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AnOverview of the CreositySpaGeade 5Sequencinds ProvidedBelow.

CreositySpaced Grade 5 Scienced Year-at-a-Glance

Dates SeptemberNovember DecembecJanuary FebruaryMay June
Unit Title Sun Catchers Battery Builders Community Designers
(Solar Energy) (Batteries and Energy (Sustainable Design)
Theme:What are all the Storage) Theme: Creatingquitable
different ways we rely on the Theme: Exploration of communities that provide
power of the sun and whatis|  material properties through | OPportunities for everyone and
the evidence of itsmportance |  the applications of batteries | USe technology in a way that
in our lives? and the objects they power. | benefit humans and the planet
Assessments See supporting documentation.
Standards 5-PS1-1 5-PS1-1 5-L81-1

Develop a model to describe
that matter is made of particles
too small to be seen.

5-PS3-1
Use models to describe that
energy in ani ma

for body repair, growth, motion,
and to maintain body warmth)
was once energy from the sun.
5-ESS1-1

Support an argument that
differences in the apparent
brightness of the sun compared
to other stars is due to their
relative distances from Earth.
5-ESS1-2

Represent data in graphical
displays to reveal patterns of
daily changes in length and
direction of shadows, day and
night, and the seasonal
appearance of some stars in
the night sky.

5-ESS3-1

Obtain and combine information
about ways individual
communities use science ideas
to protect Eart
environment.

3-5-ETS1-1

Define a simple design problem
reflecting a need or a want that
includes specified criteria for
success and constraints on
materials, time, or cost.
Generate and compare multiple
possible solutions to a problem
based on how well each is likely
to meet the criteria and
constraints of the problem.
3-5-ETS1-3

Plan and carry out fair tests in
which variables are controlled
and failure points are
considered to identify aspects
of a model or prototype that can
be improved.

Develop a model to describe
that matter is made of particles
too small to be seen.

5-PS1-2

Measure and graph quantities
to provide evidence that
regardless of the type of
change that occurs when
heating, cooling, or mixing
substances the total amount of
matter is conserved.

5-PS1-3

Make observations and
measurements to identify
materials based on their
properties.

5-PS1-4

Conduct an investigation to
determine whether the mixing
of two or more substances
results in new substances.
5-ESS3-1

Obtain and combine information
about ways individual
communities use science ideas
to protect Eart
environment.

3-5-ETS1-1

Define a simple design problem
reflecting a need or a want that
includes specified criteria for
success and constraints on
materials, time, or cost.
3-5-ETS1-2

Generate and compare multiple
possible solutions to a problem
based on how well each is likely
to meet the criteria and
constraints of the problem.

Plan and carry out fair tests in
which variables are controlled
and failure points are
considered to identify aspects
of a model or prototype that can
be improved.

Support an argument that plants
get the materials they need for
growth chiefly from air and
water.

5-LS2-1

Develop a model to describe the
movement of matter among
plants (producers), animals
(consumers), decomposers, and
the environment.

5-PS2-1

Support an argument that the
gravitational force exerted by
Earth on objects is directed
down.

5-PS3-1
Use models to describe that
energy in ani mal

body repair, growth, motion, and
to maintain body warmth) was
once energy from the sun.
5-ESS2-1

Develop a model using an
example to describe ways the
geosphere, biosphere,
hydrosphere, and/or atmosphere
interact.

5-ESS2-2

Describe and graph the amounts
of saltwater and fresh water in
various reservoirs to provide
evidence about the distribution of
water on Earth.

5-ESS3-1

Obtain and combine information
about ways individual
communities use science ideas
to protect
environment.

Define a simple design problem
reflecting a need or a want that
includes specified criteria for
success and constraints on
materials, time, or cost.
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https://www.nextgenscience.org/pe/5-ps1-1-matter-and-its-interactions
https://www.nextgenscience.org/pe/5-ps3-1-energy
https://www.nextgenscience.org/pe/5-ess1-1-earths-place-universe
https://www.nextgenscience.org/pe/5-ess1-2-earths-place-universe
https://www.nextgenscience.org/pe/5-ess3-1-earth-and-human-activity
https://www.nextgenscience.org/pe/3-5-ets1-1-engineering-design
https://www.nextgenscience.org/pe/3-5-ets1-2-engineering-design
https://www.nextgenscience.org/pe/3-5-ets1-3-engineering-design
https://www.nextgenscience.org/pe/5-ps1-1-matter-and-its-interactions
https://www.nextgenscience.org/pe/5-ps1-2-matter-and-its-interactions
https://www.nextgenscience.org/pe/5-ps1-3-matter-and-its-interactions
https://www.nextgenscience.org/pe/5-ps1-4-matter-and-its-interactions
https://www.nextgenscience.org/pe/5-ess3-1-earth-and-human-activity
https://www.nextgenscience.org/pe/3-5-ets1-1-engineering-design
https://www.nextgenscience.org/pe/3-5-ets1-2-engineering-design
https://www.nextgenscience.org/pe/3-5-ets1-3-engineering-design
https://www.nextgenscience.org/pe/5-ls1-1-molecules-organisms-structures-and-processes
https://www.nextgenscience.org/pe/5-ls2-1-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/5-ps2-1-motion-and-stability-forces-and-interactions
https://www.nextgenscience.org/pe/5-ps3-1-energy
https://www.nextgenscience.org/pe/5-ess2-1-earths-systems
https://www.nextgenscience.org/pe/5-ess2-2-earths-systems
https://www.nextgenscience.org/pe/5-ess3-1-earth-and-human-activity
https://www.nextgenscience.org/pe/3-5-ets1-1-engineering-design

AnOverview of theSun Catchendnit Is ProvidedBelow.

Overarching Enduring Understanding

What are all the different ways we rely on the power of the sun and what is the evidence of its
importance in our lives?

FLOW OF INSTRUCTION

5-PS1-1

Develop a model to describe that matter is made of particles too small
to be seen.

5-PS3-1

Use models to describe that
repair, growth, motion, and to maintain body warmth) was once
energy from the sun.

5-ESS1-1

Support an argument that differences in the apparent brightness of

the sun compared to other stars is due to their relative distances from
Earth.

5-ESS3-1

Obtain and combine information about ways individual communities
use science ideastoprote ct Eart hdés resources

ener

5-ESS1-2

Represent data in graphical displays to reveal patterns
of daily changes in length and direction of shadows,
day and night, and the seasonal appearance of some
stars in the night sky.

Define a simple design problem reflecting a need or a
want that includes specified criteria for success and
constraints on materials, time, or cost.

3-5-ETS1-2

Generate and compare multiple possible solutions to a
problem based on how well each is likely to meet the
criteria and constraints of the problem.

3-5-ETS1-3

Plan and carry out fair tests in which variables are
controlled and failure points are considered to identify
aspects of a model or prototype that can be improved.

Investigation: Some Like It Hot! (hands-on investigation, occurs
during week 1)

In this investigation students get their first look at the connection
between light and heat. From this they will start building a model to
explain their observations based on the fact that matter is made up of
particles too small to be seen. They will expand and revise this model
throughout the Solar Sleuthing activities. (5-PS1-1)

Investigations: Solar Sleuthing (hands-on investigations, occur
during weeks 1, 2, 3, and 4)

In this series of smaller investigations students investigate various
attributes of the sun.

1 In Light. Heat. Motion! students continue exploring the
connection between light, energy, and particles. (5-PS1-1)

1 In Color Creations students investigate different properties of
light, light-blocking materials, and the idea of light-sensitive
molecules. (5-PS1-1)

1 In the short research activity Follow the Energy students
develop, use, and explain models to describe different ways we
use energy from the sun. (5-PS1-1, 5-PS3-1)

1 In the short research activity Star Light, Star Bright students
research and report out on evidence that supports an argument
focused on the differences in apparent brightness of the sun
compared with other stars (5-ESS1-1) as well as the seasonal
changes of some stars in the sky. (5-ESS1-2)

1 In Solar Circuits students get some hands-on experience with
solar cells.

At the end of the series of Solar Sleuthing activities, students must
use the knowledge they have gained to develop a model to describe
that matter is made up of particles too small to be seen. (5-PS1-1)

Investigation: Solar Solutions (summative challenge, occurs
during weeks 5, 6, 7, and 8)

After having discussed and investigated all the different ways the sun
plays a role in our lives, students will apply that knowledge toward the
development of a solar solution. Working in teams of four or five,
students must describe three innovations or discoveries that were
made possible by our understanding of the sun that have helped to
protecttheEar t hdés r e s oanvirenment. (&-ES53-1) ihen
students must describe a problem or challenge that could be solved
(or improved) with the help of the sun and design a device or test or
similar based on that problem. (5-ESS3-1).

Investigation: WATTs Cooking? (hands-on
investigation, occurs during weeks 2 through 6)
Working in groups, students begin this project by
researching solar ovens and reporting out on how they
work (5-PS-1-1) and their assessment of critical design
criteria (3-5-ETS1-1). Groups must then determine their
plan for oven construction, build their ovens (3-5-ETS1-
2), and determine the plan for testing (3-5-ETS-1-3).
Part of their plan must include gathering data (both from
reference resources and firsthand) on the sunlight
available at different places around the school and
throughout the day/year. This includes collecting and
tabulating data about patterns in sunlight and shadows
(5-ESS1-2). From this data students should finalize and
execute their testing plan, reflect on their design, and
plan improvements in design or process (3-5-ETS1-3)
[Note: Depending on where you are located, it may be
fun to perform the testing throughout the year.]



https://www.nextgenscience.org/pe/5-ps1-1-matter-and-its-interactions
https://www.nextgenscience.org/pe/5-ps3-1-energy
https://www.nextgenscience.org/pe/5-ess1-1-earths-place-universe
https://www.nextgenscience.org/pe/5-ess3-1-earth-and-human-activity
https://www.nextgenscience.org/pe/5-ess1-2-earths-place-universe
https://www.nextgenscience.org/pe/3-5-ets1-1-engineering-design
https://www.nextgenscience.org/pe/3-5-ets1-2-engineering-design
https://www.nextgenscience.org/pe/3-5-ets1-3-engineering-design

Welcome to Space

2 SONBF 3JfI R 82dz2QNB KSNB oD

We know our curriculum may look a little differémm ¢ K § & 2 dzZQNB dza SR (2 X
developed with the philosophy that students learn better when what they are learning is put
into a context that is relevant to them.

With a focus osstudentled, inquiry-baseddiscovery, each unit features a variety of el
STEM entrepreneurs, their personal stories, and details about the businesses they are
building and technologies they are developing. With that as our anchor, CreositySpace
connects the appdations back to the relevant elementdeyel science topics and creates
lessons that can be delivered in science, ELA, math, social studies, and art classes.

How do we do this?

CONNEGCstudents and their interests, entrepreneurs and their technologies, and the
relevant standardthrough anoverarching phenomenon

ENGAGE (i dzR S y (i daQari¢tyKoMRodrBtéry activitieglesigned to sparktudent
interest in, andexcitement about, the unitandenable teabersto assesstudentsthinking,
interests, and misconceptions

TRANSFORMI dzR S ycordidenca éhé proficiency with science as they Hailddational

knowledgethrough the early lessons and investigations, and #prlyand demonstratetheir
deeper understanding of key concepts through design projects, models, and summative challenges.

{Ay0S 2yS OFry yS@OSNI LINBRAOG GKS SEFOG LI G
CreositySpace team is always availabfgavide additional support and
O2yGSyl &aK2dA R 282dzNJ aGdzRSydaQ ljdzSadAazya



Integrating STEMNd CreositySpadeto Your Classroom

The CreositySpadeducator Guides your resourcdo engageyour classroonm studentdirected
inquiry-based discovery/ou decide what exact sequencing works best for your classvdem

providethe tools and content designei2 t SHSNI IS &2dz2NJ 4G dzRSyiaQ ylI
curiosity,with extraBackground Informatioand Additional Resourceso that you are supported
wherevertheir inquiiestakes you

To help withesson planning optionthe Lesson Planning To@lsdPacing Guide Resources
sectionsare there tohelp with preparation activities, lesson flow and activities, and exit tickets
for quick formative agssmentsThedesign projects and summative challenpevide an
opportunity for your students to demonstrate their knowledge in a variety of ways.

Informational Icons

Student Questions Student Sense Making

Theinquisitivemonkey represents the | The jubilant tiger represents the portior|
portion of the lesson where students of the lessorwhere students should take
should be given the opportunity to voice time to reflect upon and make sense of

or revisit their questions. what they have observed and learned.
Time Management Standards
< N

NGSS/NYSSLS

Performance Expectations

Science and Engineering
__ Practices | Grade 4
Plug-In Investigation Challenge __Disciplinary Core Ideas | .

(<30 min) (multiple periods) (> 1 week) R — Grade 3

To support lesson planning, stopwatch | Multicolored beakers highlight the
icons indicate how much time an activity Common Core (C@ndNGSS/NYSSLS
or investigation is expected to take. standardssupported by a given pltig,

investigation, or challenge.




Using theBook ofldeasto Create an Environment of Creativity, Communication,
and Collaboration in Your Classroom

Getting kids to connect to and see value in their ideas is a key ingredient in teachiran8TEM
fostering student confidenc&his is why CreositySpace createdBbek of Ideas

{AYAEEFNI G2 I NEGHES /?sy_w" >
notebook, theBook of Ideawas a | -

designed to encourage kids to
write down or drawexplore, and
discusgheir own ideas and
inventions. Pageinclude a title -
block, quotes from entrepreneurs
and innovators, short design
prompts and a lisof inventions
and businesses started by kids

TheBook of Ideas NOT about the right answer, perfect spelling, or fitting into aetermined box.
TheBook of IdeatS about a—

)

1 Giving students the opportunity to explore and expres [}
their ideas in a way that works for them,

1 Providing a forum in which students may work i .V
independently, as well as collaboratively, and practice © ° '
giving and receiving respectful feedback, and

9 Offering an exciting way for students to show you the

€ V
ideas, big wonderings, and solutions on their mindb ar - i s
giving you additional insight on how to engage every ' ' Lt i
learner.

There is no wrong way to use tBeok of Ideam
your classroom. Above all, it should be considered a
conversatiorstarter and a great way to encourage
2 creativity,communicationcollabomation, and
| . curiosity in your classroom.



Assessment and Differentiation

Assessments

This Educator Guide provides a numbegpref formative, and summative assessments (a
complete list is provided in the Unit Documenb-section of theAppendi as well as ongoing
opportunities for student self and peer assessm&heAppendixalso contains an outline for

the range of acceptable work for many of the formative assessments (e.g., exit tickets, short
research activities, etc.) and expected prior knowledge for the specific investigations (gge the
STEM Stories I MyRSTEMExplorer Notes ~ &semdions). A checklist or detailed rubric are

provided for the models and summative assessments respectively.

It is not required thastudentscompleteALLprovided assessments, as there is redundancy built
into give youthe flexiili @ G2 YIGOK FaaSaavySyda G2 @2dzNJ aic«
However, fiyour students are struggling with a particular learning objective or concept, unused

assessments provide an opportunity for additional practice or alternative persgective

Differentiation

Group work and peer discussion is encouraged as a strategy to support students with language

and learning challengeldowever, all students are expected to maintain their own records in

their My STEM Storigs | NyFSTEM Explorer Nates Y 2 (i $6 tAa® dddcators can assess

the learning of individual studen N} 6 Ay 3 | yR (GKS dzaS 2F 2y SQa ylI
methods to maintain records and demonstrate scientific knowledge. The use of technology to

assist challenged learners (e.g., video recording, toitext, Google Translate, etc.) is

encouraged if available.

The Detailed Descriptigrortion in theMain Investigatiorsection describes extensions for more

advanced studentI hese extensions are inld blue text.



Ongoing Support

Successful implementation of each CreositySpace umip@tantto us and to that end, our

company is committed to providing ongoing support totyfnem brainstorming ideas and

helping with an activity to answering questions around implementafio)Qi KSaA Gl S (2
out to us via email or phone.

We hope Sun Catchelisspires and energizes yotlassroomd explore the intersection of

science with the world around you, and we welcome your feedback on what you like, would like
to see, or even change. Feel free to reach out to Begt@ CreositySpace.com
Kath@CreositySpace.com



mailto:Peg@CreositySpace.com
mailto:Kath@CreositySpace.com
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*Next Generation Science Standards (NGSS) is a registered tradaneskBdNeithenWest Echor the lead

states and partners that developed the standards was involved in the production of, and does not endorse, this

product.



CreositySpackeL C makes no claim to any ideas or intellectual property generated by
third-party users of thesmaterials.

May not be reprinted without permission.

Image attributions:
1 Unless otherwise statedll GRID Alternativamages are provided courtesy®RID Alternatives.
1 Unless otherwise statedllWe Care Solar related photase provided courtesy al/e Care Solar.

1 Unless otherwise creditedther photosare generated internally grovided from Pixabay, which provides
images that are free for commercial use with no attribution required.

Next Generation Science Standdldse:

- Next Generation Science Standards (NGSS) is a registered trademark of Achiewd/dseHaeor the
lead states and partners that developed the standards was involved in the production of, and does not
endorse, this product.
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SunCatchersContent Connections

Outlined below is th@rogression of learning objectivies the SunCatchersinit. The theme of
the power of thesunand its importance in our livésvites yu andyour students to explore

how we interactwith the sunthrough three lenses:

1 Thesunas a critical energy provider to Earth and all its inhabitants
1 Thesunas a power source to humans via solar thermal and solar electric energy

1 Thesunas a member of the cosmtsat helps us to understand the universe

Example pacing guides are provided inRlaeing Guide Resourcgesction Blank lesson planning

sheetsare provided in thé\ppendixso you camplan out the specific lesson sequencihgtt

works best for your classroom.

Learning Progression

CONNEC#dtudents and their interests, the entrepreneurs and their technologies, and the
relevant standards through theverarching phenomenoHow can you use solar energy, or the
sun in general, to solve a challenge in your life?

ENGAGHEudents with theSome Ike It HOTintroductory activityand discussions about some
of the cool ways entrepreneurs are using the sun to help communities around the world.

TRANSFORMI dzR S ydbriidenca éhd proficiency with science as they Hoilthdational
knowledgeaboutvarious forms of solar energy ahdK S adzy Qa NBt S Ay (KS
Solar Sleuthingivestigations and the firstalf ofthe WATTs Cookingf2sign project.

Studentsapplyanddemonstratetheir deeper understandingf all the ways we get and use

energy from the sun through tt®olarSolutionssummative challenge, the second halWWATTs
Cookin@ design project and the fingersion of theilSolar Energy Interactionsodel.

12

dzy .



Storyline

The sun is more than just the gravitational center of our solar systieisia critical provider
of energy and information to Earth on a number of different levels. ThroughoButhe
Catcheraunit, students are invited to explore and examine the sun soramber of

different perspectivesasa critical energy provider to Earth and all its inhabitaaxa power
source to humans via solar thermal and solar electric epnarmgyasa member of the cosmos

that helps us to understand the univer3ée storie®f a variety of solar energy

entrepreneurs further help tpersonalizehe role of the sun in our lives.

The unit begins with the introductory investigati®ome Like It Hodluring which students

start thinking more critically about the sun and gain sexyerience examining and

jdzF yGAFTFe@AYy3d ISYSNIrtfte dzyRSNER(G22R 02y OSLJiad L
0KS adzy GKIFIYy Ay (GKS AKFRSQ YR WgS | NB K2a0S
Students continue their exploration wighseries of smaller investigationsSolar Sleuthing

These investigations are aimed at helping students form deeper connections between

common phenomena they have observed and understanding the science behind them.

In parallel to theéSolar Sleuthingpvestigations are th&/ATTs Cookinglesign challenge and
preparation for theSolar Solutionsummative challenge. In tMATTs Cookinglzsign

challenge students do more than just build a solar oveldeBtsmust reseach andoutline

critical design and testing criteria for the solar o\rart of their plan must include gathering

data on the sunlight available at different places around the school and throughout the
dayl/year.For the summative challenggolar Solutics) students will use the information

they have gathered throughout the unitdescribe three innovations or discoveries that

GSNBE YIRS LI2aaAroftS o0e 2dz2NJ dzzRSNEGFYRAY3I 27F
resources and the environment. Thend#ats must describe a problem or challenge that

could be solved (or improved) with the help of the sun and design a degcer similar

based on that problem.

13



GeneraExpected Prior Knowledge

Students coming from gradeshould have had the following experiences and learnings that they

will build upon throughout th&un Catchensnit:
1 About matter and interactions scale, proportionality, and quantitythrough2-P3-1,2,3
(covered in CreositySpace wt@reen Architectand Polymer Prodigigs

1 Aboutenergyt specifically energy from the surthroughkK-PS31,2 and2-LS21 (covered in

CreositySpace uni®oil Saverand Green Architecjs

o About plants and animals and what they need to survive throdgBi, k
ESS2 (covered in CreositySpace uddil Savejsl-LS11 (covered in
CreositySpace un@opy Cattejsand 2LS41 (covered in CreositySpace unit
Green Architecjs

! 062dzi 9abeNdihé Oriverdelincluding various seasonal patterngirough 2ESSAL, 2

(covered in CreositySpace uvittual Tracers

1 About human impacts on Earth systamscluding the development of model systems to
help explain various scientific phenomertarough KESS3 (covered irSoil Savejsand 2

ESSA, 2LS22 (covered irGreen Architecjs

1 About asking questions, running experiments, making observations and drawing conclusions

throughall CreositySpace grade K, 1, 2, 3 and 4 units.

1 About generaing explanations and communicating conclusions regarding experiments and

explorations through all previous science and engineering based activities.

Specific details around prior knowledge expectations, and suggestions on methods to address

knowledge gaps,ra provided in the detailed investigation description (inlteesorPlanning

Toolssection) and in applicable locations throughout endix

14



Weekly Goals

The table below summizesthe weekly learning objectives of tBein Catchensnit.

