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New Jersey Student Learning Standards - Science

e MS-ESS3-3 - Apply scientific principles to design a method for monitoring and minimizing a human impact
on the environment.

e MS-ESS3-4 - Construct an argument supported by evidence for how increases in human population and per
capita consumption of natural resources impact Earth's systems.

e MS-ESS3-5 - Ask questions to clarify evidence of the factors that have caused the rise in global temperatures
over the past century.

e MS-ETS1-1 - Define the criteria and constraints of a design problem with sufficient precision to ensure a
successful solution, taking into account relevant scientific principles and potential impacts on people and
the natural environment that may limit possible solutions.

e MS-ETS1-2 - Evaluate competing design solutions using a systematic process to determine how well they
meet the criteria and constraints of the problem.

e MS-ETS1-3 - Analyze data from tests to determine similarities and differences among several design
solutions to identify the best characteristics of each that can be combined into a new solution to better meet
the criteria for success.

e MS-ETS1-4 - Develop a model to generate data for iterative testing and modification of a proposed object,
tool, or process such that an optimal design can be achieved.

e MS-PS1-3 - Gather and make sense of information to describe that synthetic materials come from natural
resources and impact society. [Clarification Statement: Emphasis is on natural resources that undergo a
chemical process to form the synthetic material. Examples of new materials could include new medicine,
foods, and alternative fuels.]

e MS-PS1-4 - Develop a model that predicts and describes changes in particle motion, temperature, and state
of a pure substance when thermal energy is added or removed.

e MS-PS3-3 - Apply scientific principles to design, construct, and test a device that either minimizes or
maximizes thermal energy transfer.

e MS-PS3-4 - Plan an investigation to determine the relationships among the energy transferred, the type of
matter, the mass, and the change in the average kinetic energy of the particles as measured by the
temperature of the sample.

Science and Engineering Practices
Asking Questions and Defining Problems
Asking questions and defining problems in grades 6-8 builds on K-5 experiences and progresses to specifying
relationships between variables and clarifying arguments and models.
e Define a design problem that can be solved through the development of an object, tool, process or system
and includes multiple criteria and constraints, including scientific knowledge that may limit possible
solutions.

Developing and Using Models
Modeling in 6-8 builds on K-5 experiences and progresses to developing, using, and revising models to describe,
test, and predict more abstract phenomena and design systems.

Planning and Carrying Out Investigations
Planning and carrying out investigations in 6-8 builds on K-5 experiences and progresses to include investigations
that use multiple variables and provide evidence to support explanations or solutions.

Analyzing and Interpreting Data
Analyzing and interpreting data.
e Analyze and interpret data to provide evidence for phenomena.
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e Analyze and interpret data to determine similarities and differences in findings.

Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 6-8 builds on K-5 experiences and progresses to include
constructing explanations and designing solutions supported by multiple sources of evidence consistent with
scientific ideas, principles, and theories.

e Apply scientific reasoning to show why the data or evidence is adequate for the explanation or conclusion.

Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 6-8 builds on K-5 experiences and progresses to
evaluating the merit and validity of ideas and methods.

Disciplinary Core Ideas (DClIs)
ETS1.A: Defining and Delimiting Engineering Problems
e The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the
designed solution will be successful. Specification of constraints includes consideration of scientific
principles and other relevant knowledge that are likely to limit possible solutions. (MS-ETS1-1)

ETS1.B: Developing Possible Solutions

e A solution needs to be tested, and then modified on the basis of the test results, in order to improve it.
(MS-ETS1-4)

e There are systematic processes for evaluating solutions with respect to how well they meet the criteria and
constraints of a problem. (MS-ETS1-2), (MS-ETS1-3)

e Sometimes parts of different solutions can be combined to create a solution that is better than any of its
predecessors. (MS-ETS1-3)

e Models of all kinds are important for testing solutions. (MS-ETS1-4)

ETS1.C: Optimizing the Design Solution
e Although one design may not perform the best across all tests, identifying the characteristics of the design
that performed the best in each test can provide useful information for the redesign process—that is, some
of those characteristics may be incorporated into the new design. (MS-ETS1-3)
e The iterative process of testing the most promising solutions and modifying what is proposed on the basis
of the test results leads to greater refinement and ultimately to an optimal solution. (MS-ETS1-4)

Crosscutting Concepts
Influence of Science, Engineering, and Technology on Society and the Natural World
e All human activity draws on natural resources and has both short and long-term consequences, positive as
well as negative, for the health of people and the natural environment. (MS-ETS1-1)
e The uses of technologies and limitations on their use are driven by individual or societal needs, desires, and
values; by the findings of scientific research; and by differences in such factors as climate, natural resources,
and economic conditions. (MS-ETS1-1)

Computer Science and Design Thinking (Standard 8)
e 8.1.8.CS.2 - Design a system that combines hardware and software components to process data.
8.2.8.ED.2 - Identify the steps in the design process that could be used to solve a problem.
e 8.2.8.ED.3 - Develop a proposal for a solution to a real-world problem that includes a model (e.g., physical
prototype, graphical/technical sketch).
e 8.2.8.ED.4 - Investigate a malfunctioning system, identify its impact, and explain the step-by-step process
used to troubleshoot, evaluate, and test options to repair the product in a collaborative team
e 8.2.8.ED.5 - Explain the need for optimization in a design process.




SPRINGFIELD PuBLIC ScHooLS
ENGAGING STUDENTS e FOSTERING ACHIEVEMENT e CULTIVATING 21st CENTURY GLOBAL SKILLS

8.2.8.ED.6 - Analyze how trade-offs can impact the design of a product.

8.2.8.ED.7 - Design a product to address a real-world problem and document the iterative design process,
including decisions made as a result of specific constraints and trade-offs (e.g., annotated sketches).
8.2.8.NT.2 - Analyze an existing technological product that has been repurposed for a different function

Career Readiness (Standard 9):
9.2.8.CAPS5 - Develop a personal plan with the assistance of an adult mentor that includes information
about career areas of interest, goals and an educational plan.
9.2.8.CAP.10 - Evaluate how careers have evolved regionally, nationally, and globally.
9.2.8.CAP.12 - Assess personal strengths, talents, values, and interests to appropriate jobs and careers to
maximize career potential.
9.2.8.CAP.19 - Relate academic achievement, as represented by high school diplomas, college degrees, and
industry credentials, to employability and to potential level
9.4.8.CT.1 - Evaluate diverse solutions proposed by a variety of individuals, organizations, and/or agencies
to a local or global problem, such as climate change, and use critical thinking skills to predict which one(s)
are likely to be effective (e.g., MS-ETS1-2).
9.4.8.IML.4 - Ask insightful questions to organize different types of data and create meaningful
visualizations.
9.4.8.IML.7 - Use information from a variety of sources, contexts, disciplines, and cultures for a specific
purpose (e.g., 1.2.8.C2a).
9.4.8.TL.3 - Select appropriate tools to organize and present information digitally.
9.4.8.TL.5 - Compare the process and effectiveness of synchronous collaboration and asynchronous
collaboration.
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PLTW

GATEWAY

PLTW Gateway
Energy and the Environment | Unit Outline

Clean water, clean air, a sustainable world! Students use tools such as the engineering design process, an
engineering notebook, and alternative energy modeling to invent and innovate.

Learn how creative thinking and problem solving can change your world!

In the Energy and the Environment Unit (EE), students are challenged to think big and look toward the future as
they explore sustainable solutions to our energy needs and investigate the impact of energy on our lives and the
world. They design and model alternative energy sources and evaluate options for reducing energy consumption.

EE Lesson Summary

Lesson 1 Investigating Energy
Lesson 2 Sustainable Energy
Lesson 3 Making an Impact

Lesson 1: Investigating Energy

The use and production of energy is important in everyone’s life. It is also important to consider ways to reduce
our impact on the environment when using energy to heat our buildings, to power modes of transportation, or to
operate electrical appliances. The development of alternative energy systems is a recent innovation where energy
is generated from inexhaustible energy sources like wind, solar, geothermal, and hydropower, and renewable
energy sources like biomass. These systems have the advantage of generating power with virtually zero carbon
emissions. In this lesson students will explore the challenge we face to economically harness, store, and deliver
these sources of energy.

Lesson 2: Sustainable Energy

Many events across the globe over the last several years have reinforced the need to restructure both our use
of energy and the source of our energy on a global basis. Stop and consider the effects on energy that these
events have caused: population growth, economic growth in China and India, conflicts in the Middle East, global
climate change, and natural disasters. We must implement innovative solutions to promote energy security and
alternatives to fossil fuels. While meeting the increasing demand for energy, we also need to consider minimizing
the environmental impact. In this unit students will present an alternative solution for a global energy problem.

Lesson 3: Making an Impact

Energy saved is energy gained for another day. Saving energy will cut down on pollution and help our fossil fuels
last longer, hopefully until renewable energy sources become more practical. Finding a way to do more with less
is a benefit to everyone. Students can actively participate in energy conservation through a variety of measures
including turning off lights when they leave a room, turning up the thermostat a few degrees on very hot days,
turning down the thermostat on cold days, closing windows and doors during temperature extremes, reducing
water usage, and ensuring that plug-in chargers are unplugged when not in use. Students need to realize that
each and every one of us does make a difference. The solution to energy problems will be solved by individuals.
We are the ones who need to practice using resources wisely, pass beneficial laws, and quit polluting. In this unit
students will learn to realize that individually they can impact energy usage trends.

pltw.org

04/2022
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Energy and the Environment

General Preparation and Considerations

Distance Learning Support

For information about PLTW's distance learning support, distance learning facilitation information for this course, and
online learning guides, jump to Distance Learning Support

COURSE PREFACE
In Energy and the Environment (EE) students are challenged to think big and toward the future as they explore

sustainable solutions to our energy needs and investigate the impact of energy on our lives and the world. They
design and model alternative energy sources and evaluate options for reducing energy consumption.

Note: PLTW recommends that students take Lesson A What Is Engineering? and Lesson B Design Process if
this is their first PLTW Gateway unit. The two lessons included in the unit will introduce students to
foundational knowledge and skills to support the successful completion of the Energy and the Environment
unit.

COURSE MATERIALS
* PLTW Gateway Notebook

* Computer with internet access
« Energy and the Environment Equipment and Supplies




SPRINGFIELD PuBLIc ScHooLs
ENGAGING STUDENTS e FOSTERING ACHIEVEMENT e CULTIVATING 21st CENTURY GLOBAL SKILLS

COURSE RESOURCES E-

Energy and the Environment Course Outline
Energy and the Environment Curriculum Revisions
Creating Inclusive Classrooms

Professional Development Resources

[ < <<

Lessons A and B PowerPoint Presentations (zipped folder)

i<

Energy and the Environment PowerPoint Presentations (zipped folder)

A~
N

ABET Accreditation Criteria
Frameworks

Accessibility

-

NATIONAL AND STATE STANDARDS ALIGNMENT
For the most up-to-date standards connection, please see Energy and the Environment Standards Connection.

PLTW FRAMEWORKS

For unitevel and lesson-level frameworks, please refer to the curricular Erameworks page in Course Resources.

INTERNET SAFETY
The intemet provides students opportunities to collaborate and learn new information. It is important for students to

know how to use the internet safely and appropriately; review your district and school internet policies with your
students. You can also use the PLTW resource, Staying Safe and Secure, which provides a basic introduction to

intemet safety.
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Unit Preparation

Verify that you have the equipment and supplies necessary to implement Energy and the Environment.
To view alist of required equipment and supplies, use the calculator tool on the PLTW.org website.

