *Definitions from the Ohio Academic Content Standards in Science Glossary unless otherwise noted. 
 
force:  
an influence, that if applied to a free body, results chiefly in an acceleration of that body in the direction of its 
application 
 
motion:  
an act, process or instance of changing position through time 
 
gravity:  
the gravitational attraction of the mass of the Earth, the moon or a planet for bodies at or near its surface.   
 
balanced forces:  
occur when the total of all forces on an object equal zero and the object’s motion does not change (Greer, 2012) 
 
unbalanced forces:  
occur when the total of all forces on an object DO NOT equal zero and the object’s motion does change (Greer, 
2012) 
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potential energy:  
tthe energy that matter has because of its position or because of the arrangement of atoms or parts 
 
kinetic energy:  
energy associated with motion 
 
net forces:  
the combined force of all the separate forces acting on an object 
 
reference point:  
a basis or standard for evaluation, assessment or comparison; a criterion 
 
magnitude:  
great size or extent  (Merriam-Webster, 2012) 
 
vectors:  
a quantity that has magnitude and direction and that is commonly represented by a directed line segment whose 
length represents the magnitude and whose orientation in space represents the direction; broadly : an element of 
a vector space (Merriam-Webster, 2012) 
 
mass:  
the property of a body that is a measure of its inertia and that is commonly taken as a measure of the amount of 
material it contains causing it to have weight in a gravitational field 
 
weight:  
the force with which a body is attracted toward the earth or a celestial body by gravitation and which is equal to 
the product of the mass and the local gravitational acceleration (Merriam-Webster, 2012) 
 
free fall:  
the condition of unrestrained motion in a gravitational field (Merriam-Webster, 2012) 
 
distance vs. time graphs:  
graphs used to demonstrate an objects distance from a given reference point in relation to the amount of time it 
has been in motion

Technical Brief This unit requires the general understanding of physical science, as well as the engineering design process.  
Such an understanding will provide students with a greater ability to not only solve physical science problems, 
but also exercise their creativity and knowledge to solve real-world problems, as well as to communicate their 
proposed solutions.  The following are brief explanations of aspects which are vital to the successful completion 
of this lesson, as well as information about house fires in America, and Underwriters Laboratories (UL), the 
proposed client. 
 
Engineering Vocabulary: 
 
● Designer—the designer is who receives the problem from the client and conceives a solution.  Often, there is 
not a sole designer, but rather a team of diverse individuals working together to create the best solution.  In this 
case, the students act as the designers. 
 
● Client—the person, group, or company that poses the problem in hopes that the designer comes up with a 
useful solution.  In this case, the students’ client is Underwriters Laboratories. 
 
● User—the person, or people, which the problem directly effects, and will therefore be the ones using the 
solution conceived by the designer, and made available by the client.  In this case, the user will be average 
individuals at three different stages of life, that live on the second floor, and must escape through the window 
during a house fire. 
 
● Constraint— a constraint is a goal that the solution must meet in order to be considered a success, such as 
safety, dimensions, or cost limitations.  
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● Objective—an objective is a goal that does not necessarily have to be met in order for a design to be 
successful, but it would be a nice bonus, such as aesthetically pleasing—it does not HAVE to be an attractive 
design to solve the problem, but it would be more marketable if it was. 
 
● Selection Matrix—a selection matrix is a table which allows thee students to determine which design meets all 
of the constraints, and which meets the most of the objectives.  The following is an example of a matrix: 
  
 
 
 
Engineering Design Process: 
 
1. Identify the need or problem 
 a. During this step, student will receive the problem statement, and be given a chance to discuss it with their 
team to formulate questions to pose to the instructor.  This will allow them to redefine and narrow down the 
problem, as well as define constrains and objectives. 
2. Research the need or problem 
a. During this step, students will gather information to become more familiar with the problem posed to them.  
Students may research the problem itself and current solutions, both effective and ineffective.  At this point, 
practicing engineers will often talk to professionals in the field in which their problem lies. 
 
3. Develop possible solutions* 
a. During this step, students should first take time to brainstorm individually.  This is vital especially when there is 
a particularly dominating team member and a quieter one, as it ensures that the quieter student has a chance to 
get their ideas down without being overpowered.  After independent brainstorming, teams should come together 
and share their ideas.  From here, they may brainstorm as a team, ‘piggybacking’ off of one and others’ ideas.  
b. After the brainstorming session, students should come up with at least three individual, rough sketches of their 
solution. 
c. Next, the team will come together and present their sketches to each other.  Each will be evaluated and the 
four ideas which strike the whole team as the most effective solution are selected. 
*Be sure to drill into the students that there are no bad ideas, and that brainstorming is not a time to be 
derogatory toward their teammates’ ideas, no matter how ‘out there’ they may seem.  This is a time to be 
creative and open minded. 
4. Select the best possible solution 
a. During this step, the students will determine which of their four top designs to move forward with based on the 
constraints and objectives.  Here, students should develop a selection matrix in order to evaluate each design in 
an unbiased manor. 
 
5. Construct a prototype 
a. During this step, student will create a prototype of their solution in order that it might be tested for 
successfulness. 
 
6. Test and evaluate the solution 
a. During this step, the students will test their prototype to ensure that it did, in fact, meet the original design 
constraints.  If it does, their design is considered a success, if not, a failure. 
**Be sure that your students understand that even if their design tests as a failure, it does not mean that they are 
failures and that they should not be discouraged.  The engineering design process is a continuous loop.  Often 
times, a design goes through the redesign process several times before it is considered a success.   
 
7. Communicate the solution 
a. During this step, the students will communicate their design to the ‘client’ (the class) in a verbal and visual 
presentation which reviews their actions during each of the steps in the engineering design process.  This is a 
chance for them to ‘sell’ their solution to the client, even if it was not a success.  They will also mention 
recommendations of adaptations that they might make to their design prior to marketing it. 
 
8. Redesign the solution 
a. This is where the process begins its eternal loop, and your students will likely not actually complete this step.  
Rather than actually redesign their solution, students will make recommendations in their presentation, as 
previously mentioned. 
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Underwriters Laboratories: 
“UL is a global independent safety science company offering expertise across five key strategic businesses: 
Product Safety, Environment, Life & Health, Knowledge Services and Verification Services. Our breadth, 
established objectivity and proven history mean we are a symbol of trust and enable us to help provide peace of 
mind to all” (Underwriters’ Laboratory). 
 
Underwriters Laboratories hires a wide variety of professionals, including engineers, laboratory operatives, field 
service members, scientific and engineering researchers, as well as individuals in customer services, such as 
financial and human resources, information technicians, legal, training and quality control. 
 
House fires: 
Every year in the United States, more than 2,500 people die in house fires, and approximately 12,600 are 
injured.  Fire can spread in less than 320 seconds, and most deadly fires occur while the residents are asleep, 
because they cannot notice it in time to put it out with a fire extinguisher.  In addition, it is not the flames that are 
the most deadly, but the heat which can reach 100°F to 600°F and the smoke which can scorch the lungs when 
inhaled (Emergency Preparedness Innovations Corporations, 2007).

Safety and 
Disposal
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