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Module 2: Thermal Transfer
6t Grade

About the Instructions:

This document is intended for use by classroom teachers, SciTrek leads, and SciTrek volunteers. The
document has been composed with input from teachers, leads, volunteers, and SciTrek staff to provide
suggestions for future teachers/leads/volunteers. The instructions are not intended to be used as a direct
script, but were written to provide teachers/leads/volunteers with a guideline to present the information
that has worked in the past. Teachers/leads/volunteers should feel free to deviate from the instructions
to help students reach the learning objectives of the module. Places in which you can be creative and
mold the program to meet your individual teaching style, or to meet the needs of students in the class
are: during class discussions, managing the groups/class, generating alternative examples, and asking
students leading questions. However, while running the module, make sure to cover all the material each
day within the scheduled 60 minutes. In addition, no changes should be made to the academic language
surrounding the analysis activity.

This 6™ grade module has been designed to build upon the scientific practice taught in 5" grade SciTrek,
which is conclusions. As a result, the 6™ grade SciTrek program is only available to classes who
participated in 5" grade SciTrek the previous year.

Activity Schedule:
There are no scheduling restrictions for this module.

Day 1: Analysis Assessment/Observations/Variables (60 minutes)

Day 2: Question/Materials Page/Experimental Set-Up/Procedure/Results Table (60 minutes)

Day 3: Experiment/Analysis Activity (60 minutes)

Day 4: Conclusion/Technique/Analysis Activity (60 minutes)

Day 5: Analysis Activity/Team Plan/Question/Experimental Set-Up/Procedure/Results Table (60 minutes)
Day 6: Experiment/Graph/Conclusion (60 minutes)

Day 7: Poster Making/Poster Presentations (60 minutes)

Day 8: Analysis Assessment/Draw a Scientist/Tie to Standards/Content Assessment (60 minutes)

The exact module dates and times are posted on the SciTrek website (scitrek.chem.ucsb.edu/elementary)
under the school/teacher. The times on the website include transportation time to and from outside of
Chem 1204. Thirty minutes are allotted for transportation before and after the module. Therefore, if a
module was running from 10:00-11:00, then the module times on the website would be from 9:30-11:30.

Student Groups:

For the initial observation (Day 1), students work in three groups of approximately ten students each.
After Day 1, the groups of approximately ten students are further subdivided into two subgroups,
approximately five students each, for the rest of the module. On Day 5, subgroups will join to form
“teams” (two subgroups per team), based on the changing variable they choose to investigate. One
volunteer is assigned to help each group/team which is made up of two subgroups. We find
groups/subgroups work best when they are mixed levels and mixed language abilities.



SC@TR EK Last Revised: 4/3/2023

NGSS Performance Expectation Addressed:

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

Learning Objectives:

1. Students will know that change in temperature and production of gas can be evidence of a chemical
reaction.

2. Students will know that energy can be transferred in a chemical reaction in the form of heat, and is
dependent on mass of reactant used.

3. Students will know that different substances are able to store different amounts of energy.

4. Students will know they must only have one changing variable in order to draw a conclusion.

5. Students will be able to determine whether a conclusion is appropriate based on a given data set.

6. Students will be able to recognize and interpret trends in graphical data, and use that data to make
predictions.

7. Students will be able to collaborate as a class to plan, and carry out, a focused experiment.

8. Students will be able to list at least two ways they behaved like scientists.

Classroom Teacher Responsibilities:

In order for SciTrek to be sustainable, the program needs to work with teachers on developing their
abilities to run student-centered, inquiry-based science lessons on their own in their classrooms. As
teachers take over the role of SciTrek lead, SciTrek will expand to additional classrooms. Even when
teachers lead the modules in their own classrooms, SciTrek will continue to provide volunteers, and all of
the materials needed to run the module. Below is a sample timeline for teachers to take over the role as
the SciTrek lead.

*Groups are made up of approximately ten students and are subdivided into two subgroups
(approximately five students each) after Day 1 of the module.
1. Yearl
a. Classroom teacher leads a group (Role: Group Lead; this is referred to as a volunteer
in these instructions)
2. Year2
a. Classroom teacher co-leads the modules with a SciTrek staff member (Role: Co-Lead)
i. Classroom teacher will be responsible for leading entire class discussions (Ex:
analysis activity).
ii. Classroom teacher will be responsible for time management.
iii. Classroom teacher will be responsible for overseeing volunteers and helping
any groups who are struggling.
iv. Classroom teacher will be responsible for all above activities. The SciTrek co-
lead will only step in for emergencies.
v. The SciTrek co-lead will run the tie to standards activity.
3. Year 3 and beyond
a. Classroom teacher leads the modules (Role: Lead)
i. Classroom teacher will be responsible for leading entire class discussions (Ex:
analysis activity).
ii. Classroom teacher will be responsible for time management.
iii. Classroom teacher will be responsible for overseeing volunteers and helping
any groups who are struggling.
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iv. Foryear 3 a SciTrek staff member will co-lead the tie to standards activity
with the classroom teacher, for subsequent years they will run the tie to
standards independently.

SciTrek staff is counting on teacher involvement. Teachers should notify the SciTrek staff if they will not
be present on any day(s) of the module. Additional steps can be taken to become a SciTrek lead faster
than the proposed schedule above. Contact scitrekelementary@chem.ucsb.edu to learn more.

In addition, teachers are required to come to UCSB for the module orientation, approximately one week
prior to the start of the module. Contact scitrekelementary@chem.ucsb.edu for exact times and dates, or
see our website at scitrek.chem.ucsb.edu/elementary under your class’s module times. At the orientation,
teachers will go over module content, learn their responsibilities during the module, and meet the
volunteers who will be helping in their classroom. If you are not able to come to the orientation at UCSB,
you must complete an online orientation. Failure to complete an orientation for the module will result in
loss of priority registration for the following year.

Prior to the Module (at least 1 week):
1. Come to the SciTrek module orientation at UCSB.
Notes for Teachers During the Module:

If possible, have a document camera available to the SciTrek lead every day of the module. If you do not
have a document camera, please tell a SciTrek staff member at orientation.

Day 1:
Have students’ desks/tables moved into three groups and cleared off. We will need to have access
to three electrical plugs (one for each group).
Day 2-7:
Have students’ desks/tables moved into six groups and cleared off.
Day 3 and 6:
We will need to have access to six electrical plugs (one for each group).
Day 8:
Have students’ desks/tables cleared off. The desks/tables do not need to be moved into groups.

Scheduling Alternatives:

Some teachers have expressed interest in giving the students more time to work with the volunteers
throughout the module. Below are options that will allow the students more time to work with the
volunteers. If you plan to do any of the following options, please inform the SciTrek staff no later than
your orientation date (approximately one week before your module, exact orientation times are found at:
scitrek.chem.ucsb.edu/elementary). This will allow the SciTrek staff to provide you with all needed
materials.

Day 1:
If you would like to have more time for your students to make observations and generate
variables, you can give the analysis assessment to your class, before SciTrek arrives.

Day 2:
If you would like to have more time for your students to design their experiments, you can do the
example question/experimental set-up, outlined in the Introduction with your class, before
SciTrek arrives.
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Day 3:
If you would like to have more time for your students to perform their experiments, you can finish
the first portion of the analysis activity (notebook, pages 8-10) with your class, after SciTrek
leaves.

Day 4:
If you would like to have more time for your students to work on the technique and analysis
activities, you can finish the second portion of the analysis activity (notebook, pages 14-15) with
your class, after SciTrek leaves.

Day 5:
If you would like to have more time for your students to collaborate and redesign their
experiments, you can finish the analysis activity (notebook, pages 16-17), before SciTrek arrives.

Day 7:
If you would like to have more time for your students to discuss their experiments during poster
presentations, you may take more time for each presentation and finish the presentations, after
SciTrek leaves.

Day 8:

If you would like more time for the tie to standards activity, you may give the analysis assessment
to your class, before SciTrek arrives.

Materials Used for this Module:

LN WNRE

14.
15.
16.
17.
18.
19.
20.

Polypropylene 4 oz. containers (Fisher part number: 14-828-321)

Scoopula stainless steel spatulas, labeled with substance to be used (Fisher part number: 14-357Q)
Magnetic stir plates (Fisher part number: 11-676-263)

Magnetic stir bars, 1 inch (Fisher part number: 14-512-126)

Nalgene graduated cylinders, 100 mL (Fisher part number: 08-572D)

Weighing dishes, hexagonal, polystyrene (Fisher part number: 02-202-101)

Beakers, 250 mL borosilicate glass (Fisher part number: FB100250)

Traceable Flip-Stick digital thermometers (Fisher part number: 14-648-45)

Scales (Amazon.com: American Weigh Scales Signature Series Black AWS-1KG-BLK Digital Pocket
Scale, 1000 g x 0.01 g)

. Droppers
11.
12.
13.

Extension cords
Sip Thru plastic lids (Smart & Final, First Street brand for 8 oz. or 10 0z cups)
Leslie’s Hardness Plus (calcium chloride, CaCl,) (Leslie’s Pool Supply Sku: 14420)

a. IMPORTANT: Calcium chloride absorbs water from the air, which negatively affects this
experiment. Thus, it is important to keep the lids on all calcium chloride containers.

b. IMPORTANT: Calcium chloride has an expiration date, so it must always be tested prior to use
in the classroom.

c. Totest CaCl, freshness, stir 6.0 g CaCl, into 50 mL tap water at room temperature, record the
initial and maximum temperature, and subtract the initial temperature from the maximum
temperature to find the temperature change. Repeat two more times and find the average
temperature change, which should be ~14.0°C.

d. If the temperature change varies by more than 1.5°C (from 14.0°C), fresh CaCl, must be
acquired.

Baking soda (sodium hydrogen carbonate, NaHCOs)

Salt (sodium chloride, NaCl)

Water

Clear rulers (Amazon.com: eBoot clear plastic ruler, 12-inch/metric)
Paper towels

Ziploc sandwich bags

Plastic spoons, labeled to avoid use with food
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Note: The chemical reaction investigated in this experiment generates calcium carbonate (CaCOs), also
known as chalk. All the products/materials used in this module are safe to wash down the drain. Calcium
carbonate has been known to build up on beakers, thermometers, etc. over time, leaving a white residue.
This residue can be easily cleaned off the equipment by rinsing with vinegar.

All printed materials used by SciTrek (notebooks, materials page, team plan, picture packet, poster parts,
instructions, and nametags) can be made available for use and/or editing by emailing
scitrekelementary@chem.ucsb.edu.

Types of Documents:

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

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

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

In these instructions, all other example documents are labeled.

Day 1: Analysis Assessment/Observations/Variables

Schedule:

Introduction (SciTrek Lead) — 2 minutes

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

Materials:

(3) Volunteer Boxes:

0 Nametags

[ (NS+1) Notebooks

[ Volunteer instructions

O Picture of experimental set-
up

O Volunteer lab coat

1 (2) Pencils

1 (2) Dry erase markers

[ (12) Clear rulers

[ Paper towels

[ Water (8 0z)

U Dropper

[ Scale

L Thermometer

[ 100 mL Graduated cylinder
[ 250 mL beaker

[ NaHCOs exact container (2.4

g)
1 NaCl exact container (4.0 g)

1 CaCl; exact container (6.0 g)
[1 Set of 4 labeled weigh boats
(NaHCOs, NaCl, CaCl,, Mix)

[ Plastic lid

1 Magnetic stir bar
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Other Supplies:
1 (3) Notepads
[ Bucket with lid

Lead Box:
I (3) Blank nametags
[ (3) Extra notebooks
U Lead instructions

O Thermal Transfer picture

packet

[ Picture of experimen
up

[ Lead lab coat

tal set-

[ (35) Analysis assessments

U Time card
[ (2) Pencils

Notepad and Notebook Pages:

[ (3) Trays

[ (2) Wet erase markers

[ (2) Black pens

[ (3) Markers (orange, blue,
green)

[ (5) Clear rulers

[ Paper towels

[ Water (8 0z)

U Dropper

[ Scale

O Thermometer

[0 100 mL Graduated cylinder

Initial Water Temperature: 19.2°C
o Gradugted cyllnder

v BLaRey @

« Stir plate
« Plastic Lig

e Seale

Describe what happenad during the experiment,

« Pour all substawnces
togethey and stiy
» BeaRey got witrm and
solution wade a Lot of
budebles
« Tewp Max: 29.0°C
* Temmp Change:
-m
2.8¢C

OBSERVATIONS
Experimental Set-Up:
Formula Substance Name Physical Description
ool njnhx-:v. y
NAHCO, PR D% iy whits, possery, selid
Nacl medium chleride wWhizt, gralng, selld
Wiits, ball-chansa,
Caclly Calsium thioride solal
H:0 PV clear, eoloriens, liondd

« Thernwometer
o4 \Weigh boats

Bubbles (gas)

Forwed

Last Revised: 4/3/2023

1 Box with 6 stir plates and 3
extension cords

(1250 mL beaker

[0 NaHCOs exact container (2.4
g)

1 NaCl exact container (4.0 g)

1 CaCl; exact container (6.0 g)
[1 Set of 4 labeled weigh boats
(NaHCOs, NaCl, CaCl,, Mix)

1 (3) Plastic lids

I Container of 3 magnetic stir
bars

Nacl [ Sediure chloride

cacl;
o

wiRtey

Clear,

OBSERVATIONS
Expurimvtad SotUp:
Foruls | Substance Name Prvpsical Description Amaus
. Sodivmm kadroate
NaHCoy Whike, powdery, solid| 2.4 o

white, :.\v:zlna_.;, selid ' =299

Calclwae zhlovide Lamise

ball saapad, soliod .04

colortess, Uauld g

it Witer Tamperature: 4 8 =%

- d cralbng Seole

Beakey ﬁ'“ Thevmenneetey
S=hir pmn e x‘.’ﬁii‘{-'ﬂ boats
Stir var

Plastic Lid

Dascribn what bappened during the experiment

~and st
BeARL-GOL- Wavu aad

TEMPp-Matx-23:6°C
Femp-Ghanst——
250

“192°C

solution-ugde gLt of bubl

Bubble (2os)
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VARIABLES
Variabl How will changing this variable affect the VARIABLES
acheariey temparature change of the reaction?
water The greater the x-:fiter anount, the i [ ut;\lim::“.:::f et e
Anoumt el alma water | ThEgreater the wateyr
change. = amount, the smaller the
Amount | teraperatiure change.
The hotter the water tempevature, the eveperature chan ¥
e the teneperature | The hotter tey, th
the tempe . The hotter the watey, the
Teénperature wiate ; -
P shange. " |bigger the tevaperature
Tewaperature  change. :
NacL The greater the Nacl wass, the &
e the tenuperature Nacl The greater the Nacl
T |change. T s, the bigoey the
Mass | tevaperature change.
. | The greater the NaHCO
Choose our own! ) at4g - 2
i NAHCOs | mass, the bigger the
Mass teraperature Change.
Container T‘n:"tk;..c_»:'ﬁ ¥ the container
. | vaaterial, the smaller the
Matenal | tewaperature change.
3 3
Preparation:
SciTrek Lead:
1. Make sure volunteers are writing their name and group color on the whiteboard.
2. Make sure volunteers are passing out nametags.
3. Make sure volunteers are setting up for the initial observation.
4. Set up the document camera for the analysis assessment and class question (notebook, front
cover).
5. Set up the lead set-up.
a. Place a graduated cylinder, beaker, scale, weigh boat, stir plate, and stir bar, on a tray to
show/demonstrate during the observation discussion.
6. Pass out the analysis assessments.

SciTrek Volunteers:

1.

On the front whiteboard in the classroom, write your name and the color of the group (orange,
blue, or green) you will be working with.
Pass out nametags.

a. You may need to do this during the Introduction. Quietly set each student’s nametag on
their desk without talking to them. If names are not written on their desk, ask the
classroom teacher or lead to help you when they are not talking with the class.

Have rulers and notebooks available to pass out.
Assemble the experimental set-up (shown in picture below as well as in color in the experimental
set-up picture in your group box) on a tray.

a. Filla 100 mL graduated cylinder with 50 mL of water and place it on the tray.

b. Place the scale, beaker, thermometer, 4 labeled weigh boats (NaHCOs, NaCl, CaCl,, Mix),
magnetic stir bar, plastic lid, and exact containers of NaHCOs3, NaCl, and CaCl; on the tray.
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c. Plugin the stir plate (use extension cord, if needed), and place it next to the tray of
materials.

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

For UCSB Lead:

“Hi, we are scientists from UCSB and we want to show you what we do as scientists. We will show you an
experiment and then you can make observations, come up with a class question, and design your own
experiment to help answer the class question. We want to show you that you can do science and have
fun.”

For Teacher Lead:

“I have asked some scientists from UCSB to come and help us with a long-term science investigation. We
will make observations, come up with a class question, and you will design your own experiment to help
answer the class question.”

Allow the UCSB volunteers to introduce themselves and share their majors.

