
Page 1 of 35
Draft: Friday, August 17, 2012

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 Security Alert!

Economic Cluster
Sensors 

Advanced Manufacturing & Materials

Targeted Grades 9 & 10 Physical Science

STEM Disciplines 
Science 

Technology 

Engineering 

Math

Non-STEM  

Disciplines 

English Language Arts 

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 
Teams of students are presented with a scenario in which they are employees at a local 

museum.  Each team member assumes a different jobs within the museum and 

completes research based on that role.  Teams are tasked to boost museum attendance 

at their museum by acquiring an exhibition from the Smithsonian SITES program.  Their 

task is to convince the Smithsonian Institution that their museum is best-equipped with 

the proper space and security to host one of the valuable traveling collections. Teams 

will select an appropriate exhibit for their museum, research various aspects of the 

exhibit and security requirements, choose a design using a decision analysis matrix, 

draw a multimedia schematic of the plan, design a prototype of their chosen security 

system, and present a proposal, as if to members of the Smithsonian SITES committee. 

Students assume the role of Smithsonian Committee as each team presents their 

working prototype and detailed multimedia presentation. 

 

Teacher Notes:  

If time constraints are an issue, elements of research can be removed from the lesson, 

or assigned as homework. 

If collaboration with the language arts teacher is feasible, appropriate sections of the 

lesson could be integrated into language arts class.

Essential Question
How is the engineering design process used to design, collaborate, build a prototype, 

measure energy flow through an electrical circuit, and present findings in a style 

appropriate to purpose, audience, and task?

Enduring 

Understanding

The engineering design process is an organized method in which teamwork plays an 

important role in inventive problem-solving to develop, produce, and explain how a 

prototype is a working model for a developing a product or system, collecting data on 

design effectiveness, suggesting and making improvements, and clearly presenting 

findings.  

 

Tracing the transfer and transformation of energy, and accurately measuring and 

recording the flow of electrons, current, voltage, and resistance is essential in building 

an effective electrical circuit.  

 

Using appropriate units to accurately interpret  and create scaled drawings and data 

displays is crucial for the purpose of descriptive modeling.

Engineering  

Design Challenge 

You and your teammates are employees at a local museum. Your goal is to boost 

attendance at your museum by acquiring an exhibition from the Smithsonian SITES 

program. Your task is to convince the Smithsonian Institution that your museum is 

equipped with the proper space and security to host one of their valuable traveling 

collections. Your team will research various aspects of the exhibit and security 

requirements, develop a brief presentation to share your ideas for the exhibit and 

security system, submit a Standard Facility Report proposal to the Smithsonian, and 
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design a prototype of the security system.  Your prototype must include at least one 

sensor, two mechanical devices, and two sensory methods of alarming if the exhibit is 

compromised.

Time and Activity 

Overview
Day

Time 

Allotment
Actvities

1 50 minutes

Pretest 

Hook / Introduction Prezi Presentation 

Present Challenge Overview 

Assign Local Museum 

Select Group Roles 

Complete Code of Conduct 

Research Assigned Local Museum (homework)

2 50 minutes
Choose SITES Exhibit 

Individual Research Based on Assigned Role 

3 50 minutes
Team Debriefing Session 

Inquiry 1: Exploring Circuits and Ohm's Law

4 50 minutes
Teams Prepare Goals for Decision Analysis Matrix 

Exit Slip Reflection

5 50 minutes

Entrance Slip  

Students Explore Materials  

Develop Individual Security System Design Plans

6 50 minutes

Present Individual Schematic Drawings to Team 

Teams Choose Prototype Design  

Team Creates Multimedia Drawing of Prototype 

Exit Slip Reflection

7 50 minutes
Finalize Team Schematics and Present to Teacher 

Begin Building Prototype

8 50 minutes

Finish Building Prototype 

Analyze and Modify Design 

Insert Results into Presentation

9 50 minutes
Presentations 

Smithsonian Committee Feedback

10 50 minutes
Continue Presentations and Feedback 

Post-test
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Pre-requisite 

Knowledge & Skill

Students must have a basic understanding of series and parallel circuit design.  

Students must be able to perform unit conversions and scaling.   

Students must have a knowledge of simple machines. 

Students must have basic knowledge of measuring and relating current, voltage, volt 

drops, and resistance.
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Academic Content Standards

Add Standard Mathematics  

Grade/Conceptual 

Category
High School Number and Quantity

Domain Quantities

Cluster Reason quantitatively and use units to solve problems

Standards

1.  Use units as a way to understand problems and to guide the solution of multi-step problem; choose  

     and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and 

     data displays.  

