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Lead Information Packet
Module 2: Thermal Transfer
6" Grade

This document is not intended to give you all of the information you need to lead the module. It is only intended
to be a reference during the module. You can find the complete instructions at scitrek.chem.ucsb.edu/module as
well as the notebook and picture packet used during the module.

Important Things to Remember During the Module

1. You are responsible for keeping track of time in the classroom and making sure ALL activities run
smoothly. There will be a time card in the lead box with suggested times to start/stop each activity.

2. You are responsible for keeping volunteers and students on track.

3. Walk around during times volunteers are working with students, and help struggling
groups/subgroups/teams.

Types of Documents:

Notebook:
One given to every student and is filled out by the student. The lead will use a notebook to write
in as an example for students. The notebook the lead uses is referred to as the class notebook in
these instructions.

Notepad:
One given to every group and is filled out by the volunteer. In these instructions, the examples are
narrower and taller than the notebook pages.

Picture Packet:
One per class that, if needed, the lead fills out. In these instructions, the examples are the same
size as the notebook pages but are labeled.

In these instructions, all other example documents are labeled.

Day 1: Analysis Assessment/Observations/Variables

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Analysis Assessment (SciTrek Lead) — 15 minutes
Observation Discussion (SciTrek Lead) — 5 minutes
Observations (SciTrek Volunteers) — 19 minutes
Variable Discussion (SciTrek Lead) — 5 minutes
Variables (SciTrek Volunteers) — 12 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:
1. Make sure volunteers are writing their name and group color on the whiteboard.
2. Make sure volunteers are passing out nametags.
3. Make sure volunteers are setting up for the initial observation.
4. Set up the document camera for the analysis assessment and class question (notebook, front cover).
5. Set up the lead set-up.


http://www.chem.ucsb.edu/scitrek/module
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a. Place a graduated cylinder, beaker, scale, weigh boat, stir plate, and stir bar on a tray to
show/demonstrate during the observation discussion.
6. Pass out the analysis assessments.

Introduction: (2 minutes — Full Class — SciTrek Lead)

e Allow volunteers to introduce themselves.
e Introduce the module.

Analysis Assessment: (15 minutes — Full Class — SciTrek Lead)

e Questions 1-3: Have students underline controls, circle changing variable(s), and box information about
data collection, on the results tables. Then, have students answer the questions about each results table
and possible conclusion.

e Passout clear rulers to students.

e Question 4: Have students annotate the graph by underlining the controls, circling the changing variable,
and boxing information about data collection, in the title, axes titles, and legend.

e Have students answer questions 4b-4f on their own.

e Collect assessments and rulers.

Observation Discussion: (5 minutes — Full Class — SciTrek Lead)

e Have volunteers pass out notebooks.
e Have students fill out the front cover of their notebooks.
o They will not fill out their subgroup number, team/subgroup symbol, or class question.
e Review the definition of an observation (a description using your five senses).
e Ask students, “What is a chemical reaction?”
o A process in which one or more substances are altered into one or more different substances.
e Ask students, “How might you know if a chemical reaction has happened?”
o Temperature change, formation of a gas, color change, etc.
e Introduce class question: “What variables affect the temperature change of the chemical reaction?”
o Write the class question on the front cover of the class notebook, and have students copy the
guestion onto their notebook.
e Demonstrate the equipment we will use in this module:
o Show how to tare the scale, using a weigh boat.
o Show how to use the stir plate and stir bar.
o Show how to use the thermometer.
= Discuss the max/min function.
=  Remind students to close the thermometer, to reset this function.
e Have students move to their groups.
o If astudent does not have a nametag, identify the group color with the least number of students
in it and write the student’s name on one of the extra nametags in the lead box using that color of
marker.

Observations: (19 minutes — Groups — SciTrek Volunteers)

e Make sure volunteers are not telling students the common names of the substances

o We will not call them salt or baking soda—only sodium chloride and sodium hydrogen carbonate.
e  Walk around and help groups who are struggling.
e Make sure groups are moving along and only spending ~7 minutes on the experimental set-up.
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e |f students ask what the temperature change would be in Fahrenheit, you can tell them, a temperature
change of ~9-10°C, corresponds to a change of ~16-18°F.

OBSERVATIONS
Experimental Set-Up: OBSERVATIONS
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Variable Discussion: (5 minutes — Full Class — SciTrek Lead)

e Have groups share what they did/learned.
o They pour three different solids into water. Bubbles were produced and the solution got warmer.

They using the initial temperature and max temperature they were able to calculated the
temperature change of the reaction.

e Have students discuss how they know a chemical reaction occurred.

e Review the class question: What variables affect the temperature change of the chemical reaction?

e Review the definition of a variable (something in an experiment that can be changed).

e Explore one possible changing variable with the class and have students share how and why this variable

might affect the temperature change.

Variables: (12 minutes — Groups — SciTrek Volunteers)

e  Walk around and help groups who are struggling.

e Make sure volunteers are having their group come up with three possible variables, as well as how and
why these variables might affect the temperature change.

o Make sure students are generating at least one additional variable by themselves.
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VARIABLES
Variabl How will <h}hglng this variable affect the VARIABLES
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Wrap-Up: (2 minutes — Full Class — SciTrek Lead)

e Have each group share one variable with the class, as well as how and why they think this variable will (or
will not) affect the temperature change.
e Go over what students will do next session.

Day 2: Question/Materials Page/Experimental Set-Up/Procedure/Results Table

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 12 minutes

Question (SciTrek Volunteers) — 9 minutes

Materials Page (SciTrek Volunteers) — 7 minutes

Experimental Set-Up (SciTrek Volunteers) — 8 minutes

Procedure (SciTrek Volunteers) — 18 minutes

Results Table (SciTrek Volunteers) — 3 minutes

Wrap-Up (SciTrek Lead) — 3 minutes

*If there is extra time, do the claim, data, opinion extra practice (notebook, page 31)

Preparation:

1. Make sure volunteers are setting out notebooks in such a way that allows students within the same
subgroup to work together.

