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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 mentors and students on track.

3. Walk around during times mentors 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 mentor. 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 Mentors) — 19 minutes
Variable Discussion (SciTrek Lead) — 5 minutes
Variables (SciTrek Mentors) — 12 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

Make sure mentors are writing their name and group color on the whiteboard.

Make sure mentors are passing out nametags.

Make sure mentors are setting up for the initial observation.

Set up the document camera for the analysis assessment and class question (notebook, front cover).
Set up the following out: scale, weigh boat, stir plate, stir bar, and thermometer to show during the
observation discussion.

AR o
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6. Passout the analysis assessments.

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

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

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

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

e Passout clear rulers to students.

e Question 4: Have students annotate (underline controls, circle the changing variable, and box information
about data collection) the graph.

e Have students answer questions 4b-4f.

e Collect assessments and rulers.

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

e Have mentors 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 (description using your five senses).
o 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 reaction?”
o Write the class question on the front cover of the class notebook, and have students copy the
question onto their notebooks.
e Demonstrate the equipment 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.
e Have students move to their groups.
o Ifastudent 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 Mentors)

e Make sure mentors 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,
respectively.
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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OBSERVATIONS
Experimental Set-Up:
Formula Substance Name Physical Description Amount
NaHCOs S”“”;n:fﬂt”am white, powdery, solid | 2.4 g
Nacl Sodium chloride Whike, grainy, solid 299
) i White, ball-shaped,
cacls, caleium chloride colid 6.09
20 Mot clear, colorless, Liquid SomtL
Initial Water Temperature: 19.2 °C
o Graduated chLwder
- «Scale
« Beaker » Thermometer

« 4 Weigh boats

Bubbles (gas)

Formed

Solid
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OBSERVATIONS
Experimental Set-Up:

Formula Substance Name ‘ Physical Description ‘ Amount

Sodium hydrogen
carbonate

Nacl | Sodium chloride | \hite, grainy, solid | 2.9 g

\
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Variable Discussion: (5 minutes — Full Class — SciTrek Lead)

e Have groups share what they did and learned.
o They pour three different solids into water. Bubbles were produced and the solution got warmer.
Using the initial temperature and max temperature they were able to calculate 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 they believe

this variable might affect the temperature change of the reaction.

o The only variable they should not generate is adding additional substances. This would change the

chemical reaction and we are studying this particular reaction.

Variables: (12 minutes — Groups — SciTrek Mentors)

e Walk around and help groups who are struggling.
e Make sure mentors are having their group come up with three possible variables, as well as how and why

they believe these variables might affect the temperature change of the reaction.
e Make sure students are generating at least one additional variable by themselves.
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VARIABLES
Variabl How will changing this variable affect the VARIABLES
ariable temperature change of the reaction?
watey |11 greater the Vzﬁ praownts the e e
Amount | —————— the temperature water The greater the water
change. amount, the smaller the
Amount | temn ture chanoe.
— The hotter the water temperature, the
the temperature The hotter the water, the
Temperature water .
change.
Temperature | change
N The greater the Nacl wmass, the
acl
the temperature The greater the Nacl
Mass Nacl the bi t
change. MAASS, L
Mass temn tu WO,
The greater the NaHCO-
Choose Your ownl NaHCO= " >
Mass 40
Container MMMM
Material |t puperatiace chAnge
3 3

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 of the reaction.
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 Mentors) — 9 minutes

Materials Page (SciTrek Mentors) — 7 minutes

Experimental Set-Up (SciTrek Mentors) — 8 minutes

Procedure (SciTrek Mentors) — 18 minutes

Results Table (SciTrek Mentors) — 3 minutes

Wrap-Up (SciTrek Lead) — 3 minutes

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

Preparation:

1. Make sure mentors 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 Introduction (notebook, page 4-6; materials page; 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.

Experimental Considerations: Color (circle one): Orange Blue Green

1. You will only have access to the materials on the materials page. Subgroup Number (circle one): 1 2
2. If you are not changing stir speed, the stir speed must be level 2.
3. Seematerials page for restrictions on experimental design.

MATERIALS PAGE

You will only have access to the following materials.

1) For each bolded word, underline if it is a control and circle if it is a changing variable.
Changing Variable(s) (Independent Variable(s)) Example control: Water Volume, Example changing variable:<Sodium Chloride Ma
2) Record masses to the nearest tenth of a gram. Ex: 1.1g
You will get to perform two experiments. For your first experiment, decide which variable(s)
(max two) you would like to test. For each changing variable you select, discuss with your
subgroup why you think that variable will affect the temperature change. 4) For variables that are changing variables, choose 3 values and write the trial letter

(A,B,C) under each value. Ex: %

3) For variables that are controls, choose 1value and write it in the first blank.

Changing Variable 1 CACLy MASS
Discuss with your subgroup how you think changing variable 1 will affect the temperature
change.

General Materials:

X 3 beakers X\ 2 electronic thermometers X 3 scoopulas
. . . X 2scales X 9 weigh boats X 2 graduated cylinders
Changing Variable 2 (optional ) X 3 stir bars X, 2 stir plates X 2 pipettes

Discuss with your subgroup how you think changing variable 2 will affect the temperature

hange.
changs Water Volume: Choose any amount(s) between 20 mLand 60 mL.

(original =50 mL)
50 mL

QUESTION

Question our subgroup will investigate: ‘Sodium Hydrogen Carbonate (NaHCO;) Mass: Choose any amount(s) between 0.0 gand 4.0 g.

(original = 2.4 g)

o Ifwechangethe AL~ MAAS
Thsert each changing variable (independent varable) ﬂ;D_@
what will happen to the
insert what you arevealculating 2 .
3 Caleium Chloride (Cack) MaSshoose any amount(s) between 3.0 g and 9.0 g,
reaction 2 (original = 6.0 g)

A B c

Sodium chloride (NaCI) Mass: Choose any amount(s) between 0.0 gand 8.0 g.
SciTrek Member Approval (original = 4.0 g)

409
Get a materials page from your volunteer and fill it out

before moving onto the experimental set-up.

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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Changing
Variable(s):

D cacl, Mass :

EXPERIMENTAL SET-UP

Write your changing variable(s) (Ex: NaCl mass) and the values (Ex: 2.0 g) you will use
for your trials under each beaker.

= 1

9.09 229

type/beaker).

Container Type /

Controls (variables you will hold constant):
Write the controls and the values you will use in all your trials (control/value, Ex: container

Beaker NaHCOs Mass | ©.09

water Volume |

50 mL Nacl Mass 4.09

oL /) ox 12l

! e oA ’ ~
=LLl QE;,};Mg LEVEL <

SciTrek ber Approval

Underline controls, circla@hanging variables»and box information about kata collection

RESULTS
Table
Check the hox of your subgroup control and write your subgroup symbaol on the line. Then, fill out the table
for each of your trials. For the variables that remain constant, write the value in trial D. Then, draw an arrow

through each box indicating that this variable is a control. Remember to record measurements to the nearest
tenth (Ex.2.18).

Subgroup Control: [ NaHCO; Mass [ CaCl, Mass Subgroup Symbol: ___A

Variables Trial D Trial E Trial F Trial G
Container Type: Beaker
Quater Volume:> 21 mlL |50 mL |40 mL | 5F mlL
CaCl, Mass: 6.00
NaHCO: Mass: 4.09
Nal Mass: 500
—Stirspeedl [ el 2
Predictions Trial D Trial E Trial F Trial G
Putan “S” in the trial that will give the
smallest temperature change and an
“L” in the trial that will give the largest L ‘S
e.
Data and Calculations Trial D Trial E Trial F Trial G
Initial
Temperature (°C):

20.2°C[19.2°C | 19.€°C |19.9°C

Maximum 32.6°C |RF.5°C|28.2°C |26.0°C

Temperature (*C):

felt warm; least
on most bubbles
er:
bubbles

Observations: | Measurements:

32.6°C | 27.5°C | 22.2°C | 20.0°C

s:

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 Mentors)

e Walk around and help subgroups who are struggling.

e Encourage subgroups to pick different changing variables.

o Make sure mentors 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 Mentors)

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 Mentors)

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 Mentors)

Walk around and help subgroups who are struggling.
Make sure procedures are concise, but still include all
values of the controls and changing variable(s), 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: (3 minutes — Subgroups — SciTrek Mentors)

Walk around and help subgroups who are struggling.
Make sure students are underlining controls, circling the
changing variable(s), and boxing data collection boxes.
Make sure control values are written in the Trial A box
with an arrow through the rest of the trials’ boxes,
while changing variable(s) values are written in each
trial’s box.