Equipment & Supplies Calculator | pitw.org >

A Bill of Materials for the EE Consumable Kit is available in PLTW Store Resources.

{f/ Safety Reminder: PLTW ds hat you follow all manut safety guidelines for equipm ent and sup pi
as outlined in the product manuals, as well as all state and local safety guidelines.

Check the Optional items to make sure you have included equipment and supplies for any optional
activities, projects, or problems that you plan to implement in your classroom. Verify that you have the
appropriate classroom supplies for the options that you intend to implement.

A Bill of Materials for the EE Consumable Kit is available in PLTW Store Resources.

Extensive instructional guidance is provided in the Teacher Notes and Teacher Resources pages for
each lesson of the unit. Read these resources thoroughly to identify equipment and supplies needed for
each day's activity.

Prior to presenting each lesson, check all internet links (especially in the Student Version) to make sure
that they are not blocked by your system and connect properly.

At the beginning of this unit, read Project 2.2 Energy Expo and decide if you want to introduce this
project to students in advance. You may want to start growing wheat or rye, com, and oats for students in
the biomass group to use. You may also want students to decide what they will be prototyping, as it may
take time to order orfind the supplies.

Visit the Power and Energy in the Home web page (provided by the Cyber Resilient Energy Delivery
Consortium) to verify that you can demonstrate the Power and Energy in the Home applet with a class
discussion associated with Activity 1.3 Using Ener gy Efficiently. Java should be loaded on your
computer in order to demonstrate the applet. Refer to the Day-by-Day plans in the Lesson 1 Teacher
Resources for the appropriate web link. If you intend to have students use any of the applets provided
on this website, be sure that the classroom computers will run the applet(s) as well.

VEX® components from the VEX® Gateway Kit may be used in this unit for modeling and prototyping. You
can use the same kits required for the Automation and Robotics (AR) unit. However, if the AR unit is being
taught at the same time, coordinate the lessons so that the Vvex® pleces are available when you need
them for EE.
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You will show one of two movies as part of Activity 1.2 and/or Activity 1.2.a. Plan to have one or both
videos available for the activity. You may be able to borrow The Energy Crossroads video from your local
library, or you can rent it from an online resource. The Next Frontier: Engineering the Golden Age of
Green can be ordered free by educators from the following website.

Order The Next Frontler: Engineering the Golden Age of Green >

You may want to review the available free videos from PBS Leaming for potential use in your classroom.

Join PBS Leaming >

PLTW Gateway Notebook

The Gateway curriculum assumes students will document all work in their PLTW Gateway Notebooks.
However, where and how students document their work is up to you. For each APB, determine where
you would like your students to document their work, answer formative assessment questions, and
answer conclusion questions. Which items you collect and assess is up to you. You may choose to use
other documentation tools, such as a digital notebook, a Word document to be shared with you, oran
online collaboration service {such as Google Drive). Communicate your plan to your students when
facilitating the APB.

The downloadable engineering notebook template and the design process solution template (accessible
from the General Student Resources page in the Student Edition) may be used to help students
document and organize their work.

For detailed descriptions of an engineering notebook, portfolio and binder refer to the PLTW Notebook,
Portfolio, or Binder resource which is accessible from the General Student Resources page in the
Student Edition.

Expanded Thinking Questions

You can use the Expanded Thinking questions to engage students in reflecting on their own learning—
what they did well, what they can improve upon, and what the experience means to them. From
reflection, students can make sense of and grow from a leaming experience and connect their learning
to their life experiences and the experiences of others. Through reflective practice, students can take
pride and ownership in their learning, as well as build a foundation for lifelong learning.

Creating Inclusive Classrooms

Project Lead The Way belleves it is important that we, as educators, combat stereotypes about who can
be a computer scientist, engineer, or biomedical scientist and strategically integrate resources, role
models, and opportunities into the classroom for everyone to see themselves in these fields.

10
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To support your facilitation of Energy and the Environment, review Creating Inclusive Classrooms for tips
about building inclusive classroom environments.

Interested in learning even more about indusivity? Education equity is the topic of a new series of the
inspirED podcast from @pltworg.

Professional Development Opportunities

Professional development opportunities are available to you from the Professional Development page of
myPLTW.org. To begin learning, visit myPLTW.org and select the Professional Development icon.

myPLTW.org >

Professional Development Resources

PLTW is here to support you throughout your facilitation of Gateway units. These Professional

Development Resources provide opportunities for professional growth and justin-time guidance as you
prepare to teach this unit.

Community Forums

The Community tool allows users to create posts, ask questions, and share files within their Community
groups. As a PLTW teacher, you will automatically be subscribed to Community groups based on the
course(s) for which you are certified.

As a Community group member, you have the opportunity to post comments, tag posts, bookmark, and
follow other members of your group. The Community environment is provided to facilitate a professional
learning community among teachers who teach the same course across the country. Use this forum to
ask questions, share best practices and lessons learned, and provide instructional support to your
community of professionals.

Using the Community tool in myPLTW, you also have access to a full repository of Learner Enrichment
and Advancement Preparation (LEAP) videos. These videos were created by teachers to assist one
another with understanding challenging content or help with facilitating specific parts of a course. Use
the global Search barto search for videos within Community.

To access the Community tool, visit myPLTW.org and select the Community icon.

myPLTW.org >

11
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Gateway STEM Booklist

Project Lead The Way understands the importance of introducing literature to students. STEM books
provide students with access and opportunity to discover, learn, experiment, and follow their individual
interests. STEM books can increase student motivation, engagement, and achievement and help foster
creativity and curiosity. Review the Gateway STEM Boolk List for a curated list of STEM books applicable
to the PLTW course work.

The books included on the Booklist are not included in the Store in myPLTW and are not included in the
instructional plan for this unit. Incorporating the books from the Booklist is optional, but offers ways to
provide additional engagement with the concepts explored in Gateway units. A link to the Gateway STEM
booklist is also available to students in the General Student Resources.

12
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Lesson A

What Is Engineering?

Teacher Notes

13
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Distance Learning Support

Review Lesson A Facilitation at a Glance for guidance about the following APBs:
o Activity Al
o Activity A.2
o Activity A3
o Activity A4
« Activity A5

Activity A1 PLTW Gateway Notebook

Students are expected to start to document all of their work early in the course. They will use this
notebook throughout the year, and it can be a useful validation of their knowledge and skills.

It is important to know that there are many formats used to document work within an engineering
notebook. The notebook format introduced in PLTW Gateway accumulates best practices and presents a

standard for the purpose of consistency in the curriculum.

The PLTW Gateway Notebook and portfolio are tools to organize student work in a meaningful way.

1 APLTW Gateway Notebook contains all design work completed for a specific design project. It is a
chronological documentation of all tasks completed during a design process, including
correspondence, ideas, sketches, journal entries related to design, calculations, photographs,
class notes, meeting notes, test procedures and data, and other related information.

In PLTW courses, students may use a single PLTW Gateway Notebook to document their design
work for multiple projects. However, we recommend that each project have a separate, designated

section within the notebook that includes pertinent information for that project only.

2 A portfolio is a collection of documents that a person selects for a particular purpose and includes
student reflections on their work. Various types of portfolios are used for various purposes; you
may decide which format is appropriate for use in your classroom.

a. A Project Portfolio is a collection of artifacts a student assembles to document the design
process of a single project. This portfolio may contain duplication of some content from the
engineering notebook and course binder and is used to showcase the student’s application of
the design process. An example is the Project B.3 Furniture Design.

b. A Course Portfolio is a collection of selected work that demonstrates the range and depth of
experience and skills gained from an entire course.

c. A Longitudinal or Growth Portfolio shows growth from early to later work in regard to specific
skills and extent of mastery. Entries in a Longitudinal Portfolio can span several years and
courses.

d. A Showcase Portfolio shows a student’s best work that targets specific skills.

14
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Note: A portfolio is optional.

Activity A.2 Introduction to Engineering

Use this activity for students to follow along with the Introduction to Engineering — What Do Engineers
Do? slide show. Assign conclusion questions for student reflection on how engineers could invent or
innovate a product to help enhance their lives. Consider using these questions as an exit ticket or as a
bell-ringer discussion starter for the next class period.

Project A.3 STEM Investigation

Consider discussing with a media specialist or English teacher the requirements for citing sources found
when conducting research. This could be a crosscurricular activity where students learn and are
assessed in multiple classes.

The following links are for websites that may help students to research technological inventions or

innovations.
Black Scientists and Inventors | Info Please >
Inventions | ThoughtCo. >
Discover Engineering | Discover Engineering >
Engineering, Science and Math Careers | Vocational Information Center >

You can use the included project rubric or modify it to better suit the needs for your classroom. Students
should review the rubric before they work on the project.

Activity A.4 What Is Technology?

The presentation that goes with this activity is meant as a discussion starter. Other examples are
provided in the notes section of the presentation.

Activity A.5 Engineering Careers

There are six different career-related exploration activities for students to complete. We suggest that you
choose one activity for each of the units taught in PLTW Gateway. Students should keep a copy of their
completed career activities in their portfolios or Career Plans. If your school district has existing career
exploration curriculum, you may need to modify these activities.

15
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The following website provides a link to information about many engineering careers. You may want to
share this site with your students for any or all of the career-related activities.

EngineerGirl Home | EngineerGir >

Activity A.5.a Engineering Careers Scavenger Hunt

In this activity, students will scavenger hunt for types of engineers and a product that may have been
invented or innovated by that type of engineer. The following table provides some, but not all, of the
types of engineers they may come up with. If time allows, you may want students to create a word search
or crossword puzzle using some of the engineering careers they found.

16
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Activity A.5.b Engineering Careers Interview

A great way for students to learn more about engineering is to talk to an engineer. Provide access to an
engineer through your partnership team. Contact your local engineering organizations to see whether
they can send speakers or would be willing to talk to a student over the phone to answer questions. If
these options aren’t possible, you can use a website, like the one linked, for students to read about a
previously conducted engineer interview.

Professional Profiles | Career Cornerstone >

Another option is to invite local engineers, possibly from your partnership team, to have lunch with the
students; if possible, connect this activity with Engineer's Week. Ask several engineers to sit at different
tables during lunch. Consider providing a sack lunch so that smaller groups can meet in classrooms.

After the interview, students will be required to create a poster to summarize the information they
collected. Depending on how many students hear the same interview, you may want to change this
activity so that you don’t receive 25 of the same poster. Another option is to have students summarize

the interview by writing a help wanted ad for the engineer’s job.

Activity A.5.c Engineering Careers Brochure

Lead the students in a discussion that lists as many areas of engineering as possible. Decide how you
will have students conduct career research.

Students will create a brochure or single-page flyer describing one of the listed fields of engineering.

They will refer to Activity A.5.c Engineering Careers for specific guidelines.

Suggested websites for their research can include:
EngineerGirl Home | EngineerGirl >

Collect the Engineering Careers activity and evaluate it using the Engineering Careers Grading Rubric.

Activity A.5.d Engineering Careers Book

In this activity, students will choose a partner or you may assign partners. Students will research a type of
engineer and create an illustrated book for students in the range of grades one through three. You may
want to work with an elementary teacher to see whether your students can go read their books to a class
or group of students. Emphasize that this is a nonfiction book and needs to hold the attention of an
elementary student.

18
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Activity A.5.e Engineering Careers Skit

For this activity, students will need some prior knowledge of different technology-related careers. We
suggest that you make this one of the last career activities students complete in PLTW Gateway.

Divide your class into four groups. Allow each group to choose two careers. Students will have a chance
to perform in this career activity.