2. Set up the document camera for the question (notebook, page 4), materials page (lead box), experimental
set-up (notebook, page 5), and results table (picture packet, page 1).
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Introduction: (12 minutes — Full Class — SciTrek Lead)

e Review the class question as well as what students did and learned last session.
e Review experimental considerations with the class (notebook, page 4, top):
o You will only have access to the materials on the materials page.
o Ifyou are not changing stir speed, the stir speed must be level 2.
o See materials page for restrictions on experimental design.
e Design an example experiment with the class.
o For the changing variable, pick one variable (Ex: CaCl, mass; notebook, page 4).
o Show students how to write the question.
= |f we change the CaCl, mass, what will happen to the temperature change of the
reaction?
o Fill out the materials page for the example experiment (lead box).
= Read step 1 and have students tell you what to do for each bolded word (underline
controls and circle changing variables).
=  Go through the list of general materials, and check them off.
e Show students a scoopula and tell them what the tool is used for.
= Read steps 2 and 3. You should choose the control values, but let students choose the
three changing variable values.
e Remind students to pick changing variable values that are spread out.
e Write trial letters underneath the changing variable values.
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o Fill out the experimental set-up for the example experiment (only Trials A and B for the changing
variable; notebook, page 5).
= Draw an additional line under the controls list for another control and its value.
= [f students choose to change two variables, there will be one additional blank for controls.
Lead students to come up with “stir speed/level 2.”
o Read the example procedure step that includes the changing variable (notebook, page 6, top).
o Show students the filled-out results table (picture packet, page 1) and explain how they will fill
out their results tables and make predictions.
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EXPERIMENTAL SET-UP

Write vour Changing variatbels) (Exz NaCl miss) and the values (£x:2.0 ) you will use
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RESULTS
Tabile

Subgroap Symbat A

Sabgroup Corgrok [IMGC0, Maw 08 Ca), Mam

Variables TralD Trid € TriatF Triad G

Loocaloer Tens: Braker

21 L | 50 mL | 40 mL |5F mL

Picture Packet, Page 1
Note: This results table is for experiment 2,
but is only used to show students how to
represent controls and changing variables.

Question: (9 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.
e Encourage subgroups to pick different changing variables.
e Make sure volunteers are not giving advice on how many changing variables to use.

e Make sure, for the second part of the question (what you are calculating), students are specific (they

should write, “the temperature change of the reaction,” and not just “the temperature change”).

Materials Page: (7 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.
e Make sure subgroups are underlining their controls and circling their changing variable(s).
e Make sure subgroups are filling out the materials page correctly and completely.

Experimental Set-Up: (8 minutes — Subgroups — SciTrek Volunteers)

e  Walk around and help subgroups who are struggling.

e Make sure, within one subgroup, all students have the same order for their changing variable(s) values.
e Make sure all control blanks are filled out.
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Procedure: (18 minutes — Subgroups — SciTrek Volunteers)

PROCEDURE
. Procedure Note!
e Walk around and help subgroups who are struggling. Mk s 0 ek kv e RO b e o or
e Make sure procedures are concise, but still include all pprsatiitdu b y
values of the controls, and changing variable(s), as well v Measure A) 0.0 0. BI4L 3. And C) 23 0 of

as the data that will be collected and the calculation NAHCO: bn d weigh boat,
that will be performed. L _MEasurt A) 2.0, 8) 0.2 0, and C) &.9
o Students within each subgroup can vary the
wording in their procedures, as long as the
steps are in the same order and correct values
are included.

~
u

®
“

racl bn a welgh boat.

MEGSUTE 6.0 4 oF CAC: b @ weiQi boat,

a. Mix all the solids tagether L nother weigh
Lok,
. . Pouy 50 vl of water bwto a bealeey, and vecord
Results Table: (3 minutes — Subgroups — SciTrek Volunteers) et T
the wndtial tawmpernture,
_ 6. _Put 4 stir bay L the peakey, and tuon the stir
e  Walk around and help subgroups who are struggling.

speed to level 2.

o Make sure students are underlining controls, circling the v Pour the solids tnto the beaker.
changing variable(s), and boxing data collection boxes.
e Make sure control values are written in the Trial A box, 8. _RECOKA the max tevaperature, and sibtvact ko
with an arrow through the rest of the trials’ boxes, Ffndl the tevaperature chanpe,
while changing variable(s) values are written in each
trial’s box. Note: Procedure does not
e Make sure students are making predictions for which match the lead experiment 5

trial they think will produce the smallest (S) and largest

(L) temperature changes.
EXTRA PRACTICE

Wrap-Up: (3 minutes — Full Class — SciTrek Lead) Grecdone R
e Go over what students will do next session. O 2D e
Extra Time: V
o D),
® On this day there is often extra time. If so, go over page L iopebugtOenmitionds  Osn  (Gad
31 in the notebook, which gives students practice on e )
distinguishing between claim and data statements. Do & Niting Syveradus e e (opid
not do any more than page 31 of the extra practice. U -
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Day 3: Experiment/Analysis Activity
Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes
Experiment (SciTrek Volunteers) — 28 minutes
Analysis Activity (SciTrek Lead) — 28 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

1. Make sure volunteers are setting out notebooks.
2. Make sure volunteers are setting up for the experiment.
3. Set up the document camera for the analysis activity (notebook, page 8-10).