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

Tell students, “Before we start with the module, we will determine how your ideas on analyzing and
interpreting data are developing.” Have students write their name, teacher’s name, and date at the top of
the assessment. Tell students, “When doing this assessment, you should work individually, so there
should be no talking.” As you are giving the assessment, walk around the room and verify students have
written their names on their assessments.

For page 1, read the directions for annotating to the students. Then, have students annotate the first
results table by underlining controls, circling changing variables, and boxing information about data
collection. Read question 1b (Can this group make a conclusion?) and have students answer it. Have
students annotate the possible conclusion. Finally, read question 1d (/s this a correct conclusion for the
results table? If NO, what is wrong with the conclusion?), and have students answer the question. Repeat
this process for questions 2 and 3.

Have volunteers pass out rulers to students. Read the directions for question 4 to students. Then, have
students annotate the graph by underlining controls, circling changing variables, and boxing information
about data collection. Have students plot the remaining points on the graph using circles as markers.
Then, tell students, “Draw trend lines for each experiment on the graph.” Read questions 4d-4f and give
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students time to answer each. When students are finished, collect the assessments and rulers as well as
verify students’ names are written on top.

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

Have volunteers pass out a notebook to each student.

Have students fill out their name, teacher’s name, group color (color of their name on their nametag:
orange, blue, or green), and their volunteer’s name, on the front cover of their notebooks. Students will
leave the subgroup number, team/subgroup symbol, and class question blank. If a student does not have
a nametag, only have them fill out their name and teacher’s name on the cover of their notebook. They
will be placed in a group when the class divides into groups for observations, and can fill out their group
color, and volunteer, at that point.

Tell students, “Scientists make many observations.” Ask the class, “What is an observation? What are the
types of things you can record for an observation?” If they have trouble, show them an object and let
them make observations. Turn these specific observations into general features of an observation.
Examples of possible general observations are: color, texture, size, weight, temperature, etc. Lead
students to understand an observation is a description using your five senses.

Tell students, “In this experiment, we are going to make observations of chemicals before, during, and
after, a chemical reaction.” Ask the class to help you define what a chemical reaction is. Choose 2-3
students to share their ideas about chemical reactions. Use these ideas to help lead to the definition: a
process where one or more substances are altered into one or more different substances. Tell students,
“Some ways we can tell a chemical reaction has happened are temperature changes, gas formation, or
color changes. You can refer back to this definition on page 1 of your notebooks. As a class, we will
investigate the question, ‘What variables affect the temperature change of the chemical reaction?’” Write
the class question on the front cover of the class notebook under the document camera, and have
students copy it onto their notebooks.

Tell students, “One of the scientific devices we will be using is a scale.” Put one of the scales under the
document camera. Tell students, “The scale will be used to measure the amounts of substances we will be
working with.” Show students how to turn on the scale, and wait for it to read 0.00 g. Then, place one of
the weigh boats on the scale (it does not matter which weigh boat you choose). Have students read the
mass of the weigh boat out loud. Ask students, “Do you think the mass of the weigh boat should be
included in the mass of the substance we are weighing with it?” Lead students to realize that it should not
be included. Tell students, “Scientists get rid of the mass of the weigh boat by ‘zeroing,” or ‘taring’ the
scale, before they add the substance they want to measure.” Show students where the ‘tare’ button is.
Push the button, and then pour the appropriate substance from one of the exact containers in the lead
box, into the weigh boat. Tell students, “You should record all mass measurements to the nearest tenth
(0.1) of a gram.”

Tell students, “Another scientific device we will be using is a magnetic stir plate.” Show students the stir
plate, then, hold up a stir bar. Tell students, “This is a magnetic stir bar, and will be used to stir your
reactions. You should all set your stir plates to stir at the same speed, by turning the dial to the black
mark, which we will call ‘level 2’ stir speed. Stir bars, and plates, are delicate pieces of scientific
equipment, that we need to be careful with. We will also be using digital thermometers, in our
experiment, we will need to record the maximum temperature of the reaction. These thermometers can
help us record the exact maximum temperature, because they have a button that says ‘Max/Min.” Once
the reaction has passed its maximum temperature (when the temperature starts to decrease again), you
can take the thermometer out, and press the ‘Max/Min’ button, to find out the maximum temperature.
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After recording the maximum temperature, you should close the thermometer, to reset it, before
performing the next trial.”

Tell the class, “You will now get in your groups, and make observations. To determine your group, you will
need to look at the color of your nametag (orange, blue, or green).” Tell each colored group where to go,
as well as to bring a pencil and their notebooks.

If a student does not have a nametag, identify the group color with the least number of students in it, and
write the student’s name on one of the extra nametags in the lead box, using that color of marker.

Observations:
(19 minutes — Groups — SciTrek Volunteers)

Once students come over to your group, have them sit in boy/girl fashion. Verify the materials are set up
as described in the Set-Up section. Have students turn to page 2 of their notebooks.

As a group, have students fill out the table with descriptions, and amounts (mass or volume), of water,
sodium hydrogen carbonate (NaHCO3), sodium chloride (NaCl), and calcium chloride (CaCl,). You will need
to give students the names of the substances. Do not tell students the common names of the substances
(Ex: baking soda or salt). Weigh each substance in the appropriately labeled weigh boat, and record
masses to the nearest tenth of a gram. Observations should be recorded in the table on the notepad,
under Experimental Set-Up, and then copied by students into their notebooks. The table should take you
no longer than 7 minutes to fill out.

As a group, generate approximately four observations about the experimental set-up (aside from the
information in the table). Write these on the notepad, while students copy them into their notebooks.
Then, give students approximately one minute to generate a few other observations by themselves, and
write them in their notebooks. Have students share out for 1 minute. Make sure students know the
container holding the water is called a ‘graduated cylinder,” and the empty container is called a ‘beaker.” If
they are not already there, add “graduated cylinder” and “beaker,” along with sketches of each, to the
notepad. You do not need to put any other observations about the experimental set-up on the notepad.

Pour the water from the graduated cylinder into the beaker, and add the stir bar. Then, open the
thermometer, place it through the hole in the lid, and put the lid on the beaker, so the thermometer rests
in the water. Begin stirring by turning the stir plate dial to the black mark (level 2), and then wait a few
moments to allow the water temperature to stabilize. Then, ask students, “What temperature should we
record?” Record this temperature on the group notepad while students record it in their notebooks. A
picture of this set-up is shown below.

Pour all of the weighed substances into the weigh boat labeled “Mix.” Tell
students, “We are going to add the chemicals into the water, which might affect
the temperature. While the reaction is taking place, you can tell me what you
observe, and | will record it on the notepad. After the reaction is complete, you
will be able to copy the observations into your notebooks.” Have students tell you
what they are going to do (pour all substances together), and record it on the
notepad. Tell students, “We will record the highest temperature, so you need to
watch the thermometer, until the temperature reaches a maximum, and starts
decreasing again.” When the students are ready, carefully lift the lid so the
thermometer stays in the water, while you pour the contents of the Mix weigh
boat into the water. Have a student hold the beaker steady while the reaction is
happening. Note: The temperature may drop momentarily, but should start
increasing somewhat rapidly. Try to allow all students to one-finger touch the outside of the beaker, to

10
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feel that the reaction caused the beaker to get warm. Once the reaction reaches its maximum
temperature, and starts decreasing again, record the temperature on the notepad. Have students copy
down what you wrote on the notepad during the reaction. In addition, have them draw what happened

during the reaction, in the beaker.

Ask students, “How can we determine the temperature change caused by the reaction?” Guide students
to understand, if they subtract the initial temperature, from the final (maximum) temperature, they will
get the temperature change. Record this on the notepad, and have students copy it into their notebooks.
Note: the temperature change should be ~9-10°C, which corresponds to a change of ~16-18°F. Do not tell
this to students unless they specifically ask what the change in Fahrenheit temperature would be.

Ask students, “Did a chemical reaction happen when the chemicals were poured into the water?” Call on
a few students to share the evidence they observed to confirm that a chemical reaction occurred. Possible
student response: a gas formed, and the temperature increased.

If there is additional time, have students write a summary of what happened during the experiment. An

example filled out observations is shown below.

Initial Water Temperature: 19.2°C

o Gradunted s}j-‘.indu
e Seake
BLaRer » Thernomeker

« Stir plate «4 \Weigh boats

« Plastic Lig

Describe what happensad during the experiment,

« Prur all substawnces
together and stiy

» BeaRey aot wirm And
solution waade a Lot of
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Variable Discussion:
(5 minutes — Full Class — SciTrek Lead)

Ask the class questions to review the experiment they carried out. Make sure, by the end of the
discussion, students have described the set-up, and identified what happened when the substances were
mixed together. Make sure students understand that a chemical reaction must have occurred, because
they observed an increase in temperature, and the formation of bubbles (gas).
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Ask the class, “What is the class question?” They should reply, “What variables affect the temperature
change of the chemical reaction?”

Lead students through the following questions, and explanations:
What does the word ‘variable’ mean to a scientist?
variables are the parts of the experiment you can change
Do you think there are multiple variables that will affect the temperature change?
multiple variables might affect the temperature change
Explain, this is why we will need to work as a class to answer the class question: “What variables
affect the temperature change of the chemical reaction?”

Tell the class, “You are going to think about variables in the experiment, you could change, in order to
help us answer the class question. In addition to generating variables, you should think about how, and/or
why, these variables might affect the outcome of the experiment.” Ask the class, “What do you think is a
variable that might affect the temperature change?” Then, have them tell you how and why, they think
that variable would affect the temperature change. Probe them on how they would design an experiment
to test whether this variable affected the temperature change. Finally, have the students make a
prediction of the results for the experiment they proposed. Remind students, “Predictions can be wrong,
and we will not know the true answers until we carry out the experiment.”

Ex: Variable: sodium chloride mass
Why might this variable affect the temperature change of the reaction? Because it
might allow the chemical reaction to go on longer.
How would you test this variable? Add different amounts of sodium chloride to
the reaction.
Prediction: The more sodium chloride, the greater the temperature change.

Tell students, “You will now generate more variables and analyze them in your groups.”

Variables:
(12 minutes — Groups — SciTrek Volunteers)

As a group, generate a variable and make a prediction about how it could affect the temperature change.
Encourage and challenge students to explain why they think their prediction is correct, and how this
variable could affect the temperature change. If needed, you can write down a sentence frame for
students to use. Repeat this process two more times, record these ideas on the notepad and have
students copy them into their notebooks. If students have different predictions, they can write their own
predictions in their notebooks. Next, students will individually generate additional variables, make
predictions about how different values of these variables will affect the temperature change, and record
their ideas in their notebooks. Have students share these ideas with the group.

Prepare one student to share a variable and why they think it will affect the temperature change, during
the class discussion.

12
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Choose our own!
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Wrap-Up:
(2 minutes — Full Class — SciTrek Lead)

Have one student from each group share a variable they generated as well as how and why they think it
will affect the temperature change. Make sure, students tell you their predictions about how different

values of that variable will affect the temperature change.

Tell students, “Next session, you will design an experiment to answer the class question: What variables

affect the temperature change of the chemical reaction?”

Clean-Up:

1. Collect notebooks with attached nametags.

2. Put the beaker, stir bar, CaCl, weigh boat (all other weigh boats should go in your group box) into

the

3. Wipe the thermometer with a paper towel, and close it, before you put it back into your group

buckets.

box.
4. Return the stir plates, plugs, and extension cords, to the stir plate box.
5. Place all other materials into your group box and bring them back to UCSB.

13
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Day 2: Question/Materials Page/Experimental Set-Up/Procedure/Results Table

Schedule:

Introduction (SciTrek Lead) — 12 minutes

Question (SciTrek Volunteers) — 9 minutes

Materials Page (SciTrek Volunteers) — 7 minutes

Experimental Set-Up (SciTrek Volunteers) — 8 minutes

Procedure (SciTrek Volunteers) — 18 minutes

Results Table (SciTrek Volunteers) — 3 minutes

Wrap-Up (SciTrek Lead) — 3 minutes

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

Materials:

(3) Volunteer Boxes:

[J Nametags [ Volunteer lab coat 1 (2) Pencils
[ Notebooks [ (2) Materials pages (subgroup [ (2) Red pens
O Volunteer instructions color & number indicated) O Paper notepad
Lead Box:
I (3) Blank nametags U (2) Materials pages 1 (2) Black pens
[ (3) Extra notebooks O Time card 1 (3) Markers (orange, blue,
[ Lead instructions [ (2) Pencils green)
O Thermal Transfer picture [ (2) Red pens ] Paper notepad
packet [J (2) Wet erase markers L1 Scoopula

[ Lead lab coat

14
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Preparation:

SciTrek Lead:
1. Make sure volunteers are setting out notebooks in such a way that allows students within the
same subgroup to work together.
2. Set up the document camera for the question (notebook, page 4), materials page (lead box),
experimental set-up (notebook, page 5), and results table (picture packet, page 1).

SciTrek Volunteers:
1. Set out notebooks/nametags to allow students in the same subgroup (same number on the front
of their notebook) to work together.
2. Make sure you have two materials pages, each filled out with a subgroup number (1 or 2), and
your group’s color, to give to subgroups after they complete their question.
3. Have ared pen available to approve students’ questions, experimental set-ups, and procedures
(notebook, pages 4-6).

Note: Set notebooks where students will sit during the module, even if another student is currently at
that desk. If needed, students will move to these spots after the Introduction.

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

If students are not in their subgroups, tell them, “A notebook will be put on your desk, which is not your
notebook and you should not move it. You will move to your notebook after the Introduction.”

Ask students, “What did we do and learn during our last meeting?” Possible student response: we mixed
three chemicals in water and observed a chemical reaction, which resulted in a temperature change. We
also generated variables that might affect the temperature change. Make sure they remember the names
of the chemicals: sodium chloride (NacCl), calcium chloride (CaCl,), and sodium hydrogen carbonate
(NaHCOs). Ask the class, “What is the class question we will be investigating?” Students should reply,
“What variables affect the temperature change of the chemical reaction?”

Tell students, “One way scientists answer questions is by performing experiments. Today, you will design
an experiment to help answer the class question.” Ask the class, “Do you think there are multiple
variables that could affect the temperature change?” Possible student response: there are probably
multiple variables.

Explain to students, “Many times, when there is a broad question, like our class question, scientists break
it down into smaller, more specific questions which small groups of scientists can investigate. The
scientists then compile their work to answer the broader question. Therefore, each subgroup is going to
generate a smaller question to investigate. Once we put all the subgroups’ research together, we should
be able to answer the class question.”

Subgroups will first generate a question based on the changing variable(s) they plan to explore. They will
then fill out their materials page, which will allow them to determine their experimental set-up. The
experimental set-up will help them generate a procedure, or a set of steps to conduct an experiment. Tell
students, “You will need to keep a few things in mind, while you are going through this process.”
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Experimental Considerations:
1. You will only have access to the materials on the materials page.
2. Ifyou are not changing stir sped, the stir speed must be level 2.
3. See the materials page for restrictions on experimental design.

Tell students, “We are now going to generate an example question/experimental set-up together. | will
write it in the class notebook, so you will be able to refer back to it when you are completing the process
yourselves.” Make sure students do not fill out the example question/experimental set-up in their
notebooks, as they will be completing these pages for their own experiments in subgroups.

Tell students, “For the example experiment, the changing variable will be CaCl, mass.” Then, write down
the changing variable in the class notebook (notebook, page 4), under the document camera. Tell
students, “When you are going through this process in your subgroups, you may select one or two
changing variables.”

Note: As an alternative, you can pick NaHCOs or NaCl as the changing variable.
Show students how to insert the changing variable, and what they plan to calculate, into the question

frame to generate the question that will be investigated, “If we change the CaCl, mass, what will happen
to the temperature change of the reaction?”

Experimental Considerations:

v Wil apdy ey acoess b th
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Mt wtet pou rrthicaetty

reaction.

$ciTrek Mermber Approval

Gt amateriakp m your vokirneer and Al it cut

w e perment s

Tell students, “Once you have determined your question, and have approval, your volunteer will give you
a materials page for determining the values of your controls and changing variable(s).” Ask students,
“What is a control?” Make sure, by the end of the conversation, students understand controls are
variables that are held constant during an experiment. For example, if the water volume was 50 mL for all
of the trials, then one of their controls would be water volume. These controls, and control values, can be
different from the original experiment they conducted on Day 1, but must remain constant throughout all
the trials they do for this experiment.
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Show students the materials page (lead box), and read the first step (For each bolded word, underline if it
is a control and circle if it is a changing variable.). Then, have students tell you what to do for each bolded
word. Read steps 2-4 on the materials page (Record masses to the nearest tenth of a gram. For variables
that are controls, choose 1 value and write it in the first blank. For variables that are changing variables,
choose 3 values and write the trial letter under each value.). Read the general materials to students, ask
them if they need each one, and check the box when they say yes. When you get to ‘scoopula,” show
them the scoopula in the lead box and tell them, “This will be used to scoop the chemicals.”