The ten options in Activity A.5.e Career Descriptions were taken from the Engineer Girl website. Feel free
to let students trade if necessary, or add additional options if you like. The keywords that students should
include in a cheer or skit are the bold, highlighted text in Activity A.5.e Engineering Careers Skit.
Students may want to bring in props from home for their performances, so explain the activity and allow

students to conduct research during one class period. Conduct student performances during the next
class period.

Activity A.5.f Engineering, Go For It! Magazine

Engineering, Go For It! is an online magazine that explores careers in high-growth industries.
The magazine provides students with interesting and relevant information about career opportunities,
education, and the skills needed for various jobs. It offers resources to explore careers and tips about

how to help students build successful futures. Consider supplementing this activity with career
magazines that your school currently subscribes to.

Activity A.5.g Engineering Careers Glog

Students can use whatever technology they would like to create their glog poster, such as a word
processing program, or online design and publishing tools such as:

Adobe Express >

Canva >

Activity A.5.h Engineering Careers Concept Map

Students can use district-provided concept mapping software, such as Inspiration®, or you can register
your students to use a free online concept mapping software, such as LucidChart. Concept mapping
software is also used in the MD and GA units, so this activity may work well to introduce these concepts.
Students may also create their concept maps on paper, if they complete the assignment as homework.

LucidChart | LucidChart >
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Lesson B

Design Process

Teacher Notes
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Distance Learning Support

Review Lesson B Facilitation at a Glance for guidance about the following APBs:
* Activity BA
= Activity B.2
« Project B3

Design Process Presentation

Remind students that there is no one, single design process that is the standard for all designers.

However, the design process described in this unit is presented as a standard for PLTW courses, to serve
as a common foundation.

Activity BA1 Design Process

Students will watch a video online from the PBS Kids show Design Squad. Confirm that the PBS
Kids website is accessible at your school.

Depending on time, encourage students to watch other Design Squad videos that are available on the
site.

Activity B.2 Design Elements

Students will create a concept map of the six design elements. You may use the template provided in the
activity or have students create their own map. A concept map is a way for students to visualize the
relationship between different concepts. Linking phrases are often used to show the relationship
between nodes. By middle school, most students are familiar with creating a web or concept map, but
you may want to provide some examples.
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Project B.3 Furniture Design Brief or Project B.3.a
Hobby Organizer Design

You can choose to provide the fumiture design or hobby organizer design or allow your students to
choose which design project they prefer. Students will use the design process to design a table or chair
oran organizer for their favorite hobby. In this introductory unit, you will complete steps 1-3 of the design
process.

You will introduce students to a design brief either through the Design Brief presentation or by reviewing
the sections and the purpose of each section. Students will create their own design brief based on the
desired goal of their piece of furniture or organizer. Each group will have a different idea for the purpose
or function of their design. Student groups may need your assistance through this process.

You must discuss with students the importance of teamwork. Emphasize how to be a good partner, how
to encourage your partner, how to include your partner, and how to be a good listener. Consider having
this discussion as a brainstorming session to demonstrate the brainstorming process and to identify the
characteristics necessary for teams to be successful

You may want to provide tools such as rulers, measuring tapes, and yardsticks to help students conduct
research on fumiture dimensions.

Graph paper is provided in the General Student Resources. Students may not have developed sketching
skills, so their sketches may be unsophisticated. The focus is for the students to experience the design
process.
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Lesson 1

Investigating Energy

Teacher Notes
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Distance Learning Support

Review Lesson 1 Facilitation at a Glance for guidance about the following APBs:
* Activity 12
* Activity 12a
* Project 14

Activity 11 Energy Comes in Many Forms

If you prefer students fill in the energy chart by hand, have students reproduce the table in their Gateway

Notebook or create a printable version of the chart prior to the activity. Otherwise, students can create an
electronic version of the chart or complete the chart within the curdculum, take a screen shot of their

completed chart, and insert it into their Gateway Notebook.

Activity 1.2 Energy Crossroads
Activity 1.2.a The Next Frontier

Note: You may download a printable version of Activity 1.2 Energy Crossroads Guided Notes or
Activity 1.2.a The Next Frontier Guided Notes from the Lesson 1 Teacher Resources page. The
guided notes contain prompts from each activity to be addressed by students as they watch the
related movie but do nat include all of the information in Activity 1.2 or Activity 1.2.a in the Student
Edition of the course. Have your students read the appropriate activity before you show the video.

The Energy Crossroads movie is about 50 minutes long. About 42 minutes into the movie, the narrator
discusses ways a brewery is energy efficient. The information is good - for example, after one year of
service they give an employee abike and encourage riding instead of driving to work — but you may not
want to show the brewery section. Students will have enough information to answer the Conclusion
questions after about 30 minutes of the video.

The Energy Saver website (provided by the Office of Energy Efficiency & Renewable Energy Energy) may
provide additional helpful information for students as they respond to the activity items.

Energy Saver website | US. Department of Energy >
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Activity 1.3 Using Energy Efficiently

Note: You may download a printable student version of the activity from the Lesson 1 Teacher
Resources page.

Demonstrate how to use the KillA-Watt™ Power Meter to measure how many watts of energy is being
used by different appliances or tools that are available. Provide students with readings from four
electrical appliances. You may want to measure items like hair dryers, curling irons, an air compressor,
hot air balloon launcher, or older appliances. Some items will register O volts if not plugged in long
enough; you may want to plug in items before class starts to demonstrate how to read the meter If a
refrigerator is available, record the electrical draw from that. Try comparing an Energy Star-rated
appliance to a non-rated appliance if possible. For help in using the Kill-A-Watt meter, you can watch the
following YouTube video.

Kill-A-Watt Meter - atE Video Tip >

You may want to guide students through some of the resources that are available on the Energy
Resource Center website that they will explore as part of Activity 1.3. Explore the website using the link
provided in the Activity in the Student Edition.

The Light Switch Calculator and the Appliance Calculator can provide cost savings estimates for some
simple energy-saving activities. You may want to research other similar calculators. Some calculators rely
on national average energy costs as a default. Often students can replace these figures with their actual
household energy data to get a more accurate picture of the savings that can be achieved. In either case,
please keep in mind that savings figures are approximate. Actual savings will vary widely with household
energy habits.

CO, emissions are included in the calculator on the provided website because CO, is a main contributor
to climate change. You can review the Environmental Protection Agency's Greenhouse Gas Emissions
webpage to gather interesting data for a class discussion.

Greenhouse Gas Emissions | EPA >

Students may struggle with selecting a question to address in item number 5 of Activity 1.3. You may want
to use this item to differentiate instruction since the questions that students develop can range in
sophistication and may require a variety of graph types and quantities. Some questions may be
addressed with a single pie chart. Other questions may require a bar chart or time sequence graph. In
some cases a stacked bar chart or grouped bar chart makes sense. In other cases, a series of graphs
might provide the best representation. You may choose to develop alist of questions and have student
choose a question to answer or assign specific question to students. If you allow students to develop
their own questions, you may need to ask them leading questions to help them formulate a question for
which they can gather data that can be graphed. Some example questions include:
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» What energy sources are used to supply electricity to most homes?

* What sectors of society use the most energy?

» How has the per capita consumption of energy changed during my lifetime? During my parents’
lifetime?

* How does the per capita consumption of energy differ in my state from the national average?

* How has the mix of energy sources changed during my lifetime? During my parents' lifetime?

+ What sectors of society use the most energy? Has that changed over my lifetime? Over my parent's
lifetime?

* The use of which renewable energy source shows the fastest growth?

You may want to quickly show students some example graphs that they could use to respond to number
5 in the activity. A good resource is the U.S. Energy Information Administration Energy Facts Explained
webpage. Note that the data will change from year to year.

Example Energy Consumption Graphs >
U.S. Energy Information Administration

Discussion: Reducing Energy Usage and Cost

The following topics can be used as discussion points for reducing energy usage and, therefore, costs.

Heating and Cooling Your House

« Keep your house free from drafts.

« Insulate your house; close curtains at dusk to keep the heat in during the winter; close the curtains
during the day in the summer to keep the heat out.

* Use appliances with thermostats to avoid overheating.

* Use timers to turn appliances on (especially furnace or air conditioner) before you get up or come
home rather than keeping them on all the time.

* Wear extra clothing or add extra bedding instead of turning up the temperature on your furnace.

* Use fans and ducts to move air.

* Install a ventilating (opening) skylight to let heat out at night.

* Choose energy-efficient appliances.

Kitchen and Laundry

* Many appliances use power when on standby. Unplug them when you are on vacation.

» Refrigerators work better in cooler areas, so keep them out of the sun and away from the oven.

* Cook several dishes in the oven when you use it. Grill outdoors in the summer.

* On the stovetop, don't put small pots on large rings.

* Use the dishwasher only when itis full.

« Use your washing machine when you have a full load, and use a clothesline to dry clothes in the
sunshine whenever possible.

Water Heating
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* Lower the thermostat on your water heater.

* 0.06 KW x 5 hrx 013/kWh = 0.039 x 10 bulbs = $0.39/day x 365 days = $14235/yr
» Install a tankless water heater so that you only heat water as you need it.

« Install an insulating “blanket” designed for water heaters with tanks.

Lighting

* Switch from incandescent light bulbs to compact fluorescent light bulbs (CFL).

* Turn lights off when you leave a room, and use security lights outside that only turn on when you
need them.

« Add skylights to your home or paint the walls a light color to increase reflection.

Activity 1.4.a Explore a Wind Turbine

Use the link below to access the animated website or do asearch for Department of Energy Explore a
Wind Turbine.

Explore a Wind Turbine >

Project 1.4 Measuring Energy

Review Lesson B The Design Process and the required components to be included in the Gateway
notebook with students or provide engineering notebook template sheets.

In this project students will experiment with blade materials, shapes, sizes, number of blades, angle of
blades, etc. to determine the most efficient design for wind power generation. Students will design and
create ablade system and then test the system to see how much power they have created. To expedite
the completion of this activity, you may want to divide groups so that each team is solving and testing for
a different problem. Options could include:

» Length of blade

* Material blade is made from

* Angle of blades

* Number of blades

+ Blade shape

Explore the KidWind Project website for more information.

KidWind Project >

The project manager can be you or a student. The project manager should be prepared to convey
constraints such as time for each step, materials to create wind turbines, weights used for testing, etc.
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Note: A downloadable version of the Project 1.4 data table is available to students from the
Resources section of the activity in the Student Edition of the course. Alternatively, students may
create their own table or fill in the text boxes within the curriculum course, take a screen shot of the
completed table and paste it into another document for printing.

Important Safety Note

* Always wear safety goggles when testing blades.

Calculating Force, Work, Power

Example: We will find the power produced by the windmill as it lifts a cup of washers. The total mass of
the washers, cup, and string is 41.5 grams. The windmill lifted the cup a height of 42.5 centimeters in 12.2
seconds.

Step 1: Calculating the Output Force

When a windmill lifts an object at constant velocity, the output force of the windmill will be equal to
the load on the windmill. The load on the windmill is the combined weight of everything being lifted:
washers, cup, and string. We calculate an object’s weight by multiplying its mass in kilograms by the
Earth's gravitational field strength 9.8 newtons per kilogram. The output force of this windmill is
04067 newtons.

Step 2: Calculating the Work

Work is equal to force multiplied by displacement. When we multiply 0.4067 newtons x 0425 meters,
we find that the windmill did 0173 newton-meters of work. Since 1newton-meter =1 joule, we can also
write that the work is equal to 0173 joules.