Introduction: (2 minutes — Full Class — SciTrek Lead)

e Review the class question.

e Remind students to tare scales, wipe thermometers between trials, and close thermometers after each
trial to reset the “Max/Min” function.

e Remind students to keep the lid on the calcium chloride, as much as possible.

e Tell students, “You can label the graduated cylinders, weight boats, and/or beaker, with a wet erase

maker.”
Experiment: (28 minutes — Subgroups — SciTrek Volunteers)
RESULTS
e Walk around and help subgroups who are ,“‘ Sk pri ottt wRa thewei e
struggling. P D R s
e Make sure students are: Variabes THAA Trial 8 Trale
o labeling the beakers with the wet erase B | cotutos | peker — '
pen. ¥ | mvame | Soml
o closing the CaCl; lid, when not in use. ® T s || 29
o closing, and wiping off, the thermometer, in i [ ocqg | 408 | 234
between trials. | o | 358 | 535 | 65a
o recording the maximum temperature, with | Sirsserd | 1—5:,751:—: ———
units, and subtracting to find the A | A | s e |
temperature change. H ' = - -
e Remove beakers, weigh boats, etc., as soon as & | | miea sl ¢ '
students are done with them. { [§ wewames | 2000 9.2
o Put beakers, stir bars, CaCl, weigh boats, J g
and any liquid, in the buckets. 2 I3
o Put graduated cylinders, back into their box :
o Put water bottles, back into their box. ;
o Put the stir plates, back into their box. § proami
o All other materials go into the group boxes. 18] =2 ,
e  Wipe down tables with a white rag from the lead e izl

box.
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Analysis Activity: (28 minutes — Full Class — SciTrek Lead)

SCIENTIFIC PRACTICES

o Make sure to start the analysis activity at least 25 Anclyzing & kneerpreting Duta
minutes before the end of the session. s e o e
: . L . » Comchsbor: A £LALN orted by data
e Question 1: Review the definition of a conclusion o ClamiA statement thatcan bes . Jor of the data. the fst part ot a

(claim supported by data; notebook, page 8).

e Review the definition of a claim (a statement that can
be tested).

e Read the example claim and have students tell you
the changing variable (ball mass) and circle it.

o Discuss and fill in what claims include
(changing variable).

e Review the definition of data (evidence collected from
experiments.

e Read the example data statement and have students
tell you the changing variable values and circle them
(360 g, 100 g) as well as the data values and box them
(12711 ?).

o Discuss and fill in the types of data
(measurements, and observations.)
o Discuss and fill what is also in data statements .
(changing variable). .
e Question 2: Read the directions aloud to the class.

wtan & scienitite expemmar includes g g ram i< o allcsratines

win seatomenis aho aften nckde vaum of the chialno variehle

umbons below, uncherhne camrols), crom

e fiata colbactiong Then, decide if the posstie

Trwl b Tral € Traed D

o Annotate the results table and possible conclusion by underlining controls, circling changing
variables, and boxing information about data collection.
= Annotate sections a and b as a class, then, have students try c-e on their own, while you
do them off to the side of the document camera.
o Help students decide whether the conclusion is correct or incorrect by using the following
questions:
=  What type of statement is after the ‘because’ and how do you know?
= |f the statement is data (contains a measurement or observation)
e Is this a correct conclusion? (No)
e What is wrong with the conclusion? (Claim and data switched)
o Move onto next conclusion
= |f the statement is a claim (can be tested)
e What is the changing variable in this claim?
e Is this a changing variable in this experiment? (Yes)
e [s the claim consistent with the results table?
o IfNo
= |s this a correct conclusion? (No)
=  What is wrong with the conclusion? (Incorrect claim)
=  Move onto next conclusion
o IfYes, and 1 changing variable
=  What type of statement is after the ‘because’ and how do you
know? (Data, because it contains a measurement or an
observation)
= |s the data consistent with the results table? (Yes)
= |s this a correct conclusion? (Yes)
=  Move onto next conclusion.
o If Yes, and 2 changing variables
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know? (Data, because it contains a measurement, or an

observation)

= s the data consistent with the results table? (Yes)

= |s this a fair conclusion? (No, because the change could be due to
the other changing variable.)

= |s this a correct conclusion? (No)

= What is wrong with the conclusion? (More than 1 changing
variable)
e For question 3, make sure students understand, they can only have one changing variable in order to

make a conclusion, and write 1 on the line.

SCIENTIFIC PRACTICES
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Wrap-Up: (2 minutes — Full Class — SciTrek Lead)
e  Go over what students will do next session.

Day 4: Conclusion/Technique/Analysis Activity

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 3 minutes
Conclusion (SciTrek Volunteers) — 10 minutes
Findings Discussion (SciTrek Lead) — 10 minutes
Technique (SciTrek Lead) — 15 minutes
Analysis Activity (SciTrek Lead) — 20 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

10
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2. Set up the document camera for the findings discussion (picture packet, page 2), technique activities
(notebook, pages 12-13), and analysis activity (notebook, pages 14-16).

Introduction: (3 minutes — Full Class — SciTrek Lead)

e Review the class question, as well as what students
did and learned last session.
e Review what they learned about conclusions.
o What is a conclusion?
= Aclaim supported by data
o Whatis a claim and what does it usually
include?
= A statement that can be tested, which
may include the changing variable
o What type of information can be used for
data?
= Measurements or observations
o What else do we often see in a data
statement?
=  Values of the changing variable
o Can the claim and data statements be in any
order for a conclusion?
= No, the claim must come first,
followed by the data that supports it.
o How many changing variables can we have, in
order to make a conclusion, and why?
=  One, if we test more than one
changing variable at the same time,
there is no way of telling which
variable affected the data.