Go through the remaining items on the materials page. If a variable is a control, then choose (do not let
students choose) a single value, such as the original value (Ex: 50 mL for water volume). Make sure to
follow all restrictions listed (Ex: NaHCO3; mass may only be between 0.0 g — 4.0 g). Assign each control
value to a student, and tell them, “You are in charge of remembering this control, and its value, to help
when filling out the experimental set-up.” For the variable that is the changing variable, allow students to
select the values. Make sure students are giving you mass values to the nearest tenth of a gram. Write the
trial letter under each selected value. Ask students, “Do we want a narrow, or wide, range of values for
the changing variable values and why?” Guide students through selecting a wide range of values for the
changing variable. If they choose a value contrary to their proposed experimental design, question them
on their reasoning. For example, if they said they wanted to use a wide range of CaCl, masses, and they
picked 3.0 g, 3.2 g, and 3.7 g, ask them, “Would the selected values allow us to best answer the
guestion?” Allow them to change their values if needed. Assign the changing variable values to the
students who chose them.
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Tell students, “Once you have completed your materials page, you will fill out your experimental set-up.
First, you will fill out the information on the changing variable(s).” Ask students, “What is the changing
variable for the example experiment, and what values did we select?” Then, fill in the values, for trials A
and B only. Tell students, “Second, you will fill in information about your controls.” Draw an additional
control line under the existing control list. Ask students, “What is one of the controls, and its value, for the
example experiment?” Show students how to record the control on the left side of the slash (Ex: water
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volume), and the value of that control on the right side of the slash (Ex: 50 mL) by doing so in the class
notebook. There are four possible variables to choose from on the materials page. If a subgroup changes
two variables, they will be left with one control blank empty after inserting in the information from the
materials page. Since all control blanks must be filled out, tell students, “You may need to generate an
additional control that does not come from the materials page.” Lead students to realize this should be
“stir speed/level 2.”

Ask students, “Should everyone choose the same changing variable and why or why not?” Possible
student response: no, because we will not learn as much about the class question. Tell students, “This
means you should try to explore a changing variable you think few other subgroups are exploring. Once
your subgroup has completed your experimental set-up, you should raise your hands, and get it approved
by your volunteer.” Above is an example of what should be filled out for the experimental set-up in the
class notebook. Note that several sections are left blank by the lead, but students will fill these in for their
own notebooks.

Tell students, “After you finish your experimental set-up, you will write a procedure for your experiment
that you will be able to follow next session. When writing a procedure, you should include all values of
your controls, and changing variable(s), as well as what data you will collected and what you will
calculate.” Show students the example procedure step on page 6 of their notebook (Measure A) 2.0 g, B)
4.0 g, and D) 8.0 g of NaCl). Tell students, “Once your procedure is completed, you will get it approved by
a volunteer.”

Tell students, “After you write your procedure you will fill out your results table.” Put the filled-out results
table (picture packet, page 1, below) under the document camera. Note: This is the results table for
experiment 2, but it can be used to show students what to do with controls and changing variables. Tell
students, “You should first underline controls, circle changing variables, and box information about data
collection. For controls, you will write the control value in the Trial A box. Then, draw an arrow through
the remaining trials’ boxes. For the changing variable(s), you will write the changing variable value in each
box.” Show students both of these on the filled-out results table. Tell students, “Once you have filled out
your results table, you will make predictions about which trial will produce the smallest and largest
temperature changes. You will write an ‘S’ in the box of the trial you think will produce the smallest
temperature change, and an ‘L’ in the box of the trial you think will produce the largest temperature
change. If you think all trials will produce the same temperature change, you will write ‘same’ over all
boxes.
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Picture Packet, Page 1

Have students start the design process. Place the example question (notebook, page 4) under the
document camera so students may refer to it as they design their experiments. As subgroups move onto
their experimental set-ups, put the example experimental set-up (notebook, page 5) under the document
camera.

Question:
(9 minutes — Subgroups — SciTrek Volunteers)

Have subgroups decide what changing variable(s) they want to explore for their first experiment. Do not
try and sway students in any particular direction when choosing their number of changing variables; if
they only have one changing variable, do not encourage them to have more. If they have two changing
variables, do not encourage them to have fewer. Students will analyze their data, and then perform an
additional experiment to correct any mistakes they made on their first experiment.

After subgroups have decided on their changing variable(s), have them fill out their question. When you

sign off on their question, give them a materials page with their subgroup color and number designated in
the upper right-hand corner. An example filled-out question is shown below.
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Materials Page:
(7 minutes — Subgroups — SciTrek Volunteers)

Have subgroups underline their controls and circle their changing variable(s) on the materials page. Then,
have them use the materials page to choose the values for their controls and changing variable(s). For the
changing variable(s) values, have students write the trial letter (A, B, or C) under the value they select. Ask
students, “Why did you choose the values you did for your controls and changing variable(s)?, Will these
values make it easier or harder to answer your question?”

Make sure students have picked water volumes, NaHCO3; masses, CaCl, masses, and NaCl masses, that are
within the limitations given on the materials page. An example filled-out materials page is shown in the
Experimental Set-Up section below.

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

Have subgroups use their materials page to fill in their experimental set-ups (notebook, page 5). For
subgroups who have two changing variables, there will be one control blank that will not come from the
materials page. For this control, students should write “stir speed/level 2.” When you sign off on their
experimental set-ups, ensure all students within a subgroup have the same trial letters corresponding to
the same changing variable values; then, collect the materials page and verify that it is filled out correctly
and completely. Filling out the materials page is essential for students to obtain the correct materials for
their experiments on Day 3. An example filled-out experimental set-up is shown below (right).
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Procedure:
(18 minutes — Subgroups — SciTrek Volunteers)

After each subgroup has filled out their experimental set-up, they can start on their procedure (notebook,
page 6). Make sure students within the same subgroup are collaborating to write their procedure. Keep
procedures as brief as possible, while still conveying the pertinent information (control values, changing
variable values, the data they will collect, and what they will calculate) about the experiment. An example
step for a subgroup who had NaCl mass as a changing variable would be, “Measure A) 2.0 g, B) 4.5 g, C)
8.0 g of NaCL.” Some subgroups may struggle with writing procedures. You can have these subgroups
dictate each step while you transcribe them onto a notepad found in your group box. Give this sheet to
students to copy into their notebooks. Once students have finished, they should raise their hands and get
their procedures approved by their volunteer. An example filled out procedure is shown below (left).

Note: 6™ grade students are more independent, therefore, students in each subgroup may vary the

wording in their procedures. This is fine, as long as the steps are in the same order, and the correct values
are included in the same steps.
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PROCEDURE RESULTS
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Results Table:
(3 minutes — Subgroups — SciTrek Volunteers)

Have students underline the variables that are controls, circle the variable(s) that is/are their changing
variable(s), and box information about data collection. When writing the values make sure for controls,
they only write the value of the control in the Trial A box, then, draw an arrow through the remaining
trials’ boxes. For the changing variable(s), they should write the values in each trial’s corresponding box.

When students have finished, have them make predictions about the temperature change. Have them
write an “S” in the box of the trial they think will produce the smallest temperature change and an “L” in
the box of the trial they think will produce the largest temperature change. They will leave two of the
boxes empty. If they think all trials will produce the same temperature change, have them write “same”
over all of the boxes. It is okay if the students in a subgroup have different predictions. An example filled-
out results table is shown above (right).

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

If there is time, have one student from each subgroup share what question they will investigate.

Then, as a class, complete the extra practice (notebook, page 31). Tell students, “Next session, you will
start your experiments. All of your experiments will help us answer the class question: What variables
affect the temperature change of the chemical reaction?”

Clean-Up:

1. Collect notebooks with attached nametags
2. Place all materials into your group box and bring them back to UCSB.
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Day 3: Experiment/Analysis Activity

Schedule:

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

Wrap-Up (SciTrek Lead) — 2 minutes

Materials:

(3) Volunteer Boxes:

[J Nametags
[ Notebooks

[ Volunteer instructions
[ Volunteer lab coat

Last Revised: 4/3/2023

1 (2) Pencils

(2) Ziploc bags (gallon size), labeled (with subgroup number) with the following:

[ Filled out materials page
[ Wet erase marker

[ Paper towels

1 (2) Droppers

[ (2) Scales

[ (2) Thermometers

Other Supplies:

Lead Box:

] (2) Boxes of beakers
[ (2) Boxes with (7) 100 ml
graduated cylinders

[ (3) Extra notebooks

[ Lead instructions

O Thermal Transfer picture
packet

U Lead lab coat

O Time card

1 (2) Pencils

[ Set of 3 labeled scoopulas
(NaHCOs, NaCl, CaCl,)

[0 NaHCOs container
[ NaCl container
[ CaCl, container (1/3 filled)

[ Box with (14) 8 oz. waters
[ (2) Boxes with 6 stir plates
and 3 extension cords

L] (2) Wet erase markers

] (2) Black pens

[J (2) White rags

[ Scale

L] Thermometer

[ CaCl, container (1/3 filled)

[1 Set of 9 labeled weigh boats
(2 NaHCOs, 2 NaCl, 2 CaCl,, 3
Mix)

1 (2) Plastic lids

1 (3) Magnetic stir bars

1 (2) Buckets with lids

[1 Bag (paper towels, (2)
droppers, set of 3 labeled
scoopulas (NaHCOs, NaCl, CaCly),
NaHCOs container, NaCl
container, set of 9 labeled weigh
boats (2 NaHCOs, 2 NaCl, 2
CaCl,, 3 Mix), (3) plastic lids,
container of 3 magnetic stir
bars)
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Preparation:
SciTrek Lead:
1. Make sure volunteers are setting out notebooks.
2. Make sure volunteers are setting up for the experiment.
3. Set up the document camera for the analysis activity (notebook, pages 8-10).

SciTrek Volunteers:
1. Set out notebooks/nametags.
2. Plugin two stir plates for each subgroup and place them where they will work.
3. Put (2) waters, (2) graduated cylinders, (4) beakers, and a bag with supplies (labeled with
subgroup number), next to the stir plates.

Note: Set notebooks where students will sit during the module, even if another student is currently at
that desk. If needed, students will move to these spots after the Introduction.

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

If students are not in their subgroups, tell them, “A notebook will be put on your desk, which is not your
notebook and you should not move it. You will move to your notebook after the Introduction.”

Ask the class, “What is the class question we are investigating?” Students should reply, “What variables
affect the temperature change of the chemical reaction?” Tell students, “Today, you will conduct your
experiments to answer this question. When you record your data, you will make two measurements: the
initial temperature, and the maximum temperature. To get the maximum temperature, you will use the
‘max’ button on the thermometer. This function must be reset between each trial, by closing, and
reopening, the thermometer.” Then, show them how this is done. Ask students, “How will you determine
the temperature change?” Make sure they understand they will determine this by subtracting the initial
temperature from the maximum temperature. In addition, they will record any other observations, such
as the amount of bubbles that are produced. Show students where they will record these four things on
the results table.

Tell students, “To keep track of which beakers, weigh boats, and graduated cylinders, correspond to
which trial, you should use a blue wet erase pen, and write directly on the items.” Show students what
the wet erase marker looks like, and tell them, “This is the only pen you should be writing on the
equipment with. During the experiment, we will use several chemicals. It is important that you do not
contaminate these. Therefore, only use the appropriately labeled ‘scoopula’ to add each substance to the
corresponding weigh boat. Before you put the substance in the weigh boat, make sure you have tared
(zeroed) the scale. The calcium chloride (CaCl,) takes on water if it is left uncapped, so it is important that
you keep the lid closed tightly when you are not using it. Between trials, you should wipe off the
thermometer with a paper towel. You can now start your experiments.”

Experiment:
(28 minutes — Subgroups — SciTrek Volunteers)

If students are missing any of their experimental materials, the lead box has extra materials. Make sure
students are keeping the cap to the CaCl, closed, when they are not using it, and closing/wiping off their
thermometer with a paper towel after each trial. As soon as students are done with their reactions,
remove the beakers, stir bars, CaCl, weigh boats, graduated cylinders, and water bottles, and put them in
the appropriate buckets/boxes. It is important to do this as soon as possible, so students do not play with
or spill anything. When the experiment is finished, have students wipe the thermometer with a paper
towel and close it, making sure it turns off. Place all other materials in your group box. Then, wipe off
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students’ desks using a damp towel. Students should record the maximum temperature after each trial,
but have students wait until they have finished the entire experiment to calculate the temperature
changes. If your subgroups have things under control, help other subgroups. An example filled out results
table is shown below.

RESULTS
Table
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Analysis Activity:
(28 minutes — Full Class — SciTrek Lead)

Note: It is important to start the analysis activity at least 25 minutes before the end of the session.

Have students turn to page 8 in their notebooks while you turn to page 8 in the class notebook, displaying
it under the document camera. Tell students, “Before you analyze your results and draw a conclusion, it is
important that you recognize, and understand, other scientists’ conclusions.”

Ask the class, “What is a conclusion?” After listening to the students’ answers, make sure they understand
that a conclusion is a claim supported by data. Write this definition on page 8 of the class notebook for
students to copy.

Tell students, “In order to make a conclusion, we need to make sure we understand the difference
between a claim and data.” Read the definition of a claim (A statement that can be tested. The
explanation of the data, the first part of a conclusion).

Then, read the example, The ball mass does not affect the speed at which it rolls down a ramp. Ask a
student, “How could you test this claim?” Possible student response: roll balls, with different masses,
down a ramp, and compare their speeds. Then, ask another student, “Can you identify what the changing
variable would be in that experiment?” Lead students to notice the changing variable (ball mass) was
included in the claim, and circle ball mass in the example. Read the sentence frame to students, A claim in
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a scientific experiment often includes the . Ask students, “What should we write in the blank?”
They should reply, “Changing variable.”

Next, read the definition of data (Evidence collected from experiment(s) (measurements or observations),
the second part of a conclusion). Then, read the example, When the ball mass was 360 g, its speed was 1.2

%,and when the ball mass was 100 g, its speed was 1.1 % Note: The example data supports the example

claim, therefore, a conclusion can be formed by combining the two statements. This conclusion would be:
The ball mass does not affect the speed at which it rolls down a ramp, because when the ball mass was

360 g, its speed was 1.2 ?, and when the ball mass was 100 g, its speed was 1.1 ? Tell students, “There

are two forms of data collection, measurements and observations. If measurements were collected for
data, then numerical values should be in the data statement. If observations were collected for data, then
words such as ‘observed’ or ‘recorded’ should be in the data statement to allow you to know that an
experiment was performed.” Read the first sentence frame to students, Data in a scientific experiment
includes or . Ask students, “What should we write in the blanks?” Students
should reply, “Measurements and observations.” Ask students, “In our example data statement, what was
the method of data collection and how do you know?” Possible student response: the method of data
collection was measurements, because the statement contains numbers. Ask students, “Are all the
numerical values, in the data statement, data?” Students should reply, “No.” Lead students to

understand, the information about speed (1.2 % and 1.1 %) are data measurements, and the information

about ball mass (360 g and 100 g) are values of the changing variable. Have students circle the values of
the changing variable, and box the measurements, in the data statement. Read the second sentence
frame to students. Data statements also often include values of the . Ask students, “What
should we write in the blank?” Students should reply, “Changing variable.”

Read the directions to part 2 aloud to the class (On the results tables and conclusions below, underline

control(s), circleand box information about [data collection|. Then, decide if the

possible conclusion is correct or not.).

For each question, first have student annotate the results table using the process below. Second, read the
conclusion aloud to students and have them annotate the conclusion using the process below. Third use
the flow chart below to analyze the conclusion as a class.

For annotating the tables, do parts a and b as a class; then, take the notebook out from under the
document camera, and have students try to do parts ¢, d, and e on their own, while you fill them out off
to the side. After the students have finished working on it independently, have them check their work
against yours.

For annotating the conclusions, do parts a and b as a class, then, give students approximately 30 seconds
to annotate the conclusion on their own, before going over the answers as a class.

Use the following flow chart as a guide for leading students through analyzing each conclusion. Examples
of how this flow chart was used for conclusions a-e, along with possible student answer, can be seen after
the notebook pages 8-10 below.

Flow Chart for Analyzing Conclusion:

What type of statement is before the ‘because,” and how do you know?
If the statement is data (contains a measurement or observation)
o s this a correct conclusion? (No)
o What is wrong with the conclusion? (Claim and data switched)
o Move onto next conclusion
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If the statement is a claim (can be tested)
o What is the changing variable in this claim?
o Is this a changing variable, in this experiment? (Yes)
o Is the claim consistent with the results table?

If No
O
O
O

If Yes,
O

o
o
o
If Yes,
o
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Is this a correct conclusion? (No)
What is wrong with the conclusion? (Incorrect claim)
Move onto next conclusion
and 1 changing variable
What type of statement is after the ‘because,’ and how do you know?
(Data, because it contains a measurement, or an observation)
Is the data consistent with the results table? (Yes)
Is this a correct conclusion? (Yes)
Move onto next conclusion.
and 2 changing variables
What type of statement is after the ‘because,” and how do you know?
(Data, because it contains a measurement, or an observation)
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 1 changing variable)
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SCIENTIFIC PRACTICES
Andyzing & Mnterpreting Dats
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Below are the explanations and answers to part 2, letters a-e, on pages 8, 9, and 10.

