Four different

experiments to analyze

CER Practice A

Your mom is in the process of building a new restaurant. She needs to buy equipment to cook the
food. She looked at different frying pans made out of other materials. A good frying pan will transfer
heat quickly from the stove burner to the food allowing the chef to control the cooking process.

You decide to do a test to investigate heat flow through different materials. You connect to beakers
using the same material. One beaker contains hot water, and the other has cold water. You are
looking to see how quickly the heat from the hot water container gets transferred to the cool water

container.
Beaker A Beaker B | Beaker A Beaker B ‘ Beaker A Beaker B \
Material temp. at temp. at temp. at temp. at temp. at tamp. at
0 seconds 0 seconds 120 seconds 120 seconds 300 seconds 300 seconds
N |
PP - » 4.7 CER Practice B
Copper 90 o 64.6 Students are investigating different ways to increase the temperature of substanc
different tests, changing the volume, pressure, or heat source to see how it affect:
Stesl a5 5 89 3 of a substance. The dala they gathered is below?
Experiment 1: Keep the volume of the gas the s. nd it ase the pressure.
Glass 95 5 94.9
Time 0 sec- Jl:ﬁ ; ) 1__ :l:::“ﬁ
Which material should the pan be made out of? r - - 1T
Pressure (atm) I 1.5 prd 2. 5
Temperat _I C
| 6K SR | 47 ] 59 745
E. nen | Keep nress. «+12 gas in the container the same and increas
- AT . Time 15 Time 30 Time 45

Timy  seconds soconds saconds soconds

|  volume - 3.5 4 4.5
fempersiure | 208 348 397 447

Experiment 3: Keep the volume of the gas the same and increase the heat on the
gas burner on high.

Time 18 Tirme 30 Time 45
soconds seconds seconds

tempaerature of 425 425 425 425

flame burnar
(*K)

Time 0 anconds

Temperature 100 185 245 300

(*K)

Is adding heat the only way to increase the temperature of a substance?
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Four different

experiments to analyze

CER PracticeC

Parker is an avid backpacker. They have done many hikes along the California and Oregon coast.
A friend invites them to go camping with them in the Eagles nest wilderness outside of Denver. On the
first night of the trip, Parker is in charge of making pasta for dinner. The goal is to eat dinner, clean up,
and put things away before it gets dark. The sun sets at 8:00 pm, and from their previous camping
experience, they know it takes 30 minutes to cook pasta when camping on the coast. They start
making dinner at 7:00, leaving 30 minutes to eat and clean up before the sun sets. Al 7:45, they notice
that the pasta is still not done. They are confused as to why it is taking so much longer, especially
since the walter started boiling sooner than it did on their coastal trips.

CER Practice C

Bodng Poant j0C)

Temparature (oC)
4

:at is the effect of altitude 4

S ature (el

Meitir
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Coastal camping Temperature Change of Water at 1,600 m altitude (0.5 atm)

—_— = =
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Energ  esonm: ent lorms. Grav potential energy i
in a suostance bs ~aon . catice Lo cenc |, is the energy of
eneroy . 2for o ofk ~d chen. nergy is the energy stored
na ak =ne ~wnstar’  changes from one form to another, b

a closed system | ins the same.

i axper t below, a 10 kg cylinder is used to cause the stirrer |
linder's gravitational potential energy is converted into kinetic &
L e kinetic energy of the stirrer is then converted into thermal e
water temperature.

What is the relationship between the gravitational potential energ
temperature of the water?

10 kg Cylinder | Sravitationa Hmr;r Starting Final te
Height (m) of the cylinder (J) temperature (=C) .
100 m 9000 & 2
- 29,400 25 3
580 m 49,000 25
700 m 68,600 25 4
—— 88,200 25 4




One-page background
iInformation sheet about the topic

Thermal Energy Background Information

Phase Changes

When heat is added to a substance, the particles inside are energized, and their kinetic energy increases. As
their kinelic energy increases, the substance changes from one state 1o another. For example, water in a solid
state is called ice. The particles in an ice cube strongly attract each other, which keeps them packed tightly
together. As heat is added, the particles gain more kinetic energy. This helps weaken their attraction, and they
start to separate from each other. They will continue to separate until they can slide past each other. When this
happens, the ice becomes liquid water. This process is called melting. If more heat is added, the particles will
continue to gain energy. This weakens the attraction and causes the particles to pick up speed. Eventually, they
move so fast that they collide with each other. The liquid water turns into steam. This process is called
vaporization. (When vaporization happens at the surface of the liquid, it's called evaporation. When vaporization
occurs throughout the liquid, it's called boiling). Sometimes, the pariicles increase their energy so fast *at they go
directly from a solid state to a gas state. When this happens, it's called sublimation. Frozen carbond = e,
otherwise known as dry ice, does this.

The opposite happens when heat is removed. Their kinetic energy decreases. | ample e parlices in
steam are moving super fast and collide with each other. © = pariicles - * little el oo to ther. The
particles slow down as heat is removed and the substanc. cools dov . (IS . Se5 200 At antually,
they get close together and start sliding past each other. W~ this | penr< -ieam b s liguid water.
This process is called condensation. If the particles co e low . wigir enorgy dec: -ases even more.
The attraction between them becomes greater At sor - boini. oy bo o0 e s0 = cled to each other that they
huddie together and become packed in. Th. dwe  fumns ice. =55 is called freezing.