Conclusion: (10 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.
e Subgroups who can make a conclusion will need more
help than those who cannot.
o If a subgroup can make a conclusion, make
sure they are making a claim, and using
specific data to support that claim.

Findings Discussion: (10 minutes — Full Class — SciTrek Lead)

e Put the Findings page (picture packet, page 2) under
the document camera.
e Have subgroups share out what they learned from
their first experiment, and record it.
o Make sure to record “only change one
variable” under Experimental Design.

CONCLUSION

Making @ Conclusion from Your Data

How many changing varlables did you have In yoor experiment? 1
1 yOU MAkE @ Comclushon from wour data D ves [Jw
IFNO
Why?
IFYES
weancanhse Tie greater the caleium chloride

vaass, the oreatey the teymperature chanoe

pecase_\AWHEwn Ehe CaCls mass was 2.2 o, the
Aa1A (rrwe e staenatiorscabadatiang)

tenperature change was 2.4°C, and when,

the Caci, mass was 9.0 g, the tevaperatiure

| , —
CRANGE WRS 13.27C.

ScifTrek Mermber Aogroval

T

FINDINGS
Experiment 1

Conchalon Semmariex

Experimaental Design:

Picture Packet, Page 2
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Technique: (15 minutes — Full Class — SciTrek Lead)

Have volunteers pass out clear rulers.

Go through the instructions for how to draw trend
lines; draw trend lines for both graphs with students.
Read, and discuss, the directions for how to interpret
trend lines, and then fill in the lines in question 1.

O

Answer question 1 as a class.
Show students the challenge with drawing a trend line
on graph 3.

O

Add “spread out changing variable values” to the
Findings (picture packet, page 2) under Experimental
Design.

Turn to page 13 in the notebook and read the scenario
aloud to the students.

Shows students how to annotate the graph titles.

O

Have students draw trend lines for, graphs 1 and 2,
independently, while you do the same off to the side of the document camera. Let

Last Revised: 4/3/2023

TECHNIQUE

Tread Lines

Make sure to use the word ‘flat,” rather than

‘straight,” when describing trend lines that

show no trend, because all lines are straight.

Put the ruler along with the points in three
different ways (showing three potentially
correct trend lines) and ask students, “Which

placement is correct?” (see examples right) 3. Olrectionis Anw Lhe ue

I the cdbrgr i drawing a trend kne o

o) Vi

Lead students to understand it is impossible

As sciy

rph!

A ™

to tell which way is correct because the points The polnks @z topelose

are too close together (answer question 2).

.%,

Do not underline solid B mass, solid C mass, or ¢ |
| |
water volume, yet. »

mm‘ I wmm. m mvu.
of 2 :

g ‘l” . 2
AR T AT A

them check their work after approximately 1 minute.

Lead students to identify the three controls in the title of graph 1, and the one

control in the title of graph 2.

Discuss with students that these graph titles are different because the scientists in
graph 1 all picked different control values, while the scientists in graph 2

collaborated to choose two of the control values.

O

@)
O

Introduce vocabulary:

= (Class Control: A control that everyone in the class has the same value for.

e  For this example, there is no class control.

= Team Control: A control that everyone in a team has the same value for, but values vary

for different teams within a class.
e Graph 2: solid B mass and water volume

= Subgroup Control: A control that everyone in a subgroup has the same value for, but

values vary for different subgroups within a team

e Graph 1: solid B mass, solid C mass, and water volume

e Graph 2: solid C mass
Label the controls under graph 2 as either “subgroup cont

rol,”

or “team contro

Label the trend lines on graph 2 with their subgroup control values.
Answer question a as a class.
Discuss with students which trend line they should use to answer question b and why.

|II
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o Walk students through using the black circle
trend line to determine the expected TECHNIQUE

Designiog Experiments

temperature change. You should predict
approximately 7°C. Tell students, “Your
prediction should be within 2°C of the class’s
prediction.”

o Discuss that trend lines allow us to make
predictions from our graphs, making them an
important tool. Write this for question b.

e Discuss which graph is more useful for making
predictions and answer question c.

o Walk students through using graph 2 to
determine the expected temperature change
(~6°C).

o Make sure students understand their predicted
trend line should fall closer to the 5.0 g trend
line, than to the 8.0 g trend line.

e Ask students, “What did the scientists do, that made
graph 2 more useful in making predictions?” Add
“choose common control values within teams” to the
Findings (picture packet, page 2) under Experimental ‘ vo
Design and use this to answer question d on page 13. e =

Analysis Activity: (18 minutes — Full Class — SciTrek Lead)

e Make sure, on this day, you get through at least page PSR PR
16, but continue onward if you have more time. ANMYENE B BaTprating Date

e Itis helpful to give volunteers copies or page 14- 17 of
the notebook and have them sit next to students that
will need extra help and fill them out along side of
them.

e Read the scenario at the top of page 14 of the notebook

Alarge gronp of schertints colbbionsted by dviding Irte s

aloud, and point out that the scientists collaborated by Contros
making water volume a class control. — P & P T o
e Have students annotate and draw/label trend lines on T o e O | eog | &
. . — e ":\,:_l o ¥ B
the team 1 graph on their own. Give them === ——e

approximately 1 minute, while you do so to the side of ] e
the document camera, then let them check their work.

e Fill out question Ia as a class. P Rk -
e As aclass, complete question 1b, which allows students x *_M R 3 J_u_,]_.f__‘
to make a prediction using one trend line. .
e Repeat this process for question 2 (notebook, page 15). : L N
o Make sure students understand, that solid B T
mass does not affect the temperature change, What experimentis) do you needto kokat!  [~eme e
and this is a valid and important finding (not a * © o 11°60

mistake).
o This time you will need to draw in a predicted

trend line halfway between the white and grey
diamonds, using a dashed line.
= Do this by drawing dots halfway between the end points of the two trend lines, then
connecting the dots.