Step 3: Calculating the Power
When we divide the work by the time it took to lift the load - 0.173 joules divided by 12.2 seconds —
we find the output power of this windmill is 0.0142 joules per second, or 0.0142 watts.

Measured Values:
mass = 41.5 g(washers, cup, string)
h = 425cm
t = 12.2s
Force = Load
= mXg
= 0.0415 kgx9.8 N/kg
= .4067 N
Work = Fxd
= 0.4067 N x 0.425 m
= 0.173 N-m
= 0.173J
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Activity A.5 Engineering Careers

Note: See Lesson A Teacher Notes for specific career activity information.
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Lesson 2

Sustainable Energy

Teacher Notes
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Distance Learning Support

Review Lesson 2 Facilitation at a Glance for guidance on Project 2.2.

Activity 2.1 Why Are We Concerned?

Students will use a computer software package like Excel to create graphs. Depending on the students’
familiarity with the program that you are using, you may need to teach a lesson on spreadsheets and

creating graphs.

An online resource that students can use to create a graph is the National Center for Education Statistics
(NCES) Create-A-Graph website.

Create-A-Graph | National Center for Education Statistics >

Generators

For demonstration, if you have a VEX kit available, you may want to build a generator that uses gears to
increase the speed to the motor / generator in order to provide enough RPM to light an LED. The Magic
of Electrons unit includes a student activity in which students build a generator (see Magic of Electrons
Lesson 1 Teacher Notes). Alternatively, considering showing students the image, video, and Scratch

interactive below.

DC Motor Components

DC Motor Demoenstration video
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Build Your DC Motor
Source: User-generated content from Scratch permitted under CC BY-SA 2.0

Open the Build Your DC Motor in a new tab

Consider using one of the student-built generators for demonstration, or build one yourself. A gear ratio

of 15:1 or greater is suggested in the activity.
Below is one example of a generator design.

VEX Generator solution
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Fuel Cell (Teacher Demonstration)

Demonstrate the use of a fuel cell. Power the fuel cell with the solar panel. Both the fuel cell and solar
panel are available in the VEX Alternative Energy Pack kit. You can connect the two using the available
banana plugs and wires with alligator clips. Once the fuel cell is charged, demonstrate how both the fuel
cell and the solar panel can power the fan that is available in the Energy and the Environment Snap
Circuit kit.

Consider connecting the fuel cell to the solar cell and the fan, and then when the “sun goes down,” the

fuel cell will take over and power the fan.

A Fuel Cell User Guide is accessible from the Lesson 2 Teacher Resources page.
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Project 2.2 Energy Expo

Teams

Divide the class into six teams. Each team will research and create a model or prototype of a product that
uses an alternative energy source. You may want students to list the three renewable energy sources
they are most interested in learning more about on a sheet of paper and divide the groups accordingly.

« Solar - Guide students to design statements like design, build, and test an oven powered by the sun
or design, build, and test a model house with solar panels that power an appliance inside the house.

« Wind - Guide students to design statements like design, build, and test a wind powered device that
produces enough electricity to light an LED.

« Geothermal - Guide students to design statements like design, build, and test a model of a

geothermal power plant that creates steam; the steam is used to turn a turbine.

Biomass - Guide students to design statements like grow several different grasses to determine
which one produces more biomass in the same amount of time.

« Hydropower - Guide students to design statements like design, build, and test a water-powered
turbine that generates enough electricity to light an LED.

Hydrogen (Fuel Cells) - Guide students to design statements like design, build, and test a vehicle
that produces enough fuel to power the vehicle or design, build, and test a fan that is powered by a
fuel cell.

Prototyping Materials

Supplies to build prototypes can be provided with commercially available kits, or students can design
devices with miscellaneous hardware, office supplies, and other supplies. Project ideas can be found on

the internet or from these resources:
« Sustainable Energy Engineering by Celeste Baine (Pitsco)
« Environmental Engineering by Celeste Baine (Pitsco)
« Vernier KidWind Products
« Solar, wind, hydrogen, etc. educational kits (available from multiple venders)

Additional information about Snap Circuits:

« Manuals can be downloaded from Elenco.

Manuals | Elenco >

« Snap Circuit individual components and books can be purchased directly from Snap Circuits.

Snap Circuits | Replacement and Upgrade >

Consider providing materials to create some of the following objects for each energy type:

« Wind - sailboat, windmill, wind turbine

« Solar — solar panel on homes, solar cooker, solar car, passive solar house design
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« Biomass — use wheat or rye, oats, and corn grown in class

« Geothermal — geothermal power plant model

« Hydro — waterwheel

« Fuel Cell — vehicle (consider a mag-lev vehicle powered by a fuel cell or VEX vehicle powered by a

fuel cell)

Below are sample display boards:
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Energy Expo

Consider using the energy expo to motivate other students to take the PLTW Gateway program. Have
students set up in the cafeteria during lunches or use as an evening or after-school program. If this isn’t
possible, invite parents or other adults to come during class time to the Energy Expo.

Team Engineering Notebook

Request photocopied pages from each student’s Gateway Notebook. Students can be required to keep
their own notebook, or you may choose to create a project notebook for each team.

Project 2.3 Energy for Our Future

Teams

Divide the class into six teams. New teams should include only one student from each team for Project
2.2 Using Renewable Energy. Students will bring their expertise in that renewable energy source to their
new team for Project 2.3 Energy for Our Future. You may want your students to create a prototype or
model of their alternate solution or use a model/prototype from previous projects or activities. This
project has purposely been left open-ended so that students may identify a problem in their geographic
area or a problem that they have experience with. If necessary, help student narrow their problems
descriptions so that there is a reasonable chance that they can develop a feasible solution. You may want
to show student exemplars to help students develop their project ideas.

Some ideas for energy sources that may be interesting to students include:

fluid flow in pipes (flushing toilets)
« ocean currents

« clothes

* gym equipment as we exercise
« jellyfish

« body heat

« tires as we drive

« dancing

« food waste

« bugs

solar wind

Simple video editing software, such as Windows MovieMaker or iMovie, are easy to learn and provide an

additional communications technology component to the commercial production.

Government decisions might depend on answers to the following:
1. Do the pros outweigh the cons?
2. Are the risks worth the benefits?
3. Will the public support it?
4. How do we research, promote, and fund the transition?
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5. Is the solution financially feasible?
6. Can we harvest and store enough of the inexhaustible resource so that we can use it when the wind

isn’t blowing or the sun isn’t shining?

37



SPRINGFIELD PuBLIc ScHooLs
ENGAGING STUDENTS e FOSTERING ACHIEVEMENT e CULTIVATING 21st CENTURY GLOBAL SKILLS

Lesson3

Making an Impact

Teacher Notes
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Distance Learning Support

Review Lesson 3 Facilitation at a Glance for guidance about the following APBs:
* Activity 31
* Activity 32
* Activity 36
* Project3.7

Suggestions for Discussion

Energy Conservation — Temporary actions that you can take to reduce energy consumption. For example,

physically turn the lights off when you leave a room, turn the thermostat down or up, close the drapes in a south
or west facing window in the summer to block the sun.

Energy Efficiency - Energy efficiency means delivering the same (or more) services for less energy. Using less
energy means power plants generate less, which reduces greenhouse gas emissions and improves air

quality. Energy efficiency identifies conservation actions that are permanent. Examples of energy efficiency
include choosing and installing equipment that uses less energy to operate, installing sensors that turn lights off
when no one is in the room, using a programmable thermostatto set hours of operation and high and low
temperatures for heating and cooling, planting a shade tree in your yard to block the summer sun on west or
south facing windows, installing compact fluorescent or LED lighting. Examples for water conservation: installing

drought-tolerant landscaping.
Activity 3.1 Water Audit

Note: A printable version of the student activity is available from the Lesson 3 Teacher Resources page.

Demonstrate the collection of flow rate data for your students by timing the collection of water in a bucket and
recording the data.

Explain to students that they will collect data in one of two ways depending on the appliance or activity for which
they are estimating water usage.

1. For faucets and spigots, determine the typical flow rate when you turn on the faucet (to wash your hands or
brush your teeth). To measure the flow rate, turn on the faucet. Then estimate the flow using one of the
following methods. Provide an example of the calculation of flow rate using each method, paying particular
attention to the volume units. All total volume measurements should be in gallons:

* measure the volume of water collected after one minute, or
* measure the volume of water collected after 10 seconds and multiply by 6, or
* measure the time it takes to fill a gallon {or half gallon) container

2. For the washing machine, refrigerator (ice maker), dishwasher and toilet, have students estimate the gallons of
water used in one usage. Or make these estimates as a class. Students do not need to fill in the Rate of water
flow or amount of time per usage for these items.
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You may ask different students to volunteer to measure how much water is used in their house for different activities, including
washing hands, cooking, flushing a toilet, taking a shower, brushing teeth, washing clothes, watering landscaping. Then compile the
data into a single table that all students will use to complete the activity.

You may want students to use an online water use calculator like the one found atone of these websites:

Water Consumption Calculator | CSGNetwork \>

Water Consumption Calculator | USGS >

When students compare their estimate of family water usage to the average daily consumption indicated on a water bill, ask them to
share their thoughts about why their estimate does or does not agree with the bill. The following questions may help you facilitate a
discussion:

+ Whatwater use might not be included in the data you gathered? [Outdoor water use — washing cars, watering lawns, pools;
Leaking faucets or toilets, human consumption]

* Does the season impact water use? Which seasons do people use more water?

+ Could any of the water that is not consumed be reused/recycled for a different purpose?

Activity 3.2 Product Life Cycle

Encourage students to use recycled products while making their product life cycle poster.

Activity 3.3 | Made a Difference

Students will engineer a solution to a particular trash problem to help reduce the amountof garbage that is being incinerated or put
in a landfill. At the conclusion of the project, students will explain their solution and present it during an “| Made a Difference”
celebration. Consider having a prize for the student or team thatis voted as having a solution that will result in the greatest
improvement in our environment. The prize may be an item thatis regifted, reused, or recycled.

You should contact a local waste management company, water, and/or utility to solicit a guest speaker and to determine whether
individuals would be available to answer student questions regarding their | Made A Difference project ideas. You may choose to
combine this with the career activity — interview projectas well.

At your discretion, students can work individual, in pairs, or in larger groups. You may need to help students identify constraints and
resources for this activity.

Let students brainstorm ideas, but if they are having trouble, consider suggesting one of the following:

* Instead of being driven to school every day, you can ride the bus. Calculate how much energy is saved, how much lower the
carbon footprint will be, and how much money in fuel is saved by getting out of bed 15 minutes earliet

« Use reusable bags at the grocery store. Determine how much money is saved, how many fewer bags go in the landfill, and how
long it takes for a bag to decompose in a landfill. Possibly instead of the reusable bags which have to also be produced and
shipped, students can create grocery shopping bags from an old t-shirt.

* Curbside recycling at home.

* Recycle an electronic device. Use the EarthM Recycling Guide to find local recycling centers.

Recycling Guide | Earth911 >
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* The Fruit Tree Planting Foundation strategically donates and helps plant orchards where the harvest will best serve communities
for generations, at places such as public schools, city parks, low-income neighborhoods, Native American reservations,
international hunger relief sites, and animal sanctuaries.

Fruit Tree 101 | The Fruit Tree Planting Foundation >

.

Begin a compost pile, either at home or at school. Discuss with parents or school personnel what can be put in a compost pile
and then use the soil around landscaping. Here are a few sources of information on starting a school composting program

School Compost Program b3

The Ultimate School Composting Resource Page

S

Start or promote an existing recycling program atyour school.