Make sure students are making predictions for which
trial they think will produce the smallest (S) and largest
(L) temperature changes.

Wrap-Up: (3 minutes — Full Class — SciTrek Lead)

Go over what students will do next session.

Extra Time:

On this day there is often extra time. If so, go over page
31 in the notebook, which gives students practice on
distinguishing between claim and data statements. Do
not do any more than page 31 of the extra practice.
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PROCEDURE
Procedure Note:
Make sure to include all values of your changing variable(s) in the procedure (Ex: For a
subgroup that decided to change sodium chloride (NaCl) mass, one step would be:
Measure A) 2.0 g, B) 4.5 g, and C) 8.0 g of NaClin a weigh boat).

. _Measure A) 0.0 o, E)WM%—D—{L‘

NaHCO5 bn a weloh bpat

Nacl bn a welah boat,

3 _Medsure 6.0 ¢ of CaClabn g welgh boat,

. M ; . :

boat

5. u mL of water into a bea an
the initial tewperature.
. , , ,

speeg to Level
7. _Pour the solids tnto the beaker.

8. _RL( [)Uj thﬁ max tﬁzﬁ;ﬂﬁ]t AVe, A ﬂd S iktu](.‘t tQ
_find the tewpevaturve change,

Note: Procedure does not
match the lead experiment o

EXTRA PRACTICE

Directions:
Circle if the statement is a CLAIM, DATA, or an OPINION.

1. a.  The Mariana Trench is 10,994 m deep Claim Opinion

and the Tonga Trench is 10,880 m deep

children do.

b.  Adults eat more vegetables than Data  Opinion

c.  Oceans with temperatures over 25°C
have more fish than cooler oceans.

Data Opinion

d. 115 people bought Oreos and 95 people Claim Opinion
bought Chips Ahoy.

e.  Writing a procedure is hard. Claim Data

f. The planet Venus has been observedin  Claim Opinion
full, half, and quarter phases.

g. Thelargest reptile is the saltwater Data Opinion

crocodile.

h.  The more dust in the air, the prettier the Claim Data
sunset.

31
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Day 3: Experiment/Analysis Activity
Schedule: You are responsible for BOLD sections

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

Last Revised: 12/12/2024

Preparation:
1. Make sure mentors are setting out notebooks.
2. Make sure mentors are setting up for the experiment.
3. Set up the document camera for the analysis activity (notebook, pages 8-10).
4. Have a thermometer to show students during the Introduction.

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

e Review the class question.

e Remind students of the following things about their experiment:

o To tare the scale.

o
o Wipe thermometer between trials.
o
o

Experiment: (28 minutes — Subgroups — SciTrek Mentors)

e Walk around and help subgroups who are
struggling.
e Make sure students are:
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
e Remove beakers, weigh boats, etc., as soon as
students are done with them.
o Put beakers, stir bars, CaCl, weigh boats,
mix weigh boats, and any liquid, in the
bucket.
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.
e Put water on a white rag, in the lead box, then wipe
down tables to ensure no chemicals are left on
them.

The scoopulas should only be used in the substance they are marked for.

Close the thermometer after each trial, to reset the “Max/Min” function.
Keep the lid on the calcium chloride, as much as possible.

Underline controls, circlegfianging variablésyand box information about data collection.

RESULTS
Table
Fill out the table for each of your trials. For the variables that remain constant, write the value in

trial A. Then, draw an arrow through each box indicating that this variable is a control. Remember to
record measurements to the nearest tenth (Ex. 2.1 g).

Variables Trial A Trial B Trial C
Container Type: Beaker
Water Volume: 50 mL

CaCl,Mass 600
009 | 409 | 239
2009 029 699
—Stirspeed | (evel 2

Predictions Trial A Trial B Trial C
Putan " in the trial that will give the
smallest temperature change and an
“L"in the trial that will give the largest S L
change.
Data and Calculations Trial A Trial B Trial C

Initial

Temperature (‘C): 20.0°C 19.8°C 19.€°C

Tem,\;,:l::a‘;r.:lr,;n(“c): 42.5°C 35,7“0 40.7_%»/

felt hot | felt warm; | felt warm;
Other: lots of medinm
bubbles bubbles
42.5°C | ZFFC | wpZC
Temperature
g e <) -20.0°C -19.€°C -19.€°C
22.5°C 15.9°C 20.9°C

The independent variable(s) is(are) the changing variable(s) and the
dependent variables are the maximum temperature and other. 7

Observations: | Measurements:

Calculations:
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Analysis Activity: (28 minutes — Full Class — SciTrek Lead)
SCIENTIFIC PRACTICES
Andlyzing & Interpreting Data

° H H 1. Directions: Fill in the missing definitions.
M‘ake sure to start the analysis actlylty at least 25 < comtoons A ol supported by dat
minutes before the end of the session. « Claim: A statement that can be tested. The explanation of the data,the firt part of a
H H HRLF H conclusion.
° .
Que.Stlon 1: Review the definition of a conclusion . Ex:rhoesnotaﬁemhespeedatwm‘chitmusdownaramp.
(claim supported by data; notebook, page 8). + Adiminascientfic experiment often includes the chiAn g variabLe.
° ReVIeW the deflnltlon Of a Clalm (statement that can e Data: Zvidetnc: w”eCtIEd_fmm experiment(s) (measurements or observations), the
second part ot a conclusion.
be tested). = Ex: When the ball mass wasspeedwas@, and when the ball mass was 100
. g,iwasv
® Read the example C|a|m and have StUdents te” you = Datain a scientific experiment includes yepsurements or _phservations -
the changing variable (ball mass), then circle it. * Datastatements also often include values of the changimng variable .
O Discuss and fi” |n What CIa'ms include 2. Dlirectri.ortsz OT‘.“?E resultffab\és’and ctincluslionf ble\low, Lljlnd.e.rline:ontrt?l s. .Ci.I:C.I.e N
. X Changing variabiel3 and box information about [ata collectiont Then, decide if the possible
(Cha nglng va r|ab|e)_ conclusion is correct or not.
. e el . a) Variables Trial A Trial B Trial € Trial D
e Review the definition of data (evidence collected from Container Type: Beaker
. Solid A Mass: 2.0
experiments). Soldn Mass o
e Read the example data statement and have students e R
. . Data Trial A Trial B
tell you the changing variable values (360 g and 100 T [Ty e —
g), then circle them as well as the data values (1.2 = i other: (Todea e foar |
m
— Possible Conclusion: The greater the@glid C mas3the higher the temperature change,
and 1'1 S )’ then box them. be?ausewhenthesoh’d[masswaeraturechangewapsandwhenthe
o Discuss and fill in types of data solid C mass was{7.0 Dthe temperature change was p2.7°}
Is this a correct conclusion? [B) NO | DON'T KNOW

(measurements and observations).
o Discuss and fill in what is also in data
statements (changing variable).

If NO, what is wrong with the conclusion?

e Question 2: Read the directions aloud to the class.
o Annotate the results table and possible conclusion by underlining controls, circling changing
variables, and boxing information about data collection.
= Annotate sections g 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 before the ‘because,” and how do you know?
o If the statement is data (contains measurements or observations)
e |s this a correct conclusion? (No)
e What is wrong with the conclusion? (Claim and data switched)
e Move onto next conclusion
o If 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 Is the claim consistent with the results table?
= |fNo
o Isthis a correct conclusion? (No)
o What is wrong with the conclusion? (Incorrect claim)
o Move onto next conclusion
= |f Yes and one changing variable
o What type of statement is after the ‘because,” and how
do you know? (Data, because it contains measurements
or observations.)
o Isthe data consistent with the results table? (Yes)
o Isthis a correct conclusion? (Yes)
o Move onto next conclusion.
= If Yes and two changing variables
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What type of statement is after the ‘because,” and how
do you know? (Data, because it contains measurements
or observations.)

Is the data consistent with the results table? (Yes)

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

Is this a correct conclusion? (No)

What is wrong with the conclusion? (More than one
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
Andlyzing & Interpreting Data

b)

Variables Trial A Trial B Trial € Trial D
Container Type: Beaker
Solid A Mass: 6.0g
Solid B Mass: 10.0 g
Solid € Mass: 8.0g
Gir speed> Slow Medium Fast Super-Fast
Data Trial A Trial B Trial € Trial D
Temperature Change: 3.0°C B 3 10.2%C
Madea Made a
Other: Made foam | (oo | Madefoam | o <tes

Possible Conclusion: The greater th the higher the temperature change, because
when the stir speed washe temperature change was and when the stir speed
Wa the temperature change was

the solid A mass wae observed the beaker overflow with foam,| but when the solid

Amass waB.0 Eowe observed only a fittle bit of foam}

Is this a correct conclusion? | DON'T KNOW

If NO, what is wrong with the conclusion?