13
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e Repeat this process for question 3 (notebook, page 16)
o Show students they can cross out number of workers, since it does not affect the power output.
o This time have students work on questions 3b and 3c on their own, while you do so off to the side
of the document camera, then let them check their work.
o Tell students, “Predictions are correct if they are within 2°C of the one in the class notebook.”

SCIENTIFIC PRACTICES SCIENTIFIC PRACTICES
Analysng & interpreting Data Analysng & intevpreting Data
¥ ot ehe Sraoly, deaw £oind Aees fur Sach experimene, 40 labe! troad hnes ote L gragly, draw Caind Mas for 0ach exper e, dred kabe! tresd s
" rol vaka niehauby trol vk
Team 3 Craph
W1 SOl A des 1oy 1
v
] 3 - A\ Centrefs
1 1 & Controis | | Somntiar | sedd A N ekt
4 { [Gowewl | SeAdA | Sowt oo MR SR
= { vkl e e o A e
b4 : — | . o | naog [T a "
e )& ¥
bl s ot b e A g
| dr
$ ? . L) Loy
v regction! @ NO
) Coe B mass affact th changy oritue of 1 ves (D) ey
I vES, d end Iy (RN 0 1he foloving sert snce frume: e LALKEASES
o Assolid B mass ncreases, the temperatire change h] ‘What terrperature chuangs windd pou eapect (0 GrouRte with the folowng ammunts)
__SoNAA Men o8 Lgeded Temserire Lange
tto caboudato with thie fidowing amounts 150"
< . 5 wh 1
sobdCMass | & i |
C)What terrprerature Chargte weould you mepect (o calcidate with the foloweng amaunty
Nhat espertment]s) do you need 10 kook at? SoAd A A r
s EDAHA Mops 28| Dgeced Tempergice npe
* @ ST T S— —~
| ScddcMass | wog | 13.5°C
What ssperiment(s) doyoa nead 10 book at?
Expsected Tarnparalucs Cenge
A
=L
15 w

Wrap-Up: (2 minutes — Full Class — SciTrek Lead)
® Go over what students will do next session.
Day 5: Analysis Activity/Discussion/Question/Experimental Set-Up/Procedure/Results Table

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Analysis Activity (SciTrek Lead) — 10 minutes

Class Plan Discussion (SciTrek Lead/Volunteers) — 10 minutes
Team Plan Discussion (SciTrek Volunteers) — 7 minutes
Question (SciTrek Volunteers) — 5 minutes

Experimental Set-Up (SciTrek Volunteers) — 5 minutes
Procedure (SciTrek Volunteers) — 14 minutes

Results Table (SciTrek Volunteers) — 5 minutes

Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:
1. Make sure volunteers know what team they will work with once students form teams.

2. Make sure volunteers are passing out notebooks and rulers.
14
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3. Set up the document camera to use for the analysis activity (notebook, pages 16-17), and class plan
discussion (picture packet, page 3).

Introduction: (2 minutes — Full Class — SciTrek Lead)

e Review the class question and show students their
findings from last time (picture packet, page 2).

e Remind students that they were learning about trend
lines and review what we know so far about solid A,
solid B, and solid C masses (notebook, page 14-16).

O

As the solid A mass goes up, the temperature
change goes down.

The solid B mass does not affect the
temperature change.

As solid C mass goes up, the temperature
change goes up.

Analysis Activity: (10 minutes — Full Class — SciTrek Lead)

e Turnto page 17, and tell students, “We will now put all
of the teams’ data together to make a prediction.”

O

Have students annotate and draw/label trend
lines on both graphs, on their own, while you do
so to the side of the document camera; then let
them check their work.
Ask students, “Why has team 2’s graph been left
out?” Possible student response: solid B mass
does not affect the temperature change.

= Cross off solid B mass in both control

charts.

As a class, determine the predicted temperature
change from Team 1’s graph.
Have students determine the predicted
temperature change from Team 2’s graph, on
their own, then share out.

e Show students how to average their two predictions to
find the final expected temperature change (for the
class notebook, this value should be 7.5°C).

Class Plan Discussion: (10 minutes — Full Class — SciTrek Lead)

e Review the Finding, Experimental Design (picture
packet, page 2) and what this means for the next
experiment that subgroups design.

e Tell students, “We are going to break into teams, to
investigate each changing variable.”

e Have students identify the changing variable that will be
investigated (NaHCOs; mass, CaCl, mass, or NaCl mass)
as well as the class controls (water volume and stir
speed).

Last Revised: 4/3/2023

4. Otractions: /
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Picture Packet, Page 3
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e Record class controls and their values (Water Volume/anything between 20 — 60 ml but between 40-50
ml is best and stir speed/level 2) on the Class Plan (picture packet, page 3).

e Have subgroups rank their top 3 choices for their changing variable. Use the subgroup fair sticks (lead
box) to allow them to select the team. Record these on the Class Plan. Make sure to have two subgroups

per team.

Team Plan Discussion: (7 minutes — Teams — SciTrek Volunteers)

e  Walk around and help teams who are struggling.
e Make sure volunteers have students write their team and subgroup symbol on the front covers of their

notebooks.

e Make sure volunteers fill out the team plan correctly and have students pick subgroup control values that

are spread out.

e Make sure students are following the restrictions for each substance and choosing values to the nearest

tenth of a gram.