2.  Define appropriate quantities for the purpose of descriptive modeling. 

3.  Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

Add Standard Mathematics  

Grade/Conceptual 

Category
High School Functions

Domain Building Functions

Cluster Build a function that models a relationship between two quantities

Standards

1.  Write a function that describes a relationship between two quantities. 

     a.  Determine an explicit expression, a recursive process, or steps for calculation from a context.  

     b.  Combine standard function types using arithmetic operations. For example, build a function that  

         models the temperature of a cooling body by adding a constant function to a decaying exponential,  

         and relate these functions to the model. 

     c.  (+) Compose functions. For example, if T(y) is the temperature in the atmosphere as a function of  

         height, and h(t) is the height of a weather balloon as a function of time, then T(h(t)) is the  

         temperature at the location of the weather balloon as a function of time.
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Add Standard Mathematics  

Grade

Standard

Benchmark

Indicator

Add Standard English Language Arts

Grade 9-10

Strand Writing

Topic Research to Build and Present Knowledge

Standard

Conduct short as well as more sustained research projects to answer a question (including a self-

generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize 

multiple sources on the subject, demonstrating understanding of the subject under investigation.

Add Standard English Language Arts

Grade 9-10

Strand Speaking and Listening

Topic Presentation of Knowledge and Ideas

Standard

Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners 

can follow the line of reasoning and the organization, development, substance, and style are appropriate 

to purpose, audience, and task. 

 

Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in 

presentations to enhance understanding of findings, reasoning, and evidence and to add interest.
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Add Standard English Language Arts

Grade 9-10

Strand Speaking and Listening

Topic Comprehension and Collaboration

Standard

-Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and  

  teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas  

  and expressing their own clearly and persuasively.  

-Come to discussions prepared, having read and researched material under study; explicitly draw on that 

  preparation by referring to evidence from texts and other research on the topic or issue to stimulate a  

  thoughtful, well-reasoned exchange of ideas. 

-Work with peers to set rules for collegial discussions and decision-making (e.g., informal consensus,  

  taking votes on key issues, presentation of alternate views), clear goals and  deadlines, and individual  

  roles as needed. 

-Propel conversations by posing and responding to questions that relate the current discussion to  

  broader themes or larger ideas; actively incorporate others into the discussion; and clarify, verify, or  

  challenge ideas and conclusions. 

-Integrate multiple sources of information presented in diverse media or formats (e.g., visually,  

  quantitatively, orally) evaluating the credibility and accuracy of each source.

Add Standard English Language Arts

 Grade

Standard

Benchmark

Indicator
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Add Standard Social Studies

Grade

Theme

Strand (pk-8 

only)

Topic

Content Standard

Add Standard Social Studies

Grade

Standard

Benchmark

Indicator

Add Standard Science

Grade

Theme

Topic

Content Standard
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Add Standard Science

Strand High School Physical Science

Course Content

Energy and Waves 

Building upon knowledge gained in elementary and middle school, major concepts about energy and 

waves are further developed. Conceptual knowledge will move from qualitative understandings of energy 

and waves to ones that are more quantitative using mathematical formulas, manipulations and graphical 

representations.

Content 

Elaboration

• Transfer and Transformation of Energy 

In middle school, concepts of energy transfer and transformation were addressed, including conservation 

of energy, conduction, convection and radiation, the transformation of electrical energy, and the 

dissipation of energy into thermal energy. Work also was introduced as a method of energy transfer into 

or out of the system when an outside force moves an object over a distance. In this course, these 

concepts are further developed. As long as the force, F, and displacement, Δx, are in the same direction, 

work, W, can be calculated from the equation W = FΔx. Energy transformations for a phenomenon can 

be represented through a series of pie graphs or bar graphs. Equations for work, kinetic energy and 

potential energy can be combined with the law of conservation of energy to solve problems. When energy 

is transferred from one system to another, some of the energy is transformed to thermal energy. Since 

thermal energy involves the random movement of many trillions of subatomic particles, it is less able to 

be organized to bring about further change. Therefore, even though the total amount of energy remains 

constant, less energy is available for doing useful work. 

 

• Electricity 

In earlier grades, these concepts were introduced: electrical conductors and insulators; and a complete 

loop is needed for an electrical circuit that may be parallel or in a series. In this course, circuits are 

explained by the flow of electrons, and current, voltage and resistance are introduced conceptually to 

explain what was observed in middle school. The differences between electrical conductors and 

insulators can be explained by how freely the electrons flow throughout the material due to how firmly 

electrons are held by the nucleus. 

By convention, electric current is the rate at which positive charge flows in a circuit. In reality, it is the 

negatively charged electrons that are actually moving. Current is measured in amperes (A), which is 

equal to one coulomb of charge per second (C/s). In an electric circuit, the power source supplies the 

electrons already in the circuit with electric potential energy by doing work to separate opposite charges. 

For a battery, the energy is provided by a chemical reaction that separates charges on the positive and 

negative sides of the battery. This separation of charge is what causes the electrons to flow in the circuit. 