As a class, annotate results table a by identifying and underlining the controls (Container Type, Solid A
Mass, Solid B Mass, and Stir Speed), circling the changing variable (Solid C Mass), and boxing the
information about the data collected (Temperature Change, and Other). Then, annotate the possible
conclusion as a class.

a. The greater the the higher the temperature change, because when the solid C mass was

the temperature change was and when the solid C mass Was the temperature
change was

What type of statement is before the ‘because,’ and how do you know?
Claim, because it can be tested
What is the changing variable in the claim?
Solid C mass
Is this a changing variable in this experiment?
Yes
Is the claim consistent with the results table? (check table with students)
Yes
What type of statement is after the ‘because,” and how do you know?
Data, because it contains measurements.
Is the data consistent with the results table? (check table with students)
Yes
Is this a correct conclusion?
Yes

As a class, annotate results table b by identifying, and underlining the controls (Container Type, Solid A
Mass, Solid B Mass, and Solid C Mass), circling the changing variable (Stir Speed), and boxing the

Last Revised: 4/3/2023
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information about the data collected (Temperature Change, and Other). Then, annotate the possible
conclusion as a class.

b. The greater the the higher the temperature change, because when the stir speed Was
the temperature change was and when the stir speed Wa the temperature change
was[10.2°q

What type of statement is before the ‘because,’ and how do you know?
Claim, because it can be tested

What is the changing variable in the claim?
Stir speed

Is this a changing variable in this experiment?
Yes

Is the claim consistent with the results table? (check table with students)
No

What is wrong with the conclusion?
Incorrect claim

Have students individually, annotate results table ¢ by identifying and underlining the controls (Container
Type, Solid B Mass, Solid C Mass, and Stir Speed), circling the changing variable (Solid A Mass), and boxing
the information about the data collected (Temperature Change, and Other). Then, have students
individually annotate the possible conclusion and share out their answers.

c. The greater th@ the less foam is produced, because we observed when the solid A mass
Wa@ the beakeﬂoverf/owed with foamL but when the solid A mass Wa the beaker had only
a little bit of foam|

What type of statement is before the ‘because,” and how do you know?
Claim, because it can be tested

What is the changing variable in the claim?
Solid A mass

Is this a changing variable in this experiment?
Yes

Is the claim consistent with the results table? (check table with students)
Yes

What type of statement is after the ‘because,” and how do you know?
Data, because it contains observations

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

Is this a correct conclusion?
Yes

Have students individually annotate results table d by identifying, and underlining the controls (Container
Type, Solid A Mass, Solid C Mass, and Stir Speed), circling the changing variable (Solid B Mass), and boxing
the information about the data collected (Temperature Change, and Other). Then, have students
individually annotate the possible conclusion and share out their answers.

d. We observed, when there were of solid B, the reaction ‘overflowed with foam@d when there
were f solid B, the reaction ‘made a little foamL because the greater the@ the more
foam is made.

What type of statement is before the ‘because,’ and how do you know?
Data, because it contains observations

Is this a correct conclusion?
No
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What is wrong with the conclusion?
Claim and data are switched

Have students individually annotate results table e by identifying and underlining the controls (Container
Type, Solid B Mass and Stir Speed), circling the changing variables (Solid A Mass and Solid C Mass), and
boxing the information about the data collected (Temperature Change, and Other). Then, have students
individually annotate the possible conclusion and share out their answers.

e. The smaller theSolid A massthe higher the temperature change, because when the solid A mass was

the temperature change was and when the solid A mass wa§5.0 g) the temperature
change was

What type of statement is before the ‘because,” and how do you know?
Claim, because it can be tested

What is the changing variable in the claim?
Solid A mass

Is this a changing variable in this experiment?
Yes

Is the claim consistent with the results table? (check table with students)
Yes

What type of statement is after the ‘because,’ and how do you know?
Data, because it contains measurements

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

Is this a fair conclusion?
No, there are multiple changing variables, therefore, it could be solid C mass which is
changing the temperature, and not solid A mass.

Is this a correct conclusion?
No
What is wrong with the conclusion?

More than 1 changing variable

Ask students, “When designing an experiment, how many changing variables can you have, in order to
make a conclusion from your data?” Students should reply, “Only one.” Record this in the class notebook
for number 3 on the bottom of page 10 while students do the same in their notebook.

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

Tell students, “Next session, you will analyze your data, and either write a conclusion for your experiment,
or determine why you cannot draw a conclusion. We will then discuss your findings as a class, to
determine how you can make changes to your experiments, in order to better answer the class question.
After, you will work on developing techniques to help you analyze your data.”
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Clean-Up:
1. Collect notebooks with attached nametags.
2. Put beakers, stir bars, CaCl, weigh boats (all other weigh boats should go in your group box), and any
liquids, into the buckets.
3. Return the graduated cylinders to their boxes.
4. Return the water bottles to their box.
5. Return the stir plates, plugs, and extension cords, to their boxes.
6. Place all other materials into your group box and bring them back to UCSB.

Day 4: Conclusion/Technique/Analysis Activity

Schedule:

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

Materials:

(3) Volunteer Boxes:

[J Nametags [ Volunteer lab coat 1 Paper notepad
[ Notebooks [ (2) Pencils [1(12) Clear rulers
[ Volunteer instructions [ (2) Red pens
Lead Box:
[ (3) Extra notebooks O Time card 1 Paper notepad
[ Lead instructions [ (2) Pencils 1 (5) Clear rulers
O Thermal Transfer picture [ (2) Red pens 1 (5) Extra copies of page 12-17
packet O (2) Wet erase markers in the notebook
[ Lead lab coat [ (2) Black pens
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Notebook and Picture Packet Pages:
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Picture Packet, Page 2

Preparation:

SciTrek Lead:
1. Make sure volunteers are setting out notebooks.
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2. Set up the document camera for the findings discussion (picture packet, page 2), technique
activities (notebook, pages 12-13), and analysis activity (notebook, pages 14-16).

SciTrek Volunteers:
1. Set out notebooks/nametags.
2. Have ared pen available, to approve students’ conclusions (notebook, page 11).

Note: Set notebooks where students will sit during the module, even if another student is currently at
that desk. If needed, students will move to these spots after the Introduction

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

If students are not in their subgroups, tell them, “A notebook will be put on your desk, which is not your
notebook and you should not move it. You will move to your notebook after the Introduction.”

Ask students “What did you do, and learn, during the last session with SciTrek?” Possible student
response: we conducted experiments to answer the class question, “What variables affect the
temperature change of the chemical reaction?” We then looked at conclusions, in order to determine
whether they were appropriate, for a given set of data.

Briefly review what they learned about conclusions last time.
What is a conclusion?
A claim supported by data
What is a claim, and what does it usually include?
A statement that can be verified by testing, which may include the changing variable
What type of information can be used for data?
Measurements or observations
What else do we often see in a data statement?
Values of the changing variable
Can the claim and data statements be in any order for the conclusion?
No, the claim must come first, followed by the data that supports it
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

Tell students, “Today, you are going to analyze your data, to see if you can draw a conclusion, then we will
discuss your findings as a class. After, we will develop techniques to help you redesign your first
experiment.”

Conclusion:
(10 minutes — Subgroups — SciTrek Volunteers)

Help subgroups fill out page 11 of their notebooks. If the subgroup has more than one changing variable,
they will not be able to draw a conclusion. An example of a scenario in which a subgroup cannot make a
conclusion is shown below (left).

If the subgroup has only one changing variable, they will be able to make a conclusion. Make sure
subgroups’ conclusions have both a claim (a statement that can be tested) and supporting data
(measurements and/or observations), and these statements are in the appropriately labeled sections. If
the values of their changing variable have an order (Ex: 2.5 g 2 3.2 g = 9.0 g) then that variable does
have an effect on the temperature change. If, on the other hand, there was no order for their changing
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variable values (Ex: 5.5 g = 9.0 g 2.5 g) and/or the difference between the temperature change for
each trial is small, then that variable does not have an effect on the temperature change. If possible, try to
have subgroups generate a claim that allows them to make a prediction. An example of an appropriate
claim could be: the greater the calcium chloride mass, the greater the temperature change. This is an
appropriate claim, because it allows students to make a prediction about what would happen if new
values of their changing variable were introduced.

After generating a claim about their experiment, subgroups will put their supporting data after their
because in their conclusion sentence. Their supporting data should include at least two pieces of data,
typically the minimum and maximum temperature changes. Make sure subgroups are using their
changing variable values (not trial letters), and specific calculations to support their claims. The supporting
data for the previously mentioned claim would be: when the CaCl, mass was 3.2 g, the temperature
change was 3.4°C, and when the CaCl, mass was 9.0 g, the temperature change was 13.3°C.

Conclusions are still valid, and important, if they show the changing variable tested does not have an
effect on the temperature change. Even if their conclusion is contrary to what you think, have subgroups
make a claim based solely on their data. An example of a scenario in which a subgroup can make a
conclusion, is shown below (right).

CONCLUSION CONCLUSION
Making @ Conclusion from Your Data Making @ Conclusion from Your Data
How many changing varlables dia you have In yoor experiment? 2 How many changing varlables dia you have In yoor experiment? 1
Can you make a conchishon from your data Dus E N3 Can you make @ comchishon from your data 'us D N0
1F NO IF NO
why BLCAKSE WE NAA WAOYE ENan pns Why?

chanalng variable.

IFYES IFYES

We can conchte weancankse The greatey the caleium chloride
vaass, the grentey the temaperature change

bocause vecause_\Whew Ehe CaCl, mass was 3.2 o, the

[T [ T ST Y P $a1a (s ey wcakitatiirs
tevaperature change was =.4°C, and when
tine CaCl, mass was 9.0 g, the tevaperatiure

- =®
change was 13.3°C.

SciTrek Mermber Apgroval SG SciTrek Mermber Aggecval

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

Place page 2 of the picture packet under the document camera. First, ask students, “Who could not make
a conclusion?” For any subgroups that raise their hands, ask them, “Why couldn’t you make a
conclusion?” They should reply, “We had more than one changing variable.” Ask those subgroups, “What
should you do differently, in order to be able to make a conclusion, next time?” They should reply, “We
will only choose one changing variable in our next experiment.” Record this on the class findings page,
under Experimental Design (picture packet, page 2).
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Next, go through each variable (CaCl; mass, NaHCO3; mass, NaCl mass, water volume, other [Ex: stir
speed]), and ask students, who were able to make a conclusion, to raise their hands if this was their
changing variable. Have those subgroups read their conclusions. If multiple subgroups had the same
changing variable, ask them whether their results agree. Record brief summaries for each variable that
was tested on the class findings page under Conclusion Summaries. Record all findings about one changing
variable before moving onto findings about other changing variables. If subgroups have conflicting
conclusions about the same changing variable, record both, and remind the students that we will be
conducting more experiments in order to find out how the changing variable affects the temperature
change. An example filled out class findings page is shown below. Note: there may be only a few, or even
zero, subgroups who are able to make conclusions at this point, so you may not be able to record many
finding; however, the example below shows possible conclusion summaries for the most commonly
chosen changing variables.

FINDINGS
Experiment 1

Cenchalon Semmariex

Fapacimaental Desigr

Picture Packet, Page 2

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

It is helpful to have volunteers to sit in between students and fill out the technique activity and the
scientific practice activity along with students. This allows the student to check their work easily. There
are extra copies of these notebook pages in the lead box for volunteers.

Tell the class, “You are now going to work on techniques to help you analyze your data, this will allow you
to design new, ‘better’ experiments during the next session.” Have volunteers pass out a clear ruler, to
each student to use during the technique and analysis activities. Keep the picture packet close by, as you
will need to record two more class findings during this technique activity.

Tell students, “We are going to learn about trends. Trends are when data changes in one general
direction, either going up, or going down. If the data points all lie in a flat line, then there is no trend in
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the data. We are going to use trend lines to help us recognize trends in data.” Open the class notebook, to
page 12, under the document camera, and have the students turn to page 12 of their notebooks.

Read the directions for how to draw a trend line (1. 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. 2. Trace along the ruler
with your pencil. Always extend trend lines to both edges of the graph.). Then use a clear ruler to show
students how to draw a trend line on Graph 1. Repeat the process for Graph 2. Read how to interpret
trend lines to students (If the line is increasing ( /), or decreasing ( \ ), there is a trend. If the line is flat
(—), there is no trend.). Have students draw in the appropriate lines. Note: Use the word ‘flat’ rather than
‘straight’ when describing trend lines showing no trend, because all lines are straight. Explain to students,
“When a graph shows a trend, the changing variable affects the data. When a graph does not show a
trend, the changing variable does not affect the data.”

Go over question 1 as a class and have students fill in the answers as you go along. Ask students, “Do
either of the graphs show a trend?” Students should reply, “Graph 1 has a trend, but Graph 2 does not.”
Therefore, only changing the solid A mass will affect the data. Then, ask students, “What happens to the
temperature change, when solid A mass increases?” Possible student response: as solid A mass increases,
temperature change decreases.

Then, tell students, “I will now draw a trend line onto the data in Graph 3.” Put the ruler on the paper, in
the three ways shown in the pictures below. Ask students, “Which placement is correct?” Lead students
to understand that it is impossible to tell which way is correct, because the data points are too close
together. Finally, ask students, “What does this mean for your experiment?” Possible student response:
we need to pick values for our changing variable that are spread out/not close. Add this point to the
Findings under Experimental Design (picture packet, page 1) and fill in question 2. An example filled out
page 12 is shown below.

TECHNIQUE

Tread Lines
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Turn to page 13 in the class notebook, and have students do the same in their notebooks. Tell students,
“We will now work on developing techniques, in order to help design experiments as a class. To do this
we are going to examine the results of four scientists, who are studying the temperature change in a
chemical reaction. To help analyze the graph, we will annotate it by underlining controls, circling changing
variables, and boxing information about data collection. The changing variable is always found on the x-
axis (horizontal).” Ask students, “What is the changing variable in Graph 1 and what are the units?” They
should reply, “Solid A mass, in grams.” Tell students, “The data collected is found on the y-axis (vertical).”
Ask students, “What data was collected and what are the units?” They should reply, “Temperature
change, in °C.” Ask students, “Do you see the changing variable, or the data, anywhere else on the
graph?” They should reply, “The title.” Ask students, “What should we do to the title?” They should reply,
“Circle solid A mass, and box temperature change.” Tell students, “l also see solid B mass, solid C mass,
and water volume, in the graph title.” Ask them, “What do you think that we should do with these?” If
they do not know what to do, show them the table under Graph 1, which shows all of these as controls,
and then underline them.

Tell students, “We are now going to draw on the trend lines for graph 1.” Do this as a class. Once
complete repeat the process for graph 2, making sure students underline solid C mass in the graph title.

Ask students, “Why do you think Graph 1 has all the controls in the title, but Graph 2 only has one
control?” Make sure, by the end of the conversation, students understand for Graph 1, all the controls
had different values; therefore, they all needed to be in the title. However, for Graph 2, the scientists had
two common control values (solid B mass and water volume), so they did not need to put these in the
title. Tell students, “When a team of scientists choose control values all together, they are called ‘team
controls,” and when subgroups within a team choose control values that differ from each other, they are
called ‘subgroup controls.” Underneath the Graph 2 controls table, have students tell you whether each
of the controls is a team control or a subgroup control, then label them. Tell students, “When a team of
scientists has only one subgroup control, they can label the trend lines with the different subgroup control
values to distinguish them.” In the right margin of Graph 2, write C and label the two lines with the
corresponding subgroup control values.

Ask students, “Does the solid A mass affect the temperature change of the reaction, and how do you
know?” Possible student response: yes, because all four trend lines show a downward trend. Students
should fill out the sentence frame for 3a: As solid A mass increases, the temperature change decreases.
Make sure students understand both graphs are valid, in order to show solid A mass has an effect on the
temperature change.

Tell students, “Let’s see if we can predict the temperature change if we mix 3.0 g of A, 6.0 g of B, 5.0 g of
C, and 60 mL of water. We do not have to be worried about the changing variable value, since the scale
ranges from 0-10 g.” Walk students through each of the control values in question, and ask them, “Which
trend line, on either graph, has the appropriate control values that match these?” Possible student
response: the black circle and both of the triangle trend lines correspond to 6.0 g of B, but only the black
circle trend line also has 5.0 g of C, and 60 mL of water as controls. Tell students, “We will use this trend
line to estimate the temperature change.” Ask students, “Where does 3.0 g of A appear on the x-axis?”
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They should reply, “Halfway between 2.0 g and 4.0 g.” Put a small hash mark at 3.0 g and label it. Place
your ruler vertically on the graph going from 3.0 g of A, up to the black circle trend line, and draw a
dashed line. Have students do the same. Next, lay your ruler horizontally starting at the intersection point
of your dashed line and the black circle trend line. Draw another dashed line tracing back to the y-axis.
Tell students, “The point where your dashed line touches on the y-axis is your expected temperature
change.” Ask students, “What is the expected temperature change from mixing these amounts of
substances?” Possible student response: 7°C. Write the value down for question 3b. Tell students,
“Because these are predictions, they are approximate numbers. As long as you are within 2°C of my
estimated temperature change, you have drawn an acceptable trend line, and can consider your
temperature change correct.” If any students do not get within 2°C of your estimated temperature
change, have a volunteer go and check their graph/trend line. Ask students, “Why are trend lines
important?” Possible student response: we can use trend lines to make predictions from our graphs.
Record this answer for question 3b.