Is this a correct conclusion? YES | DON'T KNOW
If NO, what is wrong with the conclusion? _ [IALGOVYECE © (Z)M .3
9 Variables Trial A Trial B Trial € Trial D
Container Type: Beaker
E Solid A MassD> 20g 408 6o0g 8.o0g
Solid B Mass: 508
Solid C Mass: 508
Stir Speed: Medium
Data Trial A Trial B Trial C Trial D
Temperature Change: 4C 58°C 37°C 20°C
Overflowed | Foam filled Madea
Qe with foam | tothetop | M98 | jitie foam
Possible Conclusion: The greater the €lid A massthe less foam is produced, because when

SCIENTIFIC PRACTICES
Analyzing & Interpreting Data

Variables Trial A Trial B Trial C Trial D
d) Container Type: Beaker
Solid A Mass: 6.0g
CSolid B Mass> 10.0g 12.0g 14.08 16.0 8
Solid C Mass: 8o0g
Stir Speed: Medium
Data Trial A Trial B Trial C Trial D
Temperature Change: s - —_— 10.8°C
Other: Madea Mademore | Foam filled | Overflowed
28 little foam foam tothetop | with foam

Possible Conclusion: We observed, when there werf solid B, the reaction
[overflowed with foam], and when there werd75.0 gf solid B, the reaction

ade a little foam), because the greater thagolid B mas», the more foam is made.
YES 1 DON'T KNOW
If NO, what is wrong with the conclusion? claim and data SW!’)CGMCU[

Is this a correct conclusion?

e) Variables Trial A Trial B Trial C Trial D
Container Type: Beaker
Solid A Mass: 20g 3.0¢ 40¢ 5.0¢
Solid B Mass: 508
Solid C Mass; 8.0g 6.0g 408 2.08
Stir Speed: Fast
Data Trial A Trial B TrialC Trial D
Temperature Change: 13.3°C 10.8°C 8.°C 5.9°C
Overflowed | Foam filled Madea
Gther with foam | tothetop | M298f03M | jirie foam

Possible Conclusion: The smaller th the higher the temperature change,
because when the solid A mass wahe temperature change was and when the
solid Amass wagsTg¥he temperature change was

| DON’T KNOW

If NO, what is wrong with the conclusion? Mpye thawn 1 chan @' A Q) variable .

3. How many changing variables can you have in order to make a conclusion? __ :

Is this a correct conclusion? YES

10

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 Mentors) — 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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Preparation:

1. Make sure mentors are setting out notebooks.

Last Revised: 12/12/2024

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).

3. Make sure mentors know they have copies of the notebook pages for the technique and analysis activities
in their boxes and they know to fill them out with the class. Mentors should sit next to students that

might need extra help.
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?
= Claim supported by data
o Whatis a claim and what does it usually
include?
= Statement that can be tested, which
includes the changing variable
o What type of information can be used for
data?
=  Measurements, observations, or
calculations
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 Mentors)

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 (picture packet, page 2) under the
document camera.

CONCLUSION

Making a Conclusion from Your Data

How many changing variables did you have in your experiment? 1

Can you make a conclusion from your data? IZ YES D NO

IFNO

Why?

IFYES

’ .
We can conclude JAE (9[£[Zte[ t]ge CALCLUIA (]ﬂ 1o)d dg
claim

because_\ANeEN the CacCl, mass was 2.2 g, the

data (measurements/observations/calculations)
[-]

W
the cacl, mass was 9.0 o, the temperatu

chonpewps1z=c 0000000

SciTrek Member Approval SC

"

FINDINGS
Experiment 1

Conclusion Summaries:

Hao Volume:

water volume T, tevaperature Change |

cacl, Mass:

Cacls mass 1, temperature Chanoe 1

Nacl Mass:

Nacl wass does wot affect temperature change

NaHCOs Mass:

NaHCOs mass 1, tewmperature Change |

Experimental Design:

o You can onby have 1 changing variable

» Spread out changing vardable values

lenowin as team control.
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Have subgroups share out what they learned from
their first experiment, and record it.
o Make sure to record “you can only have one
change variable” under Experimental Design.

Technique: (15 minutes — Full Class — SciTrek Lead)

Have mentors pass out clear rulers then get their
extra copies of notebook pages 12 through 17 and sit
next to a student that might need extra help and fill
them out alongside of them.

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 under the graph.

o Make sure to use the word ‘flat,’ rather than
‘straight,” when describing trend lines that
show no trend, because all lines are straight.

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

o 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)

o Lead students to understand it is impossible
to tell which way is correct because the points
are too close together (answer question 2).

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.

Show students how to annotate the graph titles.

o Do not underline solid B mass, solid C mass, or
water volume, yet.

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

them check their work after approximately 1 minute.

Lead students to identify and underline 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 Introduce vocabulary:

Last Revised: 12/12/2024

Picture Packet, Page 2

TECHNIQUE
Trend Lines

Trend iines are used to find trends in data on graphs.

How to draw a trend line:

. Position your ruler on the graph so it goes along with the direction of the points
and places half the points above the ruler and half the points below the ruler. When
positioned correctly, all points should be as close as possible to the ruler.

. Trace along the ruler with your pencil. Always extend trend lines to both edges of

the graph.

~

Graph 1 Graph 2
Effects of Solid A Mass on the Effects of Solid B Mass on the
Temperature Change Temperature Change

[

o
%14

Chany
B8

Temperature Change (-C)

Temperature
onsa

s
°

4 6 4 3
Solid A Mass (g) Solid B Mass (g)

How to interpret trend lines:
o Ifthelineisincreasing ("), or decreasing (\_ ), there is a trend.
e Ifthelineis flat (—), there is no trend.
1. Directions: Answer the questions using Graphs 1and 2.
a) Which graph(s) represent a changing variable that affects the data? @ 2
b) Which changing variable affects the data? m B

—
* Describe the trend by filling in the following sentence frame:

Assolid _a__ mass increases, the temperature change _glgryrenses .

2. Directions: Answer the question using Graph 3. Graph3
a) What is the challenge in drawing a trend line on L”“,‘(“ﬂf;iﬁ:t:ﬁ'{‘:{“‘:z the
this graph? -
’ ¥ e
together.
o 5 10 15 20 25 30
Solid B Mass (g)
12
Graph 3 Graph 3
Effects of Solid B Mass on the Effects of Solid B Mass on the
= i Temperature Change = i Temperature Change_
$14 [—] I I B $ 14 8|
5 g u
| En e
Ly
i3 g O S I 0 ) B 7 1 o Fﬂ B .
g 4 - )
£ 2 £ 2 | t \
=0 = o C A\ TR ATY
el r 5 |II 10 | 15 T 2 a0 0o s “Ws 30
ass (g)
pbot b b e gl Lo D] e vy
Graph 3

Effects of Solid B Mass on the
Temperature Change

| Y

| |

5 10 15 204
. Solid B Mass (g)
7

= 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

12
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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 control,” or “team control.”

Label the trend lines on graph 2 with their subgroup control values.

e Answer question a as a class.

e Discuss with students which trend line they should use to answer question b and why.
o Walk students through using the black circle

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

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).

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 known as
team controls” to the Findings (picture packet, page 2)
under Experimental Design and use this to answer
guestion d on page 13 of the notebook.

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

e Make sure, on this day, you get through at least page
16, but continue onward if you have more time.

e Read the scenario at the top of page 14 of the notebook
aloud, and point out that the scientists collaborated by
making water volume a class control.

e On their own, have students annotate and draw/label
trend lines on the team 1 graph. Give them
approximately 1 minute, while you do the same off to
the side of the document camera, then let them check
their work.

e Fill out question 1a as a class.

e Asaclass, complete question 1b, which allows students
to make a prediction using one trend line.

O

Help students identify the trend line they are
interested in is the white circles.