These electrons then transfer energy to other objects and transform electrical energy into other forms (e.

g., light, sound, heat) in the resistors. Current continues to flow, even after the electrons transfer their 

energy. Resistors oppose the rate of charge flow in the circuit. The potential difference or voltage across 

an energy source is a measure of potential energy in Joules supplied to each coulomb of charge. The volt 

(V) is the unit of potential difference and is equal to one Joule of energy per coulomb of charge (J/C). 

Potential difference across the circuit is a property of the energy source and does not depend upon the 

devices in the circuit. These concepts can be used to explain why current will increase as the potential 

difference increases and as the resistance decreases. Experiments, investigations and testing (3-D or 

virtual) must be used to construct a variety of circuits, and measure and compare the potential difference 

(voltage) and current. Electricity concepts are dealt with conceptually in this course. Calculations with 

circuits will be addressed in the physics syllabus.
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Add Standard Science

Grade

Standard

Benchmark

Indicator

Add Standard Fine Arts

Grade 9

Subject

Standard Visual Arts

Benchmark Connect a variety of contemporary art forms, media and styles to their cultural, historical and social origins

Indicator
Explain ways in which selected, contemporary works of art relate to the themes, issues and events of their 

contexts.

Add Standard Technology

Grade 9-10

Standard Design

Benchmark
Identify and produce a product or system using a design process, evaluate the final solution and 

communicate the findings.

Indicator
Explain and apply the methods and tools of inventive problem-solving to develop and produce a product 

or system.
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Add Standard Technology

Grade 9-10

Standard Design

Benchmark Recognize the role of teamwork in engineering design and of prototyping in the design process.

Indicator

-Explain how a prototype is a working model used to test a design concept by making actual observations  

  and necessary adjustments. 

-Describe the importance of teamwork, leadership, integrity, honesty, work habits and organizational skills 

  of members during the design process. 

-Build a prototype to test a design concept and make actual observations and necessary design  

  adjustments. 

-Evaluate a design using established design principles to collect data on the design's effectiveness, and  

  suggest improvements 
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Assessment 

Plan

What evidence will show that students have acquired the enduring understandings 

for this STEM unit?

Performance Task, 

Projects  

 

Planning, building, and testing security device prototype 

Presentation rubric (Appendix J) 

Design rubric  (Appendix L)

Quizzes, Tests, Academic 

Prompts 

 

Pre/Post-Test (Appendix A) 

Discussion 

Entrance slips (Appendix O) 

Exit slips (Appendices N and P)

Other Evidence (e.g. 

observations, work 

samples, student artifacts, 

etc.) 

 

Informal observation of team collaboration 

Design schematics 

Working prototype aligned to constraints 

Individual background research (Appendix F) 

Peer feedback

Student Self- Assessment 

 

Students make design adjustments based on observations 

Students identify design strengths, weaknesses of prototype  

Students analyze prototype and suggest future improvement
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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: to present real-life connections to security system needs 

Video Projector: used to display information and presentations 

Interactive Whiteboard 

Computers 

Presentation Software/Freeware

D

Technology tools and resources 

that support students and teachers 

in dealing effectively with data, 

including data management, 

manipulation, and display.

Multimeter: used to measure current and voltage. 

 

Engineering Paper: used to sketch floor plans and circuit 

schematic

I

Technology tools and resources 

that support students and teachers 

in conducting inquiry, including the 

effective use of Internet research 

methods.

Internet: used to research careers, museums, security systems

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. 

Electrical Circuit Components: Teams will use components to 

assemble a prototype security system

C

Technology tools and resources 

that support students and teachers 

in communicating and 

collaborating including the 

effective use of multimedia tools 

and online collaboration.

Presentation Media: used to document and present information 

in an organized manner. (Prezi.com, Glogster.com, Google 

Docs Presentation, or PowerPoint)

*The ADISC Model was developed by James Rowley PhD, Executive Director of the Institute 

for Technology-Enhanced Learning at the University of Dayton



Page 14 of 35
Draft: Friday, August 17, 2012

Career Connections Career Description

Security System Technician 

installs new security systems/repairs systems if broken into. Uses 

electrical, welding, & carpentry skills.

Electrical/Electronics Engineer 

Develop and supervise the production and installation of electrical 

equipment. Electrical engineers specialize in the generation of power, 

electrical equipment production, or power systems engineering, and 

electronics engineers specialize in electronic device function.

Computer and Information Systems Manager  

Coordinate and supervise research projects that support a firm’s 

computer related operations. Computer and information system 

managers supervise computer programmers, support specialists, 

systems analysts, and other computer related staff. These managers 

organize and coordinate hardware and software installation and 

upgrades, and systems design and programming.

Mechanical Engineer 

Design, develop and supervise the manufacturing of engines and 

machines and some later become managers. Mechanical engineering 

encompasses many engineering fields. They develop power generating 

machines such as internal combustion engines and turbines. Moreover, 

they work with machines that consume power such as air conditioners or 

industrial production equipment. Mechanical engineers develop 

equipment and tools used by other engineers and are involved with 

maintenance, agriculture production, and sales.