Gas Laws

All g2===_non the su nce, ob . specific laws. These laws help explain how gases will behave when

pras na, | erature, . of particles change. Charles’ law is known as the temperature-volume
chis las o onlas @ relations. .. vetween temperature and volume when pressure and the number of

particles of the =ubst: are kept the same. Temperature and volume are directly proportional, so if one goes up,
suoastheo If the .emperature increases, the volume will also increase. This law can be expenenced with
ba T on .day. Boyle's law is known as the pressure-volume law. This law explains the relationship
bet v cwsure and volume when temperature and the number of particles of the substance are kept the same.
Fres. and volume have an inverse relationship, so if one goes up, the other goes down. If the pressure
increa the volume will decrease. Gay-Lussac's law is known as the pressure-temperature law. This law
explain. (ine relationship between temperature and pressure when volume and the number of particles of the
substance are kept the same. Temperature and pressure are directly proportional, so if one goes up, so does the
other. If the temperature increases, the pressure will also increase.

Thermal energy

Thermal energy is also known as heat energy. It is the energy in a system that is dependent on temperature. It
results from the kinetic energy of all the particles in a system, including the distance between the particles and
their attraction. Substances in a liquid state have more thermal energy than those in a solid state because they
have less attraction and higher kinetic energy. Heat transfers thermal energy from a substance of higher
temperature to a substance of lower temper. Heat always transfers from greater thermal energy to lower thermal
energy.
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Multiple Formats to Choose From to
Help Students Write Their Claim,
Evidence, Reasoning

Claim, Evidence, and Reasoning
Claim
tion. It states what you think. It is Wﬂ“l‘l'lJ

g academic language. There should be

D help you write your claim statement

Evidence

bbservations, measurements, or quotes
les. Information should come from the
a lab.

help you write your evidence statements

-l F —_— '
_ sonin

s
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Grading Rubric and Student
Self-Assessment Check List

CER: SCIENTIFIC EXPLANATION
Grading Rubric

d z L]

Claim is LClaim is partally
Claim is accurate and N MO Clai 5
compiete accurate but not BCCUrabe of Claim is inaccurate

elEed
compiela Complate

Provides

Provides appropriata and .
gullicien! evidence thal Prm-uu::& appmanam but
includes rr:eaauhranfl"ﬂs auﬂ;ﬂ;rc'?;lam eviuér:sc; _:E':::Jmt nappropriata Mo evidence is
= mr:,:::i;jﬂn;m evidence 1o the ciairm or also El‘:ﬁ?;ﬁ“ﬁ: T E""Tnmlif:lﬂw ER self-assessment
interpreted 1o support the suppor] . Ichudes claim
claim claim inappropriate

e

Priomucies

Explains Explains why the i why T
Explaing cormactly, using | cormstily why th ewidencs s evidence is ) h I
scaentific principles, why Envatiencn ig ncluded and how i 'n':l“'de'j_ﬁ nowl | Mo rea_.s;mmg = t e quait on
the evidenca is included | included or how | supporis the claim, BUDPOrS -|'|-E'h|:.IE||r-1 ghven o I||:|k 'rha
and how it supports tha il supports tha hreeirvar Some of S b;.' r:"'j wc!-n:cc o e
clairm claim but nol fhe TEASOMING IS S s E E“ﬂn

NEBeS:CH -]
bath incorrect "
MG O TR

The writing s easy o Thee wiriting I The writing is hard
Tihe writ s h
folices with lots of easy o follow 1o followy with only io 1:-"-:'-:3:1h ie
academs language and with lols of Sormiy Gty details. Contains & with ng o I
datails. Containg no details and a few Containg some )

@S
lot of grammas of '
grammar or spelling gramemar or grammar of

TFHTS
" spalling ] 5
ETOrS spalling amors spalling armors i

The waiting is
hand b fiol

| li r nes from (according to the ¢

d in the data table or graph

en appropriate

supports the claim

mportant

ence

Mechanics

O No spelling errors
0 No grammar errors

] Easy to read
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Digital or Print
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Example Write-Ups for All
Four Experiments

Possible answer for CER Practice A

resilience to drought?

Question: What is the relationship between plant diversity and an ecosystems

Claim:
The relationship between plant diversity and the res

Possible answer for CER Practice B

ecosystem to drought is directly proportional.

Question: What is the impact of the crown-of-thorns starfish on the
acosystem?

Claim:

According to the graph, as the plant species beca
increased from 1 to 20, the resistance to drought ing

The crown-of-thorns has a negative impact on the ecosystem, espe
on the invertebrates.

than 1 to almost 4.

Possible answer for CER Practica C

Evidence:

he first tan yi *he
d 2010 1,000 Durin

pulation of crow
at same period,

Question: What is the impact of human development on an ecosyster?