Create a new product out of something you planned to throw away. For example, a purse out of an old pair of jeans, a planter

out of an old pair of shoes, wrapping paper out of newspaper, shoe boxes for storage containers, turn an old lunch box into a

first aid kit or craft box, egg cartons to store jewelry, golf balls, etc.

* Buy green products. What makes a product “green™?

= Clothing exchange among grade levels — bring in good/gently used clothes that may no longer fit for a clothing exchange
among your classmates.

* Garage sale — one person’s trash is another person's treasure.

Implement an Earth Week at your school and see how green you can be.

Activity 3.4 Recycle City

Explore the EPA Recycle City website yourself before you assign this activity. Decide if you want students to Take the Recycle City
Challenge before they Play the Dumptown Game after they have addressed the Conclusion questions.

S

Recycle City | EPA

Once students have explored Recycle City and addressed the Conclusion questions, ask them to either Take the Recycle City
Challenge or to proceed to Play the Dumptown Game.

The Dumptown Game is designed to be extremely flexible. In fact, there are no goals or winning conditions built into the game at all.
Goals can include reducing the amount of a particular kind of waste going into the landfill by a particular amount or by as much as
possible. You can add budget caps or restrict the programs that can be used. You can also set research goals, such as determining
the impact of composting on the waste stream.

Sample goals

* Reduce the amount of paper going into the landfill as much as possible, and spend as little money as possible.

* Remove as much organic waste from the waste stream as you can.

* Set an overall spending limit ($200,000, for example) and find out which combination of programs within your budget achieves
the most waste reduction.

* How much waste can be removed from the waste stream using programs that have no cost to the city?

* Whatis the optimum combination of programs for the city? This is a difficult question. t may take up to an hour to try all of the
programs and determine the cost/benefit of them all
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Additional Information
You may find additional information to support your facilitation of the activity and provide discussion points by visiting General

Electric's Ecomagination website. This website details one company's efforts to enhance resource productivity and reduce
environmental impact.

Ecomagination | General Electric >

Activity 3.5 Heat Transfer Pre-Assessment

Note: You maydownload the student version of this pre-assessment and view the answer key from the Lesson 3 Teacher
Resources page.

Activity 3.6 Heat Transfer

Material used under license from Christine G. Schnittka, Ph.D. in cooperation with Virginia Middle School Engineering Education
Initiative.

Students will respond to the activity tems as you performs the following demonstrations. Prompt students to reflect and respond to
each activity item (verbally during a class or small group discussion or in writing in their Gateway Notebook).

Note: Adownloadable file, Activity 3.6 Heat Transfer Charts, that contains blank activity charts is accessible from the
Student Edition of the activity. Students may insert text (and shapes for the bar graph) directly into the document or print the
document and handwrite responses per activity instructions. The charts can then be cut out and inserted into their Gateway
notebook.

Preparation

The night before the demonstration, place six cans of soda in your refrigerator. The next moming, wrap each can in one of the
following materials: wool sock, cotton sock, aluminum foil, paper towel f{you may need to tape this), plastic wrap, and nothing. Try
to make each wrap the same thickness (may need two cottons socks, multiple layers of paper towel, etc. to make wraps similar
thickness to the wool sock). Place each in a paper lunch bag and label iton the outside with a thick marker.

« Find a plastic tray and a stainless steel tray. It's convenient if the metal tray is smaller and can sit on top of the plastic one, off to
the side. If you can find a silver or silver-plated tray, it will make the demonstration more dramatic, as silver is a better conductor
of heat. Tape an aquarium thermometer strip to the underside of each tray so that students cannot see the strips. They will each
display room temperature, but students will not predict this. Top Fin makes these in a large, easy to read size.

* Make 10-gram penguin-shaped ice cubes the night before so they can be used in a demonstration. Use a medical syringe to

dispense 10 ml of water into each penguin well on the tray. You will need two ice cubes per group.

Bormrow or bring to school some stainless steel spoons and plastic spoons, one of each for each group. If silver can be procured,

it is a better conductor of heat and will work better for the demonstration.

* Construct a cardboard house with a roof out of a cardboard box slightly larger than a shoe box. Paint the roof black. Cuta flapin

the bottom so you can cool the house off quickly. Insert a thermometer in the black attic space and another near the floor of the

house. This house will be used for two demonstrations. Cut a piece of Mylar space blanket so that it drapes over the roof and
covers all of the black paint.

Create an electronic spreadsheet file in which to record and project data during the demonstration (see notes that follow).

.
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Demonstration 1 — Soda Can Wraps

Note: Prior to this class demonstration, create an electronic spreadsheet file in which to record data during the demonstration
per the Sample Template for Recording Temperatures.

-

. Tell a story that goes something like this: You want to bring a cold soda on a field trip and drink it for lunch, but you want it to still
be cold when you drink it. You need to determine the best way to keep it cold. Ask students for suggestions and reasons why
they think their method would work. If a students suggests that their method will keep the cold in — Remind them that only heat
transfers. That is why it is called heat transfer. If only heat can transfer, what is their method really doing? (Keeping the heat out])

2. Tell students that you designed an experiment with some materials that you found around your house thatyou thought might be
good at keeping the heat out. Bring out the six lunch bags and show students what is inside. Have them make predictions on
Activity 3.6 Heat Transfer as to which one will be the coldest at this point. Ask students to rank the materials. Most students will
rank the aluminum foil as being the best material to keep the soda cold and the wool sock or the control as the worst. Ask
students to justify their reasoning. If a student suggests that the wool sock will warm the soda because socks warm your feet —
Remind them that socks do not generate heat, they trap the thermal energy of the feet. Ask, “Would the socks trap the heat
outside of the soda can?”

. Justify your choice of paper toweling as a possible material to block heat transfer. Tell students that you know that builders blow
paper pulp into attics to keep heat from transferring into or out of a house. Also, tell them that some homeless people use
newspapers to line their clothes in the wintertime to help prevent the thermal energy from their bodies from escaping. if
students say that their parents wrap their sodas in aluminum foil — Remind them that traditions are passed down for
generations without question. Today we will question the tradition.

w

The Cans Demo

4. After students have made their predictions and you have discussed their reasoning as a class, pop the tops and have student
volunteers insert digital thermometers. Explain that you took all of the cans out of the same refrigerator this morning; so, all of
the sodas started at the same temperature. Record the temperatures in a spreadsheet application. Do not unwrap the cans, as
they will need to stay insulated if you have additional classes this day or if you want to track the temperature changes over time.
Remind students of the value of having a control {(no material around the can) when experimenting with materials. Ask if they can

tell you why having a control is important. Enter the temperatures in the spreadsheet projected in the classroom, and use the
graph utility to create a bar graph.

Sample Template for Recording Temperatures
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Wodl sock 604 63
Paper towe! 604 837
Muminum 613 646
Paastic wrap 621 651
Cotion sock 635 664
Nothing 642 671

5. Your students may be very surprised that the wool sock (make sure it is wooly and thick) and the paper towel do a good job at
preventing heat transfer. Describe that wool and plush paper toweling are good insulators because they trap air and prevent the
air from moving around. Describe paper as being made of dried up hollow cells from plant matter. Tell students that trap ped air
is an excellent insulator and ask if they have ever seen the blue, pink, or yellow fiberglass insulation used in houses. Ask
students to make an inference as to why the aluminum foil and plastic wrap do not turn out to be good insulators. They may infer
that the foil and plastic do not trap air.

6. After an hour, a second measurement helps discriminate the small differences between some materials. If you do not have time
to repeat the measurements with your class, perhaps do it yourself and report the values the nextday for further discussion. If
desired, students can add a column to their chart to record an additional {third) temperature reading.

7. The results from this experiment should be illustrated as indicated in Activity 3.6 Heat Transfer. Students will sketch a similar
chart by hand. Remind students that they need to include values on the temperature scale and a legend.
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Temperature at Time 1 and Time 2
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Demonstration 2 — Feeling the Temperature of a Metal Tray and a Plastic Tray

1. Review the heat insulation concepts from the soda can wrap demonstration. Did all of the materials serve as heat insulators?
Remind students that radiation, convection, and conduction are processes, all methods of thermal energy transfer. Certainly the
application of all of the materials prevented some heat transfer since the soda can with no material wrapped around it gained
the most heat energy. Some students will be confused about the term insulation because it applies to electricity as well as heat
transfer and because it is a term used very loosely in everyday language. Give students the scientifically accepted version of the
definition of the term, and ask them whether all of the materials were insulators. If aluminum is not a thermal insulator, how did it
prevent heattransfer? The answer probably lies in the air trapped between the aluminum can and the aluminum foil. See ifyou
can get students to reach this understanding. Materials which are not heatinsulators may be heat conductors. Metals are good

heat conductors. When the aluminum foil touches the soda can, it actually conducts some heat from the surroundings into the
can

Heat Insulator: A material which reduces the rate of heat transfer.
2. Demonstrate how differenta metal tray and a plastic tray feel when they are touched. Both trays are at room temperature, but

students will perceive that the metal tray is colder. Pass both trays around the room and ask students to touch them and tell you
which one is colder. Accept any answers. The next demonstration will tie into this one.
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Plastic and metal Yays

Demonstration 3 — Melting Penguins in Plastic and Metal Spoons

1. Pass out a metal spoon and a plastic spoon to each group of three students. Ask them which spoon feels colder. They can place
the spoons on their cheeks because the face is more sensitive than the hands. Students will likely respond that the metal spoon
feels colder. Now ask students to predict which spoon will work best at keeping anice cube cold. Many will predict the metal
one since it feels colder. Pass out two penguin-shaped ice cubes that are the same size for each group and have students take
turns holding the spoon handles in their hands while the penguins are in the spoons. After three minutes (one minute for each
group member) ask students to explain why the penguin in the plastic spoon is not melting while the penguin in the metal spoon
is quickly turning to water. This is a good opportunity to introduce the definition of the term conduction.

Conduction: The way in which heat travels through materials or from one material to another through contact. Conduction primarily
happens as heat transfers through solids when atoms or molecules contact each other, but it also occurs when a fluid touches a
solid, or when a gas touches a solid, etc. Kinetic energy is transferred as higher temperature vibrating molecules or atoms collide
with cooler matter, increasing the kinetic energy of the cooler substance.

Metal and plastc spoons with penguin-shaped ice cubes
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Remind students that heat transfers from a higher temperature to a lower temperature. Help students come to the understanding
thatthe metal spoon feels colder because heatis leaving the hand. Remind them that cold does not travel or transfer, only heat
does. Ask, "When you touch the metal spoon to your cheek, why does it feel cold?” Make sure that all students understand the
concept of conduction, the concept of kinetic molecular energy, and the direction that heat transfers before proceeding to the next
step.

2. Retrieve the plastic and silver trays. Ask students again which one felt colder. Ask:
+ Do you think the metal tray was actually colder?
* Why did it feel colder?
« If it wasn't actually colder, what temperature do you think it was?
* How can we determine the temperature of each tray?

Show students that you have thermometer strips taped to the back of each tray. Have students look at the strips and verify that the
trays are the same temperature.

You might want to ask students whether they have ever experienced the phenomenon where metals feel colder than nonmetals
when they are actually the same temperature. Some students might bring up the “don’t touch your tongue to a metal post in the
wintertime” story, and you can have the class try to explain the heat transfer process that occurs in this situation.