Read question 3c to the students (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?). Walk students through each of the control
values in question, and ask them, “Which trend line, on either graph, has the appropriate control values
that match these?” Students should notice that neither graph has the controls. Ask students, “Since
neither graph has exactly what we want, are any of the lines close to the values we want?” Students
should notice that black triangles (5.0 g of C) and white triangles (8.0 g of C) have the correct mass of B
(6.0 g) and the correct water amount (70 mL). Tell students, “Since the lines do not cross and 6.0 g is
between 5.0 g and 8.0 g we should be able to draw in an estimate trend line for 6.0 g and then predict the
temperature change.” Have students circle Yes and 2 for question 3c.

Tell students, “l will now show you how to draw on an estimated trend line in Graph 2.” Ask students,
“Where does 6.0 g fall, with relation to 5.0 g and 8.0 g?” Possible student response: it is closer to 5.0 g
than to 8.0 g. Put dots on both vertical axes of Graph 2, in the approximate location of the 6.0 g trend line,
then use a ruler to draw a dashed line to create the estimated 6.0 g trend line. Then label the line in the
graph margins as 6.0 g. Have students do the same in their notebooks. Tell students, “Now, we have a line
with all of the values of the controls in the question, therefore, we can estimate the temperature
change.” Show students how to draw a vertical dashed line, up from 6.0 g on the x-axis, to the new trend
line. Then, show them how to draw a flat, horizontal dashed line, over to the y-axis, to find the estimated
temperature change (6°C). Remind students, “These are approximate numbers, so if you are within 2°C of
my estimated temperature change, you should consider your temperature change correct.” Have
students fill out question 3c with their predicted temperature change. Ask students, “What did the
scientists do that made Graph 2 more useful, and what does this mean for your experimental design?”
Make sure, by the end of the conversation, students understand they need to collaborate with groups
with the same changing variable, when they select their control values. Add this point to the class findings
list under Experimental Design (picture packet, page 2). An example filled out page 13 (left), and complete
findings list (right), are shown below.
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FINDINGS
Experiment

TECHNIQUE
Designiog Experiments

Conchalon Semmariec:

Feperimental Dasigr:

collaborate witi sther.groups.

13 Picture Packet, Page 2

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

Turn to page 14 in the class notebook under the document camera, and have students turn to page 14 in
their notebooks. Tell students, “We will continue discussing the scientists who studied the reaction of A,
B, C, and water, on the temperature change of the reaction. They collected data by dividing into three
teams, each choosing one of the variables as their changing variable. In addition, they all chose to keep
the water volume constant at 70 mL. We will start analyzing their data by annotating, and labeling, the
graph.” Give students time to annotate the graph, draw on trend lines, and label the trend line, with the
subgroup control values on their own, while you do the same in the class notebook while it is not under
the document camera. While they are doing this have volunteer walk around and help students that are
struggling. When the majority of students are done, put the class notebook under the document camera,
for them to check their work.

Ask students, “What is the changing variable Team 1 tested?” They should reply, “Solid A mass.” Point out
that solid B mass was a team control, and solid C mass was a subgroup control. Ask students, “Do you see
a trend, and, if so, what does this mean?” Possible student response: there is a trend, and it means that
solid A mass affects the temperature change. Then, ask students, “What happens to the temperature
change as solid A mass increases?” They should reply, “The temperature change decreases.” Fill in the
sentence frame under question 1a, and have students do the same in their notebooks.

Tell students, “We are going to use Team 1’s data to predict the temperature change if we were to mix
5.0 gof A, 6.0 g of B, and 8.0 g of C.” Ask students, “Do we need to consider solid A mass and why?”
Possible student response: no, because it is the changing variable and we can select the value we want.
Ask students, “Do we need to consider solid B mass and why?” Possible student response: no, because
the value to be mixed is 6.0 g, which is a team control value. Ask students, “Do we need to consider solid
C mass and why?” Possible student response: yes, because the value to be mixed is 5.0 g and all lines have
different values. Have students look at the solid C mass values that Team 1 tested (5.0 g, 8.0 g, and 12.0
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g), and compare them with the solid C mass in this question (8.0 g). Ask students, “Which experiment, or
experiments, will we need to look at and why?” Possible student response: we should look at the white
circles, because 8.0 g of solid C was used in that experiment. Circle the white circle for question 1b. Have
students look at the trend line for the white circles. Ask students, “What solid A mass are we interested
in?” Students should reply, “5.0 g.” Find 5.0 g on the x-axis and write it in. Use the ruler to draw a dashed
line, straight up to the trend line for the white circles. Then, find the predicted temperature, by using the
ruler to draw a second horizontal dashed line straight across to the y-axis, which is roughly 11°C. Remind
students, “Your predicted value can be off by up to 2°C, because these are estimates.” Write “11°C” into
the class notebook and have students write their estimated temperature change into their notebooks. An
example filled out page 14 is shown below (left).

SCIENTIFIC PRACTICES SCIENTIFIC PRACTICES
Analysng & intevpreting Data Analysng & interpreting Data

] & Controfs

= { pribct s e

What sspermment]s) 3o pou need to ook at?

¢ & 3
=L
" 15

Have students turn to page 15 in their notebooks and give students time to annotate the graph, draw on
trend lines, and label the trend lines with the subgroup control values, on their own. Do the same in the

class notebook off to the side of the document camera. When the majority of students are done, put the
class notebook under the document camera for students to check their work.

Ask students, “What was the changing variable that Team 2 tested?” They should reply, “Solid B mass.”
Point out that solid C mass is a team control, and solid A mass is a subgroup control. Ask students, “Do
you see a trend, and what does this mean?” Possible student response: there is not a trend, and this
means that solid B mass does not affect the temperature change of the reaction. Circle NO on question 2a
and have students do the same in their notebooks. Since there is no trend, the sentence frame in 2a does
not need to be filled in.

Tell students, “We are going to use Team 2’s data to predict the temperature change if we were to mix
7.5g0of A, 5.0 g of B, and 8.0 g of C.” Ask students, “Do we need to consider solid B mass and why?”
Possible student response: no, because it is the changing variable and we can select the value we want.
Ask students, “Do we need to consider solid C mass and why?” Possible student response: no, because
the value to be mixed is 8.0 g, which is a team control value. Ask students, “Do we need to consider solid

43



SCQ- TREK Last Revised: 4/3/2023

A mass and why?” Possible student response: yes, because the value to be mixed is 7.5 g and all lines have
different values. Have students look at the solid A mass values that Team 2 tested (3.0 g, 6.0 g, and 9.0 g),
and compare them with the solid A mass in this question (7.5 g). Ask students, “Which experiment, or
experiments, will we need to look at and why?” Possible student response: we should look at the white
and gray diamonds, because 7.5 g of solid C was used which is between 6.0 g and 9.0 g. Circle the white
and gray diamonds for question 2b. Tell student, “Because the 7.5 g trend line is not already on the graph
we will need to estimate where it is.” Ask students, “Where does 7.5 g fall, with relation to 6.0 g and 9.0
g?” Possible student response: it is directly between 6.0 g and 9.0 g. Put dots on both vertical axes of
Team 2 Graph, in the approximate location of the 7.5 g trend line, then use a ruler to draw a dashed line
to create the estimated 7.5 g trend line. Then label the line in the graph margins as 7.5 g. Tell student’s,
“Because solid B mass does not affect the change in temperature, we do not need to label the solid B
amount that we are interested in on the x axis because all values will give the same temperature change.
We can just look at where are estimated trend line hits the y axis.” Have students find their estimate
temperature change, which is roughly 7°C. Remind students, “Your predicted value can be off by up to
2°C, because these are estimates.” Write “7°C” into the class notebook and have students write their
estimated temperature change into their notebooks. An example filled out page 15 is shown above
(right).

Have students turn to page 16 in their notebooks and give students time to annotate the graph, draw on
trend lines, and label the trend lines with the subgroup control values, on their own. Do the same in the
class notebook off to the side of the document camera. When the majority of students are done, put the
class notebook under the document camera for students to check their work.

Ask students, “What is the changing variable Team 3 tested?” They should reply, “Solid C mass.” Point out
that solid B mass was a team control, and solid A mass was a subgroup control. Ask students, “Do you see
a trend, and, if so, what does this mean?” Possible student response: there is a trend, and it means that
solid C mass affects the temperature change. Then, ask students, “What happens to the temperature
change as solid C mass increases?” They should reply, “The temperature change increases.” Fill in the
sentence frame under question 3a, and have students do the same in their notebooks.

Tell students, “We are going to use Team 3’s data to predict the temperature change if we were to mix
2.0gof A, 3.0 g of B, and 8.0 g of C.” Ask students, “Is there any information that we do not need to worry
about, and why?” If students are struggling, ask them what Team 2 discovered. Possible student response:
we do not need to worry about solid B mass, because it does not affect the temperature change. Tell
students, “You should cross off solid B mass, and its values, on the control charts on this page, to remind
us that we do not need to worry about this variable. This is helpful because now we can focus on just one
control, solid A mass.”

Give students time to fill out questions 3b and 3c on their own. While they are working on these, have the
volunteers walk around and help students. In addition, draw the estimated trend line on the graph in the
class notebook while it is not under the document camera. Once the majority of students are done, put
the class notebook under the document camera and go over the answers with students. An example filled
out page 16 is shown below.
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Note: You must finish through page 16 today, otherwise there will not be enough time on Day 5. If there
is still time on Day 4, continue working on the analysis activity on pages 17. This will make Day 5 easier.
For detailed instructions on how to do this, see the analysis activity section under Day 5.

Wrap-Up:

(2 minutes — Full Class — SciTrek Lead)

Tell students, “During the next session, you will design new experiments, using the techniques you

learned today.”

Clean-Up:

1. Collect notebooks with attached nametags.
2. Place materials into your group box and bring them back to UCSB.

Day 5: Analysis Activity/Question/Experimental Set-Up/Procedure/Results Table

Schedule:

Introduction (SciTrek Lead) — 2 minutes
Analysis Activity (SciTrek Lead) — 10 minutes

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

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

Results Table (SciTrek Volunteers) — 5 minutes

Wrap-Up (SciTrek Lead) — 2 minutes
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Materials:

(3) Volunteer Boxes:

[J Nametags [ Volunteer lab coat [ Paper notepad
1 Notebooks [ (2) Pencils [ (12) Clear rulers
[ Volunteer instructions [ (2) Red pens
Lead Box:
I (3) Extra notebooks 1 (2) Sets of team plans [ (2) Black pens
[ Lead instructions O Time card [ Paper notepad
L Thermal Transfer picture [ (2) Pencils [ (5) Clear rulers
packet J (2) Red pens [ Subgroup fair sticks (in Ziploc)
[ Lead lab coat O (2) Wet erase markers

Notebook and Picture Packet Pages:
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Preparation:

SciTrek Lead:

1. Make sure volunteers know what team they will work with once students form teams.
2. Make sure volunteers are passing out notebooks and rulers.
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3. Set up the document camera for the analysis activity (notebook, pages 17) and class plan
discussion (picture packet, page 3).

SciTrek Volunteers:
1. Pass out notebooks/nametags and rulers.
2. Have ared pen available, to approve students’ changing variable values, experimental set-ups,
and procedures (notebook, pages 18-20).

Note: Pass out notebooks to students. If needed, students will move to their subgroups after the analysis
activity.

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

If students are not in their subgroups, tell students, “You will move to your subgroups after the analysis
activity.”

Ask the class, “What is the class question that we have been investigating?” Students should reply, “What
variables affect the temperature change of the chemical reaction?” Tell students, “Today, you are going to
continue developing analysis techniques and use these skills to plan your next investigation as a class. You
will then break into teams, in order to design your experiments.”

Tell students, “We will continue discussing the scientists who studied the effects of solids A, B, and C, as
well as water, on temperature change of the reaction. Remember, the scientists collected data by dividing
into three teams, each choosing one of the solid masses as their changing variable.” Ask students, “Did
solid A mass affect the temperature change, and how do you know?” If needed, have students turn to
page 14. Possible student response: yes, the more solid A mass, the smaller the temperature change and
we know this because the trend line went down. Ask students, “Did solid B mass affect the temperature
change, and how do you know?” If needed, have students turn to page 15. Possible student response: no,
because the trend lines are flat. Ask students, “Did solid C mass affect the temperature change, and how
do you know?” If needed, have students turn to page 16. Possible student response: yes, the more solid C
mass, the larger the temperature change and we know this because the trend line went up.

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

Turn to page 17 in the class notebook, under the document camera, and have students turn to page 17 in
their notebooks. Tell students, “The scientists are now interested in looking at all of the teams’ data
together, in order to make predictions about the temperature changes for different combinations of the
substances. | have copied the Team 1 and Team 3 graphs onto this page, so we can look at the data at the
same time.” Do not have students annotate the graph on page 17 because they have already done this on
the previous pages.

Ask students, “Why do you think Team 2’s graph is not printed here?” Possible student response: Team 2
found out that solid B mass did not affect the temperature change, so we do not need to worry about
Team 2’s graph when predicting temperature changes. Then, ask students, “Is there any irrelevant
information, that we could cross out, on the charts on this page and why?” Possible student response: we
could cross off solid B mass, because this did not affect the temperature change. Cross off solid B mass in
the class notebook, and have students do the same in their notebooks.

Read the directions for question 4a (Using both of the graphs above, what temperature change would you
expect to calculate with the following amounts?); then read the amounts of each solid that will be mixed,
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from the table. Tell students, “We are going to use Team 1’s data to predict the temperature change using
the amounts provided. Then, we will use Team 3’s data to make a prediction about the same provided
amounts. We will then be able to compare the two predictions, to make a final prediction that takes all of
the pertinent data into account.”

Look at the Team 1 graph, and read the amounts that will be mixed from the table again. Tell students,
“We should focus on solid C mass first, because it is a subgroup control for this team.” Have students
compare solid C mass values that Team 1 tested (5.0 g, 8.0 g, and 12.0 g), with solid C mass in this
question (6.0 g). Ask students, “Which experiment(s)/trend line(s) will we need to look at and why?”
Possible student response: the white and gray circles, because 6.0 g is between 5.0 g, and 8.0 g. Circle the
gray and white circles for Team 1 on question 4a. Ask students, “Where do we need to draw the
estimated trend line?” Possible student response: the estimated trend line should be between the lines
for the white and gray circles, but closer to the line for the gray circles, because 6.0 g is closer to 5.0 g,
than to 8.0 g. Have students use the technique they learned to draw the dashed, estimated trend line. Ask
students, “What should we do next?” Possible student response: find 4.0 g of A on the x-axis, and draw a
dashed line straight up to the dashed trend line. Have students do this while you do it in the class
notebook. Ask students, “What should we do next?” Possible student response: draw a dashed line
straight across to the y-axis and read the expected temperature change. Have students do this while you
do it in the class notebook. Ask students, “What temperature change will the reaction cause, based on
these amounts?” They should reply, “7°C.” Write this number in the class notebook as the Team 1
Prediction.

Tell students, “We are now going to use Team 3’s data to make a prediction about the temperature
change using the same amounts.” Give students time to try this on their own. While they are working,
have the volunteers walk around, and help students. In addition, draw on the estimated trend line and
predict the temperature change for Team 3, on the graph in the class notebook. Once the majority of
students are done, put the class notebook under the document camera and go over the answers with
students. The Team 3 prediction should be approximately 8°C.

Ask students, “Which team’s prediction should we use for our final expected temperature change?” Lead
students to understand that we want to use a combination of both team’s predictions, to make our final
prediction. Since Team 1 predicted a temperature change of 7°C and Team 3 predicted 8°C, we will take
the approximate expected temperature change to be 7.5°C. Write this number in the class notebook, in
the box for expected temperature change, and have the students write the temperature changes they
predicted in their notebooks. Remind students, “Your predictions can differ from the one in the class
notebook by up to 2°C.” An example filled out page 17 is shown below.
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Class Plan Discussion:
(10 minutes — Full Class — SciTrek Lead)

If students are not already in their subgroups, have them move to be next to their subgroup members.

Place the Findings page (picture packet, page 2) under the document camera. Review with students the
Experimental Design findings: only have one changing variable, spread out changing variable values, and
choose common control values. Ask students, “When we design our next experiment, what do we need to
do?” Possible student response: we need to work together as a class and between subgroups to choose
common control values.