TEAM SOO(UM HYDROGEN CARDOMNATE
TEAN PLAS

° OrangeL » Bl

TEAM CALCIUM CHLOMIDE
TEAM LN

o Oramds & qreea
R
o5 a -

S TN

204
Weter Ve ‘j! ral
s Lovel 2

Team Plans

TEAM SOOIUM CHLOMIDE
TLAM PLAN

o_Bluez A Gresnd

e o S g — {1 -

203G AN200

Question: (5 minutes — Teams — SciTrek Volunteers)

e  Walk around and help subgroups who are struggling.
o Make sure for the second part of the question (what you are calculating) students are specific (they
should write, “the temperature change of the reaction,” and not just “the temperature change”).
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Chargiog Yarudies (Independent Yariatia's))

For your secons
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Changing Varetée t: NAMHCOs MASS
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QUESTION
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|
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Why did your subgroup choose these viues of the changi varlable! \A/2 Spy2a

A

put oy chanaing vartable values so owr data
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I
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—lg

Experimental Set-Up: (5 minutes — Teams — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.
e Make sure within one subgroup all students have the same order for their changing variable values.

e Make sure all control blanks are filled out.

Procedure: (14 minutes — Teams — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.
e Make sure procedures are concise, but still include all values of the controls and changing variable, as

well as the data that will be collected and the calculation that will be performed.

o Students within each subgroup can vary the wording in their procedures, as long as the steps are
in the same order and correct values are included.

Results Table: (5 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.
e Make sure students are underlining controls, circling the changing variable, and boxing data collection

boxes.

e Make sure control values are written in the Trial D box with an arrow through the rest of the trials’ boxes,
while changing variable values are written in each trial’s box.

e Make sure students are making predictions for which trial they think will produce the smallest (S) and

largest (L) temperature changes.
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PROCEDURE
Procedure Note:
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Wrap-Up: (2 minutes — Full Class — SciTrek Lead)

e Go over what students will do next session.

Day 6: Experiment/Graph/Conclusion

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 8 minutes

Experiment (SciTrek Volunteers) — 24 minutes

Graph (SciTrek Volunteers) — 18 minutes
Conclusion (SciTrek Volunteers) — 8 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

Make sure volunteers are setting out notebooks.

1.
2. Make sure volunteers are setting up for the experiment.
3.

Set up the document camera for the Introduction (picture packet, pages 1, 4, and 5; notebook page 23).

Introduction: (8 minutes — Full Class — SciTrek Lead)

e Review the class question, as well as what students did and learned last session.

e Use the checklist (picture packet, page 4, top) to go over how to graph results.
o The filled-out results table used to make the graph is on page 1 of the picture packet.
o Talk students through the process of completing their graphs (picture packet, page 4).
o Show what the completed team graph should look like (picture packet, page 5).
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e Review the definition of a conclusion (a claim supported by data).
e Have students generate a conclusion from the data, using subgroup (A) data (picture packet, page 5).
o We can conclude the greater the water volume, the smaller the temperature change because
when the water volume was 21 mL, the temperature change was 12.4°C (biggest) and when the
water volume was 57 mL, the temperature change was 6.1°C (smallest).
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o Tell students, “When you make your conclusions, you will use your entire team’s graph to come up
with a claim, but you will use two specific data points, from your own subgroup data, to support
the claim.”

Remind students to tare scales, wipe thermometers between trials, and close thermometers after each
trial, to reset the “Max/Min” function.
Remind students to keep the lid on the calcium chloride, as much as possible.

Experiment: (24 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.
Make sure students are:
o labeling the beakers with the wet erase pen.
o closing the CaCl, lid, when not in use.
o closing, and wiping off, the thermometer, in between trials.
o recording the maximum temperature, with units, and subtracting to find the temperature change.
Remove beakers, weigh boats, etc., as soon as students are done with them.
o Put beakers, stir bars, CaCl, weigh boats, and any liquid, in the buckets.
o Put graduated cylinders, back into their box.
o Put water bottles, back into their box.
o Put the stir plates, back into their box.
o All other materials go into the group boxes.
Wipe down tables with a white rag from the lead box.

Graph: (18 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.

Make sure students are writing the numerical value of the temperature change above the points for their
own subgroup’s data.

Make sure students are graphing the data for the other subgroups in their team (do not let them label
these points).

Make sure students are drawing trend lines for each set of points.

Conclusion: (8 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.
Make sure subgroups are generating a claim (ideally the claim will allow them to make a prediction about
future experiments), and using two specific data points to support it.
o Subgroups will be using calculations as their data; make sure they are including numerical values
in their data statements.
o Do not let subgroups reference trial letters in their conclusions.
Volunteers struggle with conclusions, so you should check at least one conclusion from each team.
Make sure students fill out the sentence frame (notebook, page 23), I acted like a scientist when.
If there is time, students should use their team graphs to fill out the Team Predictions (notebook, page
23).

Wrap-Up: (2 minutes — Full Class — SciTrek Lead)

Ask students the following questions:
o How did you act like a scientist during this project?
o What did you do, that scientists do?
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Day 7: Poster Making/Poster Presentations
Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Poster Making (SciTrek Volunteers) — 25 minutes
Practice Posters (SciTrek Volunteers) — 5 minutes
Poster Presentations (SciTrek Volunteers/SciTrek Lead) — 26 minutes

Wrap-Up (SciTrek Lead) — 2 minutes

Last Revised: 4/3/2023

Note: Timing is tight on this day. It is possible the class will only get through two of the three presentations during
the allotted time. In this case, the teacher will need to lead the third poster presentation, outside of SciTrek time,

before the next SciTrek session.

Preparation:

1. Make sure notebooks have been highlighted, stickered, and numbered. If not, use the poster diagram
page to have volunteers do this before starting SciTrek.

2. Make sure volunteers are setting out notebooks.

3. Set up the document camera to use for the Notes on Presentations (picture packet, page 6).

Introduction: (2 minutes — Full Class — SciTrek Lead)

e Review the class question, what students did and learned last session, as well as what they will do today.