Then have them find the changing variable
value they are interested in (5.0 g) and label it if
it is not already on the x-axis. Then, use a ruler
to draw a dashed vertical line up to the trend

TECHNIQUE
Designing Experiments
Four UCSB scientists were studying the temperature change in a chemical reaction by examining solid A mass,
solid B mass, solid C mass, and the water volume used. They all picked solid A mass as their changing variable.
Two scientists worked independently, and they used different control values for solid B mass, solid C mass,
and water volume (Graph 1). The other two scientists collaborated, and they picked the same control values
for solid B mass and water volume (Graph 2).

3. Directions: Annotate the graphs and draw trend lines for each experiment.

Graph 1 Graph 2
Effects ORQITANED Effects of GIA MEDand
S0l B Moss, Salld Cass SalidC Mass on the

’ , and Water Volume
on the[Temperature Change

s — emperature Chan;
g o —
of® o
2ha &
21, =2
2ho <
i B =
il, E= =
g i = 5.04
25 1 ASS W =609
o ! Y
= . 4
o : S s 10 2 8 10
Controls Controls
Scientist | Solid B Solid € Water Scientist |  Solid B Solid € Water
Symbol | Mass Mass | Volume Symbol | Mass Mass | Volume
) 608 508 60 ik A 6.08 5.08 70 mi
o 10.08 8.0g 100 mL A 6.0g 8.0g 70 mL
teanc SubgyoRp - teanc

. control L' control
a) Does solid A mass affect the temperature change of the reaction? @ NO

If YES, describe the trend by filling in the following sentence frame:

* Assolid Amass increases, the temperature change d ECYEASES .
b) What is the temperature change when the following are mixed: 3.0 g of A, 6.0 g of B,
Expected Temperature Change: __7°C

o Why are trend lines important? T )1 e, 4 allow us tn walkee q;[gd ctlons.
&
) Can you predict what the temperature change would be if the scientists mixed 6.0 g of
A, 6.0 g of B, 6.0 g of C, and 70 mL of water? @ NO
o If YES, which graph is more useful to make your prediction? 1 @
. . &°C

5.0 g of G, and 60 mL of water?

d) What does this mean for your experimental design? \A/¢. <hou L{){
collaborate with pther GroUPS

SCIENTIFIC PRACTICES
Analyzing & Interpreting Data
Alarge group of scientists collaborated by dividing into three teams to study the effects of solid
A mass, solid B mass, solid C mass, and water volume on the temperature change in a chemical
reaction. The three teams agreed to keep the water volume constant at 70 mL for ALL
experiments/trials. Now, they need your help to analyze the data.

1. Directions: Annotate the graph, draw trend lines for each experiment, and label trend lines
with subgroup control values.

Team 1 Graph

Effects ofSalid A Massand Solid C Mass on the
Temperature Change

0 Controls
" Scientist | SolidB | SolidC
2 c Symbol | Mass Mass
g Y\ [ ] 6.0g 12.0g
2 ___T___T_N_I 1209|| O 6.0g 80g
5
} o 60g 50¢g
£ T i 209

I I I 5.0 0

10 <

° 2 5 6 8

a) Does solid A mass affect the temperature change of the reaction? @ NO

If YES, describe the trend by filling in the following sentence frame:

e Assolid Amass increases, the temperature change d LLYEASES -

b) What temperature change would you expect to calculate with the following amounts?

Solid A Mass 508
Solid B Mass 6.08
Solid C Mass 8.0g

What experiment(s) do you need to look at?

e © o
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line of interest. Rotate the ruler by 90° and use

it to draw a horizontal dashed line over to the y-
SCIENTIFIC PRACTICES

axis to determine the expected temperature Analyzing & Interpreting Data
2. Directions: Annotate the graph, draw trend lines for each experiment, and label trend lines
C h an ge . with subgroup control values.
o Students’ predictions can be off from the value
H o . Team 2 Graph
in the class notebook by up to 2° and still be e of STEB g sl s e
considered correct This is true for all predictions g N —
within the scientific practice activity. 2 o St ] onan | s
. . 2 ) * 3.0g 80g
e Repeat this process for question 2 (notebook, page 15). | o e s s s M| P PR R
o Make sure students understand, that solid B = 90g & | 9oe | soe
mass does not affect the temperature change, o Cr
and this is a valid and important finding (not a
. a) Does solid B mass affect the change in temperature of the reaction? YES
mistake).

If YES, describe the trend by filling in the following sentence frame:

o This time you will need to draw in a predicted
trend line between the white and gray
diamonds, using a dashed line. = T 752
= Do this by drawing two dots, one dot on T T
each vertical axis, halfway between the
white and grey trend lines, then use a
ruler to connect them with a dotted line

* Assolid B massincreases, the temperature change

b) What temperature change would you expect to calculate with the following amounts?

What experiment(s) do you need to look at?

and label the line 7.5 g. Expected Temperature Change:
o Because mass B does not affect the B/ R
temperature change, do not draw a dashed line B

up from the changing variable value of interest.
Just identify where the predicted trend line
crosses the y-axis.

e Repeat this process for question 3 (notebook, page 16).
o Show students they can cross out solid B mass, SCIENTIFIC PRACTICES
. : Analyzing & Interpreting Data
since |t dOES nOt affect the temperatu re Change 3. Directions: Annotate the graph, draw trend lines for each experiment, and label trend lines
. . with subgroup control values.
o On their own, have students work on question p—
3b. Give them approximately 3 minutes, while sfectsof CLLCHsPnd sald pbtass o he
. = A
you do the same off to the side of the 2 . oo
. g’ 0 9| [Scientist oli oli
document camera, then let them check their 1] e e e e 50| Smbot |t }M\;,(
k g E cogll A 20g (3
WOTrK. g,: = wodl A 60g | fox
o Repeat the same process for question 3c. - == A [ w0os [/70e\
*  This time the predicted trend line will o T
not be dlrectly |n the mlddle Of the a) Does solid C mass affect the change in temperature of the reaction? @ NO
Wh|te and black trla ngles Instead |t W|“ If YES, describe the trend by filling in the following sentence frame:
)
. o Assolid C mass increases, the temperature change [ NCYEASLS .
be closer to the 6.0 g line. g’
. . b) What temperature change would you expect to calculate with the following amounts?
e [f you still have time, go onto page 17. SolidAmass | 20g Expected Temperature Change:
—Sotit-Biass——Sog—
Solid C Mass 8og 15
Wrap-Up: (2 minutes — Full Class — SciTrek Lead) What experiment(s) do you need tolook at?
@ A A
c) What temperature change would you expect to calculate with the following amounts?
. . i . Expected Temperature Change:
® Go over what students will do next session. soldpie | 508
Solid C Mass 10.08 . 1=35°C
What experiment(s) do you need to look at?
A_BO a
16

14
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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/Mentors) — 10 minutes
Team Plan Discussion (SciTrek Mentors) — 7 minutes
Question (SciTrek Mentors) — 5 minutes

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

Results Table (SciTrek Mentors) — 5 minutes

Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

1. Make sure mentors know what team they will work with once students form teams.

N

Make sure mentors are passing out notebooks and rulers.

3. Set up the document camera for the analysis activity (notebook, page 17), and class plan discussion

(picture packet, page 3).

4. Make sure mentors know they have copies of the notebook pages for the analysis activities in their boxes
and they know to fill them out with the class. Mentors should sit next to students that might need extra

help.

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

e Review the class question.

e Remind students 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 Asthe solid A mass goes up, the temperature
change goes down.

o The solid B mass does not affect the
temperature change.

o Assolid C mass goes up, the temperature
change goes up.

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

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

o Do not have students annotate the graphs
because they have already done this on the
previous pages.

o 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.

SCIENTIFIC PRACTICES
Analyzing & Interpreting Data

with subgroup control values.

The lab wants to know if the trends in their data can be used to predict the temperature
change for different combinations of solid A mass, and solid C mass, which have not been
tested yet. Use teams’ 1and 3 graphs to help the lab interpret the data.

4. Directions: Annotate the graph, draw trend lines for each experiment, and label trend lines

Team 1 Graph Team 3 Graph
Effects of Solid A Mass and Solid C Mass on Effects of Solid C Mass and Solid A Mass on
the Temperature Change the Temperature Change
o 5% A
2 c (|22
< 22 3 22
20 20
£ L og
16 U 16
@ 1 P~ 14 —<|*09
21 e 12.0g| 2 12 6.0g
EwE £ =1
g = I 2's
P = T E s ho.0
I 8og|§ § 8
23 I T——=_lcod| 2
0 T I  — °
508
o 2 4 6 16 o 2 4 6 s 10
Solid A Mass (g) Solid C Mass (g)
Controls Controls
Scientist [\ Solid B Solid C Scientist | SolidA Solid B
Symbol Mass, Mass Symbol Mass Mass,
° M 12.08 A 2.0g M
[e] /0& 8.0¢g A 6.0g /oﬁ\
o 6.0g 5.0g A 10.0g 7-0g

a) Using both of the graphs above, what temperature change would you expect to

calculate with the following amounts?