Tell the class, “You are now going to begin planning your next investigation. You will soon split up into
teams to collaborate and work on answering the class question, just like the scientists in the analysis
activity. Remember, the groups you worked with on your first experiments were called ‘subgroups.” Each
subgroup will decide which changing variable they want to study in their next experiment. Then,
subgroups interested in the same changing variable will join together to form a ‘team.’” Ask students,
“Should subgroups on the same team pick their controls independently and why?” Possible student
response: no, because subgroups that are investigating the same changing variable need to collaborate,
so that we can get more information from the data. If they are struggling with this concept, turn to page
13 of the class notebook and review the graphs before and after the engineers collaborated.

Ask students, “What are the changing variables we are investigating?” They should reply, “Water volume,
NaCl mass, NaHCOs mass, CaCl, mass, and stir speed.” Tell students, “Since we only have six subgroups,
and we need to have at least two subgroups work together per team, we will have NaCl Mass, NaHCO3
mass, and CaCl, mass as our changing variables and set all other variables as class controls (controls that
have the same value for the entire class).” Put the Class Plan (picture packet, page 3) under the document
camera. Tell students, “We will now determine the values for our class controls.” Have students choose
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the water volume that the whole class will use in their experiments. They can choose any volume
between 20 and 60 mL (Note: 40-50 mL is best). The stir speed control value must be the original value of
level 2. After the class has chosen the values, write the controls, and their values, under Class Controls on
the Class Plan (picture packet, page 3,).

Tell students, “We will now form teams to investigate the other variables. Within your subgroup, rank the
changing variables from most interested in investigating to least interested in investigating.” Give
subgroups approximately 2 minutes to rank their choice of variable. Then, use the fair sticks (in the lead
box) to select subgroups to choose the team they will join. Record which subgroups will be in which teams
by checking each subgroup’s box on the Class Plan as they select their teams. Make sure subgroups are
evenly distributed between teams. An example filled out Class Plan is shown below.

CLASS PLAN
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Picture Packet, Page 3

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

Have subgroups find their teams and sit with them and their volunteer(s). Give each team their team plan.
Help your team fill out the team plan, given to you by the lead. First, have each of the subgroups on your
team choose one of the two symbols. Write the subgroup color and number next to the symbol they
select (Ex: O _Green 2 ). Then have student write their team and symbol on the front cover of their
notebook.

If necessary (team NaCl), have team members select the substance they want for their subgroup control.
Tell students, “Each subgroup will now get to choose their subgroup control value.” Ask students, “Should

our subgroup control values be close to, or far apart from, each other and why?” Possible student
response: they should be spread out, which will help us see how changing the subgroup control affects
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the temperature change of the reaction.” Have each subgroup select their subgroup control values, and
write the value next to the symbol.

All three teams will then need to select a value for their team control. Team NaCl will need to select their
team control substance (control they did not select as their subgroup control) before determining the
value.

Tell students, “Class controls are the controls that we selected values for as a class.” Have students tell
you the values that the class selected for the water volume and stir speed, and record them on the team
plan.

Hold onto the team plan to help the subgroups on your team fill out their experiment set up later today.
An example filled out team plan is shown below. Each team has a slightly different team plan; examples of
all team plans are shown below.

TEAM SODIUM HYDROGEN CARBONATE
TEAM PLAN

) Wrtts each adsgrocn’ color, wed sumber (4aund oa notsbiock cover), nact Lo ons of the

wirhais (O or )
Sehgroap Spvint

o Orangel A BlUED

£ seamy’ snbytroup comtral wakan

CaCk Mass: Chooae ery mams besween 3.0 g srel §.0 g (acigsnal = .0 g)

‘3_3.0 a A2O 2 "‘“:‘-:"': - :.u-',l\..:.‘.. .
‘

£) Vo e Coneod Wil e Nac i As & Laar wdect the sa

aC! Maw Chooss arry s batwees 0.0 f ave 8.0 g (ooygna £ o ) PN 3 Blut 2 Gren 4

33 The class canrods will b wirter wikime, and sl eed —
witervolme S50 WAL (5980 the sab the dass sekected) s

iy Spoed L—CVCI-Q (O I the wahis e CRss sadected) 208 __ » ]

Example Team Plan

Other Team Plans

Question:
(5 minutes — Teams — SciTrek Volunteers)

Have subgroups write their changing variable for Changing Variable 1. Ask students, “Why do we only
have one changing variable?” Possible student response: if we had two changing variables, we would not
be able to make a conclusion. Then, have subgroups fill out their questions. Questions will be the same for
all members of a team.

Tell subgroups, “We have decided on all the values of our controls, but, within your subgroups, you need
to select your changing variable values.” Make sure to point to the range of values your team’s changing
variable can have. Have each individual subgroup select values for their trials, and record them in their
notebooks. Then, sign off on their questions, and changing variable values. An example notebook is
shown below.
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Experimental Set-Up:
(5 minutes — Subgroups — SciTrek Volunteers)

Have subgroups fill in their experimental set-ups (notebook, page 19). If needed, you can let them look at
page 18 of their notebook and the team plan. When you sign off on their experimental set-up, ensure all
students within a subgroup have the same trial letters, corresponding to the same changing variable
values. An example filled-out experimental set-up is seen above (right).

Procedure:
(14 minutes — Subgroups — SciTrek Volunteers)

After each subgroup has filled out their experimental set-up, they can start on their procedure (notebook,
page 20). Make sure students within the same subgroup are collaborating to write their procedure. Keep
procedures as brief as possible, while still conveying the pertinent information (control values, changing
variable values, the data they will collect, and what they will calculate) about the experiment. An example
step for a subgroup who had NaCl mass as a changing variable would be, “Measure D) 2.0g,E) 4.0g, F)
6.0 g, G) 8.0 g of NaCl.” Some subgroups may struggle with writing a procedure. If they are struggling, tell
them to look back at their initial procedure on page 6 of their notebooks. If they are still having trouble,
you can have these subgroups dictate, each step while you transcribe them onto a notepad found in your
group box. Give this sheet to the students to copy into their notebooks. Once students have finished, they
should raise their hands and get their procedures approved by their volunteer. An example filled out

procedure is shown below (left).
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Note: 6 grade students are more independent, therefore, students in each subgroup may vary the

wording in their procedures. This is fine, as long as the steps are in the same order, and the correct values

are included in the same steps.

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

Have students select their subgroup control by checking one of the boxes and writing in their subgroup
symbol on the line at the top of page 21. Then, have students underline the variables that are controls,

circle the variable that is their changing variable, and box information about data collection. When writing

the values make sure for controls, they only write the value of the control in the Trial D box, then, draw
an arrow through the remaining trials’ boxes. For the changing variable, they should write the values in

each trial’s corresponding box.

When students have finished, have them make predictions about the temperature change. Have them

write an “S” in the box of the trial they think will produce the smallest temperature change and an “L” in

the box of the trial they think will produce the largest temperature change. They will leave two of the
boxes empty. If they think all trials will produce the same temperature change, have them write “same”

over all of the boxes. It is okay if the students in a subgroup have different predictions. An example filled-
out results table can be seen Experiment above (right).

Wrap-Up:
(2 minutes — Subgroups — SciTrek Lead)

Tell students, “Next session, you will carry out the experiments you designed today, graph your dataon a
team graph, and analyze the data to draw conclusions.”
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Clean-Up:

1. Collect notebooks with attached nametags.
2. Place materials into your group box and bring them back to UCSB.

Day 6: Experiment/Graph/Conclusion

Schedule:

Introduction (SciTrek Lead) — 8 minutes
Experiment (SciTrek Volunteers) — 24 minutes
Graph (SciTrek Volunteers) — 18 minutes
Conclusion (SciTrek Volunteers) — 8 minutes

Wrap-Up (SciTrek Lead) — 2 minutes

Materials:

(3) Volunteer Boxes:

[J Nametags
[ Notebooks
O Volunteer instructions

[ Volunteer lab coat
[ (2) Pencils
[ (2) Red pens

Last Revised: 4/3/2023

[1(12) Clear rulers
] Filled out team plan

(2) Ziploc bags (gallon size), labeled (with subgroup number), with the following:

[0 Wet erase marker
[ Paper towels

1 (2) Droppers

1 (2) Scales

[ (2) Thermometers

Other Supplies:

Lead Box:

[ (3) Boxes of beakers
[ (2) Boxes with (7) 100 ml
graduated cylinders

[ (3) Extra notebooks

[ Lead instructions

O Thermal Transfer picture
packet

[ Lead lab coat

O Time card

1 (2) Pencils

[ (2) Red pens

[ Set of 3 labeled scoopulas
(NaHCOs, NaCl, CaCl)

[0 NaHCOs container
[0 NaCl container

O Fresh CaCl, container (1/3
filled)

[ Box with (14) 8 oz waters
[ (2) Boxes with 6 stir plates
and 3 extension cords

[ (2) Wet erase markers

[ (2) Black pens

[ (5) Clear rulers

[ (2) White rags

[ Scale

O Thermometer

[ Fresh CaCl, container (1/3
filled)

[1 Set of 10 labeled weigh boats
(2 NaHCOs, 2 NaCl, 2 CaCl,, 4
Mix)

1 (2) Plastic lids

1 (4) Magnetic stir bars

1 (2) Buckets with lids

[1 Bag (paper towels, (2)
droppers, set of 3 labeled
scoopulas (NaHCOs, NaCl, CaCly),
NaHCOs container, NaCl
container, set of 9 labeled weigh
boats (2 NaHCOs, 2 NaCl, 2
CaCl,, 3 Mix), (3) plastic lids,
container of 3 magnetic stir
bars)
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Notebook Pages:
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Preparation:

SciTrek Lead:
1. Make sure volunteers are setting out notebooks.
2. Make sure volunteers are setting up for the experiment.
3. Set up the document camera for the Introduction (picture packet, pages 1, 4, and 5; notebook,
page 23).

SciTrek Volunteers:
1. Set out notebooks/nametags.
2. Plugin two stir plates for each subgroup and place them where they will work.
3. Put (2) waters, (2) graduated cylinders, (4) beakers, and a bag with supplies next to the stir plates.

Note: Set notebooks where students will sit during the module, even if another student is currently at
that desk. If needed, students will move to these spots after the Introduction.

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

If students are not in their subgroups, tell them, “A notebook will be put on your desk, which is not your
notebook and you should not move it. You will move to your notebook after the Introduction.”

Ask the class, “What is the class question we have been investigating?” Students should reply, “What
variables affect the temperature change of the chemical reaction?” Tell students, “Today you are going to
perform your second experiment. Once the experiment is complete, you will plot your data on a team
graph and analyze it, in order to determine what conclusions can be drawn from your results. Your
conclusions will help us answer the class question.”

Tell students, “Once you have collected your data, you will display your measurements on a graph.” Show
them how to make a graph using the example data. Display the example results table (picture packet;
page 1, shown below [left]), on the document camera. Tell students, “For this example experiment, the
guestion was, ‘If we change the water volume, what will happen to the temperature change of the
reaction?’” Switch to page 4 of the picture packet, and point to the checklist at the top (also on page 22 of
the notebooks). Tell students, “In order to make a graph, you will need to follow the checklist shown on
this page.”

Go through the checklist and use the results table in the picture packet to show the students how to set
up the graph as well as how the data points were graphed.

Set up your graph. (Check off the steps as you complete them.)
Tell students, “First, before we can plot the data, we need to set up the graph.”

L1 Write the title for your graph by filling in the blanks.
Looking at the example results table (picture packet, page 1), ask students, “What was the
changing variable?” They should reply, “Water volume.” Tell them, “This is why they put
water volume in the first blank of the graph title.”

Tell students, “In the second blank, we need to fill in the subgroup control. Looking at the
top of the results table, what is checked as the subgroup control, for this experiment?”
Students should reply, “CaCl, Mass.” Tell them, “This is why they put CaCl, mass in the
second blank of the graph title.”
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Tell students, “In the third blank, we need to fill in what was calculated. Then, ask
students, “What are we calculating in the experiment?” They should reply, “Temperature
change.” Tell them, “This is why they put temperature change in the third blank of the

graph title.”

L1 Label the y-axis (vertical) with what you calculated, including units (Ex: Temperature Change

(°C)).

Show students where this is done on the graph.

L] Label the x-axis (horizontal) with your changing variable, including units (Ex: CaCl; Mass (g)).
Ask students, “What was the changing variable for this experiment, and what are the
units it was measured in?” Students should reply, “Water volume, in milliliters.” Show
students where this was recorded on the x-axis.

L] Select your subgroup control in the legend by checking the appropriate box. Then put your
subgroup control value next to your subgroup symbol.

Direct students’ attention to the legend. Remind students the example’s subgroup control
was CaCl; mass, and show them where they checked the box for CaCl, mass. Tell students,
“Your subgroup symbol should be on the results table (show them; picture packet, page
1), and on the front of your notebook. For this subgroup, their symbol was triangle. Refer
to the results table, and ask students, “What value for CaCl, mass did this subgroup use?”
Students should reply, “6.0 g.” Then, show students where this information was recorded

in the legend.

Plot your Data:
Tell students, “Once your graph is set up, you will be able to plot the data.”

L] On the x-axis, circle your 4 changing variable values. If a value is not there, write it in.
Refer to the results table. Ask students, “What is the first changing variable value?”
Students should reply, “21 mL.” Show students where this was written in and circled on
the graph. Ask students, “What is the second changing variable value?” Students should
reply, “50 mL.” Show students where it was circled on the graph.

U] 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 point.
Ask students, “What was the temperature change when the water volume was 21 mL?”
Students should reply, “12.4°C.” Show students how 12.4°C was graphed, using the
subgroup symbol, and that the value was written next to it.

L1 Once you have plotted all 4 points, draw a trend line that best fits your data.

Tell students, “When you draw a trend line, you will use the clear rulers and you should
extend your trend line to both sides of the graph, as is shown in this example.
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Picture Packet, Page 4

Plot the data collected by the other subgroups in your team.
Tell students, “Once you finish graphing your own data, you should have it checked by a
volunteer. After, you will ask the other subgroup on your team for their data, and graph it using

the following steps.”

L1 Complete the legend for the other subgroup in your team by writing their subgroup control

value next to their subgroup symbol.

L] 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.

Once students have finished their graphs, they should have two trend lines on their graph, showing the
data for both subgroups on their team. Show students the completed team graph (picture packet, page
5). Point out that on the completed team graph, the legend is completely filled out and all data points are
marked with the symbol of the group that collected the data.
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Picture Packet, Page 5

Tell students, “Once you finish graphing your team results, you should draw conclusions from your
results.” Ask students, “What is a conclusion?” They should reply, “A conclusion is a claim supported by
data.” Tell students, “You need to refer to your entire team graph, for the claim, to verify the trend was
the same for both subgroups. When coming up with the supporting data for your claim, refer only to your
specific subgroup’s data for values.” Refer to the completed team graph, under the document camera
(picture packet, page 5, shown above), point to the x-axis and ask students, “Based on this team’s data,
what happens to the temperature change, when the water volume increases?” Possible student response:
the greater the water volume, the smaller the temperature change. Write this claim into the class
notebook in the claim section of the conclusions on page 23. Then, tell students, “You should use two
data points to support your claim.” Ask students, “Which two data points are the most convincing for this
experiment?” Possible student response: the smallest and largest values of the temperature change. Ask
students, “How could we write the data statement using this group’s two most convincing data points?”
Possible student response: 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). Write this
data statement, in the class notebook, under the data section of the conclusions on page 23. An example
is shown below.
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Tell students, “You must have your results tables completed before you can start your experiments.”

Then, remind students of the following things before allowing them to start:

e Label their beakers D, E, F, and G, with a wet erase marker.
e Put the weigh boat on the scale and tare it (zero it) by pushing the tare button, before using the

scoopula to add the appropriate amount of substance.
e Leave CaCl; capped when not using it.

e C(Close the thermometer between trials, to reset the max/min function.

o  Wipe off the thermometer with a paper towel, after each trial.
When students are starting their experiments, flip the picture packet to page 1 to show them the properly
filled out results table. When students are ready to start their graphs, flip the picture packet page 5 to
show them a properly filled out graph.

Experiment:

(24 minutes — Subgroups — SciTrek Volunteers)

If students are missing any of their experimental materials, the lead box has extra materials. Make sure
students are keeping the cap to the CaCl, closed, when they are not using it, and closing/wiping off their
thermometer with a paper towel after each trial. As soon as students are done with their reactions,
remove the beakers, stir bars, CaCl, weigh boats, graduated cylinders, and water bottles, and put them in
the appropriate buckets/boxes. It is important to do this as soon as possible, so students do not play with
or spill anything. When the experiment is finished, have students wipe the thermometer with a paper
towel and close it, making sure it turns off. Place all other materials in your group box. Then, wipe off
students’ desks using a damp towel. Students should record the maximum temperature after each trial,
but have students wait until they have finished the entire experiment to calculate the temperature
changes. If your subgroups have things under control, help other subgroups. An example filled out results

table is shown below.
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Graph:

(18 minutes — Subgroups/Teams — SciTrek Volunteers)

Pass out a clear ruler to students who are ready to make their graph. Help subgroups fill out their graphs
by having them go through and complete the checklist on page 22. Be sure that students write a title for
their graph (by filling in the blanks), label the y-axis with “Temperature Change (°C),” label the x-axis with
their changing variable (including units), and write their subgroup control value into the legend.
Additionally, make sure students circle their changing variable values on the x-axis (as well as write them
in if they are not already printed on the axis). Once students have their data plotted, they should draw in
a trend line.