Week Goals

9 Determine student interest and prior knowledgjeout the role the sun plays
our life.

1 Generate excitemerfor the Sun Catchensnit with the Some Like It Hot!
1 introductory activity. Introduce overarching phenomenon.

1 Get students thinking about how we derive energy from the sun with their
initial Solar Energy Interactionsodel and begin th8olar Sleuthing
investigations(5-PS11, 5PS31)

1 Students continue exploring the different ways we interact with the sun
through theSolar Sleuthingnvestigations. Students start compiling evidenc
2¢3 for their model that matter is made up of particles too small to be seen anj
all the ways we get enerd@pm the sun(5-PS11)

1 Students complete background research and preparation fOMRA&ETs
Cookinglesign project(3-5-ETS41)

9 Students continue developing their understanding on the structure of mat
and various properties and applications of the sun as they complete their
Solar Sleuthingnvestigations and revise their solar interactions model.
4¢5 (5PS1,5-PS31, 5ESSAL)

1 Sudents will begin to gather data around patterns of sunlight intensity (he
and luminosity) and shadows for tWATTs Cookiffgiesign project.
(3-5-ETS1, 5ESS®)

f Students étermine critical design parameters and approach forithe dzR S
solar oven(3-5-ETS41)

T {dzRSy(ia a2t ARAFE GKSANI dzy RSNRGI
6 begin theSolar 8lutionssummative challeng¢5-ESSAL, SESSR)
9 Students obtain and begin organizing evidence on how advancements in

understanding of the sun and solar energy have helped specific commun
and the planet in general through the timeline actiilyESSA.)

1 Students pply knowledge gained throughout the unit to complete the solal
oven constructiontesting, and, if desireghrocess or device improvements.
(3-5-ETS22, 35-ETS13)

1 Students complete th8olar 8lutionssummative challenge, both describing}
how STEM innovations have benefited the community and applying the
knowledge gained during this unit to solve an innovation chall¢sSS4a)

7Co9+
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Technology DescriptioRenewable Energy

Time Standards Description
o The introduction section was initially
s ) . gy —— developed to give you, the teacher, some
Common Core NGSS/NYSSLS additional context on the scientific field an
——— o Fos31 focus surrounding the highlighted
— technologies in this unit. However, we
DIESTIS Sellriens realized that this was also good backgrou
151.C; PS3.D, ESS3.A and informaional text reading for the
L4.6; RF4.4 ETS1A-C ) ) )
— students. This text, along with a few readi
RI3.1,3.2;13.4 Science is a human endeavor, . oo .
RL3.1, RF3.4 Influence of STEM on society, comprehension questionisjncluded in the
Energy and matter

My STEM Storims y2 i So221a¢

Increasing pressure to seek alternative energy sources has generated new business
opportunities andscientific study. Scientists, engineers, and entrepreneurs alike are interested in

how to sustainably harvest our renewable resourcesn, wind, geothermal, tides, rivers, etc

SolarpoweA y @2 f @Sa KIFNySaaiay3a SySNHe
done in two ways: either as passive solar thermal or as active solar
LI2gSNIP tFaargdgsS az2ftl N OKSNYIFE dza
increase the temperature of a place or object. Active gmarer uses
0KS adzyQa fA3IKG 2N KSFG Ay 2yS

another place.

Hydropoweris energy generated from the energy of falling water or running water. For example,
a large dam that is placed in a river forces the water todhsv or through the dam. The falling
gl GSNI KIFa + 20 2F SyYSNHE& | YR ¢ KSyselgdricitgJ- a 4 S &

i,

16



wind poweruses the energy in the movement of the wind. Win

turbines convert the kinetic energy (the energy of myiof the
wind into mechanical power. This mechanical power can be us
for specific tasks (such as grinding grain or pumping water), or
can be converted into electricity to power things like homes,

businesses, and schools.

4 -— Geothermal energis heat from Earth. It comes from many

places: volcanos, hot water springs, and more. In the United
States a lot of the geothermal energy comes from the top 10 feet
of ground, that stays between 50°F and 60°F-yeand. Heat
exchangers use the heat differenbbetween the ground and a

home to heat the home in the winter and cool it in the summer.

As we develop new source of energy, there is a need for improved materials and better
processes for energy capture and storage. These needs are a soemckest opportunity for

new discoveries and inventions.

17



VocabularySolar Energy

Time Standards Description

@ The table below contains key vocabulary word:
C‘\ for this unit specifically related to the

- T — —

—

—— entrepreneur and application. TRy STEM
Common Core Storiest y 2 l:l S 022 1 62 y l:l A y

_———— [————————— with the Term and Definition columns complete
5.4 and a blank third column thaheourages
- - Communicatinginformation | Students todetermine a picture or simplified
Laa —— 1 definition.Columns 3 and 4 in the table below a
—_— PERDBIEESA) intended to provide you with some examples o

N

L S simplified definitigns or approprigte picture§

- and matter, Cause andeffect | (NOte: Drawing diagrams is a skill needed in

—— higher level sciences.) Additional unit vocabula
is provided in thédditional Background

Informationsection
Term Definition Simpler Definition ARicure pr_$|mpllf|ed
Definition
Solar Radiation Solar radiation is energ The energy theun Surlight

given off by thesun givesus

Passive solamergy
involvesusing thesur@

Passive Solar energy withoutany

52y Qi Yy SSR | Ourbodies absorb the

Energy changes to ior the use getthesunQa Sy | surQldeat to stay warm
of mechanical devices
Active solar energy
Active Solar |r;\;]o;\r/es tL: sgg;:eil:]rﬂita Need machines to get Solar cells
Energy gy by ging thesuQa Sy S Solar panels

with a second process @
machine.




Solar thermaénergy

Solar Thermal | involvesspecifically using Usina hesurQ & 6 |
Energy thesuQa KSI g
things up.
Solarelectricenergy W )/H
\
SolarElectric (also knoyvn asolgr Howsunlight changes ~ o
Energy photovoltaicjs wirmning into electricity P "["->
surlight into electrical !l
energy
Acircuit isa path or
route for . .
Circuit electrons/electricitythat A closed_ Igop in which
. electricity flows
will start and return to
the same place
A watt is a unit of :
owert the amount of How much energy is
Watt P transferred from one

energy that is
transferred in a second

place to another
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Your TechnologyolarEnergy

Time Standards Description

\ Thissection introduces the entrepreneurs
7—9‘”"% — —— technologiesand businesses that form the
\_ i NGSS/NYSSLS anchor applications and phenomena for

this unit. These minibiographies of real
people developing real technologies mak

Common Core e —

—— SEEA o
- - - the elementary concepts covered in this
Asking questions & defining q

e e unit current, eal, and relevant for the
~—— v 4 A L 2 v 2 A
RIA.1,4.2,4.4 L51.C, PS3.D, ESS3.A au dzZRSyua lyR Iyags
14.6; RF4.4 - fstAc 1 £ SENYAY3I UKAAKE jdz

NBARR1EA Science isa human endeavor, | - gsked. Text and additional reading

s e Influence of STEM on saciety, . . .
RL3.1, RF3.4 Structure & function; Energy comprehension questions are glsio provic
— &matter ) jntheMy STEM Storigs y 2 U S0 2 2

EnduringUnderstandings
Students will develop a deeper understanding of the structure of matter and the flow of the

4

suQa SyYySNHeée (KNRdZAK aeadaSvya lFa Gz22ta (02 az2ft o

Students will develop an understandthg sumQiEY R 9 NI KQa rseBntiSowA y ( KS

that role impacts our dalily life.
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Meet Your EntrepreneuErica Mackie, BiDAlternatives

Erica Mackie, Pis theco-founder and CEO of GRID Alternatives. We asked her to talk a bit

about herself and about th&olar electricitcompany she started with Tim Sears
How would you describe yourself and your career path?

GL GKAY]l 2F YeaSft ®nglnger I &2
then turned back to something between. My path to

clean energy included work with survivors of domestic
violence,aNA 41 @2dzi KX ¢2YSyQa adidzR

education, math, and physics. | am an entrepreneur

because in the end, in order to haves fjlob and impact |

dreamed of having, | needed to create it.

How did you get the idea for GRID Alternatives?

GLY WwnnmI L ¢l & g2NJAYy3I | & | -stidePede®abld andrgyl f Sy 3
and energy efficiency projects for the private sectiowas at this job that Tim Sears and | met

and thought of the idea for GRID Alternatives. It took us a few years to actually quit our jobs and
decide to start our own nonprofit business, but that time we took to create a joint vision and

establish a déaborative leadership style has been critical to our success today.
How would you describe GRID Alternatives?

GRID Alternatives is a national leader in making clean, affordable solar power and solar jobs
accessible to all communities. By putting peop#, f{GRID Alternatives develops and
implements solar projects that serve qualifying households and affordable housing providers and

offers solar education and handa job training to help people jumpstart their solar careers.

21



How has GRIBlternatives grown over the years?

GDwLS5 ! fGSNYylFrGaA@gSa KFra 3aANRgy | 20 20SN) GKS @&
for low-income homeowners with volunteers, like Habitat for Humanity except with solar. As we

grew, we kept finding moreommunity needs and opportunities to do more. Today we have a
A0FFF 2F opn I NRdzyR GKS ! yAGSR {GFrGdSasx FtyR ¢S
mostly for homeowners but also for renters, affordable housing buildings, and even some

communityorganizations that have goals that are similar to ours. We also do work in Nicaragua,

Nepal, and Mexico for communities that either have no access to electricity or for which access

is expensive and unreliable. We also train people. We found that mapleveere volunteering

with us because they wanted work experience for jobs in solar, so we started to build out a real
g2N] F2NOS RS@OSt2LIYSYyd LINPINIXYP 2SQ@S (NI AYSR
OF NBSNJ FaAaLANIYydGaz Ay az2ztFN AyadalttliArz2y o

Whatdo you think it takes to be a successful entrepreneur?

G. SAy3a | &adz00SaaFdzZ SYiINBLNBYSdINE KSGKSNI Ay
GKIFIYy 2dzad GKFG AYyAGALFE @GAaA2ye LOGQA faz2 | 062dz
changed YR 2 LI NIidzyAtiASa INRASP 2A0K I ySg (SOKy?2

FYR &2 YdzOK ySSRZ FyR ¢SQff {1SSLI g2NJAy3 |YyR
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21stCentury ContextVe Care SolaCentury Solar

We Care Solajwww.wecaresolar.olg
Note: TheéAdditional Resourcegction contains links to a few videos where Laura talks about her journey and

We Care Solar

About Laural auraStachebktudied medicine and lives in
California. In 2008 she went to Northern Nigeria to try to
figure out ways to make having a baby safer for moms
and babies. When she was there, she saw that most

K2alLWAdlfta RARYQU KIF@S | NB

electricity! While this made things hard during the day, it
made having a baby at night very dangerous. Sometimes

babies were born in total darkness. Other times mothers

and babies had to wait hours for important surgery.

FOUNDATIONAL SCIENGEe thisk y F2 NXY I A2y Ffa2 FLIWISIENE Ay (GKS &aidzRRS
Solar electric (also known as solar photovoltaic) is the action of turning sunlight into electrical

energy. This is done with solar cells that are made of materials called SEMICONDIH&TOR

have special properties. Semiconductors are a mix between a conductor (like metal) and an

insulator (like rubber). When

sunlight hits a semiconductor, e Electron
some of the electrons get 2 ,

g ““nnnn . Sunlight
pushed out (like too many e— B elelelel e M solor cell
people sitting on a bench) ‘ W
and they flowthrough the ¢ T

—ie e

wires making electricity.

When she got home from Nigeria, Laura joined forces with Hal Aronson, and together they

started We Care Solar to help provide hospitals with reliable electricity. Hal created a suitcase

sized solar electric systemhieh included solar panels, batteries, LED lights, and headlamps, for

[ FdzN} G2 aK2¢g (G2 GKS bAIASNAIY K2ALAGEE 62NJ] SN
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http://www.wecaresolar.org/

adzZA 0Ol 4S3¢ KSNI bAISNRAIFY O2ftf Sk 3dzSa ¢ SgnE OGS NE
and electricity to their clinics was contained in an ¢agyse suitcase. They began using the kit
to charge headlamps and walbtakies immediately! To date We Care Solar and their partners

have distributed almost 3,000 Solar Suitcases around okl w

Here are a few more cool companies using solar energy to reduce their imactroFor

complete company URLs see #aditional Resourcesection)

1. SolarMillmakes consumer products using solar energy and sustainable materials.

2. NewSunRoadis a company that is working to provide solar electricity to communities,

health clinicsand education centers in remote and challenging environments.
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TechnologWistorical TimelindJnderstanding thé&un

Time Standards Description
_ The Technology Historical Timeline is a gre:
= tool to use to give your studertstorical
(W & — [ context for what th learning and to sh
. ) o — context for what they are learning and to sh
Common Core them how any single scientific discovery or
L S—

LS1

W41
SL4.1;14.1,2
w31
S13.1,;13.1,3.2

5-ESS1-1; 5-ES53-1

Engaging in argument from

L ESS1.A, B; ETS1A-C ]
Science addresses questions

about the natural and material | 1 heAppendixcontains a variety of timelines

understanding is built from all the discoverie
and understandings that came before. In mi

evidence cases, scientific discoveries only thrived if tt
C, PS3.D, ESS3.A was a cormunity need they helped to solve.

Note: If you are usingunCatchersas a
highlightedin the Appendix.

6000BCE

Magnifying glass is used to
concentrate the Sun’s rays
and burn small things.

W

1839CE

French scientist Edmond Becquerel
discovers that, with the help of certain
materials, the sun’s light can be turned

into electricity.

~1950CE

Scientist Maria Telkes and architect
Eleanor Raymond work together to
build the first house heated
entirely by solar energy.

The Dover Sun House

world. Interdependence of STEM| - and suggested activities you can use with y:

classMany of these activities are a good
opportunity forpeerto-peerandteacher
student feedbackycles.

primary curriculum there is a required timeline activity

~20CE

The Chinese document use of
“burning mirrors” to light
torches for religious purposes.

1200CE

Ancestral Puebloans, who lived in the
A\ region where Arizona, New Mexico,
Colorado, and Utah intersect, construct
south-facing cliff dwellings that capture
the heat of the winter sun.

1760CE

Swiss scientist Horace de Saussure
is credited with building the
world’s first solar oven.

1982 CE

Australian Hans Tholstrup drives the first
solar-powered car almost 2,800 miles
between Sydney and Perth, Australia. Thatis 20"‘? CE
the same distance as between New York
City and Los Angeles!

What will
you invent?

The Quiet Achiever
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Background Information

This section contains additional information intended for teachers on the topics of:

TheEngineering Design Process
Unit equipment anchow it works
Solar energy

Celestiabbjects

= =4 -4

Links to additional videos, articles, webpages, ate.provided in thé\dditional Resources
section wherghey are organized by topic areaxtra copies of thEollowthe Energyables can
be found in theAppendix.

The Engineering Design Process

Despite what the name might suggest, émgineeringdesignprocesss really nalifferent than
any creative or iterative process. You would follow the same basic steps if you were writing a
story or painting a picture.

Step 1:Start with a question, probleror god.

Step 2:Think about all the possibilities

Step 3:Decide which ideafromstep 2you want to use
Step 4.Create your first draft/prototype/version

Step 5:Get feedback and improve your design

Engineering Design Process

Improve
Get feedback Ask

e
Communicate Define the problem
Research

Create
Build
Test
Imagine
Brainstorm
Set hypothesis

Plan
Develop

26



Under some circumstances the words used to describe a step might be differethte general
goakof each ste@rethe same.

Engineering English

Edit
Have someone
review

Build Hypothesize @.
Plan Art R~
Improve
Ask
What do you see?

Version 2+
Imagine
Colors or materials

Question

Imagine
Theme

Additional Vocabulary

Brainstorming is when a group of peoplesgetgether and share

Brainstorming _ _ _ _
ideas to solve a problem or challenge (coming up with a lot of idea

I LINRG2GeLIS A4 Iy SINIeé OSNRAA:
Prototype everything the invention is supposed to do, but it allows the inventt

see what things will lodike.
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Unit Equipment

TheSun Catchengnit has a fair amount of technical equipment with which you might not be
familiar including:

Radiometers

IR thermometers

Light meter

Solar circuit components (multimeter, breadboadlar cellLED, resistor, buzzer,
jumper wires)

= =4 =4 A

Radiometers
Radiometers are a cool way to put the concept of differences in heat absorption by different
materials into action. The radiometer is also a great model system for a lot edatge

weather phenomena thaesult from air currents.

v a

Rotor vanes

Light source

Radiometer

Inside the glass radiometer bulb there is a partial vacuum. What this means is that while there is
I 0AG 2F ITANE GKSNBE AayQid | 24z a2 GKS 3L a A
resistance. The rotor vaneseaon a nearly frictionless spindle, or pin, so once they start moving

there is very little force to oppose them.

When you shine light on the radiometer, the area near the black side of the vanes heats up much
more than the area near the white side of tvenes. That heat difference causes gas to
rearrange so that the temperature is evenly distributed. This movement of air is enough to get

the vanes spinning quickly.
28



If there was a total vacuum, then there would be no air to heat up and the vanes wogfdmo
If there was a normal amount of air, the drag force of the vanes having to push through the air
would be much stronger than the force from rearranging gas molecules and the vane would not

spin.

The following video gives a decent explanation oftwghgoing on, although thepeakeitalks
quite quickly. It may be more appropriate as teacher background than to show directly to

students. https://www.youtube.com/watch?v=IIxqgNcipTw&02 min, short ad at the beginning)

IR Thermometey

IRthermometers are a fun and easy way to measure temperature.

Yousimplypoint the IR thermometer at the object whose v
temperature you want to measure and pull the trigger. The

20285000Qa UGSYLISNIY GdzNBE gAf uKS@

JJISIF N 2y GKS

Beforebeginning the investajion, students shoultest out the IR \

thermometer by measuring the temperature of some objects in Trigger

the room.

Light Meter
The light meter is a fun and easy way to measure the inte

the light.

The photodetector (top white portion) sensiee illuminance ;ﬁ[:?ﬂ
coc

Tz
LIGHT METER

(light intensity) per unit ared he display shows the light le\

either lux, which is luminous flux (or lumens) per meterfoa

candle(fc).

Beforebeginning the investigation, studentsosildtest out thelight meterby measuring the
light level under different circumstances (e.g., near a window, in a closet, and directly in front of

a lamp).
29
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Solar Circuits

Multimeter

1 Amultimeter is great tool to help you understand your
power supply. In this unit the power supply is a solar cell.
Another option for a power supply is a battdrgre are

some tips on how to use your multimeter to check the

voltage of youpower supply:

0 Make sure the dial is turned to 200 mV or 2 /2000 mV SN
(top left). The readout is the voltage in V. e

o The red lead/wire needs to be hooked into th& WA
port andthe black wire/lead into the COM port.

Troubleshooting the multimeter:

0 Check dial position

o Chechkwire connections (both into the multimeter and on the power source).
0 Make sure multimeter batteries are working.

o0 Use an AA 1.5V battery to make sure it is working (set the dial on 2 /2000 mV and
the readout should be betweerg2 V).
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Breadboard

i
fig

Iy
-
-

A breadboard makes circuit building easier. All the spots in a - -

I
I
L
gL
I

|

row are connected to each other but each row is separated
from the other rows. For example, the green slots are
connected to each other and the yellow slots are connected to

each otler, but the green slots are not connected to the yellow

slots.

Solar cell
A solar cell is the power supply for your circuit. When it is
exposed to light the solar cell can generate electricity. The

wired solar cells can plug directly into threadboard.

Jumper Wire
1 Jumper wires conduct electricity and connect different

parts of the circuit.

1 Theyare allthe sameO2 f 2 NJ R 2 § @nd Cain beY | { @

hooked up either way.

Resistor

1 Arresistor is like a sponge that soaks up extra current. You

need one of these to protect the LED. lii

1 Resistors will work the same regardless of how they are

plugged in (provided they are in the right spot!).
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LED
1 AnLED is a light source that gets itsrctsom the type of

material inside (called a semiconductor)

1 An LED must always have a resistor in the circuit to control H
the amount of current if not, you will break the

connection to the semiconductor material.

Negative side
1 An LED has a positive s{tinger) and negative side

(shorter) L ¥ &2dz L dz3 GKS [95 Ay o6l O16FNR Al g2y
6dzi AlG 62yQi fAIKE dd SAGKSNID Positive side

1 Current only flows one way for an LED.

Buzzer
1 The buzzer is just that, a buzzer.

9 Similar to the LED it has a spedifrection. If you have a
circuit that has both buzzers and LEDs, you need to make
sure the positive end of both components is on the same

side. For the LEEhat is the longer wirgfor the buzzer

that is the red wire.

T LT @2dz LXdA GKS o0ddTSNIAY o6FO146FNR Al 62yQ
g2y Qi 62N] SAGKSNW®D
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Solar Energy

While a lot of tle followinginformation can be found throughout this Educator Guide, we

thought it might be helpful to have everything in one place for easyerate.

Introduction

Did you know that in ONE HOUR enough energy from the sun hits Earth to supply all the powe

we need for things like heating our homes, running our electronics, and powering our schools

and hospitals?

Solar power is all abott} Ny SdaAy3d SySNHe& FTNRY (KS adzyQa f A:
either as passive solar thermal or as active solar power. Passive solar thermal uses the heat from
0KS adzyQa tA3IKG (G2 AYONBIasS GKS (S¥goeNd G dNBE 2
K2dzaS® ! OGA PGS a2t NJ LI2oSN) dzaSa GKS adzyQa f A3K
another place. Some examples include solar panels or solar heating tubes you see on the roofs of
some houses. In the Solar Electric sectionietwi 4SS K2 g &a2f | NJ LJ ySta O2

into electricity.