Demonstrations 4 and 5 — Black Roof and Space Blanket Demonstration

1. Show students the cardboard house you built. You can use thermometers or multimeters with a thermocouple to measure
temperature. Show students the thermometers and have someone record the temperatures in the attic and lower floor. Tum a
150 watt shop light on over the cardboard house. Position the light approximately 10-12 inches above the roof of the house.
Have studentvolunteers call out the temperatures while another student records them. Within a few minutes, the temperature in
the attic space will approach 100°F (38°C) while the temperature in the lower floor will only be around 72°F (22 *C). See the
charts below for some typical temperatures.

Unpainted Roof {Optional: make two cardboard houses, butdon't paint the roof on one of them — notice temperature difference
is not as dramatic)

Final Temperature, degrees F after 90 minutes

#* floor | 70 ‘ ne
i
Ause | 70 a1
Black Painted Roof

Final Temperature, degrees F after 10 minutes

Black Painted Roof Covered with Space Blanket
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#* floor 693 )

709 %3

=
A

2. Tell students that thermal energy transfers in other ways too; conduction is notthe only way heat transfers. See if some students
know the other methods of heat transfer and if they can identify why the attic of the house is getting so hot. The attic is getting
hot because the black roof is absorbing infrared and visible light radiation from the light. This radiation is converted into heat on
the roof. The air in the attic is getting hot because of conduction. The hot roof transfers its energy to the air next to it inside.
Some students may say:

* heat rises — If a student makes this statement, remind them that heat is not a substance. Tell them that hot air can rise, but
that heat is the transfer of thermal energy and energy can certainly transfer from one place to another, but thermal energy
can transfer sideways, downwards, or upwards. However, hot air can rise. In this case, hot air rising is not causing the hot
attic. Energy is being transferred from the light source to the black roof and thermal energy is conducting through the roof
into the air of the attic. The hot air does not fall and heat the lower part of the house because hot air is less dense than
cooler air.

Thermometers

The demo house with Mylar draped over black roof

3. Now have your student volunteers sit down. This next part is most important. Tell students thatyou are going to turn the house
upside down and ask for predictions about the temperature of the attic and the first floor. When you turn the house over, call out
the falling temperature of the attic space and the rising temperature of the first floor space. They will eventually reach
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equilibrium. Ask students to explain what they think is going on. Encourage your students until they can articulate thatthe hot air
in the attic is now rising, and the cooler air in the first floor is now sinking. Tell them that this is called convection.

Convection: Convection occurs when moving fluids (gases or liquids) rise and fall due to differences in density caused by
differences in thermal energy. Warmer masses of fluid usually rise while cooler masses usually sink.

4. After the house is cooled to room temperature, place it under the lamp again, but this time drape the roof with a piece of Mylar
space blanket. Ask students for predictions. Once again, have students call out the temperatures and record them. You will find
that the attic air does not get nearly as hot. it might not even reach 76°F (24 *C), and the first floor will remain quite cool. This is a
good time to introduce the third method of heat transfer, radiation. Tell students that the black roof absorbed the radiation from
the light source, but the space blanket reflected the radiation, keeping it out of the house. Have a student volunteer place their
hand under the hot lamp. Then block the light with the space blanket, and ask the student what they felt. Inmediately the heat
transfer stops, and the hand feels coolet

Radiation: Radiation is the transfer of energy in the form of electromagnetic waves. Visible light and infrared light are both forms of
radiation that transfer heat.

= How does Earth get its heat? (Itis transferred from the sun.)
* How does the heat from the sun get to Earth? (Through radiation)
* Does the Earth reflect radiation from the sun? (Yes! The clouds reflect it, snow reflects it, water reflects it.)

Project 3.7 Penguin Dwellings

Material used under license from Christine G. Schnittka, Ph.D. in cooperation with Virginia Middle School Engineering Education
Initiative.

Review Introduction to Gateway Engineering Lesson B The Design Process and the required components to be included in the
engineering notebook with students or provide the engineering notebook template sheets provided in General Student
Resources within the Energy in the Environment cumiculum course.

Students will work in engineering teams of two to three for this project. You may choose teams or let the students select their
partners.

Penguin videos to demonstrate the effect of climate change:

o

Global Warming - Penguins Are Melting

NG

Can Man-Made Homes Save Africa’s Penguins?

~

Emperor Penguin Populations in Antarctica and Climate Change | Science Nation

These videos may be used to introduce the project or can be shown during the 20 minute testing or retesting times.

Preparations of Materials

Prepare the felt, foil, construction paper, foam, Mylar, and bubble wrap by cutting the materials into uniform squares. If you have a
quilting ruler and cutting board, 3in. x 3in. pieces are convenient. If you want each piece to be sized metrically, you can cut the
pieces into 10 cm x 10 cm squares. Store each material in separate one gallon storage bags for easy retrieval. See below for
suggested storage configuration.
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* Prepare kit boxes for each of your student groups (plastic shoeboxes). Place a sample of each material in the bax. If a material

comes in several colors, just choose two colors. Students can trade or share while testing. Each sample should be cut

approximately 3in. x 3in. square or 10 cm x 10 cm. Number each box so thatteams can remember which box is theirs.
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* Prepare the cooker that will be used to test the students’ designs. Take a storage bin and mask the sides so they stay neat and
clean, then spray paint the bottom black. After it is dry, line the sides with heavy duty aluminum foil. You will be shining three
shop lights into the cooker.

* Set up the lamps around the foiHlined cooker. When the temperature on the bottom of the cooker is over 40 °C or 100 °F, itis
ready to cook. Do not use digital thermometers to measure thii as the heat will destroy the LCD display.

* Set up three or more experimentation stations around the classroom with shop lights clamped to a stand or cabinet handle so
that they are approximately 18 in. off of the countertop. Turn the lamps on so the countertop heats up. Place a digital timer and
two digital thermometers at each station.

* Prepare the penguins by using an accurate medical syringe to fill each well of the silicone penguin ice cube tray with exactly 10
ml of water for a 10-gram penguin. Make sure you fill trays and freeze as often as needed.

* Prepare baggies with $250 of Monopoly money in each. Put one baggie in each team box. Mono poly money can be printed
from online sites; search "monopoly money”.

Model the Experiment

To do this, talk out loud as you demonstrate a testto decide whether you want to use aluminum foil or Mylar space blanket to reflect
radiation. Talk about how you will be measuring the temperature underneath each material as light is shining on it. Call the
temperature your independent variable because “I" measure the “I"'ndependent variable. Call your materials the dependent variable
because the results depend on them.

You might want to demonstrate some of these poor experimental techniques and ask students what is wrong with each.

51



SPRINGFIELD PuBLIc ScHooLs
ENGAGING STUDENTS e FOSTERING ACHIEVEMENT e CULTIVATING 21st CENTURY GLOBAL SKILLS

* Put the samples on the counter and place a thermometer on top of each (To prevent radiation, the sample will need to block
light).

* Use only one thermometer and take the temperatures at differenttimes (The temperature might be higher under one sample
because more time has elapsed).

* Testeach material one ata time and do not time the trials (You need to control for time).

* Use a large piece of aluminum foil buta small piece of space blanket (You need to control for size).

Remind students about controls that must be kept the same in order to perform fair experiments. Remind them to make a chart to
record their results and that they will be sharing their results with the whole class. Encourage groups to test different materials and
to consider all three processes for transfer of thermal energy. Remind students that they can modify the materials. For example, they
can compare two sheets of construction paper to one sheet. They can compare two sheets separated by cotton batting to two
sheets separated by bubble wrap. They can wrap the paper cup in different materials and test the temperature underneath the cup.
If your counter is hot enough, they can test materials for their ability to insulate from conduction. Also remind students that the black
bottom of the cooker will give off radiation because all hot objects radiate heat.

After each group has conducted atleast one experiment, discuss the experiments with the class. Keep track of the results onthe
board. Be sure to engage students in an analysis of why some materials might have performed better than others. Have students
identify which type of heat transfer the material was reducing. For example, the white felt allows more light to travel through it than
the white construction paper, so it allows more radiation to penetrate. One sheet of Mylar is actually transparent to light, while two
sheets are not. Be sure to point out any experimental techniques that may not be correct. Remind students thatthey can continue to
test materials and combinations of materials.

Team Design and Construct Dwellings

Allow students to purchase additional materials from the Igloo Depot. A suggested
price list is presented. These prices are marked up, based on the actual price of the
materials. Whether materials are purchased or were provided as free samples,
students should keep track of the cost of materials that go into their igloo. If someone
were to purchase supplies to recreate the design, what would it cost? Have students
keep track of this in their Gateway Notebooks.

Construction materials and suggested price for
student purchase
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ftem Count Priceperiten  9000xMarkup  Sale Price

Bake Fresh paper baking cups, 50 count 50 $0.0336 43160 $30.00
Bake Fresh foll baking cups, 32 count 2 $0.0334 $3344 $30.00
100% cotion balls, 200 count 200 $0.0091 $910 $10.00
Forster mini craft s8cks, 150 count » 150 $0.0192 $1920 $20.00
Cons¥ucton paper pad, 42 count, 9 in. x 12 in. ~ use whie, biack, green and yellow sheets 504 $0.0036 $361 $4.00

Foam sheets, 12 count 30 cm x 45 cm - white, black, green and yellow 72 $0.0414 $4139 $40.00
White felt fatric, polyesier, 54 in. wide 48 $0.0415 $4146 $40.00
Black felt fatric, polyesier, 54 in. wide 48 $0.0415 $4146 $40.00
Yelow feh fabric, polyesier, 54 in. wide a8 $0.0415 $4146 $40.00
Goeen felt fabric, polyesier, 54 in. wide 48 $0.0415 $4146 $40.00
Duck bubble wrap, 12in.x30 1t 200 $0.0099 $085 $10.00
Heavy duty shuminum fofl, 375 5q. 1t ’ 250 | $0.0039 $304 $4.00

Mylar foll rescue blanket, 62 in. x 82 in. l 6 $0.0046 $480 $5.00

You may want to provide a less complicated version of the price list for students. The simplified version of the cost sheet is provided
as a resource for students in the Student Version of the unit.

Cotton bal $10
» Wood stick

Constauction paper s ]
Foam sheet $40

Feit fabdc $40 |
Bubble wrap $10 ‘
Aluminum foll 45

Plastic cup $5

Mytar sheet $5

Give students plenty of time for construction. Discuss design decisions with each student or group. Review the engineering design
process with them. Without giving away what WE know is best, it is important to pull creative and logical thinking out of the
students. You might want to ask:

* If you were a ray of light, could you get into the igloo somehow and melt the penguin?
* How canyou use whatyou learned from the demonstrations with the soda cans, plastic and metal trays and spoons, and the
black house roof?
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* Can convection currents rise and fall inside your igloo?

* How is the heat from the black floor going to transfer into your igloo?

* What are some ways to stop radiation? Convection? Conduction?

* What are some design features of your own house that keep heat out in the summer?
* Why did you choose that color?

+ Did you do a test on that material to make sure it works like you want it to?

* How does one layer of that material compare to two layers?

+ If airis such a good insulator, how can you trap more air?

Make sure that students document their design in their Gateway notebook, labeling the materials they use and indicating which
type of heat transfer is being prevented.

Testing the Dwellings

Give each team an identically massed small paper cup. Pre-measure the mass of the cup on a scale and write the mass on the cup
with a Sharpie. You may have to weed through a dozen cups to find six with the same mass.

Each team should put a penguin into their dwelling as quickly as possible. Set a timer for 20 minutes and place the dwellings in the
cooker so that they are evenly spread apart from one another. Depending on the length of the class period, you may want to keep
penguins in the cooker for longer than 20 minutes, but leave time for students to measure and evaluate their design.

Depending on your students, have them research innovations in building materials, listen to a presentation about building materials
with images, or simply show students video clips from March of the Penguins, Happy Feet, or An Inconvenient Truth.