Solid A Mass 4.08

Solid C Mass 6.0g

What experiment(s) do you need to look at?
Team1: @ @)
Team 3: Q A

Team 1 Prediction: —+L°Q
Team 3 Prediction: __Q°(

Expected Temperature Change:
- FE5C

15
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o Asaclass, find the estimated temperature change from team 1’s graph.

= |dentify the trend lines that will use (white and grey circle).

=  Put dots on both vertical axes approximately where 6.0 g would be (close to the grey
circles, 5.0 g, that the white circles, 8.0 g)

= Use a ruler to connect the two dots with a dashed line.

* Find 4.0 g on the x-axis.

= Using a ruler make a vertical dashed line up to the estimated trend line.

= Turn the ruler 90° and make a horizontal dashed line from the estimated trend line to the
y-axis.

= Determine the estimated temperature change.

o On their own, have students determine the predicted temperature change from team 2’s graph.
Give them approximately 3 minutes, while you do the same off to the side of the document
camera, then let them check their work.

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) CLASS PLAN
Subgroup: The original people you worked with.
Team: Multiple subgroups that are investigating the same changing variable.

e Review the Finding, Experimental Design (picture ol hechssas hesame e for
packet' page 2) and What this means for the next Z?;:Eiotr;t;’:r::vs;:it:ﬂE‘?;astseveryoneinateam has the same value for, but values vary for
experiment that subgroups design_ o Teams pick this value together.

“ A . Subgroup Control:Acontro\.that everyone in a subgroup has the same value for, but values vary

e Tell students, “We are going to break into teams to s e s o SO
. . . . * Subgroups pick this value on their own, with team input.
|nVeSt|gate each Cha nglng va rlable.” Changing Variable: The variable that is purposely changed in an experiment.

. . . . . e Each subgroup picks multiple values on their own.

e Have students identify the changing variable that will Class Control
be investigated (NaHCO3; mass, CaCl, mass, or NaCl water volume / 50 mlL
mass) as well as the class controls (water volume and Stir Speed / Level 2
stir speed).

X Team NaHCO;

e Record class controls and their values (Water o e Cereans
Volume/anything between 20 — 60 ml but between Dorange 2 P Blue 2 OGreen?
40-50 ml is best and stir speed/level 2) on the Class Team Cacl,

Plan (picture packet’ page 3)_ O Orange 1 O Blue1 O Green1
. . . JE Orange 2 O Blue2 [l Green2

e Have subgroups rank their top 3 choices for their o
changing variable. Use the subgroup fair sticks (lead _— - o
box) to allow them to select their team. Record these Dorange 2 Oblue2 DGreen2
on the Class Plan. Make sure to have two subgroups
per team.

Picture Packet, Page 3

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

e Walk around and help teams who are struggling.

e Make sure mentors have students write their team and subgroup symbol on the front covers of their
notebooks.

e Make sure mentors 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.

16
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TEAM SODIUM HYDROGEN CARBONATE TEAM CALCIUM CHLORIDE TEAM SODIUM CHLORIDE

TEAM PLAN TEAM PLAN TEAM PLAN

1) Write each subgroups’ color, and number (found on notebook cover), next to one of the

1) Write each subgroups’ color, and number (found on notebook cover) next to one of the
symbols (O or A).

) Write each subgroups’ color, and number (found on notebook cover), next to one of the

symbols (O or A). symbols (O or A).
Subgroup Symbol;
Subgroup Symbol; Subgroup Symbol:
o__Bluet A Qmﬁm 1
o_Orange1 A _Blue2 o_Orange A_Green
2) On the front cover of your notebook for Team/Subgroup Symbol, fill in “Cacl,” the
2)On the front cover of your notebook for Team/Subgroup Symbol, fillin “NaHCO3" the 2) On the front cover of your notebook for Team/Subgroup Symbol, fill in “CaCl,”/ the

symbol for your subgroup from 1.
symbolfor your subgroup from 1. symbol for your subgroup from 1.

) Your team control will be NaCl mass. As a team, select the value you will use. CaCl Mass: Choose any mass between 3.0 g and 9.0 g (original = 6.0.9).
NaHCO, Mass: Choose any mass between 0.0 g and 4.0 g (original 2.4 g)

NaCt Mas: Choose any mass btween 0.0 and 5.0  orignal 390 5709

2.0

504 @ 5 The dassconrols il b watervolome, andsspcd.
5)The class controls will be water volume and stirspeed.
5)The class controls will be water volume, and stir speed. Water Volume: 5 11 (filn the value the class selected)
Water Volume: __ 500 Y.L (filin the value the class selected)
WaterVolume: 50 VAL (fillin the value the class selected) stirspeed:__LLVEL 2 (fillinthe value the class selected)
Stirspeed: __(_£1/gL. D (flin the value the class selected)
stirspeed: __(_2\/EL 2 (fllin the value the class selected)

Team Plans

3)Your willbe NaHCO, mass. As a subgroup, select the value you willuse.
3) Your subgroup control will be CaCl, mass. As a subgroup, select the value you will use. 3) Your subgroup control will be NaCl mass. As a subgroup, select the value you will use.
NaHCO; Mass: Choose any mass between 0.0 g and 4.0 g (original = 2.4 g).
CaCl, Mass: Choose any mass between 3.0 g and 9.0 g (original = 6.0 g). NaCl Mass: Choose any mass between 0.0 g and 8.0 g (original = 3.9 g).
0039 A4.00
09.09 A3.09 0059 AZ89
4) Your team control will be Cacl, mass. As a team, select the value you will use.
4) Your team control will be NaHCO, mass. As a team, select the value you will use.

Question: (5 minutes — Teams — SciTrek Mentors)

e Walk around and help subgroups who are struggling.

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”).

Changing Variables (Independent Variable(s)) EXPERIMENTAL SET-UP

For your second experiment, decide which variable(s) (max two) you would like to

Write your changing variable(s) (Ex: NaCl mass) and the values (Ex: 2.0 g) you will use
test.

for your trials under each beaker.

Changing Variable : NAQHCO2 MASS

Changing Variable 2 (optional): . .
Changing Variable(s):

QUESTION 12)) NaHcCO. Mﬂssz 0.09 #4.09 1.9 3.20

Question our subgroup will investigate:

o Ifwechangethe NgHCO mass

’

ThSErt each changing variable ( Varable) Why did your subgroup choose these values of the changing variable?\W/¢ & EY&H o
what will happen to the _t&mp&mtu&%@ﬂ&@g_pf_thzi out our changing variable values so our data
reactinn 2 polnts will alsp be spread out.
Controls (variables you will hold constant):
: . . . . Write your controls and the values you will use in all your trials (controljvalue, Ex: container
Use the following constraints to select your changing variable values: typelbeaker).
e Ca(l, masses must be between 3.0 g and 9.0 g (original 6.0 g) Class and Teaim Controls: Subgroup Control:
e NaHCO; masses must be between 0.0 g and 4.0g (original 2.4 g) (same values between subgroups) (different values between subgroups)

e NaCl masses must be between 0.0 g and 8.0 g (original 3.9 g)

Container Type | Beaker cac MBass /3 0 g

water Volume | 50 mlL
D E F G Nacl Massl 5.0 g

ﬂ)ﬁLZJiQQ;_MRSL _ 009 400 129 229 { i

o :

Selected changing variable values:

SciTrek Member Approval: SC‘

SciTrek Member Approval: =l

18

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

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.

17
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Procedure: (14 minutes — Teams — SciTrek Mentors)

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 Mentors)

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 of the reaction.

PROCEDURE RESULTS
Procedure Note: Table
Make sure to include all values of your changing variable(s) in the procedure (Ex: Fora
subgroup that decided to change sodium chioride (NaCl) mass, one step would be: Measure Check the box of your subgroup control and write your subgroup symbol on the line. Then, fill out the table
0)2.0.8, £)4.0 &, F)6.0 8, and G) .0 g of NaCl in 2 weigh boat), for each of your trials. For the variables that remain constant, write the value in Trial D. Then, draw an arrow
08 E)4.0g F)o.0g, 08 & ) through each box indicating the variable is a control. Remember to record measurements to the nearest tenth
(Ex.2.1g).