Active vs. Passive

One cool thing about solar energy is that it can provide power to us in tworfqgassive or
active.The key difference between an active solar system and a passive solar system is this:
Passive solanergy uses thheatof the sundirectly, while anactive solarsystem uses thsurQ a
radiation (thesurQ a ) kblgeéndrateelectricityvia solar panels arses some mechanical energy

to transfer the heat of the sun to a different location.
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Solar Electric

Solar electric (also known as solar photovoltaic) is the action of turning sunlight into electrical
energy. To do this we need special equipment called solar cells. How do solar cells turn sunlight
into electricity? They are made of materials cadlethicoxductorsthat have special properties.
Semiconductors are a mix between a conductor (like metal) and an insulator (like rubber). When
sunlight hits a semiconductor, some of the electrons get pushed out (like too many people sitting
on a bench) and they flothrough the wires making electricity. At this point the electricity can

be used to run a device (like a light or buzzer) or it can be stored in a battery to use later.

e Electron
X @ Y Sunlight

AN
Y aYaWa¥a'

p N 3 @@@e e - Solar cell
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CelestiaDbjects

In Star Light, Star Brightur students are asked thoosea celestiabbjectand compare ito
our sunWhile therearey I y& LIKSYy2YSyl @&2dzNJ aGdzRSyda Oy
here thatare our favorites. The resource books provided with this unit and online links and

additional resources suggested in theditional Resourcesection provide additional options for

your students to investigate.

Nebulae

Anebula(plural: nebulae) is a cloud of dust and gas.

Nebulae can be different colors with their color being
determined by how the dust inside the cloud interactg
with various sources of radiation. Most stars are crea
from a nebula, and any given nebula mayeha number

of small stars that have not fully formed or emerged.

{GFNB O6GKS dzyAOSNESQad 2GKSNJ adzyao

While the sun is the closest star to Earth (only abouhBi&n miles away) it is just one of the

billions of stars that are in our galaxy and trilliohstars in the universe overall. Stars vary in

size, surface temperature, and luminosity (brightness). All stars start as a cloud of dust and gas
(specifically hydrogen gasjlled astellar nebulaAs the gas and dust particles come together,

they increase in density untiie whole thingcollapses on itself forming astardzZNA y3 G KS a i |
life it burns the hydrogen gas that was part of the origiedula producing the radiation and

light we se in the night sky. As the star runs out of hydrogen it begins to die. The size of the star
determines what will happen to the star upon death. Aveisige stars shed their outer layer
becoming smaller, dimmavhite dwarfs Larger stars explode forming@pernova and then

collapse upon themselves formiblack holesPages 21€213, 216,219, and228;229in Space,

A Visual Encyclopediacluded with the activity kityas additional, simpl-read explanations

on star typesand life cycleas well as some examples of the differgpecificstars you and your

students might find interesting.
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Binary (and Multiple) Stars

Although it may seem normal to us to have a star (or sun) without any close neighbors, it is

actually somewhat rare. Stars are often created in clusters insidebwaand, while they may

RNAFG LI NG FNRBY az2YS KSke eciisns ool btheNJ a A 6 f A
stars. Sets of star pairs that orbit each other are calieary starsSometimes one star in a

binary system will steal material from its neighbor. Other times one star in a binary or multiple

star cluster will be so brigktat it is hard to see the other stars in the system. This was the case

for the North Star(Polaris), which has three stars in the system (Polafisl&isB, and Polaris

Ab). The third star (Polaris Ab) was so close to Polaris A that it was onlly réisentered.
Pages 22225 inSpace, A Visual Encyclopdiialuded with thefull unit) has additional

information on binary and multiple star systems.

Galaxes

Galaxies are very large clusters of stars, dust, and gg
clouds held together bgravity. The universe has
billions of galaxies that come in different shapes and
contain different numbers of stars. Our galaxy, the
Milky Way, contains about 100 billion stars. Galaxies
have been classified into three groups based on their
shape: spiraklliptical, and irregular. The Milky Way is

spiral galaxyThe Andromeda Galaxy, another spiral

galaxy, is our closest galactic neighlbw@cent data
suggests that most galaxies (perhaps all) hadlack holeat their center, which could provide

the gravity necessary to hold the galaxy together.
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Black Holes

Black holes are a portion of space where an extremely large amount of matter has collapsed in
on itself. What this means is that a very large amount of mass becomes concentrated in a very
small volume, creating an extremely large gravitational pull. fdvgagional pull is so strong

that nothing can escapeincluding light! Astronomers now suspect the universe is littered with
black holes some small and others quite large. It is thought that very large black holes, called
supermassive black holean befound at the center of most galaxies. However, since nothing

can escape a black hole, they are impossible to see directly and are very hard to study. In fact,

most of what we know about black holes comes from studying the things atteeibthck hole
and relating themotion of other stars andtellar material to the presence of a very high

gravitational object.

Comes, Asteroids, and Meteoroids

Comets, asteroidsndmeteoroidsare allcelestial objects that are too small to be considered
planets.Cometshave a core that isvade of ice and dirt. When a comet comes closer to the sun

it warms up and starts to release some of its dust and gagsiugh and gas give comets their

glow and soratimes result in longgils. Unlike cometasteroidsandmeteoroidshave a core

made from rocky materials and metals. The major difference between asteroids and meteoroids

is size; anything 3:feet wide or smaller is called a meteoroid, while anything larger than 3.5

feet wide is called an asteroid. A meteoroid that & 9 | NI K QA | ( YhétéotJK SNBE A a
FYR F YSGS2NRAR (KI (GANSIghdsSNBarthaid chllBdiseearitel ( Y 2 & LIK S N
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Topic Introduction Tools

Standards

Time

. i\

q .
Common Core

e —
RI4.1,42,44
L4.6; RF4.4
RI3.1,3.2;13.4
Phenomenon

k NGSS/NYSSLS

5-PS1-1, ESS1-1, 5-ESS3-1

Asking questions, Constructing
explanations, Science models

ESS2.D, ESS3.C, PS1.A; PS3.D
S —

Science addresses questions,

Cause & effect, Scale,
proportion & quantity

Description
The following few pages outline some topic
introduction tools you can use with your
students to get them excited to be thinking
aboutthe sunand solar energy

Pick the tools that work for you!

You do not need to use all of these introducton
tools, but instead pick the ones that enable you
to get a feel for what your students know and
what they are interested in. These introductory
tools and activities are also a good way to chec
in with your students throughout the unit to see
how they are ding, what concepts they may be
struggling with, and/or how their interests are
developing

How can you use solar energy, or the sun in general, to solve a challenge in your life?
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Topic Bundle/Big Idea

In thisunit studentslearn about all the ways the sun provides us with energy and information.

They then use that knowledge to determine solutions to a variety of challenges.

Essential QuestiatSubPhenomena
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students are learning. Also included hrgger wondering® inspire deeper reflection and

discussion.

Topical Essential Questions

Big Wonderings
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1 How do we get energy from the sun?R511, 5PS31)

1 How do with interact with the suevery day?5-ESS®2, 5ESSQ)
1 How can we use theurnQ a
1 How does the sun teach us about the univer&2SSAl)
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KWHLA@harts andPictorial Input Chast

KWHLAQ charts (know, want, how, learned, action, questions) and pictorialhapst(PI€§t
also referred to as anchor chartarea great way to get students thinking about a topic area

and give you a chance to see where theynth current understanding and possible

misconceptionsDepending on your students you may choose topteta one or more of these

activities with you leading the discussion or have the students work together in small groups.

Afew possible starting prompter KWHLAQ chartse:

1 How does thesunhelp us every day?

1 What are different sources of energy?

1 What do | wonder about renewable energy?

What do | What do | HOWdo! | What have | What What new
KNOW? WANT to find out? LEARNED? ACTION will | QUESTIONS
know? 1 take? do | have?

A couple possible themes for PICs are:

f Develop a model to explafifferent ways thsutQd Sy SNH& A& dzaSR o6& L.
and people.

f Develop a model to show howtserQd Sy SNHe& A& (daNYySR Ayidz2 Sf

(Note: A PIC is a great way to create a model of a concept that students can use as a
reference throughout the unit.)
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What Do You See? WhatDo You Know? WhatDo You Want to Know? tg
What do you see? What do you know? What do you

want to knows another great way to get the students

thinking and excited about a new topic. With this
activity each day starts with a picture or object that you
share with the class (example®vided in the

Appendi}. Ask them to write what they see, what

they think they know about it, and what questions it
sparks in their minds. After a few minutes have the
aGdzZRSyida akKIFINB 2dzi oKI G
not only gives you an idea of their interests and

understanding, but also gets them thinking about the

topic and gives them practice writing, organizing their

thoughts, and speaking to the group.

Introductory Vides

1 http://video.nationalgeographic.com/video/alternatremergy(2:48 min no ad A short
introduction to renewable energy (focus on solar energy, biofuels, and wind) by National
Geogaphic

1 https://www.youtube.com/watch?v=x4CTceusk®04 min) The first 1:25 min of this is a
good general introduction to solar energy with a focus on solar electric energy. The last
40 sec is a plug for BEP, so you might want to stop it before that.
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Introductory Investigation

The introductory investigations are designed to be activities the students can work on with very
little guidance or introduction from you, the educator. The ggthlat the students have a

chance to think about ideas or concepts independently and ingreaps, without the reliance

on the adults in the roonYour role as the teacher is to help the students stay motivated and
on-ask, without providing them with the answéften encouragement to explore their line of

thinkingis all that they need.

Some Like It HOT!

The light from the sun produces a ot of heat and we can

Procedure.

1 Meke sure you have both dark and light enaft sticks.
design products, machines, and materials that can use (or

deflect) that heat in many different ways. Here is an rr—
activity to explore that idea [

Materials needed:
+ Craft sticks (or similar)
« Black paint er black marker
« Aluminum fail or white paint
+  Infrared (IR)thermometers
+  Light sourees 3.

source ot a time, shine the different

on the ereft sticks and use the IR

thermometer to measure the temperature.

You may need to wait a few minutes for the

Using an IR Thermometer temperature to stop changing. You may want To do

IR thermemetens are @ fun and easy the dark and light sticks separately

B r )
way fo measure femperafure. 4. Record your results in the table on the next page. Be

You just point the IR thermometer ot

P
the object whose tempsrature you
want ta measure: and pull the trigger

The ebject's temperature will then g-
appear on the serzen
. IR thermome: ten
Before going o the activiry, test out Trigger \.

the IR thermometer by measuring the Light

temperature of some objects in the source.

e L

Be careful not to shine it in anyone's eyel

sure to include the light source you used.

TheSome Like It Hbtntroductory challenge gets students thinking about hlog/sunprovides

heat to the Earttand different ways we might be able to manipulate that processchifilenge

will lay thegroundworkfor many of tls unit@investigationsln this exercise, working on and

talking about the challenge is more important that the actual completion of the challenge. Once

again, this gives you, the educator, a chance to formatively assess student interest and prior
knowledge as yowatch the group interactions and listen to the conversations. Since the

introductory activity is intended (but not required) to be used before the unit begins, the data
recording sheet is provided separately from ki STEM Explorer Notes Y 2 (i S 0 Rszddd ! T dz
copy can be found in th&ppendixand on the unit website. Printed lockeaf copies are

provided in the activity kits and printed curriculum packs.
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Main Investigations

The followingpages describe the mainvestigations in this unil.he Detailed Description

section describes extensions for more advanced stud€hese extensions are in bright blue

text.

Safety

Warning: This kit contains materials that may be harmful if used incorrectly. Please iresadietions
before beginning. Failure to follow these instructions and warnings could result in serious consec

1 Kit components are scientific and engineering equipmamit toys. While we have
worked to supply the most robust kibmponents possible, aggressive use can caug
damage.

1 Electricity in the circuit is generated through gwar cellsWhilesmall solar cells
generate much less current than batteries, students must be careful not to contac
two ends of the wires attached to tlselar celto each other.

1 Remind students to use materials only as instructed by the teacher.

T IR thermometers should neverbe’py 6 SR G a2YS2ySQa ¥FI
theeyes¢ KS (GKSNX2YSOSNE KI @S | afl &SN 2
shine a guiding red light. You may choose to use the IR thermometers in this mog
also suggest telling your studsrthat IR thermometers are NOT to be used on peoq
or animals to avoid this problem.

Juences.

e

t the

0S & |
T Te L2
e. We

le
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Materials

ComponenfName andDescription

Provided equipment and materials

Infrared thernometer (4)
Radiometerg4)
U\tsensitive beads

UV flashlight¢5)

Normal beads
Lightblocking materials
key chain rings

Cord materials
Multimeter

Wired solar panel§&’)
Mini breadboard46)
Jumper wires (set &0)
LED witlresistors (class set)
Buzzers (five at24 V)
Light meter

Dowels

Trade Books

National Geographic Kids Everything Sp.
DK Eyewitness Books: Universe
SPACE: A Visual Encyclopedia

Educator Guide (1)

ae {¢9a nptabAARA( PR un

aé& {¢9a 9 E LlioRHeEkNBO
Timeline sheets (1 set)

Introductory investigation data recording
sheets (30)

Follow the Energsorting cards

Approximate Cost

$60
$60
~$10
$25
~$5

$15
$12
$27

NA

Click for Amazon link
Clik for Amazon link
Click for Amazon link
Click for Amazon link
Craft store

Craft store

Craft store

Click for Amazon link
Click for Amazon link
Click forAmazon link
Click for Pololu link
Click for Amazon link
Click for Amazon link

Click for Amazon link

Craft store

Click for Amazon link

Click for Amazon link
Click for Amazon link

This unit

(electronic versions available on unibsite)

Common equipment and materials required but not provided

Light sources

Cardboard boxes

Insulation material (newspaper works we
Blackand whitepaint

Aluminum foll

Glue or strong tape

Something to cook (we suggest cookies)

<$10
NA
NA
<$5
<$2
<$5
<$5

Hardware store

Collection from homes/school or grocery store donation
Collection from homes/school or grocery store donation

General classroom supplies

Grocery store

General classroom supplies

Grocery store
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https://www.amazon.com/gp/product/B01FYXJFQW/ref=oh_aui_detailpage_o02_s02?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B00ES3TYUM/ref=oh_aui_detailpage_o07_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B01LWNEJF1/ref=oh_aui_detailpage_o04_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B00R18VQ5W/ref=oh_aui_detailpage_o06_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B01ISAMUA6/ref=ppx_yo_dt_b_asin_title_o03_s02?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B00WN3E3O6/ref=oh_aui_detailpage_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/Qunqi-Points-Breadboard-Arduino-ProtoShield/dp/B0132KFWAM/ref=sr_1_1_sspa?ie=UTF8&qid=1519841038&sr=8-1-spons&keywords=mini+breadboard&psc=1
https://www.pololu.com/product/1708
https://www.amazon.com/Cofufu-Emitting-Diodes-Assorted-Resistors/dp/B0181WE5I6/ref=sr_1_7?s=hi&ie=UTF8&qid=1506013366&sr=1-7&keywords=resistors
https://www.amazon.com/Gfortune-Electronic-Continuous-PlasticIndustry/dp/B0718ZWLPN/ref=sr_1_58?s=electronics&ie=UTF8&qid=1506036941&sr=1-58&keywords=dc+buzzer
https://www.amazon.com/dp/B07NZLL9MG/ref=sspa_dk_detail_1?psc=1
https://www.amazon.com/gp/product/1426320744/ref=ppx_od_dt_b_asin_title_s01?ie=UTF8&psc=1
https://www.amazon.com/gp/product/146543187X/ref=ppx_yo_dt_b_asin_title_o01_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/075666277X/ref=ppx_yo_dt_b_asin_title_o00_s01?ie=UTF8&psc=1

Introduction
9y SNHE FTNRBRY (UKS adzy A& dzaSR RANBOGfe& [¢fR AYRA
our daily processes. As students begin this unit, they are asked to select an example of solar

energy that is most interesting to them and to draw out a model of how they think energy from

the sun is used in that applicatiddalar Energy Interactions 3 in theirMy STEM Explorer

Notest y203S06221a0d !'a (KS& LINPINBaa UGKNRdIdzAK (KS
reexamine their model to determine if portions need to be modified, removed, or added. At the

end of the unit there is space fdream to formally revisit their model .(B9 in theirMy STEM

ExplorerNotes y21S0622140 YR ONBIGS |y dzZLJRIFGSR @SNE.
be different based upon the chosen applicatidmey should all include a discussion involving

how the solar energy interacts with particles of matter that are too small to be €eE$11)

Investigation 1Solar Sleuthing

Time Standards Description
i\ < In this series of investigations studen
1

will explore various aspects of energy
and information from and about the
sun These investigations are a fun w
for them to build their understanding
toward a successful completion of the
solar overproject WATTs Cookiny?
and theSolar Solutionsummative
challenge.

NGSS/NYSSLS

5-PS1-1, 5-PS3-1, 5-
ESS1-1, ESS3-1
Planning and carrying out
investigations; Analyzing data,
Communicating information,
Developing models, Engaging in
argument from evidence

PS1.A;, PS3.D,LS1.A
S1.A, ESS3
Scale, proportion, & quantity;

Energy & matter; Systems &
models; Cause & effect

Note: Se&GSS/NYSSIdh¢ation Standardsection for detailed evidence
statementdor 5-PS11, 5PS31, 5ESS, 5ESSA.

Materials
Radiometersinfraredthermometers, light sources, tBénsitive beads, UV flashlights, normal

beads light-blocking materials, cordage, keychain riigglow the Energy sheetmdcards,
reference books, mitimeter, wired solar panels, mini la@boards, jumper wires, LEDs with

resistors, buzzerandMy STEM Explorer Notes y 2 1 S6 22 | &
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Heat. Light. Motion!

Note: SedGSS/NYSSIdh¢ation Standardsection for detailed evidensg&atements fob-P3-1.

Objective

Students will explore the connection between light, heat, motion, and energy.

Related essential questiddow do we get energy from the sun?

Materials

Radiometers, IR thermometers, light sourdég,STEM Explorer Notes Y 2 1 S62 2 | &

Detailed Description

Warm-Up
L¥

& 2dz KI @S y Spine lGke IVHIdht®du&dry actidtpave your students do it

now. Otherwise guide your students througre&resher discussion about the heggnerating

properties of different light sources and the hedtsorbing properties of different materials.

Main Investigation

(Note: TheAdditional Backgrounskction includes some additional background on radiometers

and how they work

Guided by the investigation prompts in thiefy STEM Explorer Notes y 2 (1 S 6 % antia)

have stuénts investigate the central phenomena associated withddeometers and complete

the OLA (observations, learnings, applicatiable on pager.

Light. Heat. Motion!

Radiometers help us to put some of the solar thermal

phenomena from Some Like Tt Hot! into action. Literallyl

The space inside the bulb of the radiometer is a partial
vacuum (similar to outer space but with a little bit of air).
The bulb must be made out of something strong and
something that can let light and heat in but not air. Can
you think of why this is important?

Shine your flashlight on the radiometer first so that the
light hits the white sides of the rotor vanes. Then
reverse it so that the light hits the black side of the

rotor vanes.

If you have time, try a different light source.

¢
| ‘\
Rotor vanes
Light source I
Radiometer

What happens when you shine the light on the white side? 3 ;

What happens when you shine the light on the black side?

Why do you think this is heppening? Why do you think it is
important that there is a partial vacuum inside the radiometer
bulb?

Sﬁl Whrite or draw your key takeaways from Heat. Light.

Motion! If you remember, include the observations and
learnings from Some Like It HOT!

What were your
observations?

Ay

What did you
learn?
S
(X3
N (U3

PR

Why does that
matter?

&

How could you
APPLY what you've
learned?
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Color Creations

Note: SedGSS/NYSSIdb¢ation Standardsection for detailed evidence statemeiois5-PS11.

Obijective
Students willse the coloichanging properties of the LActtive solar beads texploresolar
radiation

Related essential questidiow do we get energy from the sun?
Materials

U\tsensitive beads, UV flashlights, normal bebgist-blocking materials, cordage, keychain

rings,My SEM Explorer Notes y 2 1S06221 a

DetailedDescription

9SSy (K2dAK uksaidét(IV)ight, fiedeiire @& Stoo smalito-see particles

(ak.a moleculesyhat can absorlthe energy fromJVlight causing them to glow or change color
Someof the beadsin this investigatiolontainthose types of particle©ver time theebeads

revert to colorless when they are removed from UV light,(ergught back inside).

For this investigatiogourstudentsg A £ £ RS & A 3y UsingbothlUitdensitive belads (i A 2 v €
and regular bead®aterials for necklacg braceles, or keychain chareare providedbut they

can make whatever allows them to investigate the impact of UV light on the beads Kiaze

some of the beads covered and others exa)sStudents caexplore how solar beads change

colors under different conditionssing theconditions described in thdy STEM Explorer Nores
notebooks Pp. 9¢13), using conditions that you specify,lmr coming up with their own

scenariosMake sure they complete the hypothesis section before they begin and the OLA

(observations, learnings, application) taalehe end.

Color Creations

What did you discover about materisiz ond heir abilty Write or drow your key takeaways from Color Creations
w
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Follow the Energy
Note: SedGSS/NYSSIdh¢ation Standardsection for detailed evidence
statements fob-PS11, 5PS31.

Objective
In this game students will explore how different ways energy frorsihean be used by
humans, plantsand animals.