As soon as time is up, have students retrieve their dwellings and take the remaining ice out, placing it in the paper cup. Have
students find the new mass of their penguin by weighing the cup with the ice and subtracting the mass of the cup. Record the
results for each group on the board along with the cost of each dwelliing.

A —— T T3y T
Team Name|Car of Durling | Fi

Ghevte Ohetta heiows P | 3430 G-9-2.2°47
Weely Alptaguas $ Gy t1-22:5.9
Tee Ponges ? 8178 S3 -n-;'.ll
Sutaki Tet 1 we 12-22Y
Choweg Chewie Cobes | £ 90 03 s 22 - v
Seccer HeMies §oys Go-2.2:3%
Fuary Chickra & 200 “":,"" 13-22 ¢
Tobe Brbbas s 3% 13 -22a050)
Mclbeg Fergeins 1 Peg e 1.2-22 «J2
THE 00 1723 £
Uh-0n Crees J;o.::..,* 1422 -.‘..!
Evonks [ries & 205 Js-”‘”
pore 75 Ge | 2w 0 p3-aa
The #8 gduanics 2 yos i 5922 * 3,
Tredine AEAER TAN T e v Q23-23 V.

The most important part of the class period is the discussion. Gently and tactfully have the class analyze the igloos that did the best
job at preventing heat transfer. Ask the class to analyze the igloos that did not perform as well. From this discussion, students can
learn what features were most effective at preventing heat transfer. As you discuss the design features, be sure to point out which
features prevented which type(s) of heat transfer.
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Next, students record potential modifications to their designs in their Gateway Notebook and perhaps draw sketches of new and
improved dwellings.

Revision and Final Testing
Preparation:

* Allow the engineering teams time to make improvements to their dwellings.

* On the final test day, make sure you have a fresh supply of 10 g ice penguins. Since ice will sublimate over time and lose mass, it
is best to make a fresh batch each evening.

= See the photo below for an example of how a design might be changed from one version to the next.

Changes in design from one day 10 the next afier inial testing

Repeat the testing process as before. Students should place their new penguin dwelling in the same location of the “cooker” as
temperature may vary depending on the location of the lights. While the penguins and dwellings are in the cooker, administer the
post test to students. Collect these assessments and use them to see how effective the intervention was at helping students leam
heat transfer conceptions. If students finish early, they can work on Conclusion questions for Activity 3.7 Penguin Dwellings.

Repeat the process of massing the penguin remains and recording the results on a chart for discussion. Any team which improves
their design so that the amount of penguin mass remaining is more than before deserves acclaim for being an effective engineering
team. You can distribute awards as you see fit. You can give first-, second-, and third-place awards, or simply award each team with
an improved design. One award you could give out is to the team who came in the top 50 percent of the class but spent the least
amount of money. This could be the Affordable Ho using Award for Financially Challenged Penguins! Also consider. Penguin Saver,
Peer Choice, Most Futuristic and Most Green as possible awards.

Have students record their final design and results in their Gateway notebook.

Distribute awards for fun. There may be awards in several categories, including an award for the “People’s Choice” which is
determined by popular vote.
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Activity 3.8 Heat Transfer Post-Assessment

Note: You may download the student version of this post-assessment from the Lesson 3 Teacher Resources page.
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IEP AND 504 ACCOMMODATIONS AND MODIFICATIONS FOR EARLY
CHILDHOOD AND ELEMENTARY SCHOOL STUDENTS:

Large print textbooks

Textbooks for at-home use

Additional time for assignments

Review of directions

Use of mnemonics

Have student restate information

Concrete examples

Adaptive writing utensils

Support auditory presentations with visuals

Use of a study carrel

Assistance in maintaining uncluttered space

Weekly home-school communication tools (notebook. daily log. phone calls or email
messages)

Space for movement or breaks

Study sheets and teacher outlines

Extra visual and verbal cues and prompts

Math sheets with highlighted instructions

Graph paper to assist in organizing or lining up math problems
Use of computers and calculators

Books on tape

Graphic organizers

Quiet corner or room o calm down and relax when anxious
Preferential seating

Alteration of the classroom arrangement

Reduction of distractions

Answers to be dictated

Hands-on activities

Use of manipulatives

No penalty for spelling errors or sloppy handwriting
Follow a routine/schedule

Alternate quiet and active time

Teach time management skills

Rest breaks

Verbal and visual cues regarding directions and staying on task
Agenda book and checklists

Adjusted assignment timelines

Visual daily schedule
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Varied reinforcement procedures
Immediate feedback
Work-in-progress check
Personalized examples

TESTING AND ASSESSMENT ACCOMMODATIONS AND
MODIFICATIONS:

Answers to be dictated

Frequent rest breaks

Additional time

Oral testing

Untimed tests

Choice of test format (multiple-choice. essay. true-lalse)
Alternate ways to evaluate (projects or oral presentations instead of written tests)
Accept short answers

Open-book tests

Read test and directions to student

Provide study outline prior to tests

Highlight key directions

Test in alternative site

Use of calculator

Extra credit option

Preview test procedures

Simplified test wording: rephrased test questions and/or directions

GENERAL ACCOMMODATIONS AND MODIFICATIONS:

Use of alternative books or materials on the topic being studied
Computerized spell-check support

Word bank of choices for answers to test questions

Provision of calculator and/or number line for math tests
Reworded questions in simpler language

Projects instead of writien reports

Highlighting important words or phrases in reading assignments
Modified workload or length of assignments/tests

Modilied time demands

Modified grades based on IEP

BEHAVIOR ACCOMMODATIONS MODIFICATIONS:
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Breaks between tasks

Cue expected behavior

Daily feedback to student

Have contingency plans

Use de-escalating strategies

Use positive reinforcement

Use proximity/touch control

Use peer supports and mentoring
Model expected behavior by adults
Have parent sign homework
Have parent sign behavior chart
Set and post class rules

Chart progress and maintain data
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IEP AND 504 ACCOMODATIONS AND MODIFICATIONS FOR MIDDLE
AND HIGH SCHOOL STUDENTS:

Large print textbooks

Textbooks for at-home use

Additional time for assignments

A locker with adapted lock

Review of directions

Review sessions

Use of mnemonics

Have student restate information

Provision of notes or outlines

Concrete examples

Adaptive writing utensils

Support auditory presentations with visuals

Weekly or bi-weekly home-school communication

Space for movement or breaks

Study sheets and teacher outlines

Extra visual and verbal cues and prompts

Lab and math sheets with highlighted instructions

Graph paper to assist in organizing or lining up math problems
Use of tape recorder for lectures

Use of Interactive notebook

Use of a scribe

Use of computers and calculators

Books on tape

Graphic organizers

Quiet corner or room to calm down and relax when anxious
Preferential seating

Alteration of the classroom arrangement

Reduction of distractions

Answers to be dictated

Hands-on activities

Ability to type all assignments

Follow a routine/schedule

Teach time management and organizational skills

Rest breaks

Verbal and visual cues regarding directions and staying on task
Agenda book and checklists

Daily check-in with case manager or special education teacher
Adjusted assignment timelines

Visual daily schedule
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Varied reinforcement procedures
Immediate feedback
Work-in-progress check
Personalized examples

TESTING AND ASSESSMENT ACCOMMODATIONS AND
MODIFICATIONS:

Answers to be dictated

Frequent rest breaks

Additional time

Oral testing

Choice of test format (multiple-choice, essay, true-false)

Alternate ways to evaluate (projects or oral presentations instead of written tests)
Accept short answers

Open-book or open-note tests

Read test and directions to student

Provide study guides prior to tests

Highlight key directions

Test in alternative site

Use of calculator

Extra credit option

Pace long-term projects

Preview test procedures

Simplified test wording; rephrased test questions and/or directions

GENERAL ACCOMMODATIONS AND MODIFICATIONS:

Allow outlining, instead of writing for an essay or major project
Use of alternative books or materials on the topic being studied
Computerized spell-check support

Word bank of choices for answers to test questions

Provision of calculator for math tests

Film or video supplements in place of reading text

Reworded questions in simpler language

Projects instead of written reports

Highlighting important words or phrases in reading assignments
Modified workload or length of assignments/tests

Modified time demands
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Pass/no pass option
Modified grades based on IEP

BEHAVIOR ACCOMMODATIONS FOR STUDENTS:

Breaks between tasks

Cue expected behavior

Daily feedback to student

Have contingency plans

Use de-escalating strategies

Use positive reinforcement

Use proximity/touch control

Use peer supports and mentoring
Model expected behavior by adults
Have parent sign homework

Set and post class rules

Chart progress and maintain data
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Accommodations and Modifications for ESL Students

Give tests orally

Give instructions/directions in writing and orally

Assign a peer tutor, same language or English speaking

Allow use of bilingual/translation dictionary

Provide summaries of text or study guides of patrticular chapters
Allow errors in speaking

Allow errors in writing

Accept writing in first language

Highlight key vocabulary

Reduce amount of work required

Assess comprehension through demonstration or other alternative means
(gestures, drawings)

Rephrase questions, directions, and explanations

Reduce multiple choices on assessments

Provide study guides and/ or outlines

Shorten reading assignments

Allow extended time for test/project completion

Use of audio books

Use of graphic organizers

Use reduced text, so that print is not dense

Use visuals/pictures throughout lesson/unit/assignemt

Adapt homework to reflect language proficiency/home support
Adapt homework to reflect home support

Provide hands-on activities and explanations

Allow extended time to answer questions, and permit drawing, as an
explanation

Use of translation dictionaries to locate words in the native language
Use anecdotal records and portfolio of work as forms of assessment
Use story retellings to assess comprehension



What Does the Gifted and Talented Experience Look Like?
Springfield Public Schools

Mission Statement

The Gifted and Talented Program of the Springfield Public Schools aims to provide a
meaningful and rigorous education that instills the value of lifelong learning and
empowers all students to reach their full potential and become self-fulfilled creative
leaders in accordance with the comprehensive standards of our state. We accomplish
this by offering challenging, real-world experiences in a student-centered environment.

We recognize that students come from diverse socioeconomic, cultural, and ethnic
backgrounds, and the mission of the gifted and talented program is to provide
opportunities for students to explore their intellectual, creative, and artistic gifts and
talents within the classroom and with beyond-the-classroom experiences. It is
essential to provide diverse, appropriate, and ongoing learning experiences and
environments that incorporate students' academic, psychological, and social needs.
Our responsibility is to provide students with educational alternatives that teach,
challenge, and expand their knowledge, while simultaneously stressing the
development of independent and self-directed learners who continuously generate
questions, analyze, synthesize, and evaluate information and ideas.

New Jersey Administrative Code 6A:8-3.1 defines students who are gifted and talented
as those students who possess or demonstrate high levels of ability in one or more
content areas when compared to their chronological peers in the local district and who
require modification of their educational program if they are to achieve in accordance
with their capabilities.



Goals:

To support our mission, we have established the following goals to guide our work:

> To infuse into the general education program a broad range of activities for
high-level learning that will challenge all students to perform at advanced levels,
and provide extended opportunities, resources, and support in particular areas
where student interest or talent is demonstrated.

> To provide a continuum of gifted education services that will strengthen the total
school program, offer enriching and challenging learning opportunities for all
students, and provide specialized learning experiences

> To promote achievement of students’ best potentials and increased ability.

Through a productive and collaborative relationship among the building principals,
classroom teachers, and the Gifted and Talented teacher, our schools can create
programming that will enhance the learning experience for every student and serve the
unique and specialized needs of students currently demonstrating gifted behaviors.