Museum Director 

The museum director oversees a curatorial staff who directs operations 

within the museum. 

 

Curator 

Direct the acquisition, storage, and exhibition of collections, including 

negotiating and authorizing the purchase, sale, exchange, or loan of 

collections. They are also responsible for authenticating, evaluating, and 

categorizing the specimens in a collection. Curators often oversee and 

help conduct the institution's research projects and related educational 

programs. Today, an increasing part of a curator's duties involves fund-

raising and promotion, which may include the writing and reviewing of 

grant proposals, journal articles, and publicity materials, as well as 

attendance at meetings, conventions, and civic events. 

 

Exhibit Designer 

Plan, design, and put together exhibits and displays in museums, 

galleries, zoos, and other cultural institutions.
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Section II: STEM Lesson Plan 

Title of Lesson Day 1: Pre-Test / Introduce Engineering Design Challenge

Time Required 50 Minutes

Materials 
Appendix A: Pre-Test (one per student) 

Prezi.com Presentation: http://prezi.com/w4pwspquyn6d/security-alert/ 

Internet Projection Capabilities 

List of Local Museums (teacher-created, one museum per group) 

Appendix B: Engineering Design Challenge (one per student) 

Appendix C: Engineering Design Challenge Rubric (one per student) 

Appendix D: Presentation Rubric: Smithsonian SITES Proposal 

Appendix E: Local Museum Research Homework (one per student) 

Appendix F: Team Careers (one per team) 

Appendix G: Team Code of Cooperation (one per team)

Objectives
Students will prepare for discussion having read and researched material under 

study in order to stimulate a thoughtful, well reasoned exchange of ideas. 

 

Students will be able to describe the importance of teamwork, leadership, integrity, 

honesty, work habits and organizational skills of members during the design 

process.

Instructional 

Process

1. Administer Pre-Test. (Appendix A) 

2. Share Security Alert PREZI to introduce lesson to students. The PREZI includes  

    hook videos and background information for students. Link to Prezi Presentation:  

    http://prezi.com/w4pwspquyn6d/security-alert/ 

3. View and discuss “hook” videos. These are already imbedded in the Prezi, but  

    can also be accessed at: *Goldberg Video; Using Honda Parts:  

    http://www.wired.com/gadgetlab/2010/03/rube-goldberg-video-gallery/4/ 

4. Follow up video with a discussion about the engineering design process.  Be sure  

    students have a clear understanding that in the engineering design process, being 

    creative is critical.  Thinking outside the box to achieve results is a wonderful  

    thing.  But in the midst of creativity, there is also a practical side.  In any project,  

    there is a budget, limited materials, a time limit, and functionality to consider.   Be  

    economical with your supplies; get the most out of them or you might end up with  

    a system that’s good for nothing but laughs... and maybe a commercial. 

5. View and discuss "The Great Gardner Museum Heist (Boston, MA)", which is also 

     included in the Prezi and at the following link: 

     http://www.youtube.com/watch?v=84iJDlWfXaE  

6. Divide students into teams of 4. 
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7. Present students with the Engineering Design Challenge.  Also provide them with  

    a copy of the Engineering Design Challenge and the Presentation Rubrics for  

    them to reference throughout the unit. 

8. Distribute copies of Team Careers and allow teams time to assign careers as  

    they see fit based on individual strengths. 

9. Allow time for students to set rules for team collaboration using the Code of  

    Cooperation handout. 

10. Assign each team a different local/regional museum. 

11. Distribute Local Museum Research handout and assign for homework.

Differentiation
Differentiation can be achieved through jcareer selection based on learning 

modalities and strengths.

Assessments
Utilize the Pre-Test as a summative assessment in order to gain understanding of 

students' prior knowledge.  Allow the results of the pre-test to guide you in modifying 

this unit of instruction as necessary for your particular group of students.  

 

Discussion 

Informal observation of team collaboration 

Local Museum Research handout



Page 17 of 35
Draft: Friday, August 17, 2012

Section II: STEM Lesson Plan 

Title of Lesson Day 2: Individual Research

Time Required 50 Minutes

Materials 
Computer and Internet Access for all Students 

Appendix H: SITES Proposal Planning Document (one Per Team) 

Appendix I: Final Presentation Requirements

Objectives
Students will be able to conduct research to gain a better understanding of security 

systems and circuitry and develop sufficient background knowledge so they can 

proceed with the challenge.  

  

Students will prepare for discussion, having read and researched material under 

study in order to stimulate a thoughtful, well reasoned exchange of ideas. 

 

Students will make connections between the cultural and historical origins of their 

chosen museum and those of the SITES exhibits in order to appropriately plan their 

their security system design challenge.