Subgroup Control: X CaCl, Mass [JNaHCO; Mass  [JNaCl Mass ~ Subgroup Symbol: _
= ) 2 g . . . (@)
Variables Trial D Trial E Trial F Trial G

Container Type: Beaker

Water Volume: 50 mL
ClbMass | 9.09
CeroNa> | 0.09 | 409 | 1.89 | 329

, . / , NaClMass:. 5.09
4. 7
Ml the sellds seagtazr ba anctitr welgh —Stirspeed  [Level 2
bDat- Predictions Trial D Trial E Trial F Trial G
& Put an “s” in the trial that will give the
5. W ml wat ntp a a AN smallest temperature change and an

“L” in the trial that will give the largest (o =
temperature change.

6. Put a stiv bay Ln the beaker, and turn the stir
speed to level 2

7. Pour the sollds inko the beaker,

Data and Calculations Trial D Trial E Trial F Trial G

Initial
Temperature (°C):

Maximum
Temperature (°C):

Other:

8. 2%8 2%% 174 U

Underline controls, circleChanging variables>and box information about Hata collec(ion}.

Calculations: | Observations: | Measurements:

T it
find the tewperature change jriliir~y
AT = Tinax = Tin
SciTrek Member Approval: SG The independent variable is the changing variable and the dependent

variables are the maximum temperature and other.

20 21

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

e Go over what students will do next session.

18
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Day 6: Experiment/Graph/Conclusion

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 8 minutes
Experiment (SciTrek Mentors) — 24 minutes
Graph (SciTrek Mentors) — 18 minutes
Conclusion (SciTrek Mentors) — 8 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

1. Make sure mentors are setting out notebooks.
2. Make sure mentors are setting up for the experiment.

Last Revised: 12/12/2024

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).

RESULTS
Table
Check the box of your subgroup control and write your subgroup symbol on the line. Then, fil out the table
for each of your trials. For the variables that remain constant, write the value in Trial D, Then, draw an arrow

through each box indicating the variable is a control. Remember to record measurements to the nearest tentr

(Ex.218).

Subgroup Control: X CaCl; Mass [ NaHCO; Mass O NaClMass  Subgroup Symbol: __ A

Variables Trial D Trial E Trial F Trial G
Container Type: Beaker
CWatervolumeD | 24 mL |50 mL |40 ml | 57 ml
CaCl; Mass: 6.0 9
NaHCO; Mass: 4.0 9
NaCl Mass:. 509
7
—Stlgspeed Level 2
Predictions
Putan “S” in the trial that will give the.
smallest temperature change and an L S

“1in the trial that will give the largest
temperature change.

Data and Calculations Trial D Trial E Trial F Trial G

rempeirecey | 20.2°C | 19.8°C| 19.€°C | 19.9°C

Wi 232.6°C|27#.5°C| 28.2°C | 26.0°C

Temperature (°C):

: Least
2 Felt warm;
e Other: had most bubbles
2 bulbbles
P iz T I5
Temperature zne’c | ZFeC | 2fcc [AFoc

. Sh;nge (ac)T; 20.2°C 40.2°% |-19.82°C L1g.0°%

= ™ 124t | #rie| gatc usoc

The independent variable is the changing variable and the dependent
variables are the maximum temperature and other.

Picture Packet, Page 1

RESULTS
Graph
Set up your graph. (Check off the steps as you complete them.)
B Write the title for your graph by filling in the blanks.
[ Label the y-axis (vertical) with what you calculated, including units (Ex: Temperature Change (°C).
Dd Label the x-axis (horizontal) with your changing variable, including units (Ex: CaCl, Mass (g)).
[ Select your subgroup control in the legend by checking the appropriate box. Then, put your subgroup
control value next to your subgroup symbol.
Plotjour data.
9 On the x-axis, circle your 4 changing variable values. 1f a value is not there, write it in.
I Starting with the smallest changing variable value, determine the temperature change, and put your
subgroup symbol at the appropriate level. Write the temperature change next to the pofnt.

I Once you have plotted all 4 points, draw a trend line that best fits your data.
Plot the data collected by the other subgroup In your team.
O Complete the legend for the ather subgroup i your team by writing their subgroup control
value next to their subgroup symbol.
0 Graph the other subgroup’s 4 points using their symbol as the markers (do not label these points). Then,
draw a trend line that best fits their data.

3 Legend

30 Subgroup Control:
28 R Cacl: Mass
2k O NaHCO, Mass
0 NaCl Mass

4c

[i

Temperature Change(°C)
o

AR - A @ oo
water Vobwne o> "

Picture Packet, Page 4
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Temperature Change(°C)

Set up your graph. (Check off the steps as you complete them.) Generate a claim We can conclude t]ﬂg @ [ggtg Y tr}gg M[th[ VOLUWAE,
®write the title for your graph by filling in the blanks. laim

0
control value next to your subgroup symbol. subgroup’s
Plotfour data. results. (Ex: The
R On the x-axis, circle your 4 changing variable values. If a value s not there, write it in. greater the water
M Starting with the smallest changing variable value, determine the temperature change, and put your volume the
subgroup symbol at the appropriate level. Write the temperature change next to the point. smaller the
[ Once you have plotted all 4 points, draw a trend line that best fits your data. temperature
Plot the data collected by the other subgroup in your team. change.)

RESULTS CONCLUSION
Graph

about how your
R Label the y-axis (vertical) with what you calculated, including units (Ex: Temperature Change (°C)).

changing variable
[ Label the x-axis (horizontal) with your changing variable, including units (Ex: CaCl. Mass (g)). affected your

I Select your subgroup control in the legend by checking the appropriate box. Then, put your subgroup

R Camplete the legend for the ather subgroup in your team by writing their subgroup control

value next to thelr subgroup symbol. Whatdatadoyou | because_whew, the watey voluwme wis
R Graph the other subgroup’s 4 points sing their symbol as the markers (do not label these points). Then, have to support data
draw a trend line that best fits their data.

Jeecain 21 vl the tewperature chonge was
Effects of atey Volumwe and_ CACL, MASS (Remember to
codesour . i
messrements | L2.4°C. (biooest), ano when the water

andjor
3 observations,not | \oluae WS 57 vl the temaperatuve
H trial letters.
32 o
30 Legend W—MM
28 Subgroup Control:
% R Cacl Mass
O NaHCO; Mass " .
24 I Nacl Mass | acted like a scientist when
- bsrap | S0P
® Sl | ol
16 - [,
N i i i TEAM PREDICTIONS
10 C - A | 609
8
6 SN Use your team graph to predict the temperature change for each subgroup if you
4 were to use 3.5 g of your changing variable. Write your predictions in the table below.
o Changing Variable Mass:
10 15 @ 25 Bf 35 @? 45 s5&s0 8! 33 iy
water Volume (L) i
Subgroup Symbol Prediction
@]
A
5 55
Picture Packet, Page 5

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).

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.”

e Remind students of the following things before allowing them to start doing their experiment

O

O
O
O
O

To tare scale.

The scoopulas should only be used in the substance they are marked for.
Wipe thermometers between trials.

Close thermometers after each trial, to reset the “Max/Min” function.
Keep the lid on the calcium chloride, as much as possible.

Experiment: (24 minutes — Subgroups — SciTrek Mentors)

e Walk around and help subgroups who are struggling.
e Make sure students are:

O
O
O

closing the CaCl, lid, when not in use
closing and wiping off, the thermometer, in between trials
recording the maximum temperature, with units, and subtracting to find the temperature change

e Remove beakers, weigh boats, etc., as soon as students are done with them.

O

O
O
O
O

Put beakers, stir bars, CaCl, weigh boats, mix weigh boats, and any liquid, in the buckets.
Put graduated cylinders, back into their box.

Put water bottles, back into their box.

Put the stir plates, back into their box.

All other materials go into the group boxes.

20
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e Put water on a white rag, in the lead box, then wipe down tables to insure no chemicals are left on them.
Graph: (18 minutes — Subgroups — SciTrek Mentors)

e Walk around and help subgroups who are struggling.

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

e |f one subgroup finishes before the other subgroup on the team have the mentor use their phone to take
a picture of the other subgroups data for the fished subgroup to start their graph.