Once students have graphed their subgroup’s data, help them graph the data from the other subgroup in
their team. Call both subgroups in the team together. Have one subgroup read off their data points, while
the other subgroup plots them. Repeat this process, so both subgroups have all of the data plotted on
their graphs. Make sure when students are plotting the other subgroup’s data they do not write the
number values of the temperature change on top of their points, or circle the changing variable values. An
example filled out graph is shown above.

If one subgroup is finished before the other one. Write down the data points of the group that is not
finished and give them to the finished group so they can start plotting their points.

Conclusion:
(8 minutes — Subgroups — SciTrek Volunteers)

Have subgroups use their graphs to look for trends in their data. Challenge subgroups to think about how
their changing variable did, or did not, affect the temperature change of the reaction.
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When writing their conclusions (notebook, page 23), make sure subgroups begin the statement with a
claim (a statement that can be tested) about the trend or pattern seen in their data. If their graph shows
an increasing or decreasing trend, then that variable affects the temperature change. If, on the other
hand, their graph showed no trend (a flat line), then that variable did not affect the temperature change.
An example of an appropriate claim could be: the greater the NaHCO3; mass, the smaller the temperature
change. This is an appropriate claim because it allows the students to make a prediction about what
would happen if new values of their changing variable were introduced.

After generating a claim about their experiment, subgroups will put their supporting data after the
because in the conclusion sentence. Their supporting data should include at least two pieces of data,
typically the minimum and maximum temperature changes. Make sure subgroups are using their
changing variable values (not trial letters), and specific calculations, to support their claims. The
supporting data for the previously mentioned claim would be: when the NaHCO3; mass was 0.0 g, the
temperature change was 20.2°C (biggest), and when the NaHCO3; mass was 4.0 g, the temperature change
was 13.3°C (smallest).

Conclusions are still valid, and important, if they show the changing variable tested does not affect the
temperature change.

An example filled-out conclusion is shown below.

CONCLUSION

[Cermratmazaim | Wecinconchue the greater the NRHCO,

Aot Now poir

mass, the smalley the teraperature
LNANAE

| beause_wihgin the NARHCO, nass was

0.0 4, the tenperature chlnge was
20.4°C (biggest). and whew the NaHCO.
nuass wWas 4.0 g, the tiperature change
wis 12.2°C(smallest).

e 10 Cuppart
v

Pactes Whe scientizt when | meAsured the maximuon
tevunerAtve of the veaction.

TEAM PREDICTIONS

Use your team graph to predact the temperature change for each subgroup if you

W 10 1se 3.5  of wne changing viekabbe, Wiite your predictians In Dw Tatds below

Cranging Variable Mass;
L5
Solgtoap Spmind | Pradicies

o
A 14,5

Next, have students fill in the sentence frame (notebook, page 23): | acted like a scientist when. Each
student’s response should be unique and specific. They should not write, “when | did an experiment,”
because this is general and applies to all of the students in the class. If students are having trouble with
this sentence frame, ask them, “What did you do during SciTrek?”

If there is time, have students analyze their team graphs to make predictions from each subgroup’s data.
Students are asked to predict what the temperature change would be if they were to use 3.5 g of their
changing variable. To get started, have students look at their own data, on the graph, first. They should
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find 3.5 g on the x-axis, draw a dotted line vertically to their trend line, then, find the predicted
temperature change by drawing a second dotted line horizontally across to the y-axis. Students should
write their predicted temperature changes next to their subgroup symbol in the chart. Have students
repeat this process for the other trend line on their team graph. All values will likely be different.

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

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

After discussing how they acted like scientists, and talking about how everyone does things that scientists
do in their everyday lives, tell students, “Next session, you will make posters, and present your findings. |
am looking forward to hearing about all of your experiments.”

Clean-Up:
1. Collect notebooks with attached nametags.
2. Put beakers, stir bars, CaCl, weigh boats (all other weigh boats should go in your group box), and any
liquid, in the buckets.
3. Return the graduated cylinders, to their boxes.
4, Return the water bottles, to their box.
5. Return the stir plates, plugs, and extension cords, to their boxes.
6. Place all other materials into your group box and bring them back to UCSB.

Day 7: Poster Making/Poster Presentations

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.

Schedule:

Introduction (SciTrek Lead) — 2 minutes

Poster Making (SciTrek Volunteers) — 25 minutes

Practice Posters (SciTrek Volunteers) — 5 minutes

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

64



SCjTREK

Materials:

(3) Volunteer Boxes:

[J Nametags [ (9) Paperclips
1 Notebooks [ (2) Highlighters
[ Volunteer instructions [ Scissors

[ Volunteer lab coat [ (2) Glues

[ Poster diagram [ (2) Clear rulers

[ (2) Pencils

Other Supplies:

Lead Box:

Preparation:

At SciTrek

[ Poster paper tube

[ (3) Extra notebooks

[] Lead instructions

[ Thermal Transfer picture
packet

U Lead lab coat

[ Poster diagram

[ Time card

[ (2) Stickers on how to present
Results Table

the Graph: Specific
[ (2) Pencils

[ (2) Black pens
[ (9) Paperclips
[ (2) Highlighters

[ (2) Stickers on how to present

[ (2) Wet erase markers

Last Revised: 4/3/2023

L1 Poster parts pack (scientists’
names, question, experimental
set-up, procedure, (2) results
table, results graph, conclusion,
ways we acted like scientists,
experimental set-up: specific
sheet (white), procedure sheet
(white), graph: general sheet
(white))

1 (2) Scissors
[1(2) Glues

(1 Stapler

1 (3) Clear rulers
1 Scotch tape

(1 (1 each color) Poster part
packs

At the SciTrek office prior to going to module a SciTrek staff member will highlight, number,
sticker, and staple in the supporting documents for poster presentations. They will use the chart
below to ensure that all students on the team have a speaking part. If a student is presenting
multiple sections, a paperclip will be used to clip those sections together to make it easy for them
to flip back and forth between the pages.

Speaking Parts

Notes

1. Scientists’ Names

2. Question

3. Experimental Set-Up: General
4

into notebook, pg. 19)

5a. Results Table o (Sticker, pg. 21)
5b. Results Table A (Sticker, pg. 21)

pg. 22)

9. Conclusion

6. Procedure (paperclip instruction sheet to student notebook
and staple presentation piece into notebook, pg. 20)
7. Graph: General (Staple presentation sheet into notebook,

8. Graph: Specific (Sticker, fill in first blank in sticker, pg. 22)

*Students highlighted in gray must
be from the same subgroup (the
subgroup with the most convincing

Experimental Set-Up: Specific (Staple presentation sheet data).

*All students should have a
speaking part. Depending on the
size of the team it might be
necessary to have students present
more than one speaking part or
divide speaking parts into two (Ex:

two people present the procedure).
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SciTrek Lead:
1. Make sure notebooks have been highlighted, stickered, and numbered. If not, use the poster
diagram page to have volunteers do this before starting SciTrek.
2. Make sure volunteers are setting out notebooks.
3. Set up the document camera for the Notes on Presentations (picture packet, page 6).

SciTrek Volunteers:
1. Set out notebooks/nametags.

Note: Set notebooks where students will sit during the module, even if another student is currently at
that desk. If needed, students will move to these spots after the Introduction.

Picture Packet Page and Notebook Page:

NOTES ON PRESENTATIONS NOTES ON PRESENTATIONS
AT s riehies et the Chumpe o) Tempersture of IV FeacTicn
Whee workabin o fece the termpworature change of the thameed! reacbion

iy Changng Vanatle: 0 s, ven (g

Xwimsie | 3.0 |4.5| F1 | 9.0
lempermiure Crange (O 2L 5_? 10.8 1=2.4

Tempervirs Change {'Ck

Sumenary: TIE BrEdie
Question: Did 2LL subGroups ou Your tedin observe the same
trend?

Sumeary: The greater tine Cacla veass, the greatzy the change.

Changag Yanabie A L Moust [

CEpAgAritiare changs, Mol 05 21 | 6.4 | 8.0
Moucim i

Temperature Change {'C} 5.7 6.2 5.1 5.6
[Crangpryg Varistiie oM | I | -~ I Question- Bg s ow tng first axperiment, weve you able to prediet
i inow NACL mass wowld affeck the tenaperature chanae?
samary, NACL weass dogs wot affeok the temperature chanae.

Sammary: |

Picture Packet, Page 6 2

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

If students are not in their subgroups, tell them, “A notebook will be put on your desk, which is not your
notebook and you should not move it. You will move to your notebook after the Introduction.”

Ask the class, “What is the class question we have been investigating?” Students should reply, “What
variables affect the temperature change of the chemical reaction?” Tell students, “When scientists
complete their experiments, they make posters to present their findings to other scientists. Each team will
create a poster to present to the class. This presentation will be your chance to tell the class what your
team has discovered about the class question. You should write as neatly as possible on the poster parts
so that the other class members can read your posters. You will have 25 minutes to make the posters, and
then 5 minutes to practice presenting them with your teams. When you present, you will read from your
notebooks.”
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Poster Making:
(25 minutes — Subgroups — SciTrek Volunteers)

Each team (6-11 students) will make one poster about their second experiment, so there will be three
presentations total. Every student on the team will have both a writing, and a speaking, part in the
presentation. Note: While presenting, students should call substances by their names (NaHCO; = sodium
hydrogen carbonate, CaCl; = calcium chloride, and NaCl = sodium chloride). If needed, have students write
these in their notebooks.

The notebooks will already be highlighted with what part each student will fill out. Have students open to
the page with highlighting and give them the corresponding poster part from the pack. Note: Part 4 and 7
do not have poster parts to fill out. They will just fill out the white paper stapled in their notebook. Below
are specific notes for the student doing each of the noted sections.

Part 5 (Results Table): Make sure these students completely fill in the sticker in their notebooks as
well as the results table poster piece.

Part 6 (Procedure): Make sure the student uses the instructions (paperclipped to their notebook)
to rewrite the steps about their changing variable and the subgroup control before copying it onto
the poster piece.

Part 7 (Graph General): Tell this student which subgroup’s data (the subgroup of the person that
is presenting the conclusion) was selected as the best data and have them think about why. Then

have them record this on the white sheet stapled in their notebook.

Part 8 (Graph Specific): The following sentence frame sticker will be put in their notebook.

When the _ (this will be filledin)  mass was g the temperature change was °C.
changing variable mass temperature

Do not fill in anymore blanks of the sticker. Practice reading the four sentences with the student.
An example of a first sentence might be: When the sodium hydrogen carbonate mass was 0.0 g

the temperature change was 20.4°C. Where they look at their graphs and then orally put in 0.0
and 20.4.

Once students have finished their written section(s), have students add to the ways we acted like
scientists poster part. To do this, they can copy their I acted like a scientist when statements from page 23
of their notebooks, or come up with new ones.

As soon as students have completed some of their pieces, start gluing them onto the large poster paper,
in landscape orientation, exactly as they are arranged in the example below. Do not allow students to glue
the poster parts on the posters. Do not wait until students have completed all the pieces to start gluing
them onto the posters.

Once the poster is complete, have students start practicing for the presentation. Make sure students read
from their notebooks, instead of from the poster.
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Poster Diagram

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

While volunteers are practicing their poster presentations with their teams, the lead should organize
posters, so they are presented from simplest to understand, to most difficult to understand (suggested
order: NaHCO3 mass, CaCl, mass, and NaCl mass).

Have your team practice their poster presentation, making sure they are reading the poster parts in the
correct order (scientists’ names, question, experimental set-up: general, experimental set-up: specific,
results table o, results table A, procedure, results graph: general, results graph: specific, and conclusion).
Make sure each student’s part is highlighted in their notebook. If students are reading from multiple
pages, use a paperclip to clip these pages together, to make it easier for them to flip back and forth.
Remind students to read from their notebooks, rather than from their posters.

Do not let poster practice go over 5 minutes.

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

Have students return to their original class seats. Ask the class, “What is the question we have been
investigating?” Students should reply, “What variables affect the temperature change of the chemical
reaction?” Tell students, “During the presentations, you are going to take notes.” Have them turn to page
24 in their notebooks, while you turn to page 6 of the picture packet. Tell them, “You will need to check
the box for each team’s changing variable after the team says their question. In addition, when the group
presents their graph (specific), you will need to record the values of the changing variable, as well as the
corresponding temperature change.

Tell students, “Everyone will need to generate at least one scientific question per presentation, and write
it in their notebook. If you think of a question during the presentation, you can write it down then, or, you
will be given 1 minute at the end of the presentation to write down your question. These questions
should focus on helping you be able to understand or summarize the team’s findings. After we have all
written questions, you will be given time to ask them to the presenting group. These questions are
important, because after asking questions, you will have to record a summary of what you learned from
the team.”
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After each team has given their presentation, take one of their notebooks and put the graph under the
document camera, so that it may be seen during student question time. During this time, the lead and/or
volunteers should ask at least one question. Examples of possible questions are: “How do you know...?” or
“Is there anything else you can do to get more information about your question?” Each team should
answer approximately 10 questions (one question per student). When students are done asking
guestions, have them summarize what the team found.

Volunteers should make sure students are quiet and respectful when other teams are presenting. When
your team is presenting, go to the front of the room with them; prompt students if they do not know who

talks next, and remind them to read from their notebooks.

Notebooks only have room for notes and questions on two presentations. Therefore, students will not
take notes on their own presentation.

An example filled out Notes on Presentations (left) and student notes (right) are shown below.

NOTES ON PRESENTATIONS NOTES ON PRESENTATIONS
AT i affect the champe W) Tempesture of ThE FeacDion.
Whae warkabin offece the terrporatune change of the e regction

ww (g Changing Vanatle AL, Ve [

X s 3.0 |45 | F#1| 9.0
lempernture Crnge (CF 28 5_9 108 12.4

Tempenytire Change {(Cl

Summary: TRZ Sckds
Question Didd gl subgroups ov. Your teai obsense tae same
trend?

Sumenary: The greater the Cacls veass, the greatey the change.

Cevuneritire shaungs, A x"" we | 0.5 | 31 | 6.4 | 8.0

Temperature Change {'C} 57 67:2 51 56
Choangyrys Variebi b o, M g ) ) . Question BgSZA owh ting first axpeviment, weve You able to predict
i fow NACL mass wenld affect the tenaperature shange?

samerary NACL wass dozs wot affeok the tempernture chanae.

........

Picture Packet, Page 6 2

After all poster presentations have been given, ask the class, “What did we learn about the temperature
change of the reaction?” Have them summarize the class findings. The highlights from the experiments
are shown below.

o Asthe NaHCOs mass increases, the temperature change decreases.

e Asthe CaCl; mass increases, the temperature change increases.

e The NaCl mass does not affect the temperature change.

Note: Timing is tight on this day. It is possible that students 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 session.
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Wrap-Up:

(2 minutes — Full Class — SciTrek Lead)

Last Revised: 4/3/2023

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

Have students remove the paper part of their nametags (which they can keep) from the plastic holders,
and return the plastic holders to their volunteers.

Clean-Up:

vk wnN e

Collect plastic nametag holders, and allow students to keep the paper part of their nametag.
Collect notebooks.

Leave posters in the classroom.
Place all other materials into your group box and bring them back to UCSB.
If you will not be attending the tie to standards day, remove all materials from your lab coat pockets,

remove your nametag, unroll your lab coat sleeves, and put your lab coat into the dirty clothes bag at

UCSB.