Instructional 

Process

1. Allow teams time to discuss insights gained through the Local Museum Research  

    homework. 

2. Distribute the Proposal Planning Document. 

3. Allow teams to research the available Smithsonian SITES collections, choose an   

    appropriate exhibit for their assigned local museum and complete page 1 of the  

    Proposal Planning Document.  

4. Explain that each student will conduct background research based on careers  

    and prepare 2-3 presentation slides (i.e. PowerPoint, google presentation, or  

    Prezi)  highlighting important research information. These slides will be presented  

    to their teammates during a Debriefing Session, and will also become part of their  

    final presentation to the SITES committee.  

5. Present Final Presentation Requirement to the students to reference along with  

    their rubrics from day 1. 

6. Have students begin individual research using the appropriate page in the  

    Proposal Planning Document. 

Differentiation
Differentiation can be achieved through career selection based on learning 

modalities and strengths, and by modifying research documents.
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Assessments
Informal observation of student collaboration, research, and slide creation can serve 

as a formative assessment tool. 

 

Individual student slides will be assessed during final presentation using a rubric.



Page 19 of 35
Draft: Friday, August 17, 2012

Section II: STEM Lesson Plan 

Title of Lesson Day 3: Introduction of Engineering Logbook

Time Required 50 Minutes

Materials 
Computers (one per team) 

Appendix J: Proposal Planning Document (one per student)  

Completed Individual Presentation Slides for Team Debriefing Session 

Appendix K: Engineering Logbook (one per student, used throughout the design   

   process) 

Materials for Inquiry 1 of Security Systems Lab (one set per team) 

    2 – D-Cell batteries with holders, placed together in series 

    2 – lamp holders and bulbs 

   10 – connector wires with alligator clips 

   1 – switch 

   1 – multimeter

Objectives
Students will come to discussions prepared, having read and researched material 

regarding museums, security systems, and circuitry; explicitly use the information 

obtained through research by referring to evidence from texts and other reliable 

resources on the topic or issue to stimulate a thoughtful, well-reasoned exchange of 

ideas. 

 

Students will make strategic use of media to present the results of their individual 

background research clearly, concisely, and logically during a team debriefing 

session.  

 

Students will utilize mathematical formulas, manipulations, and graphical 

representations to quantify the concept of energy and waves.  They will make 

connections between voltage, current, and resistance and trace the energy flow 

through an electrical system.

Instructional 

Process

1. Remind teams to refer back to the rules for collegial discussion and group- 

    decision making developed in day 1 before beginning the Team Debriefing  

    Session.  

2. Using the guidelines included in their Proposal Planning Document, have teams  

    begin Team Debriefing Session: Each team member will share his or her slides  

    highlighting important information from individual research. Group members will  

    listen, take notes, and ask questions during each individual presentation. 

3. Distribute Engineering Logbook to each student. Explain that this packet contains  

    Inquiries 1-6, which will be completed throughout the design process.  
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4. Distribute materials for Inquiry 1 of the Security Alert Lab and have students  

    complete Inquiry 1: Exploring Circuits and Ohm's Law . This can be finished for  

    homework, if needed. 

Differentiation
The Engineering Logbook may be modified to best suit the needs of individual 

students or classes.

Assessments
Observation of individual research, slide presentation and team collegial discussion 

throughout the decision-making process may be used as a form of formative 

assessment. 

 

Individual student slides will be assessed during final presentation 

using a rubric 

 

Security Alert Lab - Inquiry 1: Exploring Circuits and Ohm's Law should be used as a 

form of summative assessment.



Page 21 of 35
Draft: Friday, August 17, 2012

Section II: STEM Lesson Plan 

Title of Lesson Day 4:

Time Required 50 Minutes

Materials 
Appendix K: Engineering Logbook 

Appendix L: Teacher Resources for Decision Analysis Rubric 

Appendix C: Design Challenge Rubric (one per team) 

Appendix M: Exit Slip, Day 4 (one slip per student) 

Projection System for Teacher-Led Direct Instruction

Objectives
Students will use appropriate tools for group-decision-making (i.e., informal 

consensus, taking votes on key issues, presentation of alternate views),  to develop 

clear, measurable goals for their museum’s SITES proposal and security system.   

 

Students will be able to describe the importance of teamwork, leadership, integrity, 

honesty, work habits and organizational skills of members during the design 

process. 

 

Students will explain the purpose and function of a prototype in the design process 

by activating prior knowledge of series and/or parallel circuits in order to plan and 

sketch an electrical schematic. 

 

Instructional 

Process

1. Open class by explaining the use of the Decision Analysis Matrix through  

    modeling or displaying the example provided (Appendix L).  

2. Review the Design Challenge on page 1 of the Security Alert Lab with the class. 

3. Distribute Design Challenge Rubric for team reference throughout  

    the design process.   