Related essential questiddow do we get energy from tkan?
Materials Follow the Energsheetsandcards,My STEM Explorer Noies y 2 1 S62 2 1 a

DetailedDescription

In this game students work in groups to model the flow of energy frorsuthi® various
products or organismd he goal is to reinforce that the energy from shkacan be used directly

or indirectly in several waySroups are provided with a set of caethd sheets they can use to

determine their sequence. In many cases there is more than one way to model the energy

transformations. We have provided oeeample

8
Sun Wolf

Determine and explain the transformations of the sun's energy needed to provide energy to the final product or organism. Determine and explain the transformations of the sun's energy needed to provide energy to the final product or organism.

Depending on the independentsveland familiarity of your students with tHigpic you may

want to have some initial clagsde discussions that touch on the ideas of active solar energy,
passive solar energy, and how plants use the energy directly frosarie build up their
structure.Additionally the sequences with more oewer steps may be omitted based on your

clas2 @apabilities.
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Some extensions include:

1 Have the students determine the energy flow without using the cardsi@termine the
intermediate steps on their own).

1 Use the worksheets without the end conditigpecified and have the groups determine
what they want to investigate. (Note: You may want to require a minimum number of

transformations for their sequenge

After this investigation students should complete the @Ib&ervations, learnings, application)

table on page15 of theirMy STEM Explorer Notes Y2 1 S622 1 &4 @

FO| |Ow fhe Ener‘gy Write or draw your key takeaways from Follow the
Energy.

The sun provides energy for almest everything on
Earth, either directly or indirectly. Determine
the energy transformations as it moves from the

What were your
observations?

+ tu d d Earth
sun 1o creatures and devices on Ear ~A

What did you
learn?
.~
(X
h TR
e

Why does that
matter?

How could you

APPLY what you've
learned?

14 15
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Star Light, Star Bright
Note: SedGSS/NYSSIdh¢ation Standardsection for detailed evidence
statementdor 5-ESSAL, 5-ESS3.

Objective

Students will obtain evidence to support the argument thatsineis a star and that differences
in appaent size and brightness of tisencomparedwith other stars is due to theurnQ a

closeness to Earth.
Related essential questiddow does the sun teach us about the universe?

Materials

Provided resource books, online resowd¢dy STEM Explorer Notesotebook

DetailedDescription

In this mini research activity students will perform some research about a star, or celestial
object, and complete a comparison between that object andtimeWhile students should be
free to choose celestialobjectthat interests themthey should bable to make at least five

comparisons between theunand that object Some things they might want to compare are:

Key features (size, composition, color, heat, interesting properties)

Distance from Earth

Apparent size from Earth (approximatesibilityfrom Earth and how that changes

Some reason why understanding this phenomenon has helped Earth or could help Earth

= =4 4 A

When they have completed their analysis, they should fill out theable®on pagel8. If you

are short on time you may want to have students select from a predetermined list of other stars

or celestial objects.

Star Ligh?, Star Brighf The sun :w::v,wmmmmm“wmw“w i
As an additional activity, studen ()

can slare their comparison with | :

you, small groups, the class, etq :
via a poster, a recorded video, 4

short report, a presentation, etc 5 =




Solar Circuits
Note: SedGSS/NYSSIdh¢ation Standardsection for detailed evidens&atements fob-PS51.

Objective

In this investigation students will investigate the electricity produced with small solar cells. The
investigation will also build upon their general knowledge of circuits.

Related essentigluestion:How do we get energy frothe sun?How can we use the

adzy Qa SySNHeée (2 LRoSNI 2dzNJ K2YSa yR fA@SaK
Materials

Multimeter, wired solar panels, mini breadboards, jumper wires, LEDs with resistors, dyzers,
STEM Explorer Notes y 2 1S0622 1 &

DetailedDescription

Measuring Your Solar Cell

Part 1: Measuringnherqgy

While many students understand that batteries store

Light or Power
Source

energy they may not be familiar with how that energy

is measured. Using some batteries (either AA ors9 V

fine), the solar cell panels, and the multimeters, have

* Make sure multimeter batteries are working—use a AA
15 V batte atest.

the students measure the voltage output of the

batteries and compare that to the voltage outputloé

solar cells under different conditions.

Part 2: Solar Circuits

Begin by reminding students what they know about circuits:

1. The circuit needs to be a loop.

2. The key components in this circuit are:
1 The solar cell (power source)
1 LED, resistoand buzzer (active components)
1 Wires and breadboard (passive components)
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Have students assemble different circuits with their solar pasetise power sourc&’hey may
need to do some troubleshooting to get the LED to light up.
| AYydY LF A0 R2SayQi fA3IK{OG dzaJr FANBRG GKS@ aK2

need to switch the direction of the LED since current only flows in one way through.an LED

type of materiol insidEy Draw and describe the circuit you create.

in the circult
idi have a resistor in .
it building An LED mus? ahways wot, youwil Example:

Solar Circuits g ‘- e Solar Circuits Solar cirut
An LED s a light sour gt gt | Now it's time fo design your circuits.
Breadboard
A breadboard makes

1o control the amount of current—if
break the connections inside

easier Solar circuit:

Al the spots ina rowore An LED has a positive side (longer)

h other i g i
connected 1o €oC v and negative side (shorter). 5 e - "
but each rowis Sep" pesy be comected inthe correct @t | o,
15 that are the same s
n the picture. SPO « different o % [ direction T
Coipac \ e
seporat

Buzzers

e that
A resistor is like a 5pond" buzzers must
. extra current. You Like the LED#he i
Y so0ks P ase to protect be hooked up in the o

Solar.cells SR . need one of direction Red is positive, bloc o Wind Light source:
e solor cel is the power supply for the LED = . ight source: indow

our circuit, WheR it is exposed o ligh? RN Voltage: 35V Voltage:

the solar cell con generate electriciy - Observations: _Both the biue and white LED:s it up S

jrectly info 2 B
The wired solar cells can plug ectly What Is o CEROULT? - - (both bloe and white)
4 Red is positive. Dlockes When you connect al
the breadboar you smact: ol fhe. parte Buzzer went off.
negative. of circult you are completing o -

ool B :
e =
power seurce (in this picture @

I FGSNI GKS2 Q@S allSyid a2YS8S GAYS SELX 2NAYy3I GKSAN

(observations, learnings, application) tabtepage 27

Solar circuit Write or draw your Seod K
Circuits

What were your
observation

[ ¥a)

0

What did you
learn

o

B

PR
»

Why does that
observa t mat t2er

oooooo

TheAppendixcontains a short primer on building circuits using a breadboard as well as how to

use a multimeter. Both are also discussed in the online Howdeos.
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Investigation 2: WATTs Cooking?

Time Standards Description
. In this investigatiostudents will work in

<
CW i R ——— groups to research, design, buddd test out

a solar oven. Throughout the investigation

5-E551-2,3-5-ET5.1-1,2,3

sking questions, Analyzingand | they must determine the best location and

e raorracting time of day to run their tests as well as thei
planations; Designing . . i .

Sofliffers, TG AT @i testing criteria. Depending on your

out investigations

geographical lod#on it may be interesting tc
run the cooking tests throughout the year t(

PS1.A; PS3.D; ESS1.B; ETS1.A,B,C

Patterns; Structure & function;

influence of STEM on the world, reinforce the seasonal changes.

Cause & effect; Energy & matter
L alse & CTIett, =neiey & marel |

Note: SedGSS/NYSSIdaiEation Standardsection for detailed evidence
statementdor 5-ESSP, 35-ETS1, 35-ETSP, 35-ETST3

Objective

In this investigation students whiliild, test, and
evaluatea solar oven. Prior to testing they \gdither
and graph data osurlight, sunintensity (light and

heat), and shadowsround the school to determine

dailypatternsand the best time and location to test

their ovens.

Related essential questions: How do we get energy from the sun? How do with interact with
the suneverydayowcang S dzaS (G KS adzyQa SySNH& (2 L3R g SN

Materials

Light meterjnfrared thermometer, aluminum foil, dowels, carboard boxes, insulation material,

black paint, glue or strong tape, something to cd®k, STEM Explorer Notes y 2 1 S6 2 2 1 &
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Detailed Description

Warm-Up
STF2NBE I dzyOKAy3 AyiG2 GKS a2t N 20Sy RSaAday |
students thinking about generally abdwiw solar ovensvork (passive heatings well as more

specifically about critical design parameters.

Passive Heating: Solavens,Greenhousedic.

One cool thing about solar energy is that it can provide power to us in tworfgassive

or active.The key difference between an active sslgstem and a passive solar system is
this: Passive solamergy uses thheatof the sundirectly, while aractive solarsystem

uses thesurQ & NJ R Asbi & 2) phlgénérdteSlectricityvia solar panels or uses

some mechanical energy to transfer the heat ofghato a different location.

Now that your students have a bit more familiarity with how light can generate heat and
how different materials can absorb more or less heat (vi&tme Likét HotandLight.

Heat. Motionlinvestigations), it is time to move on to a more formal passive versus active
solar discussion. This discussion can be carried out in a number of ways depending on how

your students work best.

1. TheMy STEM Explorer Noresotebook (p29) has a short gaion active versus
passive solar that students can take and then use as the basis for a class discussion.

2. There is room in thily STEM Explorer Noreaotebook p. 28) to brainstorm
ideas or current hypotheses or understanding around passive versus active solar
energy

3. Below we include some links to #reéendly videos and websites that they can use
to research passive versus active solar and then share the resultdaga a c
discussion, a short writing piece, or a poster.

https://www.eia.gov/KIDS/energy.cfm?page=solar _hdrasics
http://scienceprojectideasforkids.com/2010/solanergy/
https://www.youtube.com/watch?v=H79SGMIJE
https://www.youtube.com/watch?v=AQ|VKKIZd}dis is a more complex
video with a lot of elements of green architecture.

O O O O
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Solar Oven Design and Testing

There are several critical design and operatgaiures for students to consider in their solar
oven design including container size, materials of construction, color, and testing location and
time of day. For the first few weeks of their solar oven design project students will be

researching and planmg out their oven design and testing plan. Agelitional Resources

section contains some useful websites to get your students started researching their design

projects and theAppendixXO 2 y i | dofdZ 4l @2t I NJ 29SSy RSaA3ay LINROS

The general design for a homemade solgen often includes two nested cardboard boxes with
some type of insulation between them, a reflective coating on the irendean absorbent

coating on the outside. However, your students should be free to explore their own designs an
explore key dagn parametersincluding the number of boxes, size of the box/boxes (both the

absolute size and the relative sizes), role of the insulation material, function of the lining materi

(internal and externalgndrequirements of the cooking container. Tloéldwing table outlines

some key points that should make their way into the discussion.

Component | Design considerations
, Student should discuss what functional considerations they need to make when
Box size L .
absolute thinking about box sizeY ¢u want to mke sure you have enough space to cook you
material but the bigger the oven the longer it will take to heat up.)
Student should discuss what functional considerations they need to make when
Box size thinking about box siz€You want to make sure you have enough of a size differen
relative between the two boxes so that you can add enough insulation but not so much th
there isabsolutely no heat transfer from the outside.)
Insulation Students should discuss the purpose of the insulafidme insulation is makir]g sure
KSIHG 3ISYySNIGSR Ay GKS aYFftSNI 62E R2
Internal linin Students should discutige purpose of the internal liningThe internal lining helps to
Y focusthesunda KSF G Ayid2 GKS OSYdSNI 2F GKS
External | Students should discuss the purpose of the external li(iling. external lining helps tc
lining absorb thesuQa KSI G ®0
, Students should discuss the key design considerations for the cooking corffdirer.
Cooking . . :
) less energy it takes to heat up the cooking container the better. As well you want
container . : : :
energyto go into cooking the food and not the cooking container).
Students should discuss the purpose of the lid and if it should be open or ¢ldsed.
Lid lid directssurlight into the oven. Depending on the material the lid is made out of it
could be opeor closed).
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During the first few weeks of this investigation students will also be gathering data about daily
sunintensity and shadows, so that they can determine the best time and place to test out their
ovens. TheiMy STEM Explorer Notes y 2 (i $havé $aca for them to record, graph and

analyze this data.

WATTs Cooking? Design. Criteria Drow o detailed picture of your solor oven design and explain

The fable below lists possible design criteria. Add or remove. your design choice for key parameters. Be sure to clearly
criferia that are relevant to your design and then complete indicate the dimensions of your solar oven, To determine how you will run your solar oven, test the

sign, its besttodoa 11 Toble temperature and light infensity at various fimes ond

Determining Testing Conditions

For WATTs Cooking you will be working in teams to designa

, how they work, and their Farambivn: | [ oy, Combiirciions places around the school.

he space below fo keep notes
h Box size . Date and Light
on your researcl Location coly Temperanre 180

xxxxx

2 3

We suggest each team pick a different location to monitor and around the school and that they
evaluate the same place at different times during the day. In addition to recording light and
temperature data they should describe the general weather and what they see in their
locatiort such as any shadows or laigmale observable differencé&his will help to provide

them with context when they are analyzing their data and to help reinfoecke#ining

objectivesassociated with &ESSP.

Generakolar overassembly procedure

1. Apply the internal and external lining materiféste: Students can decide if the
internal and external lining needs to be applied to both boxes.

2. Add insulation and then place the smaller box inside the larger box.

3. Assemi# the lid and cooking tray.
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Use your data to determine your testing conditions.

Describe your testing conditions below.

Solar Oven Testing Describe your thoughts on your observations. Asibe

Westher
conditions
Cooking
container
Cooking
material

Observations
Time to heat up

Time ta cook

Describe your wisual observations.

T
0
|
I
0

oven heat-up
oven cook fimes

times

Tabulate class
Tabulate closs
Plot out class
heat-up times

General

1. Place solar oven on a dry flat surface, in the path of as suright as possible.
(Note: Cooking will likely take many hours.)

2. Place your food in the solar oven and wait. Monitor the temperature in the oven,

cooking procedure

and of the food, with an IR thermometer. @bge any visual changes in the food.

Box acquisition suggestions

There are several ways you and your students can gather boxes for this challenge. Larger

boxes can be cut open and reassembled if necessary or desired.

1
)l

Ak the school office or janitorial staff fmut boxes to the side.

Ask local grocery stores or shops for boxes they would normally throw away or
recycle.

Ask pizza delivery restaurants to donate a stack of boxes.

Ask local moving or shipping companies toadera set of boxes to your class.

Ask students to collect boxes that come to their house or apartment building.

59



Summative Challenges

NGSS/NYSSLS

have learedand practiced during the

Time Standards Description
_ Summative challenges provide students witl
@ . the opportunity to apply the concepkey

e ——

W4.1,4.2,4.4,4.8
514.1,4.3;14.1-4

W3.1,32,34,3538
513.1,3.6;13.1,3.2,3.4

5-ESS53-1

Asking questions, Defining
problems, Designing solutions,
Obtaining, evaluating and

ESS3.A,C; PS3.D;

ETS1.A, B
—_ Ers1AB

Science addresses question,

investigations to a broader and deeper proje
To complete this activity, they must not only
knowthe specific standardsut also
understandvhythat knowledge is useful and
how they can apply it to a new problem
application. Students should work in teams o

three or four to complete one thfe following
projects andif time allows, present their
findings to the class.

Influence of STEM on society,
Structure & function

Solar Solutions

Note: This summative challenge is a required component of thecNE&8um SeeNGSSdiication
Standardsection for detailed evidence statements5¢tS1l. 5ESSA.

After having discussed and investigated all the different waysutiglays a role in our lives,
students will apply that knowledge toward the development siar solution. To do this

students must;:

1 Identify and @scribe three innovations or discoveries that were made possible by our
understanding of theunand that have helped us to protect the environment and/or
91 NI KQ& VI U(MyNdtef DepeBding ardh®&hikity of your students you can let
them usennovations described in this unit or require them to research three new

discoveries or innovations

91 Determine or describe a current problem or challenge that may be helped usisigrthe
Bp20SY LGQa 060Saild AF @&2dzNJ aGdzRSyta OKz22aS$s
they are super stuck some options include providing extra heat wheoldt s,
providing extra energy when it is very hot out, purifying water, powering devices in an

emergency or when you are outside of the city) etc.

1 Design and describe an innovation that could be used to solve or improve this problem

and that incorportes some property of theun (C)
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Rubric:

Score A B C Teamwork
Team functioed well with
Threeappropriate Welk Problem addressed/solved wit| all members contributing
3 innovations identified | described a solution that has a strong | ANDmembers worked to
and described problem connection to thesun encourage and teach eacl
other
Innovations identified
A angj de§cribedv but Problem addressed/solved bu Team functioad well with
2 SAUKSNI R 2)/ NA solution has only a slight all members contributing
adzy 2NJ R2 connection to thesun
Earththe environment
. . o Poorly Problem addressi/solved but Team fun_ctloedwellmost
1 Innovations |de_nt|f|ed described solution does not involve the of the time, but some
but not described memberswvere more
problem sun
engaged than others
Team required a lot of adu
0 No innovations No problem Presentation or letter not intervention to ensure all
described identified completed members contributed/were
included
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Renewable Energitote: The following summative challenges can be used as additional activities as
part of the NGSS curriculum or if you are uSingCatchersas a supplemental curriculum.)

1. Students will evaluate the possibility of incorporating solar energy into thels@loodo this
they will:

1 Identify three areas within the school that could use solar energy. (A)
91 Describe how and why this solar energy could be incorporated into those areas. (B)

1 Give a pesentation, design a poster write a persuasive letter to another class or
group of administrators in the school to encourage use of solar energy. (C)

Rubric:
Score A B C Teamwork
Team functiord well with
Three areas all members contributing
s Complete answer| Complete answer andell
3 within the . . ANDmembers worked to
: e and well written communicated
school identified encourage and teach eac
other
Three areas Complete Letter/presentation contains . .
. i . Team functiord well with
2 identified, not explanation but | completeA Yy ¥ 2 NXY I U A I
: : : all members contributing
all in the school|  poorly written well organized
Letter or-presentatmn only Tearmfunctionedwell
describes where the .
Onlyoneor two Incomplete most of the time, but
1 . o ; technology can be
areas identified explanation . some membersvere
incorporated and not why or
more engaged than other
how
Team required a lot of
No areas : Presentation or letter not adult intervention to
0 . o No explanation
identified completed ensure all members
contributed/were included

2. Most people put solar panels on the roof of a house or a building. Some people are even
trying to put them on the roads upon which we drive.

1 Other than the roof of a house or building, tretee places we can put solar panatsl
discuss why you suggestthose locations. (A)

1 Sometimes sail boats have small solar panels to provide electricity for the lights and
equipment on the boat. &me three other forms of transportation could use splawer
and why it would be a good idea. (B)

1 Pick your favorite idea for solpowered transportation and draw a picture of what it
might look like. Explain why you decided to put the solar panels where you put them. (C)
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Rubric:

Score A B C Teamwork
Team functioed well with
. . Complete discussion of g Picture with completg all members contributing
Complete discussion of . .
3 . threetypes of information and well| ANDmembers worked to
all three locations : .
transportation written encourageandteacheach
other
Three locations choser] Threetypeschosen but | Labeled picture but
2 but no justificationless | no justification (or less | no discussion on why Team functioed well with
than three locations than threetypes with the solampanels are | all members contributing
with justification justification) where they are
Team functioed well most
One or two locations | One or twoother types of . of the time, but some
1 ) . : Incomplete picture
discussed transportation discussed memberswere more
engagedtian others
Team required a lot of
No discussion of No discussion ghodes . adult intervention to
0 . : No picture
locations of transportation ensure all members
contributed/were included

3. Scientists and engineers are working to develop many different types of renewable energy.

1 Studensshould describe three differetgpes of renewable energndidentify what
climate or geographical requirement is necessary for each type (e.qg., foyaolaeed
to be in a place with a lot slun). (A)

1 For each type aenewableenergy have them suggest a place in the world that could use
that type of energy. Have them explain their choice of locati®n.

1 Have the students prepare a poster or a presgotapresenting their findings and poll
class to see which one would best fit their community and/or scf©pl.

Rubric:
Score A B C Teamwork
. . . Team functioned well with all
Complete discussion of . . Clearly communicated I
Complete discussion of al - members contributindAND
3 three types of renewable poster or presentation

three locations

members worked to encourage
energy and wellexecuted poll

and teach each other

Discussion of three type
of renewable energy, no
2 comment on
geographical

Three locations chosen bu
no justification or fewer
than three locations ith

Welldone poster or
presentation but no class
or school poll

Team functioned well with all
members contributing

- justification
requirements
. . Incomplete poster or .
Discussion of one owb . piete p Team functioned well most of the
One or two locations presentationand/or :
1 types of renewable . . time, but some members were
discussed incomplete or poorly
energy more engaged than others
done poll
. . . Team required a lot of adult
No discussion of . . . No poster, presentatign | . .
0 No discussion of locationg intervention to ensure all member
renewableenergy or poll

contributed/were included
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Ongoing Cros€urricular Activities

The crosgurricular activities provided in the next few pages are just some
suggestions on how you can continue the discussidghesun and the
universe.

5
Common Core

Reading Comprehension Formative Assessment Suggestions L
@ The topic introduction, personblographiesand company information can all be | Ris:2;15.4; rFs.4
used a&informational text reading. Text and questions can be found iMthe rereyvall

STEM Storiessnotebooks. L4.6; RF4.4

RI3.1,3.2; 3.4
1. Have students read the introduction and then answer the following question.\w/

What kind ofenergywould you use and why if you lived in the following places
1 Near a large waterfall (Niagara Falls, Niagartne-Lake)
1 Near a volcano (Reykjavik, Iceland)
1 Ina city with very little rain (Aswan, Egypt)
Note: To make the question a bit more challengindheseity provided with each location
instead of the climate description and have students research the climate for that city.

Y
| Fi
.

2. Using the company and biographical information answer the following questions:
1 Erica states that one of the reasonRIBGAlternaives has been successful is because
of their vision and collaborative leadership style. What do you think she means by
that? What are some examples of collaborations that she describes?