Elements of the Schoolwide Enrichment Model, W.I.N (What | Need), differentiated
instruction, advanced classes, or individual programs into a student’s regular
instruction program are integral to this overarching framework for gifted education in
the Springfield School District.

Reference Board Policy and Regulation 2464 — Gifted and Talented Pupils (M)

Early Childhood Center
Edward V. Walton

Schoolwide Virtual Enrichment

All first and second grade students have access to the Gifted and Talented Virtual
Classroom. This virtual classroom is a space for students to complete various
challenges and enrichment opportunities at their own pace. Students can receive
feedback and additional adaptable resources to meet their individual learning needs.
The virtual classroom design expands accessibility to enrichment resources and allows
students to choose learning activities according to their unique interests and abilities.
The purpose of the activities is to encourage problem-solving, develop critical thinking




skills, and expand curiosity and imagination. Activities are aligned to the New Jersey
Student Learning Standards.

Gifted and Talented Teacher as a Resource

The Gifted and Talented teacher serves as a resource to all teachers within Edward V.
Walton School. Teachers seeking resources for their high-ability learners will receive
additional support from the Gifted and Talented teacher in various ways. This support
may include additional units of study, challenging resources, and student projects.

Elementary Schools
James Caldwell

Thelma L. Sandmeier

The goal is to engage small groups of students in intensive learning experiences
through standards-based, rigorous, and relevant units of study that supplement, not
supplant, the grade-level curriculum and support students’ unique learning needs.

Enrichment Experience Grade 3

Beginning in third grade, the G&T teacher will cycle through all classrooms to work on
problem-solving and enrichment tasks with students. Driven by assessment data,
academic performance, student interest, and teacher observation, small groups of
students will meet with the G&T teacher during W.I.N. (What | Need) periods throughout
the week that the teacher is assigned to their classroom teacher. Groupings will be
flexible and monitored to best meet each student’s needs throughout the school year.
Activities will include brain teasers, puzzles, strategic thinking, problem-solving, and
STEM challenges.

Targeted Gifted and Talented Programing Grades 4-5

Students may become identified as Gifted and Talented in fourth grade. Students that
are identified may receive support from the G&T Teacher for up to five periods (200
minutes) a week during W.I.N. (What | Need) periods. Identified students will meet to
explore grade-level content while incorporating depth and complexity in a
student-centered, problem-based environment. The Gifted and Talented Program aims
to provide students with various advanced and challenging learning experiences
across content areas to promote independent thinking skills, refine critical thinking and
communication skills, cultivate joy in learning, and expand student interests through
problem-solving. The instruction that students receive incorporates 21st Century Skills
and advanced content that is challenging, hands-on, and relevant to the real world.




Strateg/es and Practices that Support Gifted and Talented Students
Adjusted Pace of Lessons
Inquiry-Based Instruction
Higher-Order Thinking Activities
Interest-Based Content
Real World Problem Solving/Problem Based Learning
Independent Study/Passion Projects
Units of Study with Like-Minded Peers

Schoolwide Virtual Enrichment

All JCS and TLS students have access to grade level-specific Gifted and Talented
Virtual Classrooms. These virtual classrooms are a space for students to complete
various challenges and enrichment opportunities at their own pace. Students are able
to receive feedback and additional opportunities based on their needs. The virtual
classrooms have expanded the accessibility of enrichment resources directly to the
students and allows for students to choose opportunities according to their interests
and abilities. The purpose of the activities is to encourage problem solving, develop
critical thinking skills, and expand curiosity and imagination in conjunction with the
New Jersey Student Learning Standards.

Gifted and Talented Teacher as a Resource

In addition to classroom support, the Gifted and Talented teacher also serves as a
resource to all teachers in the building. Teachers that are seeking resources for their
high ability learners will receive additional support from the Gifted and Talented teacher
in various ways. This may include additional units of study, challenging resources,
student projects, and meeting with the G&T teacher as needed.

Additional Enrichment Opportunities

Across all grade levels 3-5, as recommended by the classroom teacher, students
exhibiting a need for additional enrichment may have the opportunity to meet with the
G&T teacher as the schedule allows. Groupings will be flexible and monitored to best
meet the students’ needs throughout the school year. Activities will include, brain
teasers, puzzles, strategic thinking activities, problem-solving challenges, and STEM
challenges. Students engage in an extended process of asking questions, using
resources, and developing answers that lead to thinking about what and how they are
learning. Students are held accountable for how they work and use their time by
demonstrating their learning through products or presentations.

Students self-select to participate in individual and/or group projects based on interest
and commitment. The classroom teacher and/or the enrichment teacher will help guide
and monitor student exploration of chosen topics, facilitating their learning with
resources and teaching of needed skills.



Secondary Schools
Florence M. Gaudineer Middle School

Jonathan Dayton High School

Grades 6-12: Access to specific content programs with higher levels of academic
challenges (i.e. Pre-Algebra, Accelerated Communication Arts, and Advanced
Placement Classes)

Dual Credit Courses provide students the opportunity to obtain high school credit, and
college credit, simultaneously through partnerships with several institutions.

Project Lead the Way (PLTW) students become builders of technology by engaging in
real world activities. Students are empowered as design thinkers collaborating on real
world projects.

Gifted and Talented Identification Criteria

The Springfield Schools Gifted and Talented Program recognizes that students require
differentiated learning experiences beyond the core curriculum being taught because
of their advanced abilities in one or more content areas. These students may also have
other cognitive qualities such as curiosity, creativity, motivation, leadership, and
passion that require modifications to their academic experience.

Multiple Measures of Eligibility

Kindergarten through grade twelve identification process for gifted and talented
students includes multiple measures. Multiple measures may include but are not
limited to: achievement test scores; grades; student performance or products;
intelligence testing; parent, student, and/or teacher recommendation; and other
appropriate measures. The identification methodology is developmentally appropriate,
non-discriminatory, and related to the programs and services offered by the Springfield
School District. The identification procedures are reviewed annually.

According to N.J.A.C. 6A:8-3.1, all public school districts must have a board-approved
gifted and talented identification process and provide services for identified students
enrolled in the grades of that school district. The regulations require that identification
and services be made available to students in grades K-12.

When students are recommended for the Gifted and Talented Program there are
multiple measures that are considered to determine if services are necessary and
appropriate. The assessments used are as follows:



DRA2 Level

Cognitive Abilities Test (CogAT)
Classroom Performance/Student Portfolios

iReady Diagnostic Scores
Gifted Indicators Checklist
Start Strong/NJSLA Assessment Data

The N.J.A.C. requires that students be compared to their chronological peers in the
local school district. The New Jersey Department of Education has not established
state-level criteria for identifying students who are gifted, such as mandated tests or
assessments, grade point averages, or IQ scores. Local school districts must use
multiple measures to identify students.

Procedures

https://www.straussesmay.com/seportal/Public/DistrictPolicy.aspx?policyid=2464&id=

b8a33a9f505e4998a6db3fb8e1de778b

Gifted and Talented Program Identification Matrix
Minimum Score Required for Consideration: 14 Points

1 Point

2 Points

3 Points

Cogat Assessment
Overall Stanine Score of a 7

Cogat Assessment
Overall Stanine Score of an 8

Cogat Assessment
Overall Stanine Score of a 9

iReady Math Assessment
Just Below Current Grade
Level

iReady Math Assessment
On Grade Level

iReady Math Assessment
Y2 Year + Above Current
Level

IReady ELA
On Grade Level

IReady ELA
12 Year Above Current Level

IReady ELA
One Full Grade Level +
Above Current Level

NJSLA Math
Approaching Expectations

NJSLA Math
Met Expectations

NJSLA Math
Exceed Expectations

NJSLA ELA
Approaching Expectations

NJSLA ELA
Met Expectations

NJSLA ELA
Exceed Expectations

HOPE Teacher Rating Scale
Raw Score: 11 - 29

HOPE Teacher Rating Scale
Raw Score: 30 - 49

HOPE Teacher Rating Scale
Raw Score: 50-66




Team meetings present the opportunity to review data and assess the educational
needs of all students. Teacher provides examples of student work exhibiting above and
beyond grade level expectations, creativity, leadership, critical and abstract thinking.
Programs for gifted and talented students will be periodically evaluated for their
continuing efficacy and adjusted accordingly. The parent of any student identified as
gifted or talented shall be consulted regarding any program designed to address the
student’s particular needs.

Resource Links

https://riversideinsights.com/cognitive_abilities_test
https://www.curriculumassociates.com/programs/i-ready-learning
https://www.nj.gov/education/assessment/resources/
https://www.routledge.com/HOPE-Teacher-Rating-Scale-Involving-Teachers-in-Equitable-ldentifi
cation/Gentry-Pereira-Peters-Mcintosh-Fugate/p/book/9781618214522#:~:text=The%20HOPE
%20Teacher%20Rating%20Scale.making%20it%20easy%20t0%20use.

Gifted and talented student: The “Strengthening Gifted and Talented Education Act”
defines a gifted and talented student as a “student who possesses or demonstrates a
high level of ability in one or more content areas when compared to their chronological
peers in the school district and who require modifications of their educational program
if they are to achieve in accordance with their capabilities.”

Twice-exceptional (2E) students: A twice-exceptional (2E) student is defined as “a
student who is both gifted and a student with a disability. These students may also be
referred to as having dual exceptionalities or as being gifted with learning disabilities
(GT/LD). This also applies to students who are gifted with ADHD or gifted with autism”
(New Jersey Association for Gifted Children, www.nagc.org).

Instructional adaptation: An adjustment or modification to instruction enabling a
student who is gifted and talented to participate in, benefit from, and demonstrate
knowledge and application of the New Jersey Student Learning Standards in one or
more content areas at the instructional level of the student, not just the student’s grade
level.

Identifying gifted and talented students: The focus of identification is to provide
programming and services in which students' specific learning needs and potential are
appropriately addressed and met. In every New Jersey school district, there are
students who require modifications to the general education curriculum if they are to
achieve in accordance with their abilities. By identifying a student’s general intellectual
ability, creativity, or specific academic area aptitudes, we are acknowledging that they
need programming and services outside of the general education/grade level
curriculum to advance their learning.



NJDOE Fast Facts
https://www.nj.gov/education/standards/qifted/

https://www.nj.gov/education/standards/qgifted/leqislation.shtml

Supplemental Resources/Programming for Gifted Students

Edward V. Walton
e PETS Program — Primary Education Thinking Skills
Group Solutions/Group Solutions 2 — Cooperative Logic Activities
Lollipop Logic
Beginning Thinking Skills
AIMS Education Programming

James Caldwell and Thelma L. Sandmeier
Math/ELA
e Project M3: Mentoring Mathematical Minds
Junior Great Books
AIMS Education Programming
Borenson Hands on Equations
BizWorld
Perplexors
Advanced Math Explorations grade 3-5
Challenging Units for Gifted Learners (ELA and Math)
Creative Curriculum Extenders
Differentiated Lessons & Projects
Challenge Math Grades 4+
Differentiating Instruction with Menus (All Content Areas)
Jacob’s Ladder
Genius Hour/Passion Project
Spatial Reasoning
Logic Puzzles, Brain Games, Analogies

STEM

Engineering is Elementary
Engineer Throughout the Year
PBS Design Squad
DefinedSTEM

Project Lead the Way (PLTW)



Enrichment Events
Experience for all students to be enriched through events related to the curricular or

extracurricular activities. Examples include after school clubs, PTA-sponsored events,
leadership opportunities, visual and performing arts, and community service
opportunities.