Poster Making: (25 minutes — Subgroups — SciTrek Volunteers)

e Notebooks will have already been highlighted, numbered, and stickered. If a student is absent have the

volunteer give that students notebook to another student to fill out the part. During the presentation the

present student will have two notebooks to read out of.
e Make sure the students in each subgroup who is presenting a results table, has completely filled out the

sentence frame sticker in their notebook.

e Make sure the students on each team who are presenting the Experimental Set-Up: Specific, Procedure,

and Graph: General, have fill out the stapled
sheet in their notebooks.

e Make sure the student that is presenting the
Results Graph: Specific knows how to orally fill in
the sentence frame with their data points.

o The Ways we Acted Like Scientists poster part can
be filled out by one or multiple, student(s), as
long as they have finished their assigned poster
part first.

o Help volunteers glue poster pieces onto the
posters. When gluing, make sure you or the
volunteers (not the students) are gluing the
poster in the exact order that is shown on the
diagram and the poster has a landscape
orientation.

Poster Diagram
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Practice Posters: (5 minutes — Subgroups — SciTrek Volunteers)

e Do not give students more than 5 minutes to practice or you will run out of time for presentations.

e QOrganize posters so they are presented from easiest to understand, to hardest to understand (suggested
order: NaHCO3 mass, CaCl, mass, NaCl mass).

e Make sure students are reading from their notebooks, and practicing the poster in order: 1) scientists’
names, 2) question, 3) experimental set-up: general, 4) experimental set-up: specific (staple sheet), 5a)
results table o (sticker), 5b) results table A (sticker), 6) procedure (staple sheet), 7) graph: general (staple
sheet), 8) graph: specific (sticker), and 9) conclusion. They will not read the Ways we Acted Like Scientists
from their posters.

Poster Presentations: (31 minutes — Full Class — SciTrek Volunteers/SciTrek Lead)

e Have students present their posters.

e While posters are being presented, record each e e
team’s changing variable values and their data
(picture packet, page 6) while students do the same
(notebook, information on page 24 of their PSE——— .
notebooks.

o After a team reads their question, stop the
presentation and have the class identify the
changing variable. Then, record it in the
picture packet. Renging Varisbia

o When a team reads their results graph:
specific, record the values of the changing
variable and their measurements. Sumnary;

e After each presentation, ask students: CEACREMITUYA. Ghangl

o What questions do you have for this team?

= Have students take approximately 30 S .
seconds to write down one scientific T o
guestion to ask this team. Then allow wmportire changs (€}
them to ask questions.

e Once students have asked their questions (make sure
each student answers a question; you should ask at
least one question per presentation), have students

B Chunpe 1) lempersty

Summary: T

Sammary: |

summarize what they learned and record it (picture Picture Packet, Page 6
packet, page 6); while students also record the
summary (notebook, page 24).

e Students will not record information about their own team’s poster presentation.

e After all presentations are over, have students tell you the variable values they would select to cause the
largest temperature change.

Wrap-Up: (2 minutes — Full Class — SciTrek Lead)

e Tell students, “The mentors who have been working with you are undergraduate, and graduate, students,
who volunteer their time so you can do experiments. This is the last day you will see your volunteers, so
we should say thank you and goodbye.”

e Have students remove the paper parts of their nametags (which they can keep) from the plastic holders
and return the plastic holders to their volunteers.
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Day 8: Analysis Assessment/Draw a Scientist/Tie to Standards/Content Assessment

Schedule: You are responsible for BOLD sections

Analysis Assessment (SciTrek Lead) — 10 minutes
Draw a Scientist (SciTrek Lead) — 5 minutes

Tie to Standards (SciTrek Lead) — 50 minutes
Content Assessment (SciTrek Lead) — 5 minutes

Preparation:

1.

If the teacher is not leading the tie to standards activity, do the following:

a. Ask the teacher if they completed the SciTrek final survey. If not, give them the QR code from the
lead box and ask them to go to the website (at a later time), and fill out the evaluation of the
program.

b. Give the teacher an extra notebook and have them fill it out with their students, to follow along
during the tie to standards activity.

c. Collect the teacher’s lab coat, and put it in the lead box.

If you are a teacher and have not completed the SciTrek evaluation of the program, take the QR code
from the lead box, and fill out the evaluation of the program, at a later time.

Pass out the analysis assessments and notebooks.

Set up the document camera for the tie to standards activity (notebook, pages 25-30; picture packet,
pages 7-9).

Set up the temperature change demonstration (just like Day 1 experimental set-up).

Put your lab coat in the lead box at the end of the day.

Analysis Assessment: (10 minutes — Full Class — SciTrek Lead)

Questions 1-3: Have students underline controls, circle changing variable(s), and box information about
data collection on the results tables. Then, have students answer the questions about each results table,
and possible conclusion.
Pass out clear rulers to students.
Question 4: Have students annotate the graph, by underlining the controls, circling the changing variable,
and boxing information about data collection in the title, axes titles, and legend.
Have students answer questions 4b-4f.
Have students answer the attitudes about science questions.
Collect assessments.

o Leave clear rulers for students to use during the tie to standards activity.

Draw a Scientist: (5 minutes — Full Class — SciTrek Lead)

Pass out the Draw a Scientist page.

Give students exactly 4 minutes to draw a picture of a scientist.

If the students drew a specific person, have them write who they drew on the line at the bottom of the
page. Have them leave it blank if it is just a general person/picture.