4. Have students begin Inquiry 2: Preparing Goals for a Decision Analysis Matrix,  

    which will guide them through collegial discussion of research and development of 

    the Decision Analysis Matrix.  

5. Distribute Day 4 Exit Slip and allow time for completion.  

 

Differentiation Differentiation can be achieved through heterogeneous grouping.
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Assessments
Day 4 Exit Slip 

Development of Decision Analysis Matrix 

At the end of the challenge, the students' ability to utilize the design process will be 

evaluated using a rubric (Appendix L)
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Section II: STEM Lesson Plan 

Title of Lesson Day 5: Security Alert Lab, Part 3

Time Required 50 Minutes

Materials 
Appendix K: Engineering Logbook 

Appendix C: Design Challenge Rubric (one per team) 

Appendix N: Day 5 Entrance Slip (one per student) 

Design Challenge Supply Box (for preview only, 1 box per group - see master   

   materials list) 

Computers (one per student)

Objectives
Students will make strategic use of media in presentations to enhance 

understanding of findings, reasoning and evidence. 

 

Students will explain the purpose and function of a prototype in the design process 

by activating prior knowledge of series and/or parallel circuits in order to plan and 

sketch an electrical schematic. 

 

Students will use information gathered during the Team Debriefing Sessions to 

develop individual multimedia (i.e. PowerPoint or Prezi) drawings of a proposed 

security system prototype. 

 

Instructional 

Process

1. Activate students’ background knowledge regarding prototypes and the design  

    process through completion of Day 5 Entrance Slip. 

2. Distribute Design Challenge Supply Box to each team. Have students silently  

    observe the design materials that will be available to build their security system  

    prototype.  

3. Have students complete Inquiry 3: Individual Security System Design Plans  

4. Assign design schematic completion for homework. 

 

Differentiation
Differentiation can be achieved through allowing extended time to complete 

individual plan and schematic drawings.



Page 24 of 35
Draft: Friday, August 17, 2012

Assessments
Entrance slip (pre-assessment) 

Informal observation of individual work 

Individual student slides will be assessed during the final presentation 

using the Individual Presentation Rubric
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Section II: STEM Lesson Plan 

Title of Lesson Day 6

Time Required 50 Minutes

Materials 
Computers (one per team) 

Appendix K: Engineering Logbook 

Appendix P: Day 6 Reflection Exit Slip (one per student)

Objectives
Students will explain the purpose and function of a prototype in the design process 

by activating prior knowledge of series and/or parallel circuits in order to plan and 

draw an electrical schematic. 

 

Students will prepare a presentation which presents information, findings, and 

supporting evidence clearly, concisely, and logically in a style appropriate to 

purpose, audience and task.  

 

Students will evaluate a design using a decision analysis matrix  to collect data on 

the design's effectiveness and suggest improvements.

Instructional 

Process

1. Have each student present his or her individual presentation schematic drawing to 

    the team.  Remind students that each idea provides valuable input into the  

    chosen final team design. 

2. Instruct students to complete Inquiry 4: Choosing a Prototype Design. This inquiry 

    will guide teams toward selecting their final design.  

3. Distribute Day 6 Exit Slip. Allow students time to respond to the  

    reflection question.

Differentiation
Differentiation can be achieved through allowing extended time for completion of 

inquiries.

Assessments
Informal observation of team presentation session 

Exit slip reflection 

Schematic drawing slides will be assessed during final presentation 

using a the presentation rubric.
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Section II: STEM Lesson Plan 

Title of Lesson Day 7

Time Required 50 Minutes

Materials 
Computers (one per team) 

Appendix K: Engineering Logbook 

Design Challenge Supply Box (one per team)

Objectives
Students will apply methods and tools of inventive problem-solving to build, test, and 

evaluate a final solution. 

 

Students will apply connections made between voltage, current, and resistance and 

trace the energy flow through an electrical system.  

 

Students will quantify the flow of energy and waves by using mathematical formulas, 

manipulations, and graphical representations.

Instructional 

Process

1. Allow time for students to finalize design schematic drawings. 

2. Check team design schematic to ensure constraints are met. 

3. Provide each team with a Design Challenge Supply Box. 

4. Instruct students to complete Inquiry 5: Assembling the Prototype. This inquiry will 

    guide them through the process of manufacturing a prototype based on their  

    design schematic.

Differentiation
Differentiation can be achieved through heterogeneous grouping and allowing extra 

time for completion of inquiries.

Assessments
Check of finalized team designs 

Informal observation of prototyping process 

Upon completion of the challenge, the design process will be assessed using the 

design rubric.
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Section II: STEM Lesson Plan 

Title of Lesson Days 8

Time Required 50 Minutes

Materials 
Design Challenge Supply Box 

Appendix K: Engineering Logbook 

Appendix I: Final Presentation Requirements (one copy for display) 

Computer (one per team)

Objectives
Students will build a prototype to test design concepts by explaining and applying 

methods and tools of inventive problem-solving and make actual observations and 

necessary design adjustments. 