1 The team aGGRIDAlternatives is always keeping their eyes open for new things they
Oy R2 (2 KS{fL) LIS2LX S 2KIFIG INB (82 GKAYSZ
they were doing when they started Yy R g KI 0 YI 1 Sa @&2dz GKAYyl 0
them when they started theompany?

Written Reflections or Discussions

&, ,\‘;:@ertten reflections and discussions are a great way for students to revisit some of bigger thinking
’%&‘3 guestions in the unit while also working on their writing skills. Theseem#sd questions
- encourage studets to draw from what they have learnt and apply it to the larger community.
This is also a good opportunity to revisit questions that students have raised throughout the unit.

1.1 2¢g Oly ¢S dzaS (GKS adzyQa SySNRHe (2 az2ft @S y
2. Why is it important to use renewable energy?

3. Can youliscussomethingyou thinkwould benefit from solar power?
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. Creative Writing
f’.\ Set aside 15 minutes each week to work inBbek of Ideas

N

1
1 Have the students write a story using all oeabulary words
1

Common Core

W4.1,4.2,4.4
L4.1,4.2,4.3,4.4

W3.1,3.2
13.1,3.2,3.4

Watch one of the videos about We Care Solar and have the studatet$ swiraStachel

a letter about other places they could use the Solar Suitcase.

;AdditionalWriting Prompts
(;‘\ 1. Write three facts you learned today.

2. Write two questions you have f&rica and Tim.

What surprised you the most about what you learned today?

How does this technology connect with things you or your family do?
Where else could this technology be used?

Describe an idea for a new product thiaes this technology.

What education does an entrepreneur need?

© © N o 0 b~ ®w

What education does an inventor need?

10. What skillsdid youneed to work as a team?

Identify and describe three reasons why/how this technology is good for our enviranment
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~Social Studies

o

(V B ¢ Have the students complete one of the suggested timeline activities (ségteadix
for suggestions)

1 Research some of the places We Care Solar has Solar Sngtakions
(https://wecaresolar.org/impact/whergve-work/). Have the students think about,
discuss, explore, and share ideas on other innovations that may help those communities

Common Core

e —
Math Word Problems
?(*ﬁ 1 Asolar celchangesurlight into electricity. If a singsolar celimakes PV
N~ 0.5 W/h of electricityhow many solar cells would you need to be able Mpll_zlao'A.L Song

to bring 20W/h of electricity to your house? Sl e o

1 Asolar panels made up ofolar cellslIf there ardfour solar cellin a panel, how many
panels do you need for that 20 W/h syste(hint: Use your answer from above to
determine how many solar cells you need in tytal

1 If each solar cell is 1 unit x 1 unit, how would you set up the ancyhy? Draw out the
array on the graph pap@rovided.(Note: Graph paper is provided in fgpendix.
Options include one row of 10 panels, two rows of 5 panels, etc.).

1 Imagine you have solar panels on your roof thakel.5 W/h of electricity. If your
house needs 7.5 W of electricity, how many hoursudight do you need to provide all
the electricity your house needs for the day?
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Pacing Guide Resources
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This sectiorrontairs sample pacing guiddor you to use as a resource when planning out how

to teach this uniin your classincluding lesson sequencimgpsscurricular integration, external

resources, and quick assessments to monitor ongoing student understanding. The last page in

this sectionisintentionally left blank for you to develop the outline of your own lesson plans

More sheets are provided #te end of theAppendixo support the creation of your detailed
lessonplangS St FNBS G2 YIS Y2RAFAOIGA2ya (G2 GKAA
interests and needs. If you need additional suppogwdance in making modificatigrghile

making sure you are still addressing all the concepts covered in the standards, please feel free to
reach outto the CreositySpace curriculum development team by emailing Kath at

Kath@CreositySpace.com

Guiding notes for teachers as you are developing your lesson plans and pacing guldes
ReviewLearning Progression (@)1 Weekly Goals (b}, andEssentialQuestiors (p 41).

Use provided lesson plannisgeets tooutline lesson flow and highlight connections to
learning objectives you have in other subjects

Determine specific introduction strategy for your class (week 1).

Review howo videos and safety section for harsinvestigationsDetermine any
additional safety precautionsu should highlight to keep ALL students safe during the
investigations.

Review the suggested videos and discussion prompts online.

Discuss potential collaboration for Color Creations and Waddksng with the Art
teacher (if applicablePetermine box acquisition strategy for the Investigation: WATTS
Cooking? (see investigation details for suggestions).

Discuss Solar Solutions summative challenge (begins week 3) with libesguoce
center staff to determine additional resources available at your school (if applicable).

Review Ongoing Cre&arricular Activities (Lesson section) Awalditional Resources
for implementation throughouttte unit and year in general.

Each week has several suggested Exit Tickets that can be used in various ways (e.dl,
journal entries, writing prompts, recap videos, small group discussions, etc.) as an
ongoing formative assessment of student understanding.

ReviewTeacher Support Documerntsthe Appendixfor various tips on things such as
STEM integration, getting back-tvack after an extended studedtrected discussion,
lesson scaffolding, etc

A composition journal thattudents can use as a STEM notebook (to support
brainstorming, inquiry, research, writing, etc.) is strongly suggested.
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@ Primary Curriculum

This weelby-week guide is intended feeachersusingSun Catcherass a primary NGSS/NYSSLS
curriculum. Depending on the extent to which you integrate the concepts from this unit into
your ELA, math, social studies, and art classes, this unit could take b8ttect2 weeks$o

complete.

In order to fully support the N&S and NG88ated standards students will need more exposure

to science concepts than typically allocated in an elementary school day. In order to address this
challengenearly 50% of CreositySpace lessons are suitable for instruction during ELA, social
studies, math, or art classe&/hile these lessons can certainly be delivered during science
instructional time, they aritentionallydesigned to reinforce key ELA, math, social students and

art learning objectivein addition to teaching thintended science concepts

The following lesson list and pacing guide describe a suggested unit sequethcaxdivities

intended for a science clageesented irblack textandlessons suitable for an ELA or other

instruction blockpresented impurple €xt In general, activities can easily be shifted in order or,

in some cases, substituted by other content provided innbre@ductionandLesson Planning

Toolssections so thayou are able to design a unit flow tailored to the interests and needs of

your students.

[ 2YY2y [ 2NB IyR bD{{«kb, {{[{ a0SI{1SNhR¢ RSaONRO
activity can be found preceding the detailed description of the specific activiy

IntroductionandLesson Planning Toaksctions as well as in the summary table on page 3.

If you would like some additional support setting up a lesson
d0KSRdz S (KFG FTAGA @2dNJ ySSRa [R2y Qi
at Kath@CreositySpace.com

Please puRequest for lesson suppartthe subject line.
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Lesson List

Lesson Lesson Descriptién Instructional Non-Science
block# Standard$
Introduction
3-5-ETS41
1 Introductoryportion of theSome Like It Hothvestigation Science W5.2
2 Discuss introductonghenomenasolar energyinitial Science SL5.1 L5.4
vocabulary
Group discussigmeadingand writing to assess student
. . . W5.2, SL5.1,
3 interests, and prior knowledg® solar and renewable  ELA, Science 154
energy '
HandsOnlInvestigationSolar Sleuthing
(5-PS11, 5PS31, 5ESSI, 5ESS3)
4 Completeifst pass solar interactions model. Science W5.2
5,7 Qomp_leteHeat. Light. Motionland Color Creations ScienceArt SL5.1. 5.4
investigatiors
9,10 CompleteFollow the Energiyvestigation Science SL5.1,5.4
Complete research and comparisonsStar Light, Star . RI5.2,5.3,5.5;
12, 13 Bright ELA, Science W5.2. 5.7
14,15 Build and evaluat8olar Circuits Science SL5.1
17 Updatesolar interaction models Science W5.2
Design Challeng&/ATTs Cooking?
(5-ESS®P, 35-ETS4, 35-ETSP, 35-ETSB)
6 Complete WATTS (?o_okmg introduction including the Science SL51
Active vs. Passiagtivity.
Have students perform some research into how a solai _
8 oven works. ELA, Science  RI5.2, W5.7
11 Collect light intensity datdThis will take muIt|pI.e days bt Math, Science  5.G12
does not need to take a full lesson slot each time.)
16 Orga_nlze lighintensity data. Determine oven design Science SL5.1
criteria.
17. 19 Design and begin construction of the solar oven. ATt ELA, SL5.1
’ Science '
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20 Completesolar overconstruction Art, Science SL5.1
23 Test out solar ovens Science, Math, SL5.1
ELA
24 Organize data and analyze results gffnce’ Math, 5.MD.2, SL5.4
Optional extension: Have studentake improvements to their ovens andest.
Summative Challeng8plar Solutions
(3-LS21, 3LS44, 3ESS2, 3-ESS3)
18 Introducesummatl_ve challenge via a discussion or Science SL5.1
research on a variety of solar energy entrepreneurs.
20 Have st_udents begin research solar innovators, ELA Science  RI5.2, W5.7
innovations, and entrepreneurs.
As a mieway check imavestudentscomplete the Social Studies,
21 . . - . W5.7-9
timeline activity. Science, ELA
22 Organize mmgl research and determine summative ELA Science  W5.7.9
challenge topic.
25,26  Design and describirepmmative challenge innovations Science W5.2, 5.10
27+ _Compﬂ&eummaﬂve challengeesearch and inventions ELA Science  W5.2, 5.10
into final form

lIn general, lesson objectives can be achieved irg40@inute instructional block. However,
lessons can easily be extended across multiple instructional blocks if more time is allocated for
studentdirected inquiry, discussion, and research. Tips ontbdacilitate longer discussions

are provided within thé.esson Planning Todsection.

2While all lessons are suitable for delivery in a science instructional block, lessons that are also
suitable for deliverynian ELA math, social studiesor artfocused instructional block are
identified here.

3The most relevant common core ELA and math standards have been identified. In many cases
state-specific social studies or art standards may also be applicable.
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Week

Goals

Determine student interest and prior knowledaggout the role the sun plays
our life.

Generate excitemerfor the Sun Catchengnit with the Some Like It Hot!
introductory activity. Introduce overarching phenomenon.

Get students thinking about how we derive energy from the sun with their
initial Solar Energy Interactionsodel and begin th&olar Sleuthing
investigations(5-PS11, 5PS31)

2¢3

Students continue exploring the different ways we interact with the sun

through theSolar Sleuthingnvestigations. Students start compiling evidenc
for their model that matter is made up of particles too small to be seen anj
all the ways we get enerdipom the sun(5-PS11)

Students complete background research and preparation fOMA&Ts
Cookin@ design project(3-5-ETS41)

4¢5

Students continue developing their understanding on the structure of mat
and various properties and applications of the sun as they complete their
Solar Sleuthinghvestigations and revise their solar interactions model.
(5PS1,5-PS31,5-ESSA)

Students will begin to gather data around patterns of sunlight intensity (hd
and luminosity) and shadows for titMATTs Cookifglesign project.
(3-5-ETS1, 5ESSR)

Students étermine critical design parameters and approach forithe dzR S
solar oven(3-5-ETS11)

{GdzRSyla a2t ARATE GKSANI dzy RSNEG Iy
begin theSolar 8lutionssummative challeng¢5-ESSIL, SESSP)
Students obtain and begin organizing evidence on how advancements in

understanding of the sun and solar energy have helped specific commun
and the planet in general through the timeline actiillyESSQ)

79+

Students pply knowledggained throughout the unit to complete the solar
oven construction, testing, and, if desir@docess or device improvements.
(3-5-ETS22, 35-ETS1.)

Students complete th8olar 8lutionssummative challenge, both describingf
how STEM innovations have leéited the community and applying the
knowledge gained during this unit to solve an innovation chall¢sgSS3a)
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Week

Class Activities

Week 1 Goals

1

Lessons

il
il

Exit Tickets
Name and describe three ways we can get energy directly from Earth.

Why doyou think it important to use renewable sources of energy?

Determine student interest and prior knowledge about the role the sun p
in our life.

Generate excitement for the Sun Catchers unit withSbme Like It Hot!
introductoryactivity.Introduce overarching phenomenon.

Get students thinking about how we derive energy from the sun and beg
the Solar Sleuthingivestigations(5-PS11, 5PS31)

Complete the introductory activity.

Discuss introductorghenomer: How can you use solar energy, or the su
general, to solve a challenge in your liféf?at are all the ways we get
power(energy) and information from the sun?

DistributeMy STEM Storigs Yy 2 (i SShéwariddisguss videoand stories
aboutrenewable andolar energy.
o Short video oralternative energy (2:48 min, short ad to start)
http://video.nationalgeographic.com/video/alternatremergy

o Short videos on solar energy; focus on solar cells. (Both alnout 2
no ads; the second one builds on the first 9ne
https://www.youtube.com/watch?v=x4CTceusK%e last 40 sec is &
plug for BEP, so you might want to stop it before that.)
http://energy.gov/eere/videos/energ$01-solarpv

0 IntroduceErica, Tim, and GRID Alternatives

Introduce vocabulary terms: solar radiation, solar thermal, and solar eleg
Assess student interest in and prior knowledge about solar and renewal
energy through &KWHLAQ@hart orWwhat do you know? What do you want
to know?activity.
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Weels2 & 3Goals
1 Students continue exploring the different ways we interact with the sun
through theSolar Sleuthinghvestigations. Students start compiling eviden
for their model that matter is made up of particles too small to be seen a
all the ways we get energy from the s(B&#PS11)

1 Students complete background research and preparation fOMAETs
Cookinglesign project(3-5-ETS11)

Lessons
§ DistributeMy STEM ExplorerNotes y 2 1S622 1 a ®
o Completefirst pass solar interactions model.

1 Continuelnvestigation 1: Solar Sleuthing

o CompletelnvestigatiorLight. Heat. Motion!

o CompletelnvestigationColorCreations

o Completelnvestigation Followhe Energy

2&3 . o .
1 Begininvestigatior2: WATTs Cooking?

o Introduce vocabulary terms: passive solar, active solanvatid
Complete project introductigrincluding theActive vs. Passive
activity.

o0 Have students perform sonresearch into how a solar oven works.

Review vocabulary words.
Introduce Erica, Tim, and GRID Alternatives.

= =4

Writing promptsWhere could you use renewable energy? Is one form m
suited to a given location (East Coast, West Coast, desert, etc.)?
7 Reading Comprehensioiomplete introduction readingnd questions.

Exit Tickets
Name and describe two ways we can get energy fronsuthe

In your own words describe the difference between active and passive solar en

Week4 and5 Goals
9 Students continue developing their understanding on the structure of
matter and various properties and applications of the sun as they comp

their Solar Sleuthinghvestigations and revise their solar interactions moc
485 (5PS11, 5PS31, 5ESSA)

1 Swdents will begin to gather data around patterns of sunlight intensity
(heat and luminosity) and shadows for WATTs Cookingfzsign project.
(3-5-ETS41, 5ESSP)
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Lessons
1 Continuelnvestigation 1Solar Sleuthing
o Completelnvestigations Stdright, Star Brighand SolarCircuits
0 Using the method of their choice (PIC, song, story, interpretive dance
etc.) have students create a model that draws ughair learnings from
the Solar Sleuthingiwvestigationgo provideevidence that matter is mads
up of particles too small to be seen.

1 Continuelnvestigation 2: WATTs Cooking?
o Completedata collection on the best times of day (year) and locat
around the school to use the solar oven.

Exit Tickets
Why do you think there are more solar cells in Florida and Arizona than in New

or Washington State?
Which months of the year might it be better for solar energy asihgtonand
why?

Week6 Goals

1 Students determine critical design parameters and approach for the
a0dzRSYy (i a Q3FEETSAM) NI 2 O3Sy @

f {0dzRSyia a2t ARATE (GKSANI dzy RSNEG |
begin the Solar Solutions summative challe(@&ESSIL, SESSR)

1 Studentsobtain and begin organizing evidence on how advancements ir
understanding of the sun and solar energy have helped specific commu
and the planet in general through the timeline actiBESSA)

Lessons
71 Continuelnvestigatior2: WATT<ooking
o Design and begin construction of the solar oven.

1 Summative Challeng&blar Solutions
o Introduce summative challengé& a discussion or research on a variet

solar energy entrepreneurs.

0 Have students create a timeline about how our understanding of the
Earth,sun, and stars has resulted in discoveries that have impacted a
d20AS8Ged {2YS SE I syncknBiémodelobithedaitad
system, using stars to navigate ocearssiag, etc.Jee Additional
Information section for research resourges

1 Reading Comprehensioibmplete entrepreneur readirapdquestions

Exit Tickets
Describe two things you found interesting about stars and/or outer space and W

those were interesting to you.
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7¢O+

Weels 7¢9 Goals
1 Students apply knowledge gained throughout the unit to complete the s

9 Students complete the Solar Savers summative challenge, both descrik
how STH innovations have benefited the community and applying the
knowledge gained during this unit to solve an innovation challenge.
(5-ESS4)

Lessons
71 Continuelnvestigation 2: WATTs Cooking

1 Summative Challenge: Solar Solutions
o0 Week7: Students should determine the problem they are going to
address.
0 Week8+ Students should be designing and describing their solutiong
1 Writing prompt: Other than the roof of your house or school, name a plac
@2dzQR tA1S (G2 Lzi F az2ftlF N OStft |
Exit Tickets

Why is it important to use renewable sources of ene(@gacher notet imightbe
interesting to compare answers with those from wegk 1
Describe three ways treein helps your community?

oven construction, testing, and, if desired, process or device improvem
(3-5-ETS2, 35-ETSRB)

0 Week7: Complete construction of solar oven
0 Week8+ Testing and any modifications (optional) of solar oven
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('p Supplemental Program

~ This fiveday guide is intended as an example for folks WBimgatcherss asupplemental
curriculumwith a focus omenewableenergy All activities described can be a part of your
science class, however several lessons are also suitable for instruction during ELA and, to a lesser
extent, social studies, art or math classesssons that are suitable for an Els@cial studies
art-, or mathfocused instruction block are presented in purple text.

Since all school schedules are different, activitieeaaitybe shifted a day earlier or a day later.

However, we do suggest that all intended activities outlined in dg/bel completegrior to

the investigations outlined in day Mote:All links were confirmed as working at the time this

9RdzOF 12NJ DdzZARS ¢4l a ONBFGSR® LT &2dz FAYR | fAYy
Should you rather focus on tibesmosLJI2 NI A 2y 2F (KA & dzyAG> LX SFasS
happy to supply additional lesson planning support with that as the focus.

Day Class Activities
Standards —— 6 —
Common Core NGSS
e —
4-PS3-2; 4E553-1
L5.4 SESS3-1
Asking questions;
Designing solutions
L4.4 — —m—
" ESS3.A; PS3.A,B,D;
L3.4
Energy and matter
“—._____—_____/

PremrationActivities
1 ReviewOngoing Cros€urricular Activitiebor implementation throughet
the unit and year in genetal

Intended Activities
Science
9 Introduce the topic area and vocabulary (HeeAppendix
for lesson ideas)

o Discuss introductorghenomenonHow can you use solar energy,
or the sun in general, to solve a challenge in youMifegt are all
the ways we get power(energy) and information from the sun?

o Distribute My STEM Storigsstudentnotebooks

Optional Activities
Science
9 Show short video oalternative energy (2:48 min, short ad to start)
http://video.nationalgeographic.com/video/alternatremergy

Exit Ticket
Describehree ways we can get energy directly fr&anth.
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Standards —————
NGSS
e —

3ES52-2; AESS3-1;
5ESS3-1

)
Common Core

Obtaining, evaluating and
communicating information
N

W4.1,4.2,4.4
14.1,4.2,43,4.4

£SS52.D; PS3.B,D;

W3.1,3.2

. Lo 13.13.234 Cause and effect
PreparationActivities I —

1 Reviewactivity sectiorand online videos.

Intended Activities
1 Reviewthe vocabulary with the students
1 Writing Prompt\Where could you use renewable energy? Is one form mo
suited to a given locatioigstCoast, West Goast, desertetc.)?

Optional Activities
1 Do aTechnology Historical Timediactivity.

Exit Ticket
Whydo you thinkit isimportant to use renewable sources of enétgy
Standards ————
Common Core NGSS
e —
4.PS32,3;
5ESS3-1; 3-5ETS1-1,2
W4.1,4.2,4.4 Designing solutions;
L4.1,4.2,4.3,4.4 Communicating information
_—
E552.D; ESS3.A;
ETS1A-C
Energy flow; Science
isa human endeavor

Intended Activities

1 Show the video from We€areSolar about theSolar Quitcase
http://www.cnhn.com/videos/bestoftv/2013/12/18/cnnheroe
s-showstachel.cnr(5:50 min)

1 Show solar energy videfmcus onsolar cells(Both about 2nin, no adsthe
second one builds on the first ohe
https://www.youtube.com/watch?v=x4CTceusK9l
http://enerqgy.gov/eere/videos/energy0l-solarpv

1 Introduce theBook of Ideaéf ordered).
https://www.youtube.com/watch?v=AKELh9gAW2Y04 min)

Optional Activities
9 Writing prompt Other than the roof of your house or schawme a place
82dzQR tA1S G2 Lyzd I az2ftlNJ OStft |
Exit Ticket
Why do you think there are more solar cells in Florida and Arizona than in New
or Washington State?
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- ——
Standards  — —] 1u-===.==—-‘7
Common Core NGSS
e —
4PS.3-2,4; 4ESS3-1;
5ESS3-1;3-5ETS51-1,2
N —
) Asking questions; Analyzing
W4.2;5L4.1 and interpreting data; using
L4.1,4.2 models; Science is empirical
—, T
W3.2;513.1; ESS3.A, PS1.8; PS3.B,D;
L3.1,3.2 PS4.B; ETS1A-C
Cause and effect;
Models; Energy flow;
Structure function

Intended Activities
If you have purchased thetivitykit: Complete the landson experimentsin
Solar SleuthingNote: @mpleting all three activities will take abou60
minutes)
1. Light,Heat, andMotion
2. Color Creations
3. Solar Cell Circuits

If youhavenot purchaséd the activitykit: TheinvestigationVATTs Cookir{golar
oven design and construction) can be completed with common items that cg
found in the classroom or around the house. If you need additional materials
insulation or boxes for thevens themselves, grocery stores are often happy t
donate extra boxes and butcher paper/newsprint.