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

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

Conclusion: (8 minutes — Subgroups — SciTrek Mentors)

e Walk around and help subgroups who are struggling.
e Make sure subgroups are generating a claim (ideally the claim will allow them to make a prediction about
future experiments) and use 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.
e Mentors struggle with conclusions, so you should check at least one conclusion from each team.
e Make sure students fill out the sentence frame (notebook, page 23), | acted like a scientist when.
e 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)

e Ask students the following questions:
o How did you act like a scientist during this project?
o What did you do, that scientists do?

Day 7: Poster Making/Poster Presentations
Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Poster Making (SciTrek Mentors) — 25 minutes

Practice Posters (SciTrek Mentors) — 5 minutes

Poster Presentations (SciTrek Mentors/SciTrek Lead) — 26 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

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 mentors do this before starting SciTrek.
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2. Make sure mentors are setting out notebooks.
3. Set up the document camera 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 Mentors)

e Notebooks will have already been highlighted, numbered, and stickered. If a student is absent have the
mentor give that student’s notebook to another student to fill out the part. During the presentation the
presenting student will have two notebooks to read out of.

e Make sure students on each team who are presenting the Experimental Set-Up: Specific and Graph:
General, have fill out the sheet stapled in their

notebooks.

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

e 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.

e Help mentors glue poster pieces onto the
posters. When gluing, make sure you or the
mentors (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

Practice Posters: (5 minutes — Subgroups — SciTrek Mentors)

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

e Organize posters so they are presented from easiest to understand, to hardest to understand (suggested
order: NaHCO; 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.
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Poster Presentations: (31 minutes — Full Class — SciTrek Mentors/SciTrek Lead)

e Have students present their posters.
NOTES ON PRESENTATIONS

e While posters are being presented, record the What variables affect the change i temperatre of the reaction?
following (picture packet, page 6), while students do Subcirou control: CaCL, Mass , .
the same (notebook, page 24) on their notebooks. crengng arible g?iﬁ;ﬁ;ﬁiﬁ)@ 0.0 |12 |29 | 4.0

o After ateam reads their question, stop the Tempe,amecmnge(,c:x e 4125150 122

presentation and have the class identify the
changing variable. Then, record it in the

picture packet while students do the same in Ac Cacl, mass P, temperature change .
their notebooks.

summary:_AS NaHCOs mass P, tewperature change .

Subgroup control: Nacl Mass

o After th(.e jceam presents their E.xper/ment Set Canghg vrtl: - oM [ ‘ 4.5 ‘ 71 ‘ 9'07
Up Specific, stop the presentation and have 0 act vass () ‘ E
the class identify the subgroup control. Then, femperature Chanee (€ 2.8 |59 [10.8]13.4
record it in the picture packet. Students do summary: A CACL, mass P, tewperature change P

not have to record this if they do not want to.
o After the first team’s presentation, stop the

Nacl wmass does wot affect temperature change.

presentations after the team has read their Subgroup control: NAHCO: Mass ,
. Changing Variable: O NaHCO; Mass (g)
procedure, then have the class predict what seawsw | 0.5 | 3.1 |64 Q.OW
trend they think the team saw both withing Temperature change ('C): 57 |62 |51 |56 ‘
their trendlines and between trend lines, if o At S et oa Al
) summary:_ NaCl mass does wot affect tewperature change.
possible
o When a team reads their Results Graph: As NaHCO. mass P, tewperature change .

Specific, record the values of the changing

Picture Packet, Page 6

variable and their measurements.

e After each presentation, ask students:

o What questions do you have for this team?
= Have students take approximately 30 seconds to write down one scientific question to
ask this team. Then allow 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 summarize what they learned and record it (picture
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 mentors, 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 mentors.
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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.

o

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 final survey, 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 the

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)

Question 1-2: Have students fill in the definition of a conclusion and the number of changing variables
they can have to make a conclusion.
Questions 3-5: Have students annotate (underline controls, circle changing variable(s), and box
information about data collection) and answer questions about the result table and possible conclusion.
Pass out clear rulers to students.
Question 6: Have students annotate (underline controls, circle the changing variable, and box information
about data) the graph.
Have students answer questions 6b-6f.
Have students answer the attitudes about science questions 7-14.
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)

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).

e Tell students, “The data in the table is actual data the
SciTrek lab 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)

o Tell students, “The SciTrek lab did several
experiments similar to yours, but they 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 Asaclass, annotate graph 1, and draw/label trend
lines.

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

e On their own, have students annotate graph 2, and
draw/label trend lines. Give them approximately 3
minutes, while you do the same off to the side of the
document camera, then let them check their work.

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

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

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

o Forgraph 2, you will have to draw in a
predicted trend line between the o 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

Last Revised: 12/12/2024

TIETO STANDARDS
1. Review the class findings about each substance from poster presentations.

Does NaCl mass affect the temperature change? YES

If YES, describe the trend: The greater the NaCl mass, the _the
temperature change.

Does NaHCO; mass affect the temperature change? @ NO

IfYES, describe the trend: The greater the NaHCO; mass, the cnmalley  the
temperature change.

Does CaCl, mass affect the temperature change? @ NO

IfYES, describe the trend: The greater the CaCl mass, the g@g[ the

temperature change.

2. When scientists conduct experiments, they often repeat each trial in the exact
same way, several times. Why? __ 1o pcilte will ot alwais be Hhe sawue

vesilts e vy from each othey

When running multiple trials in an experiment, scientists collect a series of different data
points. Then, they use math tools called median and range to help analyze the data.

3. Determine the median and range for the data in the table below.

Substance

Massas: Temperature Change (°C): Median: Range:
1.9, 11.7,12.1,14.9, 13.4
0.0 g NaHCO;4 14:9 c
4.0 g Nacl 12.1°C | 11.7C
5.0 g Cacl, 1%’%@1;4'% 3.20
4. What does this tell us? ___Ag ong s 0 MPKgd'gt’Qﬂ s are within

3.2°C of the actual data, we can consider thew corvect.

25
5. Annotate the graphs below, draw trend lines, label subgroup controls, and answer
the questions.
Why has the graph for NaCl mass been left out? _ NaCL mass dpes not
Graph 1: Effects of€GHC0, Massand ____ Graph1 Controls
Cacl, Mass on the[Temperature Change] Experiment | CaCl: |\ NaCl Water
2R, Symbol | Mass asy/ | Volume
7] % | O 3.0¢8 4\.{g somL
o cacl,
?:: —"35*\ A 6.0g [o& 50mL
IS ™ X 10.0g |[/40g\ 50mL
] e
2
®
§ ™~ N~
2] 14 T~ 1008 | Does this graph show a trend that is
B \\\ﬂk —Acog consistent with the class findings?
209
G o
Graph 2: Eﬁsc Graph 2 Controyls
| - Experiment | NaHCO; [\, Nadl Water
25 NaHCO, Mass on the[Temperature Change] wasica:| | "E77EM | M0 = Volime
8 | 772 O Joog| a¥e | somL
O O Y e I PO A [40g | fox | somL
£ 409 X 8.0g |/4.08 50mL
o L
B ))/ A-T
® By 20
3| LcE I il graph show a trend that is
5 1= =1 consistent with the class findings?
= 1= L%
&
o 1 2 3_g 6 7 8 ¢ 10
<l Mass (BD

6. Using data from the graphs, what temperature change would you expect to

measure if you mixed 4.0 g NaCl, 3.0 g NaHCOs, 10.0 g CaCl;, and 50 mL water?

Which experiment(s) should you look at? Expected
" iction: 4 ©°
arapht: 0 A (D Prediction: 1.2°C, {rountotheneas ane)
Graph 2:@ X Prediction: :li°C 1# 5°C
26
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would technically end in “.25.” Use a money

7. What temperature change was measured when we mixed 4.0 g NaCl, 3.0 g NaHCOs,

example to help students understand this, 10.0 g CaCl, and 50 mL water?
then round to ‘.3,” since masses are rounded
to the nearest tenth. 30gnaHco, _

e Perform the experiment, have students record the ognd roosad T“TIP:Lm Do
initial temperature and maximum temperature then do remperaure | 557°C
the subtraction to find the temperature change in the m— *As7c
table on page 27. Conge | L20C

e Answer question 8, by subtracting the predicted, and ere

actual, temperature changes (start with whichever
temperature change was larger).
(] D|SCUSS W|th StudentS WhethEr the prEd|Ct|On was CorreCt 8. How far was the measured temperature change from the expected temperature

o Circle YES, for question 9, if the answer to chanee? s
question 8 is less than 3.2°C (the accepted 10—2%

range of variation).
L] Discuss Whether temperature Cha nge in a reaction is 9. Canwe consider our expected temperature change correct? @ NO
predictable, or not, and answer question 10.