 

Students will determine and combine functions of resistance, current, and voltage 

related to their prototype model; and trace energy transfer and transformation as it 

appears in their prototype system 

 

Students will record and interpret the flow of electrons through their system and the 

changes that occur as the flow encounters resistance. 

 

Instructional 

Process

1. Allow time for students to finalize prototype. 

2. Have students complete Inquiry 6: Analyzing and Modifying the Prototype 

3. Instruct teams to record data while testing, making appropriate adjustments to  

    their prototype, and retesting.  

4. As students finish, score each team's final prototype using the Design Process  

    Rubric. 

5. Before the end of class, display Final Presentation Requirements,  

    review the requirements with students, and encourage them to review the  

    Individual Presentation Rubric.  

6. Instruct teams to add testing data, results, and adjustments to their Proposal  

    Presentation. Remind students to refer to Final Presentation Template for  

    guidance. This can be completed for homework, if needed.  
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Differentiation
 

Differentiation can be achieved through heterogeneous grouping and allowing extra 

time for completion of inquiries. 

Assessments
Recorded testing data 

Engineering Design Process Rubric
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Section II: STEM Lesson Plan 

Title of Lesson Days 9 and 10

Time Required 110 Minutes (50 minutes each day)

Materials 
Computer with Projector and Display Screen 

Appendix D: Presentation Rubric (one per student) 

Appendix P: Proposal Evaluation: Smithsonian SITES Presentation (one per team, 

per student) 

Appendix A: Post-test 

Objectives
Students will use mathematical formulas, manipulations, and graphical 

representations to quantify the concept of energy and waves.  They will make 

connections between voltage, current, and resistance and trace the energy flow 

through an electrical system. 

 

Students will prepare a multimedia presentation which presents information, 

findings, and supporting evidence clearly, concisely, and logically in a style 

appropriate to purpose, audience and task. 

 

Students will make strategic use of media in presentations to enhance 

understanding of findings, reasoning, and evidence regarding energy and electricity. 

 

 

Instructional 

Process

1. Explain that as each team presents proposals to the class, classmates are to  

    assume the role of the Smithsonian SITES Committee by providing formal  

    feedback on the Proposal Evaluation sheets. 

2. Score each student' / team's presentation skills using the Presentation Rubric. 

3. Administer Post-test. While students are completing the test, tabulate the scores  

    on the Peer Evaluation Sheets. The team with the best score will gain approval  

    from the Smithsonian SITES committee.  

4. Announce the winning team at the end of class.  
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Differentiation
Differentiation can be achieved through heterogeneous grouping. 

Assessments
Presentation Rubric 

Evaluation of feedback 

Post-test
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Section III: Unit Resources 

Materials and 

Resource 

Master List

Design Challenge Supply Box Components (suggestions): 

10 wires connectors with alligator clips 

1 buzzer  

1 knife switch - single or double pull 

1 push button switch 

1 multimeter - capable of measuring milliamperes and voltage  

1 motion sensor light, PIR (can be found at Radio Shack or online; wire must be  

   soldered onto the sensor ahead of time) 

1 force sensor 

1 magnetic sensor 

4 D-Cell batteries and holders 

4 LED lights 

2 lamp and lamp holders 

2 DC motors and mounts 

 

Additional Materials for Supply Box. Suggestions: 

Index cards 

Door hinge 

Clothes pins 

Marbles 

Lego pieces 

Cardboard 

Styrofoam 

Buttons 

Wheels 

Thread spools 

Paper clips 

Springs 

2 mm thread 

1 roll masking tape 

 

Other Required Materials: 

Computers 

Appendices

Key Vocabulary Consultant 

a specialist who gives expert advice or information 

 

Curator 

the administrative head of a museum, art gallery, or similar institution  
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Director 

the head of an organized group or administrative unit or agency (in this case, a 

museum) 

 

Electric Circuit 

a special type of network, one that has a closed loop giving a return path for the 

current 

 

Electrical Current 

a flow of electric charge through a medium. This charge is typically carried by 

moving electrons in a conductor such as wire 

 

Exhibition 

a public display, as of the work of artists or artisans, the products of farms or 

factories, the skills of performers, or objects of general interest 

 

Mechanical Device 

mechanism consisting of a device that works on mechanical principles 

 

Multimeter 

a device consisting of one or more meters, as an ammeter and voltmeter, used to 

measure two or more electrical quantities in an electric circuit, as voltage, 

resistance, and current 

 

Ohm’s Law 

the law that for any circuit the electric current is directly proportional to the voltage 

and is inversely proportional to the resistance 

 

Power- a measure of the rate of doing work expressed as the work done per unit 

time. In an electrical circuit, power is measured in watts 

 