Optional Activities
1 Writing prompt Write two questiongou have from the activity.

Exit Ticket
Describewo interesting properties or facts you knawout light Why do you think
they are interesting?

Standards

r
Common Core

W4.1,4.2,4.4
14.1,4.2,4.3,4.4

W3.1,3.2
13.1,3.2,34

Intended Activities
1  Writing prompt:Who would you be most excited tell about this technology
andwhy?
Optional Activities
1 Begin a summative challendescribed on pagg3.

Exit Ticket
Describehree ways thesun helps your community.
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CrossCurricular Integration

Crosscurricular integration is a great way to save time and increase engagement. In the next few

pages we describe some examples of how this can be achigheky to successSudents
must see how what they are learning connects to their interests.

Use science
contentas a
launching point—
providing students
with a purpose to
write while still
supporting ELA
learning
objectives.

Using science as an inspiration for art and music

projects establishes connection points for students

who might not see themselves as good at science.

Start with an
Inquiry-based,
learner-directed
curriculum with
engaging real-
world content.

1

Stories and
innovations of
STEM
entrepreneurs

Science ‘~ / Studies

&' Learning
Environment

!

—

Establisha class of young scholars and
entrepreneurs emphasizing creativity,

communication, and collaboration.

Hands-on
investigations,
real-world
applications, and
entrepreneurial
lens make math
concepts visible

and applicable.

Real-world
applicationsand
entrepreneurs
form natural
connectionsto
community,
history, and
geography.

Note: An example of using this spiral as a planning tool is provided on the next page.
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In Star Light, Star Bright
students must research
and report on different
celestial bodies. This
includes describing
them via comparisons
with our sun and
describing what type of
seasonal changes might
be observed from Earth.

Color Creations and WATTs Cooking? have students combining
experimental activities with artistic expression.

Think about all the
different ways you
interact with the sun
every day. Plants are
growing. The living
room gets extra hot
every afternoon. The
grass in the park feels so
much cooler than the
basketball court. Can
you describe what is
happening in each case?
Can you explain, or build
a model that explains,
what is happening ata
level smaller than you
can see?

«— & Learning

’ | | Art \
ELA P \ Math
[ =)
A W N /

\
| I
Science ‘\ /

Social
Studies

Environment

To prepare for the
WATTs Cooking? design
challenge, students
must collect, graph, and
analyze heat and light
intensity data.

How can we use the sun’s energy to power our homes and lives?
How can we use the sun’s energy to solve new challenges and
problems? What do we know about the sun that can help us use it
to solve problems?

Scientists, engineering,
and entrepreneurs
design inventions and
businesses to help their
communities solve
problems. Grid
Alternatives and We
Care Solar have
community centered
missions at the core of
their businesses. The
Solar Solutions
summative challenge
allows students to
explore these, and
other, community
connections at a deeper
level.

The unit webpage contains other examples of how classroom teachers have integrated this unit
across all of their content areas.

Note: A blank spiral template that you can use to plan out a-crosisular integration strategy
for your classroom is praléd in theAppendix
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Blank Pacing Guide

Use this page to summarize your plans for uSing Catcher$ages for weekly lesson planning are

provided in the Appendix.

Introduction:

Lesson Flow:

Summative Assessment:
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Education Standards

52y Qi &4S8S GKS aidGlyRINRA T Ralosrévsrnepaselsafdive wWilRA & G NR O K
determine theappropriatestandards alignmenElectronic copies of the standards are on the module

website.

Education Standards............ccueeieiuun i mmressssrsnessri s sss e —————an 83
1 Next Generation Science Standards*/NY State Science Lesiammagrds Grade.5.............. 84
T NGSS EVIHENCE StAtEIMEINTS. ... i ieieeeti ettt e et e e e e e eata st e eeeee e eeeeereeraessenraaees 86
1 Next Generation Science Standards*/NY State Science Learning Stag8ards.3............. 94
I CommON Core BLSTANUAITS. ....coveieere ittt et et e et s reea e eetarreseaareeesesereneeernareees 95
T Common Core Math Standards...........ccuueiieiieeiiie e e 98

*Next Generation Science Standards (NGSS) is a registered trademark of Achieve. Neither Achieve nor the lead states
and partners that developed the standards was involved fortitiction of, and does not endorse, this product.
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Next Generation Science Standards/NY State Science Learning StGnaldeds
Fully covered througtPrimary NGSS/NYSSLS Curriculyriementation

Performance Expectations
5-PS11 Develop a model to describe that matter is made of particles too small to be seen
5PS3lUsemodé & (2 RSAONAROGS (KIFiG SySNHe Ay lFyAYFfaQ F22R 6dzaSR 1
energy from thesun.
5-ESSAL Support an argument that differences in the apparent brightness alutheompared to other stars is due to their relative distan
from Earth.
5-ESSP Represent data in graphical displays to reveal patterns of daily changes in length and direction of shadows, day addhsght,
seasonal appearance of some stars in the night sky.
5ESSahodl Ay FYyR O2YO0AYS AYyTF2N¥YIGA2Y Fo62dzi 61 &8& AYyRAQGARAZ t O
environment.
3-5-ETS11 Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on
materials, time, or cost.
3-5-ETS12 Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and
constraints of the problem.
3-5-ETS13 Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspeatslaira ma
prototype that can be improved.

Science and Engineering Disciplinary Core Ideas Crossutting Concepts
Practices ESS1.A The universe and its stars | Cause and effect

Asking questions / defining problems; ESS1.B Earth and the solar system Investigations explore a variety of cause and effect
Planning and carrying out Investigations (Star Light, Star Brigl relationships
investigations; Analyzing and WATTSs Cooking, and timeline | gystems and system models
interpreting data activity) have students investigating activities in the Solar Sleuthing investigation have
Investigations require all of the above| the structure of outer space. students developing a variety of models.
Developing and using models; ESS2.A Earth materials and systen| payemns
Constructing explanations/designing | ESS2.D Weather and climate Determination of appropriate cooking strategy in WATT
solutions ESS3.A Natural resources cooking have students investigating patterns in light, h
Activities in the Solar Sleuthing ESS3.C Human impactsiarth and shadows.
investigation have students developin| Systems Scal . .

i ESS3.D Global climate change cale, proportion andugntity
a variety of models. g Discussion on relative size of the universe as the strug

Focus on solar energginforce the
interconnectedness between
humans and all aspects of their
environment. Energy and matter: Flows, cycles, and conservation
The discussion on different types of solar energy and

Obtaining, evaluating, and
communicating information

Solar Solutionsummative challege

has students obtaining, evaluating and|

of matter have students thkingabout scale and
proportion.

communicating a variety of PS1.A Structure of matter .
information. Solar Sleuthing investigations have the energy of t_hesungan be converted into many forms
students exploring and modeling th supports the discussion of energy flow and conversion

Engaging in argument from evidence
Star Light, Star Bright investigation an
required timeline activity have student]
creating arguments from evidence

structure of matter. Structure and function

WATTSs cooking investigation and Solar Solutions

PS3.D Energy in chemical process{ challenge have stlents examining structure and functio

and everyday life relationship.

. LS1.C Organization for matter and

Connections to Nature of energy flow in organisms
Science Discussion of the transformation of

energy from thesun to support

plant, animal, and human life.

Connections to Nature of Science

Science is a way of knowing; Science addresses ques
about the natural and material world
Investigations link science toraunderstanding of the

Scientific investigations use a variety (
methods; Seintific knowledge is based

on empirical evidence ETS1.A: Defining and Delimiting | \vorid around us.
Entrepreneur story/presentation and | Engineering Problems Sci is a h d
hands on activities illustrate how ETS1.B: Developing Possible E0|tence Ba utman er& r(]e_a:/or_ | timeline hiahliaht th
scientific investigations are conducted Solutions N 1 repreneurts ofry <lnel il o(glca METE g g e
and how that information is put to use| ETS1.C: Optimizing the Design UriteNn) ERHEEE @ SESES e EngEig)

. ) Solution Connections to Engineering, Technology, an(
Science models, laws, mechanisms, & o L S .
theories explain atural phenomena | WATTs cooking investigation and Applications of Science

> €Xpiain ph Solar Solutionshallengehave Interdependence ofc@ence, Engineering, and
The activities give studefitsthand - . . .
students definingroblems and Technology; Influence of Engineering, Technology ang

experience at model solar energy
systems and understanding how to ge
energy from thesun

designing & optimizing solutions Science on Society and the Natural World
Introduction text, historical timeline and entrepreneur
story highlight above interactions and interdependenci

Connections t@ommon Core State Standards
See following Common Core Standards section for the ELA and Math standards addressed by these activities.
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Overarching Enduring Understanding

What are all the different ways we rely on the power of the sun and what is the evidence of its
importance in our lives?

FLOW OF INSTRUCTION

5-PS1-1

Develop a model to describe that matter is made of particles too small
to be seen.

5-PS3-1

Use models to describe that
repair, growth, motion, and to maintain body warmth) was once
energy from the sun.

5-ESS1-1

Support an argument that differences in the apparent brightness of

the sun compared to other stars is due to their relative distances from
Earth.

5-ESS3-1

Obtain and combine information about ways individual communities
use science ideas to protect Ear

ener

5-ESS1-2

Represent data in graphical displays to reveal patterns
of daily changes in length and direction of shadows,
day and night, and the seasonal appearance of some
stars in the night sky.

Define a simple design problem reflecting a need or a
want that includes specified criteria for success and
constraints on materials, time, or cost.

3-5-ETS1-2

Generate and compare multiple possible solutions to a
problem based on how well each is likely to meet the
criteria and constraints of the problem.

3-5-ETS1-3

Plan and carry out fair tests in which variables are
controlled and failure points are considered to identify
aspects of a model or prototype that can be improved.

Investigation: Some Like It Hot! (hands-on investigation, occurs
during week 1)

In this investigation students get their first look at the connection
between light and heat. From this they will start building a model to
explain their observations based on the fact that matter is made up of
particles too small to be seen. They will expand and revise this model
throughout the Solar Sleuthing activities. (5-PS1-1)

Investigations: Solar Sleuthing (hands-on investigations, occur
during weeks 1, 2, 3, and 4)

In this series of smaller investigations students investigate various
attributes of the sun.

1 InLight. Heat. Motion! students continue exploring the
connection between light, energy, and patrticles. (5-PS1-1)

1 In Color Creations students investigate different properties of
light, light-blocking materials, and the idea of light-sensitive
molecules. (5-PS1-1)

1 In the short research activity Follow the Energy students
develop, use, and explain models to describe different ways we
use energy from the sun. (5-PS1-1, 5-PS3-1)

1 In the short research activity Star Light, Star Bright students
research and report out on evidence that supports an argument
focused on the differences in apparent brightness of the sun
compared with other stars (5-ESS1-1) as well as the seasonal
changes of some stars in the sky. (5-ESS1-2)

1 In Solar Circuits students get some hands-on experience with
solar cells.

At the end of the series of Solar Sleuthing activities, students must
use the knowledge they have gained to develop a model to describe
that matter is made up of particles too small to be seen. (5-PS1-1)

Investigation: Solar Solutions (summative challenge, occurs
during weeks 5, 6, 7, and 8)

After having discussed and investigated all the different ways the sun
plays a role in our lives, students will apply that knowledge toward the
development of a solar solution. Working in teams of four or five,
students must describe three innovations or discoveries that were
made possible by our understanding of the sun that have helped to
protecttheEar t hds r e s oanvirenment. (8-ES53-1) fiten
students must describe a problem or challenge that could be solved
(or improved) with the help of the sun and design a device or test or
similar based on that problem. (5-ESS3-1).

Investigation: WATTs Cooking? (hands-on
investigation, occurs during weeks 2 through 6)
Working in groups, students begin this project by
researching solar ovens and reporting out on how they
work (5-PS-1-1) and their assessment of critical design
criteria (3-5-ETS1-1). Groups must then determine their
plan for oven construction, build their ovens (3-5-ETS1-
2), and determine the plan for testing (3-5-ETS-1-3).
Part of their plan must include gathering data (both from
reference resources and firsthand) on the sunlight
available at different places around the school and
throughout the day/year. This includes collecting and
tabulating data about patterns in sunlight and shadows
(5-ESS1-2). From this data students should finalize and
execute their testing plan, reflect on their design, and
plan improvements in design or process (3-5-ETS1-3)
[Note: Depending on where you are located, it may be
fun to perform the testing throughout the year.]
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NGSS Evidence Statements

5-PS1-1 Matter and Its Interactions

Students who demonstrate understanding can:

5-PS%1. Develop a model to describe that matter is made of particles too smallsedse {Clarification
Statement: Examples of evidence supporting a model could include adding air to expand a basketball,
compressing air in a syringe, dissolving sugar in water, and evaporating salt water.] [Assessment Boundg
Assessment does not inclutlee atomiescale mechanism of evaporation and condensation or defining the
unseen particles.]

Science and Engineering Practic Disciplinary Core Ideas Crossutting Concepts

Developing and Using Models PS1.A: Structure and Properties of Matter Scale, Proportion, and Quantity
o . i 1 Natural objects exist from the very

Modeling in 85 builds on K2 experiences | 1  Matter of any type can be subdivided small tothe immensely large.
and progresses to building and revising into particles that are too small to see
simple models and using models to but even then the matter still exists
represent events and design solutions. and can be detected by other means.
9  Use models to describe phenomena. model showing that gases are made

from matter particles that are too
small to see and are movingély
around in space can explain many
observations, including the inflation
and shape of a balloon and the effect
of air on larger particles or objects.

Observable features of the student performance by the end of the grade:
Components of the model
1) Students develop a model to describe* a phenomenon that includes the idea that matter is made
particles too small to be seen.the model, students identify the relevant components for the
phenomenon, including:
a. Bulk matter (macroscopic observable matter; e.g., as sugar, air, water).
b. Particles of matter that are too small to be seen.
Relationships
1) Inthe model, students identifynd describe* relevant relationships between components, including
relationships between:
a. Bulk matter and tiny particles that cannot be seen (e.qg., tiny particles of matter that cannot
seen make up bulk matter).
b. The behavior of eollection of many tiny particles of matter and observable phenomena invo
bulk matter (e.g., an expanding balloon, evaporating liquids, substances that dissolve in a 4
effects of wind).

Connections
1) Students use the model to describe* how neattomposed of tiny particles too small to be seen can
account for observable phenomena (e.g., air inflating a basketball, ice melting into water).

FlyftSaa 20KSNBAAS aLISOATASRY ARSAONRLIGIA 2y amiteNd FSNBYOSR
written, oral, pictorial, and kinesthetic descriptions.
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5-PS3-1 Energy

Students who demonstrate understanding can:

5PB-1.! 4SS Y2RSta (2 RSAONAROGS GKIFG SySNHe Ay | yAYl
maintain body warmth) was once energy from the $Gtarification Statement: Examples of models could
include diagrams, and flow charts.]

Science an&ngineering Practices DisciplinanCore Ideas Crossutting Concepts

Developing and Using Models PS3.D: Energy in Chemical Processes and ENergy and Matter
o i _ Everyday Life f  Energy can be transferred in various

Modeling in &5 builds on K2 experiences | 1  The energy released [from] food was ways and between objects.
and progresses to building and revising once energy from the sun that was
simple models and using models to captured by plants in the chemical
represent events and design solutions. process that forms plant matter (from
Use models to describe phenomena. air and water).

LS1.C: Organization for Matter and Energy

Flow in Organisms

1  Food provides animals with the
materials they need for body repair
and growth and the energy they need
to maintain body warmth and for
motion. (secondary)

Observable features of tteudent performance by the end of the grade:
Components of the model
1) {(idzRSyiia dzaS Y2RSfa (2 RSAONROSF | LKSy2YSy
once energy from the sun. Students identify and describe* the components witithel that are
relevant for describing* the phenomenon, including:
i. Energy.
ii. The sun.
iii. Animals, including their bodily functions (e.g., body repair, growth, motion, body warmth
maintenance).
iv. Plants.
Relationships
1) Students identify andescribe* the relevant relationships between components, including:
i. The relationship between plants and the energy they get from sunlight to produce food.
ii. The relationship between food and the energy and materials that animals require for baditynfun
(e.g., body repair, growth, motion, body warmth maintenance).
iii. The relationship between animals and the food they eat, which is either other animals or plant
both), to obtain energy for bodily functions and materials for growth and repair.
Connections
1) Students use the models to describe* causal accounts of the relationships between energy from
FYR FYyAYFIfaQ ySSRa T2N) SySNHez: AyOfdzZRAy3a (K
i. Since all food can eventually be traced back to plants, all of the energy that aninfiai$ody
repair, growth, motion, and body warmth maintenance is energy that once came from the sun.
ii. Energy from the sun is transferred to animals through a chain of events that begins with plants
producing food then being eaten by animals.
*UnlessoK SNB A &S aLISOATASRI GRSEAONALIIAZ2yaéd NBFTFSNBYOSR Ay S@
written, oral, pictorial, and kinesthetic descriptions.
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5-ESS1-1 Earth's Place in the Universe

Students who demonstrate understanding can:

5-ESSAL. Support an argument that the apparent brightness of the sun and stars is due to their relative dig
from the Earth[Assessment Boundary: Assessment is limited to relative distances, not sta@s, éfssessmen
does not include other factors that affect apparent brightness (such as stellar masses, age, stage).]

Science and Engineering Practic Disciplinary Core Ideas Crossutting Concepts

Engaging in Argument from Evidence ESS1.A: The Universe and its Stars ScaleProportion, and Quantity
o ) . ) 1 Natural objects exist from the very
Engaging in argument from evidence @3 | 1  The sun is a star that appears larger small to the immensely large.
builds on K2 experiences and progresses t and brighter than other stars because
critiquing the scientific explanations or it is closer. Stars range greatly in theil
solutions proposed by peers by citing distance from Earth.
relevant evidence about the natural and
designed world(s).
9 Support an argument with evidee,
data, or a model.

Observable features of the student performance by the end of the grade:
Supported claims
1) Students identify a given claim to be supported about a gilenomenon. The claim includes the ide
that the apparent brightness of the sun and stars is due to their relative distances from Earth.
Identifying scientific evidence
1) Students describe* the evidence, data, and/or models that support the claim, irngludin
i. The sun and other stars are natural bodies in the sky that give off their own light.
ii. The apparent brightness of a variety of stars, including the sun.
iii. A luminous object close to a person appears much brighter and larger than a similethabject
very far away from a person (e.g., nearby streetlights appear bigger and brighter than distant
streetlights).
iv. The relative distance of the sun and stars from Earth (e.g., although the sun and other stars a
from the Earth, the stars@ very much farther away; the sun is much closer to Earth than other stg
Evaluating and critiquing evidence
1) Students evaluate the evidence to determine whether it is relevant to supporting the claim, and
sufficient to describe* the relationship bed&n apparent size and apparent brightness of the sun ar
other stars and their relative distances from Earth.
2) Students determine whether additional evidence is needed to support the claim.
Reasoning and synthesis
1) Students use reasoning to connect teéevant and appropriate evidence to the claim with
argumentation. Students describe* a chain of reasoning that includes:
i. Because stars are defined as natural bodies that give off their own light, the sun is a star.
ii. The sun is many times larger thzarth but appears small because it is very far away.
iii. Even though the sun is very far from Earth, it is much closer than other stars.
iv. Because the sun is closer to Earth than any other star, it appears much larger and brighter tha
other star n the sky.
v. Because objects appear smaller and dimmer the farther they are from the viewer, other stars,
although immensely large compared to the Earth, seem much smaller and dimmer because they
far away.
vi. Although stars are immensely large paned to Earth, they appear small and dim because they 4
so far away.
vii. Similar stars vary in apparent brightness, indicating that they vary in distance from Earth.
FlyftSaa 20KSNBAAS ALISOATASRI GRSAONARLIIAZ2YyAaE NBT
written, oral, pictorial, and kinesthetic descriptions.
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5-ESS1-2 Earth's Place in the Universe

Students who demonstrate understanding can:

5-ESSP. Represent data in graphical displays to reveal patterns of daily changes in length and direction ¢
shadows, day and night, and the seasonal appearance of some stars in the n[ghaiskyation Sttement:
Examples of patterns could include the position and motion of Earth with respect to the sun and selected
that are visible only in particular months.] [Assessment Boundary: Assessment does not include causes (

seasons.]

Science ané&ngineering Practices Disciplinary Core Ideas Crossutting Concepts

. . ESS1.B: Earth and the Solar System Patterns

Analyzing and Interpreting Data
Analyzing data ing® builds on &2 1  The orbits of Earth around the sun an| §  Similarities and differences in pattern
experiences and progresses to introducing of the moon around Earth, together can be used to sort, classify,
quantitative approaches to collecting data with the rotation of Earth about an axi communicée and analyze simple rate
and conducting multiple trials of qualitative between its North and South poles, of change for natural phenomena.
observations. When possible andséble, cause observable patterns. These
digital tools should be used include day and night; daily changes

the length and direction of shadows;
and different positions of the sun,
moon, and stars at different times of
the day, month, and year.

1 Represent data in graphical displays
(bar graphs, pictographs and/or pie
charts) to reveal patterns that indicate
relationships.