Collect assessments.
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Tie to Standards: (40 minutes — Full Class — SciTrek Lead)

Class Findings (3 minute)

Last Revised: 4/3/2023

e Review the class findings, from the poster presentations from last session, and record the answer in

question 1 (notebook, page 25).
Variations in Data (6 minutes)

e Discuss, with students, why scientists perform
multiple trials and write the answer in question 2
(notebook, page 25).

e Introduce the median and range, as well as calculate
both for the data given on question 3 (notebook, page
25).

o Tell students, “The data in the table is actual data |
collected after performing one trial of the class
experiment five times.” Discuss what this means, and
record it for question 4 (notebook, page 25).

Predicting Temperature Change (10 minutes)

e Tell students, “The SciTrek lab did several
experiments similar to yours, but we performed each
trial three times, and graphed the median results,
these graphs are shown on page 26 of your
notebooks.”

e Ask students, “Why has the graph for NaCl mass been
left out?” and record the answer in question 5.

e Annotate graph 1, and draw/label trend lines, as a
class.

e Ask students, “Is graph 1 consistent with the class
findings?” and circle YES.

e Have students annotate graph 2, and draw/label
trend lines, on their own. Then let students check
their work.

e Ask students, “Is graph 2 consistent with the class
findings?” and circle YES.

e Have students use the graphs to make predictions
about the temperature change of the reaction for the
given amounts.

o Forgraph 1, they will use the X trend line.

o Forgraph 2, they will have to draw in a
predicted trend line between the 0 and A
trend lines.

e Show students how to find the temperature change
halfway between the two predictions, and write it in
the Expected Temperature Change box.

o If one predicted temperature change ends in
‘.5’ and the other ends in “.0,” the average
would technically end in .25.” Use a money
example to help students understand this,
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then round to ‘.3,’ since masses are rounded
to the nearest tenth.
Perform the experiment, have students record the
initial temperature and maximum temperature then do
the subtraction to find the temperature change in the
table on page 27.
Answer question 8, by subtracting the predicted, and
actual, temperature changes (start with whichever
temperature change was larger).
Discuss with students whether the prediction was correct
o Circle YES, for question 9, if the answer to
guestion 8 is less than 1.2°C (the accepted
range of variation).
Discuss whether temperature change in a reaction is
predictable, or not, and answer question 10.

Why Temperature Changes (14 minutes)

Have students fill out the definition of temperature
(notebook, page 29).
o Temperature is a measure of “kinetic energy,”
which is “the energy of motion.”

Last Revised: 4/3/2023

7. What timperalure chango was swasarind wheti w

10,0 g Cacl, 3ot 50 mil wad

v e 4.0 g NaCl, 3.0 g NaHC O,

8. Mow far was the measured temperatore change from the expected temperature

change?

s

T L

2'C

Q. Can we consider our expected tempersture change comrect! NO

10. s the tesmperature Chaogte In the

rwatian predistable! NO

Tell students, “If the kinetic energy is low, particles in a substance are moving slowly, and the
temperature is low.” Have students fill out the first diagram on question 12.
Have students fill out the second diagram, on their own, then let them check their work.
Show students the pictures of the substances they mixed in the reaction (picture packet, pages 7-9), then
have students describe the pictures, and record their answers, for question 13.
o While you write observations about the substances with the students, have a volunteer, or the
teacher, pass out water bottles, graduated cylinders, and Experiment 1 bags, to every ~3

students, and collect the clear rulers.

RE

R IVAT T

Picture Packet, Pages 7, 8, and 9

S Hyngons G, M0,

Show students how to set up the reaction in the Experiment 1 bag.

o Have one student in each group measure 50 mL water in the graduated cylinder.

o Have another student tilt the bag so the solids all go in one corner, then pinch the corner and

twist the bag a few times so all substances are contained in one side.

o Have the third student pour the water into the other side of the bag, and close the zipper (have a

volunteer, or the teacher, do this for you).
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Last Revised: 4/3/2023

e Once everyone is ready, count down from 3 and release the solids at the same time, shaking the bag so all

substances mix together.

e Have students describe what happened during the reaction and what is left after the reaction as well as

record observations on question 14.

why is the temperature change predictable?
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<
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e Fill out question 15 by asking students, “Did a chemical reaction happen, and how do you know?”

(notebook, page 29).

o Tell students, “Energy cannot be created or destroyed.” Circle NO, for question 16.
e Ask students, “Where did the heat energy come from that made our reaction feel hot?”
o Tell students, “Substances store energy, which can be transferred to kinetic energy during

chemical reactions.”

o Energy was thus “released” by the reaction (question 17).

e Discuss if all substances store the same amount of energy and lead students to understand they do not.

Then, answer question 18.

e Discuss the trends for each substance and answer question 19.

o Make sure students understand that temperature and kinetic energy are directly proportional.
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Cold Reactions (7 minutes)

e Discuss with students whether they think it is possible
to make this same reaction feel cold (without switching
out any of the substances).

o Yes, because adding more NaHCO3; makes the

temperature change decrease.

e Discuss question 20, and by the end of the
conversation, make sure students understand, with
these amounts, the reaction would feel cold, because
the temperature change will be negative.

e Pass out experiment 2 bags, follow the same procedure
as in experiment 1, and have students share
observations (reaction should feel cold).

24, When 2 chemicd reaction gets colder, enemy has been absadied

e Discuss with students where the heat energy went. 22- Chesmicot reoctions can __gasarh o ___release eoengy.
o” 77 H
O Energy was absorbEd by the reaCtlon 2% The energy 1ransfemred in a chemical reaction Is affected by
(question 21). st cubisize

e Discuss the two ways that chemical reactions can Mags
transfer energy (question 22).

e Have students help you summarize what they learned
about the transfer of energy in chemical reactions and
record this for question 23.

Content Assessment: (5 minutes — Full Class — SciTrek Lead)
e Pass out content assessments.

e Read each question to students.
e Collect content assessments.
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Extra Practice

Solutions:
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