Resistance 

a property of a conductor by virtue of which the passage of current is opposed, 

causing electric energy to be transformed into heat: equal to the voltage across the 

conductor divided by the current flowing in the conductor: usually measured in ohms 

 

Scale 

to adjust in amount according to a fixed scale or proportion 

 

Sensor 

a mechanical device sensitive to light, temperature, radiation level, or the like, that 

transmits a signal to a measuring or control instrument 
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Simple Machine 

a simple device for altering the magnitude or direction of a force. The six basic types 

are the lever, wheel and axle, pulley, screw, wedge, and inclined plane  

 

System 

an assemblage or combination of things or parts forming a complex or unitary whole 

 

Unit Conversion 

a change in the units or form of a number or expression 

 

Voltage 

electromotive force or potential difference expressed in volts 

 

Voltage Drop 

a decrease in voltage along a conductor through which current is flowing 

 

(Dictionary.com, 2011)

Technical Brief Georg Simon Ohm, a German scientist, found the relationship between current, 

voltage, and resistance through experimentation. This relationship became known 

as Ohm’s law and relates the voltage difference between two points: the electric 

current flowing between the two points, and the resistance of the path of the current. 

Mathematically, the law states that V = IR, where V is the voltage difference 

between the two points in volts (V), I is the current in amperes (A), and R is the 

resistance in Ohms. For a given voltage, higher resistance entails lower current flow. 

 

Voltage, also called potential difference, is a force that moves electrons. This force 

with which electrons flow is measured by connecting a voltmeter at each of the two 

points. Current is the flow of electrons through a circuit.  Opening the circuit and 

connecting an ammeter in series measures this flow of electrons in amperes. Simply 

stated: current is the intensity of electrical flow, while voltage is the force, or 

pressure, causing the current to flow. 

 

Resistance is an electrical element opposition to the passage of current, causing 

electric energy to be transformed into heat.  Resistance is equal to the voltage 

across an electrical element divided by the current flowing in the element. Electrons 

flowing in a circuit transfer energy to other objects and transform electrical energy 

into other forms (e.g., heat, light, sound) in the resistors. Even after the electrons 

transfer their energy, current continues to flow through these other forms. 

 

Increasing voltage and/or decreasing resistance increases the current flowing 

through a circuit. Likewise, decreasing voltage and/or increasing resistance 

decreases the current flowing through a circuit. When voltage or current supplied to 

a circuit is increased, the power (P) is also increased.  Power is found by multiplying 

current by voltage, P = IV.  Power, measured in watts, is the rate at which energy is 
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delivered to something Power is found by multiplying current by voltage, P = IV. 

 

 

 

 

Photos and directions for properly using a multimeter to measure voltage and 

current can be found at the following link. 

http://www.technologyuk.net/electronics/electrical_principles/

electrical_measurement.shtml  

 

Safety and 

Disposal

Never measure current across an element; put it in series with the circuit. 

All materials should be taken apart and stored separately after use. 

 

Students should work “one-handed” when dealing with circuits in order to avoid 

closing a circuit and send electrical current through their body.

References Never measure current across an element; put it in series with the circuit. 

All materials should be taken apart and stored separately after use. 

 

Students should work “one-handed” when dealing with circuits in order to avoid 

closing a circuit and send electrical current through their body.

Curriculum 

Developers

Jeanette McNally: Contributing Author, Editor 

Heather Nianouris: Contributing Author 

Margaret Pinnell, Ph.D.: Contributing Author 

Paul Sundlie: Engineering Consultant  

Kara Wurzelbacher: Contributing Author
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Section IV: Appendices 

Appendix A: Pre / Post-Test 

Appendix A: Pre / Post-Test ANSWER KEY 

Appendix B: Engineering Design Challenge 

Appendix C: Engineering Design Challenge Rubric 

Appendix E: Local Museum Research 

Appendix F: Team Careers 

Appendix G: Team Code of Cooperation 

Appendix H: Proposal Planning Document 

   • Individual Research 

   • Team Debriefing Session: Directions 

   • Choosing a SITES Exhibit 

Appendix I: Final Presentation Requirements 

Appendix J: Final Presentation Requirements 

Appendix K: Engineering Logbook 

   • Inquiry 1: Exploring Circuits and Ohm’s Law 

   • Inquiry 2: Preparing Goals for a Decision Analysis Matrix 

   • Inquiry 3: Individual Security System Design Plans 

   • Inquiry 4: Choosing a Prototype Design 

   • Inquiry 5: Assembling the Prototype 

   • Inquiry 6: Analyzing and Modifying the Prototype 

Appendix L: Teacher Instructions: Decision Analysis Matrix 

Appendix M: Exit Slip, Day 4 

Appendix N: Entrance Slip, Day 5 

Appendix O: Exit Slip, Day 6 

Appendix P: Proposal Evaluation: Sites Committee