Observable features of the student performance by the end of the grade:
Organizing data
1) Using graphical displays (e.g., bar graphs, pictographs), students organize data pertaaiingumal
aSlrazylt OKIFIy3aSa Ol dzaSR o6& GKS 9FNIKQa NRGI
include:
i. The length and direction of shadows observed several times during one day.
ii. The duration of daylight throughout the year, as daieed by sunrise and sunset times.
iii. Presence or absence of selected stars and/or groups of stars that are visible in the night sky 4
different times of the year.
Identifying relationships
1) Students use the organized data to find and describe* osigliips within the datasets, including:
i. The apparent motion of the sun from east to west results in patterns of changes in length and
direction of shadows throughout a day as Earth rotates on its axis.
ii. The length of the day gradually changes througlthe year as Earth orbits the sun, with longer da
in the summer and shorter days in the winter.
iii. Some stars and/or groups of stars (i.e., constellations) can be seen in the sky all year, while o
appear only at certain times of the year.

2) Stuckents use the organized data to find and describe* relationships among the datasets, includin
i. Similarities and differences in the timing of observable changes in shadows, daylight, and the
appearance of stars show that events occur at different ratgs, (Earth rotates on its axis once a day
while its orbit around the sun takes a full year).
FlyftSaa 20KSNBAAS ALISOATASREI GRSAONARLIIA2YyEE NBT
written, oral, pictorial, an&inesthetic descriptions.
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5-ESS3-1 Earth and Human Activity

91 NI KQ&

Students who demonstrate understanding can:

5-ESS4A. Obtain and combine information about ways individual communities use science ideas to protec
NEngirdroabidd S a

I Y R

Science and Engineering Practic

Obtaining, Evaluating, and Communicating
Information

Obtaining, evaluating, and communicating
information in &5 builds on K2 experiences
and progresses to evaluating the merit ang

Disciplinary Core Ideas

ESS3.C: Human Impacts on Earth System

1  Human activities in agriculture,
industry, and everyday life have had
major effects on the land, vegetation,
streams, ocean, air, and even outer

Systems and System Models

|l

Crossutting Concepts

A system can be described in terms
its components and their interactions|

Connections to Nature of Science

space. But individuals and communitif
I NB R2Ay3 GKAyYy3A
resources and environments.

accuracy of ideas and methods.

i Obtain and combine information from
books and/or other reliable media to
explainphenomena or solutions to a
design problem. T

Science Addresses Questions About the
Natural and Material World.

Science findings are limited to
guestions that can be answered with
empirical evidence.

Observable features of the student performance by the enldeorade:
Obtaining information
1) Students obtain information from books and other reliable media about:
A® 126 | IAGBSY KdzYly | OlGA@GAiGe 6Seaodxr Ay | 3N
and environments.
ii. How a givemommunity uses scientific ideas to protect a given natural resource and the environ
in which the resource is found.
Evaluating information
1) Students combine information from two or more sources to provide and describe* evidence abou
i. The positivand negative effects on the environment as a result of human activities.
ii. How individual communities can use scientific ideas and a scientific understanding of interactig
between components of environmental systems to protect a natural resource amtfronment in
which the resource is found.
FlytSaa 20KSNpAaS ALISOATASRE
written, oral, pictorial, and kinesthetic descriptions.
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3-5-ETS1-1 Engineering Design

Students who demonstrate understanding can:
3-5-ETS41. Define a simple design problem reflecting a need or a want that includes specified criteria for 4
and constraints on materials, time, or cost.

Science anéngineering Practices

Asking Questions and Defining Problems

Asking questions and defining problems in
3¢5 builds on gradescR experiences and
progresses to specifying qualitative
relationships.

| Define a simple design problem that
can be solvethrough the
development of an object, tool,
process, or system and includes seve
criteria for success and constraints o
materials, time, or cost.

Disciplinary Core Ideas

EST1.A: Defining and Delimiting Engineeri
Problems

1  Possible solutions tooblem are
limited by available materials and
resources (constraints). The success
a designed solution is determined by
considering the desired features of a
solution (criteria). Different proposals
for solutions can be compared on the
basis of how wekach one meets the
specified criteria for success or how
well each takes the constraints into
account.

Crossutting Concepts

Influence of Science, Engineering, and

Technology on Society and the Natural

World

T tS2L) SQa ySSRa Iy
time, as do their demands for new an
improved technologies.

Observable features of the student performance by the end of the grade:

Identifying the problem to be solved

2) Students use given scientific information and information abaittiation or phenomenon to define a
simple design problem that includes responding to a need or want.

3) The problem students define is one that can be solved with the development of a new or improve
object, tool, process, or system.

4) Students describe* thdt)S 2 LI S Q&

ySSRA

FYR ¢l yia

OKlIy3S§ 2

Defining the boundaries of the system

2) Students define the limits within which the problem will be addressed, which includes addressing
something people want and need at the current time.

Defining the criteriarad constraints

successful solution.

1) Based on the situation people want to change, students specify criteria (required features) of a

FlytSaa 2GKSNBAA
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written, oral, pictorial, and kinesthetic descriptions.
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3-5-ETS1-2 Engineering Design

Students who demonstrate understanding can:

3-5-ETS22. Generate and compare multiple possible solutions to a problem based on how well each is likg
meet thecriteria and constraints of the problem

Constructing Explanations and Designing
Solutions

Constructing explanations and designing
solutions in 85 builds on K2 experiences
and progresses to the use of evidence in
constructing explanations that specify
variables that describe and predict
phenomena and in designing multiple
solutions to design problems.

I  Generate and compare multiple
solutions to a problem based on how
well they meet the criteria and
constraints of tle design problem

Science and Engineering Practic

Disciplinary Core Ideas

ETS1.B: Developing Possible Solutions

1  Research on a problem should be
carried out before beginning to desigr
a solution. Testing a solution involves
investigating how well it performs
under a range of likely cditions.

1  Atwhatever stage, communicating
with peers about proposed solutions i
an important part of the design
process, and shared ideas can lead t(
improved designs.

Crossutting Concepts

Influence of Science, Engineering, and
Technology ofsociety and the Natural
World

1 Engineers improve existing
technologies or develop new ones to
increase their benefits, decrease
known risks, and meet societal
demands.

Observable features of the student performance by the end of the grade:

Usingscientific knowledge to generate design solutions

solutions.

1) Students use gradappropriate information from research about a given problem, including the cal
and effects of the problem and relevant scientific information.

2) Students generate at least typmssible solutions to the problem based on scientific information and
understanding of the problem.

3) Students specify how each design solution solves the problem.

4) Students share ideas and findings with others about design solutions to generate a vanesidé

5) Students describe* the necessary steps for designing a solution to a problem, including conducti
research and communicating with others throughout the design process to improve the design [n
emphasis is on what is necessary faigeing solutions, not on a stepse process].

Describing* criteria and constraints, including quantification when appropriate

. Students describe*:

a. The given criteria (required features) and constraints (limits) for the solutions, including
increasing benefits, decreasing risks/costs, and meeting societal demands as appropriat
b. How the criteria and constraints will be used to generate and test the design solutions.

Evaluating potential solutions

1) Students test each solution underamge of likely conditions and gather data to determine how well
solutions meet the criteria and constraints of the problem.
2) Students use the collected data to compare solutions based on how well each solution meets the
and constraints of thproblem.

FlytSaa
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written, oral, pictorial, and kinesthetic descriptions.
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3-5-ETS1-3 Engineering Design

Students who demonstrate understandican:
3-5-ETS13. Plan and carry out fair tests in which variables are controlled and failure points are considered
identify aspects of a model or prototype that can be improved.

Science and Engineering Practic Disciplinary Corkeleas Crossutting Concepts

Planning and Carrying Out Investigations None specified

Planning and carrying out investigations to] ETS1.B: Developing Possible Solutions
answer guestions or test solutions to
problems in 85 builds on K2 experiences f
and progresses to include investigations th
control variables and provide evidence to
support explanations or design solutions

Tests are often designed to identify
failure points or difficulties, which
suggest the elements of the design
that need to be improved.

ETS1.C: Optimizing the Design Solution
§f Plan and conduct an investigation

collaboratively to produce data to 1  Different solutions need tbe tested in
serve as the basis for evidence, using order to determine which of them bes|
fair tests in which variables are solves the problem, given the criteria
controlled and the number of trials and the constraints.

considered.

Observable features of the student performance by the end of the grade:
Using scientifiknowledge to generate design solutions

6) Students use gradappropriate information from research about a given problem, including the cal
and effects of the problem and relevant scientific information.

7) Students generate at least two possible solutianthée problem based on scientific information and
understanding of the problem.

8) Students specify how each design solution solves the problem.

9) Students share ideas and findings with others about design solutions to generate a variety of pog
solutions.

10) Students describe* the necessary steps for designing a solution to a problem, including conducti
research and communicating with others throughout the design process to improve the design [n
emphasis is on what is necessary for designing solutiohsnra stepwise process].

Describing* criteria and constraints, including quantification when appropriate
Il Students describe*:
a. The given criteria (required features) and constraints (limits) for the solutions, including
increasing benefitglecreasing risks/costs, and meeting societal demands as appropriate.
b. How the criteria and constraints will be used to generate and test the design solutions.
Evaluating potential solutions

3) Students test each solution under a range of likely conditiotigatiner data to determine how well th
solutions meet the criteria and constraints of the problem.

4) Students use the collected data to compare solutions based on how well each solution meets the
and constraints of the problem.

*Unless otherwiseldS OA FTASRXZ GRSAONALIIA2yaéed NBFSNBYOSR Ay SOARSyO

written, oral, pictorial, and kinesthetic descriptions.
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Next Generation Science Standards/NY State Science Learning Stagfilards 3

Sipported throughSupplementalProgrammplementation

Performance Expectations
3-ESS2. Obtain and combine information to describe climates in different regions of the world.

4-PS2. Make observations to provide evidence that energy camaresferred from place to place by sound, light, heat, and electric
currents

4-PS24. Apply scientific idea® design, test, and refine a device that converts energy from one form to another.

4-ESS4. Obtain and combine informatidn describe that engyy and fuels are derived from natural resources and their uses affect the
environment.

GESSA.holit Ay YR O2Y0AYS AYyT2NNIGA2Y | 02dzi 4+ @8&8 AYRAGARdAzAE O
environment.

3-5-ETS1L. Define a simple degn problem reflecting a need or a want that includes specified criteria for success and constraints on
materials, time, or cost.

3-5-ETS12. Generate and compare multiple possible solutions to a problem based on how well each is likely to mesiadhaenari
constraints of the problem.

Big Idea and Topic Bundi&ow canwe use threurQda Sy SNHe (2 a2t dS L2 6 SNI 2 dzBinks? YS5/aS NE
solve new challenges and problems?

Science and Engineering Disciplinary Core Ideas Crossutting Concepts
Practices ESS1.A The universe and its star§ Cause and effect
Asking questions / defining problems; ESS1.B Earth and the solar systel Investigations explore a variety of cause and effect
Planning and carrying out Investigations (Star Light, Star relationships
investigations; Analyzing and Bright; WATTs Cooking, and Systems and system models
interpreting data timeline activity) have students | activities in the Solar Sleuthing investigation have stude
Investigations require all of the above| Investigating the structure of outer| yeyeloping a variety of models.
. . ace.
Developing and using models; sP . Patterns
Constructing explanations/designing | ESS2.A Earth materials and systel petermination of appropriate cooking strategy in WATTS
solutions ESS2.D Weather and climate cooking have students investigating patterns in light, he
Activities in the Solar Sleuthing Egggé Il:l|atura| resources Earth and shadows.
investigation have students developini -C Human impacts on Eart Scale. proportion anduanti
a variety of models. systems iy dqntity

ESS3.D Global climate change Discussion on relative size pf the universe as the structy
of matter have students thkingabout scale and
proportion.

Obtaining, evaluating, and
communicating information

Solar Solutionsummative challege
has students obtaining, evaluating anc

communicating a variety of
information. PS1.A Structure of matter

Solar Sleuthing investigations hav

students exploring and modeling | Structure and function

the structure of matter. WATTSs cooking investigation and Solar Solutions challe

have stidents examining structure and function

PS3.D Energy in chemical procesy relationship.

. and everyday life

Connections to Nature of | | s3.c organization for matter anc
Science energy flow in organisms

Discussiomf the transformation of

energy from the sun to support

plant, animal, and human life.

Focus on solar energginforce the
interconnectedness between
humans and all aspects of their Energy and matter: Flows, cycles, and conservation
environment. The discussion on different types of solar energy and hq
the energy of thesuncan be converted into many forms
supports the discussion of energy flow and conversion.
Engaging in argument from evidence
Star Light, Star Bright investigation an|
required timeline activity have student
creating arguments from evidence

Connections to Nature of Science

Science is a way of knowing; Science addresses questi
about the natural and material world

Investigations link science to our understanding of the
world around us.

Scientific investigations use a variety |
methods; Scientific knowledge is base|
on empirical evidence

Entrepreneur story/presentation and | ETS1.A: Defining and Delimiting
hands on activities illustrate how Engineering Problems

scientific investigations are conducted ETS1.B: Developing Possible
and how that information is put to use| Solutions

Science is a human endeavor
Entrepreneur story and historical timeline highlight the
human aspect of science and engineering.

Science models, laws, mechanisms, ¢ E191-C: Optimizing the Design (SOt by E T, Wl Gl
: o i " | Solution Applicatiors of Science
theories explain natural phenomena . L d d f Sci . - d hnole
The activities give student firsthand WATTSs cooking investigation and | Interdepen ence_ 0 S_C|ence. Engineering, an_ Technol
Sola Solutionschallenge have Influence of Engineering, Technology and Science on

experience at model solar energy
systems and understanding howget
energy from thesun

students defining problems and | Society and the Natural World
designing & optimizing solutions | Introduction text, historical timeline and entrepreneur
story highlight above interactions and interdegencies.
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Common Core ELA Standards
Grade 3

Reading Informational Text

CCSS.EHATERACY.RI.A2dk and answer questions to demonstrate understanding of a text, refexgitigitly to the text as the basis for the
answers.

CCSS.EHATERACY.RI.B&termine the main idea of a text; recount the key details and explain how they support the main idea.
CCSS.EHATERACY.RI.Bdtermine the meaning of general academic and dofspétific words and phrases in a text relevant goaale 3
topic or subject area

Writing:

CCSS.EtlAteracy.W.3.2Vrite informative/explanatory texts to examine a topic and convey ideas and information clearly.
CCSS.EtAteracy.W.3.2.&ntroduce a topic and group related information together; include illustrations when useful to aiding comprehension.
CCSS.EtlAteracy.W.3.2.[Develop the topic with facts, definitions, and details.

CCSS.Etlateracy.W.3.2.Use linking words and phrases (eatsq another, and, more, but) to connect ideas within categories of information.
CCSS.Etlateracy.W.3.2.@rovide a concluding statement or section.

CCSS.Etateracy.W.3.Write opinion pieces on topics or texts, supporting a point of view with reasons.

CCSS.Etateracy.W.3.1.&ntroduce the topic or text they are writing aboutate an opinion, and create an organizational structure that lists
reasons.

CCSS.Etlateracy.W.3.1.Provide reasons that support the opinion.

CCSS.EtAteracy.W.3.1.Use linking words and phrases (ebgcausetherefore since for examplé to connect opinion and reasons.
CCSS.Etlateracy.W.3.1.@rovice a concluding statement or section.

CCSS.Etlateracy.W.3.4Vith guidance and support from adults, produce writing in which the development and organization are appropriate to
task and purpose. (Gragpecific expectations for writing types are defined in standa@lalove.)

CCSS.EHAteracy.W.3.8Vith guidance and support from peers and adults, develop and strengthen writing as needed by planning, revising, and
editing.

CCSS.EtlAteracy.W.3.6/Nith guidance and support from adults, use technology to produce and publish writing (using keyboarding skills) as well
as to interact and collaborate with others.

CCSS.EtAteracy.W.3.Tonduct short research projects that build knowledge about a topic.

CCSS.EtAteracy.W.3.Recall ibrmation from experiences or gather information from print and digital sources; take brief notes on sources
and sort evidence into provided categories.

Speaking & Listening:

CCSS.EHATERACA..3.Engage effectively in a range of collaborative discussions(eose, in groups, and teachéad) with diverse

partners ongrade 3 topics and textbuilding on others' ideas and expressing their own clearly.

CCSS.EHATERACY.SL.3.Came to discussions prepared, having read or studied required material; explicitly draw on that preparation and
other information known about the topic to expéoideas under discussion.

CCSS.EHATERACY.SL.3AdBow agreedupon rules for discussions (e.g., gaining the floor in respectful ways, listening to others with care,
speaking one at @ime about the topics and texts under discussion).

CCSS.EtAteracy.SL.3.1Ask questions to check understanding of information presented, stay on topic, and link their commentsriwatke r

of others.

CCSS.Etateracy.SL.3.1HExplain their own ideas and understanding in light of the discussion.

CCSS.EtlKeracy.SL.3.3sk and answer questions about information from a speaker, offering appropriate elaboration and detail.
CCSS.EtHAteracy.SL.3.Report on a topic or text, tell a story, or recount an experience with appropriate facts and relevant, descriptive details,
speaking clearly at an understandable pace.

CCSS.EtllAteracy.SL.3.8peak in complete sentences when appropriate to task and situation in order to provide requested detail or clarification.

Language:

CCSS.EHATERACY.L.Bé&monstrate command of thewrventions of standard English grammar and usage when writing or speaking.
CCSS.EHATERACY.L.3.EXplain the function of nouns, pronouns, verbs, adjectives, and adverbs in genehaiahahttions in particular
sentences.

CCSS.EHATERACY.L.B2monstrate command of the conventions of standard English capitalization, punctuation, and spelling when writing.
CCSS.EHATERACY.L.Bdtermine or clarify the meaning of unknown andtipld-meaning word and phrases based on grade 3 reading and
content, choosing flexibly from a range of strategies.
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http://www.corestandards.org/ELA-Literacy/L/3/2/
http://www.corestandards.org/ELA-Literacy/L/3/4/

Grade 4

Reading Informational Text:

CCSS.EHATERACY.RI.Réfer to deails and examples in a text when explaining what the text says explicitly and when drawing inferences from
the text.

CCSS.EHATERACY.RI.B&termine the main idea of a text and explain how it is supported by key details; summarize the text.
CCSS.EHATERACY.RI.Ddtermine the meaning of general academic and dofspétificwords or phrases in a text relevant tgrade 4 topic

or subject area

CCSS.EHATERACY.RI.Dé&scribe the overall structure (e.g., chronology, comparison, cause/effect, problem/satiteehts, ideas,

concepts, or information in a text or part of a text.

CCSS.EHATERACY.RI.Mierpret information presented visually, orally, or quantitatively (e.g., in charts, graphs, diagrams, time lines,
animations, or interactive elements on Web pages) and explain how the information contributes to an understanding oh tvaitexit

appears.

Writing:

CCSS.EHATERACY.W.ANrite opinion pieces on topics or texts, supporting a point of view with reasons and information.
CCSS.EHATERACY.W.4.1n&roduce a topic or text clearly, state an opinion, and craaterganizational structure in which related ideas are
grouped to support the writer's purpose.

CCSS.EHATERACY.W.4.PRvide reasons that are supported by facts and details.

CCSS.EHATERACY.W.4.1i@k opinion and reasons using words and phrases

CCSS.EHATERACY.W.4.Pivide a concluding statememt section related to the opinion presented.

CCSS.EHATERACY.W.AAZite informative/explanatory texts to examine a topic and convey ideas and information clearly.
CCSS.EHATERACY.W.4.204roduce a topic clearly and group related information in paragraphs and sections; include formatting (e.g.,
headings), illustrations, and multimedia when useful to aiding comprehension.

CCSS.EHATERACY.W.4.DBvelop the topic with facts, definitions, concrete details, quotations, or other information and examples related to
the topic.

CCSS.EHATERACY.W.4.2i@6k ideas within categories of information using words and phrases.

CCSS.EHATERACY.W.4.2)Be precise language and domspecific vocabulary to inform about or explain the topic.
CCSS.EHATERACY.W.4.Povide a concluding statement or section related to the information or explanation presented.
CCSS.EHATERACY.W.£doduce clear and coherent writing in which the development and organization are appropriate to task, purpose, and
audience.

CCSS.EHATERACY.W.&R@call relevant information from experiences or gather relevant information from print and digital sources; take notes
and categorize information, and provide a list of sources.

Speaking & Listening:

CCSS.EHATERACY.SL Brigage effectively in a range of collaborative discussions(eose, in groups, and teachéad) with diverse

partners ongrade 4 topics and textbuilding on othes' ideas and expressing their own clearly.

CCSS.EHATERACY.SL.4.Cane to discussions prepared, having read or studied required material; explicitly draw on that preparation and
otherinformation known about the topic to explore ideas under discussion.

CCSS.EHATERACY.SL.4 BdBow agreedupon rules for discussions and carry out assigned roles.

CCSS.EHATERACY.SL.4RdSe and respond to specific questions to clarify or follow up on information, and make comments that contribute to
the discussion and link to the remarks ofeth

CCSS.EHATERACY.SL.4 R&View the key ideas expressed and explain their own ideas and understanding in light of the discussion.
CCSS.EHATERACY.SL Kiéntify the reasons and evidence a speaker provides to support particular points.

Language:

CCSS.EHATERACY.L.Démonstrate command of the comwens of standard English grammar and usage when writing or speaking.
CCSS.EHATERACY.L.4.Uge relative pronounsvho, whose, whom, which, thaind relative adverbsvhere,when, why.
CCSS.EHATERACY.L.©D8monstrate command of the conventions of standard English capitalization, punctuation, and spelling when writing.
CCSS.EHATERACY.L.418e knowledge of language and its conventions when writing, speaking, reading, or listening.
CCSS.EHATERACY.L.4.8Aoose words and phses to convey ideas precisely.