. at fram 308 59 the population @
I Irw :ld s Frotii 10 to 50 years, th
«1 penulation tom 1,000 to 300. The stag

Claim:

Human development can have a negat’

Evidenca:

According to t
around 50 to 3,

raph ' Lbits saw an increase in pof
4 wne first five years. When hu
the area and sta developing it, the popupeoplean
375 to 250 in the | five years. During the last five ye
human population doubled, the rabbit population decli
The diagram shows that rabbits eat grass and foxes a

Reasoning:

| know that organisms in an ecosystem interact, and a
show a model of that interaction. When one organism
affected by an outside source, the other organisms ca
In this case, a decrease in the rabbit population could
impact the fox and hawk population. Therefore, | kno
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cre e and was pretty much gone by ye
~usystem also decreased, with the alg
most. The sponges went from a little ove

=i ST Srounic S 10 ano B S8 Wi

Possible answer for CER Practice D

Question: Which human interaction, hunting or logging, creates @
significant impact on the forest ecosystem?

Claim:

Logging creates a more significant impact on the forest ecos
hunting.

Evidence:

According to the data tables, when there is no hunting or log
number of organisms holds steady, with trees maintaining a g
1,100, mushrooms 12,000, deer 900, and beer 200. When h
allowed, the deer population drops to around 200, the rest of
organisms increase with the bear increasing to 300, the trees
and the mushrooms to 13,000 after 20 years. When logging i
all of the organisms decrease. The mushrooms drop to 100,
1, and the bear to 50 by year 20. The trees disappear by the




Teaching STEM Ihrough Inquiry .

Thank You Giving Back

Thank You for taking the time to visit my store Cancer affects not only the person but
and downloading one of my products. | hope you everyone they know. A portion of the
find this resource a useful tool for your proceeds of this product are going to the
classroom. | appreciate your support and look organization LLS which helps to fund
forward to your feedback. treatments and find a cure.

Have a Question?

| do my best to insure that this product is free from issues and mistakes. However, Sometimes links
change and mistakes are missed by even the best editors, if you are experiencing any issues with this
product please contact me first at kristi@adventuresinistem.com

Grab the FREE guides

Grab the free guides (flipped classroom guide / 5E model guide) to help empower students
and then receive weekly tips, strategies, ideas, and freebies delivered right to your inbox.

THE FLIPPED
CLASSROOM
GUIDE

dagppgriingeryey b TR

:..-" r-w.a:" J-Llii-lll.r'.-
5E Model

Terms of Use

The purchase of this resource entitles the purchaser to share with
students, print, photocopy for single classroom and personal use only and
may not be put on the internet, sold, or distributed in any form. If you
would like to share this with your colleagues, please purchase multiple

licenses from the product page on Teachers Pay Teachers. Pﬁxﬂ)ﬂy

Special Thanks

Copying any part of the product and / or placing it on the internet in an oL ATV
unsecured platform (school sharing site, school website, personal 00 HHWE mmm
website...) is strictly forbidden and is a violation of the Digital Millennium Lﬁvﬂ"hlﬁ_
Copyright Act (DMCA) -
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https://adventuresinistem.com/5e-model-guide/
https://adventuresinistem.com/flipped-classroom-guide/
https://www.teacherspayteachers.com/Product/Toolkit-for-Google-Drive-Digital-Resources-Distance-Learning-2203339

Using Digital Products?

If you are new to using digital lessons than | recommend to check
out my blog post that contains the most frequently asked
questions. Click the picture for the link.

Digital Eg?ebuu
Digilal Readings

| would also recommend checking out my Google Slide videos that
demonstrate how to drag and drop pieces, write in the text boxes,
add objects, and more. These are short videos that can easily be
shared with students and parents. Click the picture for the link

" Google Slides Tools

Using the line tool, Using arrow tool, Adding pictures,
Adding Video, Adding audio, Adding a text box, Using hie
explore tool,Dragging and dropping objects, Iyping in the

text box, Using spell check, Inserting a table....



https://adventuresinistem.com/using-digital-notebooks-and-digital-readings-in-the-classroom-faq/
https://www.teacherspayteachers.com/Product/Google-Slides-How-to-videos-for-using-the-tools-in-slides-Distance-learning-2469023?st=4a22513a735e6b826f000a40a521d4dd

Teaching
CER In
Science

”“'H-I-'Ff"lr-—u. “""'l'-l‘-cr;.-_,,t

-

Help students master CER with these simple steps. Watch the video!

el Digital and Print

CER CER BUNDLE

Crime Scene
Investigation

Analyze Police Report and
Forensic Eﬂdum

experiments to analyze,
Writing Support, Grading Rubric

Practice Activities

Get started with CER with Save money and grab the
this Crime Scene bundle
Investigation



https://www.youtube.com/watch?v=FynTUuD70Zw
https://www.teacherspayteachers.com/Product/Claim-Evidence-Reasoning-Activities-25-CER-practice-lessons-Back-to-School-8228121
https://www.teacherspayteachers.com/Product/Claim-Evidence-Reasoning-Practice-Solve-the-Case-CER-Activity-Back-to-school-7091000
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