10. Is the temperature change in the reaction predictable? @ NO

Why Temperature Changes (14 minutes)

e Have students fill out the definition of temperature,
guestion 11 (notebook, page 28).

27

o Temperature is a measure of kinetic energy, which is the energy of motion.
o 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.
e Have students fill out the second diagram, on their own. Give them approximately 1 minute, while you do
the same off to the side of the document camera, then let them check their work.
e 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 mentor, or the
teacher, pass out water bottles, graduated cylinders, and Experiment 1 bags, to every 2 students,
and collect the clear rulers.

Sodium Chloride, Nacl Calcium Chloride, Cal, Sodium Hydrogen Carbonate, NaHCO;

e

e ":“"’, L
AT

AR eIy

Picture Packet, Pages 7, 8, and 9 —— . X

e 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 the other student in the group 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.
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= Make sure students do not twist the bag too many times because they will put a hole in

the bag which will make a mess.
o Have the first student pour the water into the other side of the bag, and close the zipper (have a

mentor, or the teacher, do this for you).
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? 15. Did a chemical reaction happen? @ NO

11. Temperature is a measure of _inetic enerauy , whichiis Evidence: _ g _‘.l_gmd ed tgm?gzﬂt Ave chon @gd

the energy of wotion

12. In the boxes below, indicate the speeds of the particles using arrows (larger 16. Can energy be created or destroyed? YES
arrows = faster speeds). Then, fill in the thermometers to represent their relative
temperatures. 17. When a chemical reaction gets warmer, energy has been _ yplepsed .
Kinetic Energy: Low Kinetic Energy: High
18. Do all substances store the same amount of energy? YES
P 1 — Evidence: Aglpling the same amounts aﬁd'ﬁematsxbs&:ﬂﬂces
/ oives o different tevuperature change
N
" /
P —e
19. Summarize the effects of each substance on the temperature change and kinetic
Particles are moving __Slow . Particles are moving {ast 5 energy by circling the answer that best completes each statement.
NaCl Mass
13. What did we start with in our experiment? Fill out the table below with your Incresses
observations of the starting materials. As NaCl mass increases, the temperature change " decreases
<G >
Starting Material Observations
7 7 increases
Nacl white, gra ny, square If we add more NaClto the reaction, the kinetic energy . decreases
pleces, solid
CaCl; Mass
Cadl, white, small, solid balls
As CaCl, mass increases, the temperature change . decreases

stays the same

white, powdlery, different

size ‘PLECES, solid If we add more CacCl, to the reaction, the kinetic energy i decreases
stays the same

@

NaHCO;

Water clear liquio NaHCO, Mass

increases

As NaHCO, mass increases, the temperature change . Jecrease:
stays the same

14. What did we end with? q L tuvned waille 4 anitre with a cplind
increases
at bottom of bag. Gas was produced that puff up the bag, If we add more NaHCO to the reaction, the kinetic energy .
stays the same
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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).
e 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 When a chemical reaction gets warm, energy has been released (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)

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.
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.
Pass out Experiment 2 bags, follow the same procedure
as in experiment 1, except have students switch roles.
o Students should observe the bag gets cold.
Discuss with students where the heat energy went.
o When a chemical reaction gets colder, energy
has been absorbed (question 21).
Discuss the two ways that chemical reactions can

Last Revised: 12/12/2024

20. What would happen if we mixed 12.0 g of NaHCOs, 3.0 g of Ca(l,, 4.0 g of NaCl, and
50 mL of water? (Graph 1is shown again below to help you).
The veactinm will feel cold, beeause the tevaperatuve change

will be negative.

Graph 1: Effects of NaHCO; Mass and CaCl, Mass
on the Temperature Change
~ «
e S

P~

e~
1
P

I/

10.0g
6.0g
P! 308

Temperature Change (-C)

NaHCO, Mass (g)

21. When a chemical reaction gets colder, energy has been absorbed .

22. Chemical reactions can absorb or velease energy.

23. The energy transferred in a chemical reaction is affected by:

Tupe of substance
T T

Mass

transfer energy (question 22).
e Have students help you summarize what they learned
about the transfer of energy in chemical reactions and

30
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:

Last Revised: 12/12/2024

Directions:

1. a.

EXTRA PRACTICE

Circle if the statement is a CLAIM, DATA, or an OPINION.

The Mariana Trench is 10,994 m deep
and the Tonga Trench is 10,880 m deep.

Adults eat more vegetables than
children do.

Oceans with temperatures over 25°C
have more fish than cooler oceans.

115 people bought Oreos and 95 people
bought Chips Ahoy.

Writing a procedure is hard.

The planet Venus has been observed in
full, half, and quarter phases.

The largest reptile is the saltwater
crocodile.

The more dust in the air, the prettier the
sunset.

about|data collectionf.

2. a)Annotate the following results table.

Directions for annotating: Underline control(s), circlecfianging variable(s) and box information

because when the solid A mass wa
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¢) Annotate the following possible conclusion.

d) Is this a correct conclusion for the results table?
If NO, what is wrong with the conclusion? More thaw 1 changing variable .

YES

Possible Conclusion: The greater the solid A mass, the greater the temperature change,
D the temperature change was and when

the solid A mass was.0 ) the temperature change was [i6.1°d).

Variables Trial A Trial B Trial C
Solid A Mass: 4.0¢g
<alid B Massi> 6.08 9.0g 2.0g
Claim Opinion " : so0g
Data Trial A Trial B Trial C
g|  Temperature Change (°C): 9.3°C 8.7°C 9.1°C
o 3
Data Opinion H Largeamount | Mediumamount | Small amount
i Other:
é of foam of foam of foam
b) Can this group make a conclusion? @ NO | DON'T KNOW
Data Opinion : " :
<) Annotate the following possible conclusion.
Possible Conclusion: The greater th€&olid B mas, the less foam is made, because we
observed, when the solid B mass wa€{.0 ) there was a [large amount of foam}, and when
i Optitan the solid B mass was{Z:0 2 there was a bmallamount of foam]
d) Is this a correct conclusion for the results table? @ NO | DON'T KNOW
o . T
Fidln Bata If NO, what is wrong with the conclusion?
3. a)Annotate the following results table.
. . Variables Trial A Trial B TrialC
Claim Opinion Tl A Vs 208 40 5.0
30¢ 65¢ 8og
Data Opinion Data Trial A Trial B Trial C
Temperature Change ("C): 10.5°C 13.3°C 16.1°C
Smallamount | Medium amount | Large amount
Claim Data Other: of foam of foam of foam
b) Can this group make a conclusion? YES 1 DON'T KNOW

I DON'T KNOW
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4. a) Annotate the following results table.

Variables Trial A Trial B Trial €
Solid A Mass: 708
Solid B Mass: 50g
25¢ 508 758
Data Trial A Trial B Trial C
Temperature Change (*C): 7.2°C 10.2°C 14.4°C
Medium amount | Medium amount | Small amount
Other:
of foam of foam of foam
b) Can this group make a conclusion? @ NO | DON’T KNOW

<) Annotate the following possible conclusion.
Possible Conclusion: The greater thecGoTid C masy the greater the temperature change,
because when the solid C mass was‘ the temperature change was [14.4°C] and when
the solid Amass was((5 9 the temperature change was =4

d) I this a correct conclusion for the results table?  YES | DON'T KNOW
: P
If NO, what is wrong with the conclusionz CLalm. awnd data switched.
Directions: Some scientists wanted to know how changing the solid C mass would affect the

temperature change of the reaction. They did three experiments, using a different solid A masses each
time, and plotted most of their data on a graph. Answer question 5 using the graph below.

5. a)Annotate the graph.
b) Plot the data points from the

Effects ofGglid C Masand
Solid A Mass on !

chart below on the graph 50 —
using circles (0) as markers. B 5
O
Substance A Mass: 5 = Solid A
30.0¢ 2] ] Mass
Substance Change in S K |_ A0.0g
o
C Mass H = .
15 5 ;’; —~ .
20 10 £ = 030.0g
30 13 -
40 2
o

o 5 10 1520 25 30 35 40 45 50

<) Draw trend lines on the T

graph for each data set.

d) In general, for all solid A masses, what happens to the temperature, as the solid C mass increases?

The tevperature chanoe increases.

&) What will the temperature change be when 10.0 g of Aand 5.0 g of C are mixed? 25°C
) What willthe temperature change be when 15.0 gof A and 35.0 g of C are mixed? 39°(.
33
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