CCSS.EHATERACY.L.4étermine or clarify the meaning of unknown and multipleaning words and phrases based on grade 4 reading and
content, choosing flexip from a range of strategies.
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http://www.corestandards.org/ELA-Literacy/RI/4/1/
http://www.corestandards.org/ELA-Literacy/RI/4/2/
http://www.corestandards.org/ELA-Literacy/RI/4/4/
http://www.corestandards.org/ELA-Literacy/RI/4/5/
http://www.corestandards.org/ELA-Literacy/RI/4/7/
http://www.corestandards.org/ELA-Literacy/W/4/1/
http://www.corestandards.org/ELA-Literacy/W/4/1/a/
http://www.corestandards.org/ELA-Literacy/W/4/1/b/
http://www.corestandards.org/ELA-Literacy/W/4/1/c/
http://www.corestandards.org/ELA-Literacy/W/4/1/d/
http://www.corestandards.org/ELA-Literacy/W/4/2/
http://www.corestandards.org/ELA-Literacy/W/4/2/a/
http://www.corestandards.org/ELA-Literacy/W/4/2/b/
http://www.corestandards.org/ELA-Literacy/W/4/2/c/
http://www.corestandards.org/ELA-Literacy/W/4/2/d/
http://www.corestandards.org/ELA-Literacy/W/4/2/e/
http://www.corestandards.org/ELA-Literacy/W/4/4/
http://www.corestandards.org/ELA-Literacy/W/4/8/
http://www.corestandards.org/ELA-Literacy/SL/4/1/
http://www.corestandards.org/ELA-Literacy/SL/4/1/a/
http://www.corestandards.org/ELA-Literacy/SL/4/1/b/
http://www.corestandards.org/ELA-Literacy/SL/4/1/c/
http://www.corestandards.org/ELA-Literacy/SL/4/1/d/
http://www.corestandards.org/ELA-Literacy/SL/4/3/
http://www.corestandards.org/ELA-Literacy/L/4/1/
http://www.corestandards.org/ELA-Literacy/L/4/1/a/
http://www.corestandards.org/ELA-Literacy/L/4/2/
http://www.corestandards.org/ELA-Literacy/L/4/3/
http://www.corestandards.org/ELA-Literacy/L/4/3/a/
http://www.corestandards.org/ELA-Literacy/L/4/4/

Grade 5

Reading Informational Text:

CCSS.EHATERACY.RI.B&termine two or more main ideas of a text and explain how they are supported by key details; summarize the text.
CCSS.EHATERACY.RI.&E®lain the relationships or interactions betwéen or more individuals, events, ideas, or concepts in a historical,
scientific, or technical text based on specific information in the text.

CCSS.EHATERACY.RI.Bdtermine the meaningf@eneral academic and domaspecific words and phrases in a text relevant goaae 5

topic or subject area

Writing:

CCSS.EHATERACY.W.5\rite opinion pieces on topics or texts, sopjng a point of view with reasons and information.
CCSS.EHATERACY.W.5.1n&voduce a topic or text clearly, state an opinion, and create an organizational structure in which idegisaihe
grouped to support the writer's purpose.

CCSS.EHATERACY.W.5.PRvide logically ordered reasons that are supported by facts and details.

CCSS.EHATERACY.W.5.1i@k opinion and reasons using words, phrases, and clauses

CCSS.EHATERACY.W.5.Pipvide a concluding statement or section related to the opinion presented.

CCSS.EHATERACY.W.5\Zite informative/explangory texts to examine a topic and convey ideas and information clearly.
CCSS.EHATERACY.W.5.208roduce a topic clearly, provide a general observation and focus, and group relatethtidoriogically; include
formatting (e.g., headings), illustrations, and multimedia when useful to aiding comprehension.

CCSS.EHATERACY.W.5.DBvelop the topic with facts, definitionsoncrete details, quotations, or other information and examples related to
the topic.

CCSS.EHATERACY.W.5.2i@6k ideas within and across categories of information using words, phaasedauses (e.gn contrast especially.
CCSS.EHATERACY.W.5.2)Be precise language and domspecific vocabulary to inform about or explain the topic.
CCSS.EHATERACY.W.5.Povide a concluding statement or section related to the information or explanation presented.
CCSS.EHATERACY.W.R#4oduce clear and coherent writing in which the development and oedamizare appropriate to task, purpose, and
audience.

CCSS.EHATERACY.W.R@&call relevant information from experiences or gather relevant information from print and digital sourcearigamm
or paraphrase information in notes and finished work, and provide a list of sources.

Speaking & Listening:

CCSS.EHATERACY.SL Brigage effectively in a range of collaborativeldisions (on@n-one, in groups, and teachéad) with diverse

partners ongrade 5 topics and textbuilding on others' ideas and expressing their own clearly.

CCSS.EHATERACY.SL.5.Came to discussions prepared, having read or studied required material; explicitly draw on that preparation and
other information known about the topic to expéoideas under discussion.

CCSS.EHATERACY.SL.5BdBow agreedupon rules for discussions and carry out assigned roles.

CCSS.EHATERACY.SL.5RdSe and respond to specific questions by making comments that contribute to the discussion and elaborate on the
remarks of others.

CCSS.EHATERACY.SL.5.R&view the key ideas expressed and draw conclusions in light of information and knowledge gained from the
discussions.

CCSS.EHATERACY.SL.SiBnmarize the points a speaker makes ampdbéxhow each claim is supported by reasons and evidence.

Language

CCSS.EHATERACY.L.B&monstrate command of the conventions of standard English grammar and usage when writing or speaking.
CCSS.EHATERACY.L.5.E#plain the function of conjunctions, prepositions, anerjattions in general and their function in particular
sentences.

CCSS.EHATERACY.L.®2monstrate command of the conventions of standard English capitalization, punctuation, andwpetingiting.
CCSS.EHATERACY.L.5I8e knowledge of language and its conventions when writing, speaking, reading, or listening.
CCSS.EHATERACY.L.Rdtermine or clarify the meaning of unknown and multipleaning words and phrases based on grade 5 reading and
content, choosing flexibly from a range of strategies.
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http://www.corestandards.org/ELA-Literacy/RI/5/2/
http://www.corestandards.org/ELA-Literacy/RI/5/3/
http://www.corestandards.org/ELA-Literacy/RI/5/4/
http://www.corestandards.org/ELA-Literacy/W/5/1/
http://www.corestandards.org/ELA-Literacy/W/5/1/a/
http://www.corestandards.org/ELA-Literacy/W/5/1/b/
http://www.corestandards.org/ELA-Literacy/W/5/1/c/
http://www.corestandards.org/ELA-Literacy/W/5/1/d/
http://www.corestandards.org/ELA-Literacy/W/5/2/
http://www.corestandards.org/ELA-Literacy/W/5/2/a/
http://www.corestandards.org/ELA-Literacy/W/5/2/b/
http://www.corestandards.org/ELA-Literacy/W/5/2/c/
http://www.corestandards.org/ELA-Literacy/W/5/2/d/
http://www.corestandards.org/ELA-Literacy/W/5/2/e/
http://www.corestandards.org/ELA-Literacy/W/5/4/
http://www.corestandards.org/ELA-Literacy/W/5/8/
http://www.corestandards.org/ELA-Literacy/SL/5/1/
http://www.corestandards.org/ELA-Literacy/SL/5/1/a/
http://www.corestandards.org/ELA-Literacy/SL/5/1/b/
http://www.corestandards.org/ELA-Literacy/SL/5/1/c/
http://www.corestandards.org/ELA-Literacy/SL/5/1/d/
http://www.corestandards.org/ELA-Literacy/SL/5/3/
http://www.corestandards.org/ELA-Literacy/L/5/1/
http://www.corestandards.org/ELA-Literacy/L/5/1/a/
http://www.corestandards.org/ELA-Literacy/L/5/2/
http://www.corestandards.org/ELA-Literacy/L/5/3/
http://www.corestandards.org/ELA-Literacy/L/5/4/

Common Core Math Standards
Grade 3

MP.1Make sense of problems and persevere in solving them.

MP.2Reason abstractly and quantitatively.

3.0A.13 Represent and solve problems involving multiplication and division

3.0A. Multiply and divide within 100.

3.NBT.3Jse place valuenderstanding and properties of operations to perform radildit arithmetic

3.MD.57 Geometric measurement: understand concepts of area and relate area to multiplication and to addition.

Grade 4

MP.1Make sense of problems and persevere in solving them.

MP.2Reason abstractly and quantitatively.

4.0A.13 Use the four operations with whole numbers to solve problems.

4.MD.2Solve problems involving measurement and conversion of measurements from a largeasmtaller unit

Grade 5

MP.1Make sense of problems and persevere in solving them.
MP.2Reason abstractly and quantitatively.
5.MDJ1 Convert like measurement units within a given measurement system
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Additional Resources

Note:All links were confirmed as working at the time this&u Guide was created. If you find
F fAYy]l GKFG R2SayQid 62 NJ] It dadworkingalinkl y2¢6 a2 6S Y

Renewable Enerfignergy General

Videos

http://www.neok12.com/Energpources.htnEnergy sources videos for kids but geared a bit higher. However, can
be used to challenge students who need challenges. Includes interactive games andetsot@shwplement
presentation.

Articles/Webgkes
https://waste-managemenivorld.com/a/bacterighat-turn-wasteto-energyin-microbiatfuel-cellsstudied
https://www.newscientist.com/article/mg2313084M0-bacteriamadeto-turn-sewageinto-cleanwater-and
electricity/ A fewshortarticleson how waste is turned into electricity using microbial fuel cells.
http://www.kidwind.org/A great website with various challenges, activiges kits for winerelated projects.
http://www.alliantenergykids.com/energyandtheenvironment/renewableenergy/0228%&bsite with kidriendly
explanations about wind energy.

http://www.eia.gov/kids/energy.cfm?page=wind _hoibasicsA good explanation of various types of windmills and
wind turbines.

Solar Energy: Specific

Videos

http://video.nationalgeographic.com/video/sotapwer Excellent solar energy video (21861 with a 17sec ad at
the beginning)

http://www.neok12.com/SolaEnergy.htrMultiple videos (short) on solar energy for kids. Most getoedrd
grades4¢12; however most are appropriate for grade 3.

http://video.pbs.org/video/228931039FBS video (3:0fin) on solar energy (photovoltaic cells, concentrators,
gKe& ¢S OnlyhieibrmdizeSrgy)

http://science360.gov/obj/video/83d67b #6f5-43e6bbef-8c8b9d9584cl/solapanelswork Video (3:56nin) from
the Boston Museum of Science

SolarOvers

https://www.saveonenergy.com/learnirggnter/post/solarovens/Blog post on how solar ovens work.
https://www.homesciencetools.com/article/hete-build-a-solarovenproject/ Website on how to build a solar
oven.

https://www.loc.gov/rr/scitech/SciRefGuides/solarovens.hatious online resources about solar ovens.

AdditionalBooks

Counting on Katherine: How Katherine Johnson Saved Apojidi&Bine Becker
Sunby Steve Tomecek

National GeographiSpace Encyclopedia: A Tour of Our Solar Sggt®avid A. Aguilar
Rigby InfoQuesDur Place in Space

58t GF { OA S @dmbSystefnr RS NE nY

Applications/Company Information
Articles Related to GRID Alternatives:
Blog Environmental and Social Justice Summit
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http://www.neok12.com/Energy-Sources.htm
https://waste-management-world.com/a/bacteria-that-turn-waste-to-energy-in-microbial-fuel-cells-studied
https://www.newscientist.com/article/mg23130840-100-bacteria-made-to-turn-sewage-into-clean-water-and-electricity/
https://www.newscientist.com/article/mg23130840-100-bacteria-made-to-turn-sewage-into-clean-water-and-electricity/
http://www.kidwind.org/
http://www.alliantenergykids.com/energyandtheenvironment/renewableenergy/022397
http://www.eia.gov/kids/energy.cfm?page=wind_home-basics
http://video.nationalgeographic.com/video/solar-power
http://www.neok12.com/Solar-Energy.htm
http://video.pbs.org/video/2289310391/
http://science360.gov/obj/video/83d67b75-f6f5-43e6-bbef-8c8b9d9584c1/solar-panels-work
https://www.saveonenergy.com/learning-center/post/solar-ovens/
https://www.homesciencetools.com/article/how-to-build-a-solar-oven-project/
https://www.loc.gov/rr/scitech/SciRefGuides/solarovens.html
https://gridalternatives.org/headquarters/news/environmental-and-social-justice-fellows-unite-first-ever-summit

Blog: What Solar Savings Can Buy

Article:6GRID Alternativedwarded $4.4Million to DevelopFrst Low-IncomeCommurnity Solar Blot Projects
in Californié

Article:a RID Alternatives Gets Renewed Funébin@olarCorps Fellowship Progéam

We Care Solar Videos:
https://www.youtube.com/watch?v=3h_Qusol1QyKi06min) Laura talks about what compelled her to
create the Solar Suitcase. Note: This video contains the mature topic of maternal death during childbirth.
While this is a valuable and worthwhile topic to discuss, it may not be something your students are equipped
to discuss. Please use your judgment before showing this video to your class.
http://www.cnn.com/videos/bestoftv/2013/12/18/cnnheroeshowstachel.cnr(5:50 min) Presentation of

w

GKS /bb | SNR | gFNR® ¢KS FANRG F2dzNJ YAydziSa RSaONAOG

acceptance speech.

https://www.youtube.com/watch?v=6p28c060Y7:58 min)Laura talks about what compelled her to create

the Solar Suitcase. Note: This video contains the mature topic of maternal death during childbirth. While this
is a valuable and worthwhile topic to discuss, it may not be something ydenttiare equipped to discuss.
Please use your judgment before showing this video to your class.

Additional links to companies using solar energy
SolarMill https://www.solarmill.com/
NewSunRoad http://newsurroad.com/#home
PV Purehttp://www.pvpure.com/
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https://gridalternatives.org/headquarters/news/what-solar-savings-can-buy
https://www.solarpowerworldonline.com/2019/06/grid-alternatives-california-low-income-community-solar-pilot-projects/
https://www.solarpowerworldonline.com/2019/06/grid-alternatives-california-low-income-community-solar-pilot-projects/
https://solarindustrymag.com/grid-alternatives-gets-renewed-funding-for-solarcorps-fellowship-program
https://www.youtube.com/watch?v=3h_Quso1QyM
http://www.cnn.com/videos/bestoftv/2013/12/18/cnnheroes-show-stachel.cnn
https://www.youtube.com/watch?v=6p29fXco6oY
https://www.solarmill.com/
http://newsunroad.com/#home
http://www.pvpure.com/
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3. Topic Introduction TOAKX X X X X X X X X X X X X X X X X X X X >1(4
4, ¢SOKy2f 238 |1 AaG2NAOFE ¢AYSEAYySXi110
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6. C2ff 2 (GKS 9ySNHe 22NJ] aKSSiaxxxi1iz
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Electronic copies of all notebogksrds,and worksheets can be found on theit website.
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Accessing Online Content

To access your digital content, you must register with our welsite/ (Creosityspace.comTlo
register withthe website just select the Ldg/Register tab on the homepage. A registration
window will pop upand you can register from thefeee below)You may have already received
a link to sign up; if so, you can skip this step.

Image ofnitial registration

4% sl Space

b23SY Ly O2YLIX AlIYyOS gAGK 0
(EU) General Data Protection Regulation (GDPR),
registration with CreositySpace requires

agreement to receive the occasiosapport and
promotionalmaterials.CreositySpace does not

share merber personal information or data

Log In | Register

Looking f picutame CreositySpace uses member email information
S e to provide content, updates, and suppdftyou
cliicsttyacad WU have any questions or concerns, please contact

I us directly.
Connect Engage Transform

For future sigrins you will do the same thing (select thagin/Register tah)but you will have to
click Logn so you dofaccidentally register again (see below).

Image of absequent logns
LrepsilySpace

Comeding Kt o STIM T bramorerersio

Log In | Register

Looking f rriculum?
CreositySpace curriculum
that connects / m creativity and
curiosity at a ti wup?"

A Flexible and Engaging K-5 NGSS Curriculum

Connect Engage Transform

Pleasecontact usf you have any challenges signing uparessing the page once you have
signed up by emailingath@ CreositySpace.com
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http://www.creosityspace.com/
mailto:Kath@CreositySpace.com

Science Safety and Behavior Contract

| know the class emergency plan

7 If anything happens, the first thing you ne
to do istell the teacher

1 If something dangerous happens, we will
walk outside into the hall to make sure
everyone is safe.

| will follow directions

1 Make sure that you know what to do befor
you do it. Ask any questions BEFORE yo

begin. ? ﬂ

| will wear goggles if amtold to

| will tell the teacher ifl have
an accident or injury

7 Evenif it seems small, please let the teac
know if an accident or injury happens.

| will listen carefully

I understand | will be removed from the science
activity area by the teachef | am preventing others
from learning

| will not touch any materials unless
| have been given permission

| will wash my hands after
science activities

=.

| will not eat, taste, drink, or inhale
anything we use in science

I have read the attached safety rules and have been present when they were discussed in class.

Student's Name

Date

| have read and discussed the laboratory safety rules with my child.

Parent signature

Date

This student has allergies/sensitivities to:




Topic Introduction Tools

Phenomenon, Big Ideas, and Topic Bundle

How can you use solar energy, or the sun in general, to solve a challenge in your life?
T126 Oy ¢S dza$sS ddzy Qa prgofeNEe G2 az2t @S
2

KS
T DA@GSY 9 NIKQa fAYAGSR NBaz2dz2NOSasxs K2g Oly

renewable sources of energy?

In thisunit studentslearn about all the ways the sun provides us with energy and information.
They then use that knowledge to detena solutions to a variety of challenges

KWHLAQ Tools

KWHLAQ char{&now, want, how, learned, action, questioas a great way to get students
thinking about a topic area. Depending on your students you may choose to complete the chart
as a class with you leading the discussion or have the students work together in small groups.

A couple possible starting promatse:

1 How does thesunhelp us every day?
1 What are differensources of energy?
1 What do | wonder about renewable energy?

What do | What do | HOW do | What have | What What new
KNOW? WANT to find out? LEARNED? ACTION will | QUESTIONS
know? | take? do | have?
\. A L J,L J\_ I, J,
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A couple possible themes for PICs are:

 DevelopamodeltoexplabA F FSNEBy U ¢l e&a GKS adam@si Sy SNHe@
and people.

f 5S50St2LJ  Y2RSft (2 a4K2g K2g GKS adzyQa SySN
(Note: A PIC is a great way to create a model of a concept that students can use as a
reference throughout the unit.)

e Electron

\ <% Sunlight

N =y
2 =

Introductory Vides

1 http://video.nationalgeographic.com/video/alternatremergy(2:48 min) A short
introduction to renewable energy (focus on solar energy, biofuels, and wind) by National
Geographic

1 http://energy.gov/eere/videos/energ¥0l-solarpv (2:00 min) A general introduction to
solar electric energy.

1 https.//www.youtube.com/watch?v=x4CTceusk®D4 min) The first 1:25 min of this is a
good general introduction to solar energy with a focus on solar electric energy. The last
40 sec is a plug for BEP, so you might want to stop it before that.
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http://video.nationalgeographic.com/video/alternative-energy
http://energy.gov/eere/videos/energy-101-solar-pv
https://www.youtube.com/watch?v=x4CTceusK9I

WhatDo You S2e? WhabDo You Know? WhatDo You Want to Know?

Here are some sample pictures you would use #ihat do you see? What do you know? What
do you want to know®exercise with th&sunCatchersunit.
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Introductorylnvestigation

Teacher Guidance

Prior knowledge expectations

It is assumed that students will have some general understanding of the ability of the sun and
other light sources to heatp surfaces from-RS31,2 and also some general understand of
meauring and quantifying temperature fra¥PS14 and 3ESSA. If not, this investigation can
proceed aslescribe but may take additional time or require additional group discussion and
reflection.

The light from the sun produces
design

Some Like It HOTI!

Procedure:
alot of heat and we can

1. Make sure you have bath dark and light eraft sticks.
products, machines, and materials that can use {or

deflect) that heat in many dif ferent ways. Here is an

activity to explore that idea.

Materials needed:
+ Craft sticks (or similar)
+  Black paint or black marker
= Aluminum foil or white paint
+ Infrored (IR) thermometers
»  Light sources

Using an IR Thermometer

IR thermometers are a fun and easy

2. Using one light source at a fime, shine the different
light sources on the craft sticks and use the IR

thermometer to measure the temperature.

3. Youmay need To wait a few minutes for the
temperature to stop changing. You may want ta do

the dark and light sticks separately.

way fo measure temperature.
You ju

want to measure and pull the trigger
The object's temperature will then
appear on the screen.

Before going to the activity, test out
the IR thermometer by measuring the
temperature of some objects in the

room.

Be careful not to shine it in anyone's eye!

st point the IR thermometer at
the object whose temperature you

4. Record your results in the table on the next page. Be

p— sure to include the light source you used.
a .-
Trigger

IR thermometer

ssssss

Expectedange ofstudent esponses

Data collectiorg Student data collection should show that the darker objects become warmer

GKFYy GKS fA3IKGSNI 262S00ad LF GKAA A& y20 GKS
GKSNXY2YSGSNI O2NNBOiltesx GKSe& FINByQi @apokiGAy3a €2

they are using too hot or too cool of a light sougaghich could make the difference between
dark and light harder to measure.

Conclusiong Student responses may vary but some guidance is provided below:

1 Light sources that are LED based or lowattage typically generate less heat. Lighter

colors should be cooler than darker colors when exposed to the same conditions.

1 Based on this information we should wear light clothes or use LED lights or low light
levels if we want things to stay cool.
1 Ba®d on this information we should wear dark clothes or use incandescent light bulbs or

high light levels if we want to heat things up.
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