Day 8: Analysis Assessment/Draw a Scientist/Tie to Standards/Content Assessment

Schedule:

Analysis Assessment (SciTrek Lead) — 10 minutes

Draw a Scientist (SciTrek Lead) — 5 minutes
Tie to Standards (SciTrek Lead) — 40 minutes

Content Assessment (SciTrek Lead) — 5 minutes

Materials:

Lead Box:

[ (3) Extra notebooks

1 Notebooks

[ Lead instructions

O Thermal Transfer picture
packet

O Picture of experimental set-
up

[ Lead lab coat

[ (35) Analysis assessments
[J (35) Draw A Scientist

[ (35) Content assessments
O Time card

[J (2) Pencils

[ (2) Wet erase markers

[ (2) Black pens

[ (35) Clear rulers

[ Water (8 0z)

[ Paper towels

[ Thermometer

[ Dropper

[ Beaker

[ NaCl exact container (4.0 g)
U Fresh CaCl, exact container
(10.0g)

[J NaHCOs exact container (3.0
g)

(2) Boxes, each with the following:

[] Bag of 8 Experiment 1
sandwich bags (% scoop NaCl,
% scoop NaHCOs, 1% scoop
CaClz)

1 Bag of 8 Experiment 2
sandwich bags (% scoop NaCl,
2 scoop NaHCOs;, % scoop
CaClz)

[ Experiment 1 sandwich bag (%
scoop NaCl, % scoop NaHCOs;, 1%
scoop CaCly)

L1 Experiment 2 sandwich bag (%
scoop NaCl, 1% scoop NaHCOs,
scoop CaCly)

O Mix weigh boat

[ Plastic lid

[ Stir plate

1 Magnetic stir bar

[ Extension cord

O Teacher final survey QR code

[ (8) Waters (8 0z)
[ (8) 100 mL graduated cylinders
L] Paper towels

O White rag
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Other Supplies:

[ Bucket with lid

Notebook Pages:

U Tray

Last Revised: 4/3/2023

[ Calculator box (content
assessment)
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Preparation:

SciTrek Lead:
1. If the teacher is not leading the tie to standards activity, do the following:

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

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

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

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

3. Pass out the analysis assessments and notebooks.

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

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

6. Putyour lab coat in the lead box at the end of the day.

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

Tell students, “Before we start our activity today, we will determine how your ideas on analyzing and
interpreting data are developing.” Have students write their name, teacher’s name, and date at the top of
the assessment. Tell students, “When doing this assessment, you should work individually, so there
should be no talking.” As you are giving the assessment, walk around the room and verify students have
written their names on their assessments.

For page 1, read the directions for annotating to the students. Then, have students annotate the first
results table by underlining controls, circling changing variables, and boxing information about data
collection. Read question 1b (Can this group make a conclusion?) and have students answer it. Have
students annotate the possible conclusion. Finally, read question 1d (Is this a correct conclusion for the
results table? If NO, what is wrong with the conclusion?), and have students answer the question. Repeat
this process for questions 2 and 3.

Pass out rulers to students. Read the directions for question 4 to students. Then, have students annotate
the graph by underlining controls, circling changing variables, and boxing information about data
collection. Have students plot the remaining points on the graph using circles as markers. Then, tell
students, “Draw trend lines for each experiment on the graph.” Read questions 4d-4f and give students
time to answer each.

For page 4, read the three Attitudes Towards Science questions to students and have them answer them.
When they are finished, collect the assessments and verify that the students’ names are on the top of the
papers. Students should keep their rulers to use during the tie to standards activity.

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

Pass out the draw a scientist paper. Have students fill out their name, teacher’s name, and date at the top
of the assessment. Give students exactly 4 minutes to draw a picture of a scientist. Once they are done,
ask them to write on the bottom line who they drew a picture of. If it was no one specific they can leave
the line blank. Then, collect the papers from students, verifying that their names are on the top of the
papers.

74



SC@TR EK Last Revised: 4/3/2023

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

Class Findings (3 minutes)

Tell students, “l enjoyed hearing about your experiments last session, let’s quickly review what we found
out as a class.” Have students open to page 25 in their notebooks, and place the class notebook under the
document camera. Ask students, “What did we find out about NaCl mass?” Students should reply, “NaCl
mass does not affect the change in temperature.” Circle NO. Ask students, “How do we know this?”
Possible student response: there was no trend in the data for NaCl mass. Next, ask students, “Does
NaHCO3; mass affects the change in temperature and how?” Possible student response: yes, the greater
the NaHCO3 mass, the smaller the temperature change. Circle YES, and fill in the sentence frame. Ask
students, “Does CaCl, mass affects the change in temperature and how?” Possible student response: yes,
the greater the CaCl, mass, the larger the temperature change. Circle YES, and fill in the sentence frame. If
students have trouble remembering the class findings, refer to their notes on presentations (picture
packet, page 6 and notebook, page 24). A filled-out question 1 is shown below.
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Variations in Data (6 minutes)

Ask students, “Sometimes, scientists run an experiment multiple times, why do you think scientists do
this?” Allow a few students to share their ideas. Lead students to understand, oftentimes measured
results will not always be the same between trials and doing trials multiple times tells us how much the
results can vary. Have students answer question 2, as shown below.
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Tell students, “In my lab, | mixed 0.0 g NaHCOs, 4.0 g NaCl, and 5.0 g CaCl.. | repeated this trial 5 times,
and each time | calculated a slightly different temperature change. | want to be able to report one number
for this trial. The median, or the middle number in a series of measurements, is a mathematical tool
scientists use to report the ‘best’ answer. To find the median, you put the values in increasing order, and
then, identify the middle number.” Have students find, and record, the median for question 3.

Tell students, “In addition to reporting the median, scientists like to report how much error is in their

measurements. They do this by calculating the range, which is the difference between the largest, and
smallest, measurements.” Have students calculate the range in the table for question 3.
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Ask students, “What do the median and range tell us about our experiments, in general?” Possible
student response: if we do the trial multiple times, we will get different temperatures. If we find the
median of the temperatures, all measurements should be off by no more than 1.6°C from the median.
Lead students to understand that this means, when we are making predictions about this experiment, we
can consider predictions correct if they are within 3.2°C of the real data. Have students answer question
4.
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Predicting Temperature Change (10 minutes)

Tell students, “I did several experiments similar to the ones you designed, but | performed each trial three
times for every experiment. Then, | took the median for each trial, and graphed the median points on
‘team graphs,’ grouped by the changing variable investigated. These graphs are shown on page 26 of your
notebooks.”

First, ask students, “Why do you think the graph on the effects of NaCl mass was left out?” Possible
student response: NaCl mass does not affect the temperature change, therefore, it is not as useful for
making predictions. Have students answer question 5, as shown below.
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Next, annotate Graph 1 as a class. Ask students, “What is the changing variable of graph 1?” Students
should reply, “Sodium hydrogen carbonate (NaHCOs) mass.” Circle it on the x-axis. Then, ask students,
“What was calculated in this experiment?” They should reply, “Temperature change (°C).” Box it on the y-
axis. Ask students, “Where else does this information appear on the graph?” They should reply, “The
title.” Circle the changing variable, and box the data in the title. Ask students, “What other information
appears in the title, and what should we do to it?” Possible student response: one of the controls, CaCl,
mass, is in the title, so we should underline it. Ask students, “What type of control is CaCl, mass?” Remind
students that CaCl, mass is the subgroup control, because it is the control that has different values
between each of the experiments. Next, draw trend lines for each experiment using a clear ruler, and
have students do so along with you. Then, have students label each trend line with the corresponding
subgroup control value. Ask students, “Does NaHCO3; mass affect the temperature change, and how do
you know?” Possible student response: yes, because all three lines are decreasing. Ask students, “Is this
consistent with the class findings?” Students should reply, “Yes.” Circle YES for the question on Graph 1,
as shown below.
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Next, have students annotate Graph 2, draw trend lines, and label the trend lines with subgroup control
values, on their own. Fill out Graph 2 without showing the students. After ~2-3 minutes, show students
the annotated graph, and trend lines, and have students check their work, and make changes, if needed.
Ask students, “Does CaCl, mass affect the temperature change, and how do you know?” Possible student
response: yes, because all three lines are increasing. Ask students, “Is this consistent with the class
findings?” Students should reply, “Yes.” Circle YES for the question on Graph 2, as shown below.

Graph 2 Contrals
o ) »

Read question 6, and tell students, “We should use both graphs to make predictions.” Have students look
at Graph 1 first, and ask them, “Which experiment, or experiments, will be most useful to predict the
temperature change?” Show students, the subgroup control they labeled on Graph 1 is CaCl; mass, so
they should focus on the value given for CaCl, mass, which is 10.0 g. Students should notice that Graph 1
has a trend line that corresponds with 10.0 g of CaCl,, which is represented by the symbol X. Have
students circle X for Graph 1 on question 6. Then, ask students, “Where will we find NaHCO3; mass on
Graph 1?” Students should reply, “The x-axis.” Have students find 3.0 g, on the axis. Then, have them
make a dashed line, from 3 on the x-axis, up to trend line X, followed by making a dashed line from the
intersection to the y-axis, to predict the temperature change on Graph 1 (~18°C). Have students write the
predicted temperature change for Graph 1, on question 6. Remind students, their predictions can vary up

to 1.2°C.
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Follow the same process to predict the temperature change from Graph 2. Show students, the subgroup
control on Graph 2 is NaHCO3; mass. Ask students, “Which experiments do we need to look at, considering
we are using 3.0 g of NaHCOs?” Possible student response: we need to look at circles and triangles, since
3.0 gis between 0.0, and 4.0 g. Circle the circle, and triangle, for Graph 2, on question 6. Ask students,
“Should we draw a dashed line halfway between the circle and triangle trend lines?” Possible student
response: no, the dashed line should be closer to the triangles, since 3.0 g is closer to 4.0 g, than to 0.0 g.
Draw the dashed line, and have students do so in their notebooks. Then, ask students, “Where will we
find CaCl, mass on Graph 2?” Students should reply, “The x-axis.” Find 10.0 g on the x-axis. Have students
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make a dashed line, from 10 on the x-axis, up to the dashed trend line, and then make a dashed line from
the intersection, to the y-axis, to predict the temperature change on Graph 2 (~17°C). Have students write
the predicted temperature change for Graph 2, on question 6. Remind students their predictions can vary
up to 1.2°C.

Graph 2 Contrals

Tell students, “Now we need to get one expected temperature change. To do this, we will find the value
that is halfway between our two predicted values.” Then, combine the two predictions to make an overall
temperature change prediction. Note: If students have one predicted temperature change that ends in
“.5,” the math is more complicated. For example, if students predict 18°C from Graph 1, and 16.5°C from
Graph 2, the overall expected temperature change will be 17.25°C. The simplest way to explain how to get
to 17.25°C s to discuss an example with money (Ex. Ask how many quarters we would need to get from
$16.50 to $18.00, which would be 6 quarters. Divide this by 2 to get 3 quarters. Add three quarters to
$16.50 to get to $17.25). No matter what the overall expected temperature change is, it is important to
round it to the nearest tenth. Likewise, if the expected temperature change ends in “.25,” it would need
to be rounded to “.3.” A filled-out question 6 is shown below.
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Turn to page 27 in the notebook. Tell students, “We will now test to see if our predictions are correct.”
Pour 50 mL of water into the beaker with a magnetic stir bar. Start the stir plate to begin stirring, and
position the thermometer in the beaker with the plastic lid. Wait a moment for the temperature to
stabilize. Tell students, “I weighed each substance ahead of time.” Then, pour each of the substances,
from the exact containers, into the mix weigh boat. Record the initial temperature in the table under
guestion 7, and pour the mix weigh boat into the beaker with the water. Have students call out
observations, as the reaction is occurring. Once the maximum temperature has been reached, turn off the
stir plate, press the “Max/Min” button on the thermometer, and record the max temperature. Have
students do subtraction with you, to find the temperature change for question 7.
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Ask students, “How can we find out, how far our measured temperature change was, from our expected
temperature change?” Lead students to understand that they should use subtraction to find the
difference. Start with whichever temperature change (expected or measured) was larger, and subtract the
other from it. Perform the subtraction for question 8, and have students do so in their notebooks. Then,
ask students, “What does this tells us about our expected temperature change?” If the difference
calculated in question 8 is less than 1.2°C, it means that the prediction is within the acceptable range of
variation that we determined on question 3. This means that we can consider our prediction correct. If so,
have students circle YES for question 9. Then, ask students, “What does this tell us about the temperature
change of the reaction?” Students should reply, “It is predictable.” Circle YES for question 10.

Why Temperature Changes (14 minutes)

Tell students, “Now that we know the temperature change of the reaction is predictable, we will talk
about why. Temperature is really a measure of something called ‘kinetic energy,” which is the energy of
motion.” Fill this in for the definition on question 11 (notebook, page 28), and have students write this in
their notebooks. Tell students, “All matter is made up of particles, which are always moving. If a substance
has low kinetic energy, that means the particles of the substance are moving slowly, which means the
substance has a low temperature.” Show students how to represent this on the first diagram on question
12. Use short arrows from the particles to show the particles are moving slowly, and shade-in a low
temperature in the thermometer. Then, have students fill out the second diagram while you do so on the
class notebook. Give students ~1 minute to work on this before showing them your work.
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Next, tell students, “If we want to know why the temperature change is predictable in our reaction, we
need to think about what we started and ended with.” Place page 7, of the picture packet, under the
document camera, to show students what sodium chloride (NaCl) looks like. Have a few students share
observations of sodium chloride, and record them in the table on page 28 of the class notebook. Repeat
this process, with pages 8 and 9 of the picture packet, to record observations for sodium hydrogen
calcium chloride (CaCl,) and carbonate (NaHCOs). While you are doing this, have a volunteer, or the
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teacher, pass out water bottles, graduated cylinders, and Experiment 1 bags, to each set of approximately
three students. Collect clear rulers from students as you give them experimental materials.

Sodum Chior de, NaCl

Picture Packet, Page 7

Calchum Crioride, CoC

L

Picture Packet, Page 8

o
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Sodium Mpdroges Carbonate, NaNCD,

Picture Packet, Page 9

Tell students, “We are going to observe the reaction again, and make observations about what happens
during and after the reaction.” Show students how to set up the reaction in the Experiment 1 bag. Tell
students, “You will work in groups of about three.” Pour 50 mL of water into a graduated cylinder, and
have 1 student in each group do the same. Then, take the Experiment 1 bag, and tilt it, so all the
substances are settled in one corner. Pinch the corner, and twist the bag a few times, so that all
substances are contained on one side. Have a different student in the group do this with you. Once
students are ready, with one student securely holding the substances in the bag, have a volunteer, or the
teacher, pour the water into the other side of the example bag, and close the zipper, while you are still
holding the substances separate. Tell students, “You will do the same by having the third student in your
group pour the water into the bag, and close the bag.” Once all bags are securely closed, tell students,
“We will release the substances, and shake the bag, so all substances mix with the water at the same
time.” Count down from three, and shake the bags, so everyone can make observations at the same time.
Students should observe that the bags will begin to puff up immediately as gas is produced, and they will
get very warm.

Once reactions have completed, ask students, “What did we end with after the reaction?” Have students
record their observations on question 14. While students are writing observations, have a volunteer, or
the teacher, collect the bags from students, and place them in the bucket (open the bag to let the gas out,
and seal it again, before placing it in the bucke ¢ ave the other materials with the students. 7
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Have students turn to the next page in their notebooks, while you do so under the document camera. Ask
students, “Did we just see a chemical reaction happen, and how do we know?” Possible student response:
yes, because a gas formed, and the temperature changed. Circle YES for question 15, and write down their
evidence. If students have trouble identifying the evidence of a chemical reaction, refer to the definition
on page 1 of the notebook.

Ask students, “Can energy can be created, or destroyed?” Have a few students share their ideas. Then, tell
students, “Energy can never be created, nor destroyed, it can only be transferred, this is called the Law of
Conservation of Energy.” Students should circle NO for question 16.

Ask students, “What happened to the temperature during the reaction?” Students should reply, “Got
hotter. Ask students, “What does this tells us about the kinetic energy of the particles in the bag?”
Possible student response: if the temperature felt warmer, then the kinetic energy must have increased.
Ask students, “If energy cannot be created, then where did the kinetic energy come from?” Lead students
to understand, energy is stored in the substances, and some of that energy is released to the
surroundings during the reaction, which makes the particles speed up, thus making the bag feel warmer.
Have students answer question 17.

Ask students, “Do all substances store the same amount of energy?” Call on a few students to share their
ideas. Probe students further by asking, “If we added 4.0 g of NaCl or 4.0 g of CaCl, or 4.0 g of NaHCOs to
water, would you expect to observe the same temperature change for each substance?” Students should
reply, “No.” Lead students to understand that all substances do not store the same amount of energy,
because adding the same amounts, of different substances, gives a different temperature change. Have
students answer question 18.
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Tell students, “Since all substances do not all store the same amount of energy, we should try to
summarize how each of the substances, in our reaction, affects the kinetic energy during the reaction.”
Read each statement in the table on question 19, and have the students help you finish the sentence by
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circling the answer on the right. Students can refer to the graphs on page 26, if they need help
remembering the trends. For the first statement, students should tell you, “As NaCl mass increases, the
temperature change stays the same.” Ask students, “If the temperature change is not affected by the
amount of NaCl, does the amount of NaCl affect the kinetic energy?” Student should reply, “No.” Thus,
students should say, “If we add more NaCl to the reaction, the kinetic energy stays the same.” Go
through, and complete the rest of the statements. Make sure, by the end of the conversation, students
understand the direct relationship between temperature and kinetic energy: if the temperature change
increases, change in kinetic energy also increases.

Cold Reactions (7 minutes)

Ask students, “Do you think it is possible to make our reaction feel cold?” If students are unsure, ask
them, “Did any of the substances make the temperature change go down?” Students should reply,
“Adding more NaHCO3; made the temperature change decrease.”

Read question 20 to students. Then, have them predict the temperature change from the graph. Show
students, the subgroup control is CaCl, mass, so we should look at the trend line that matches the amount
given. Since we are given 3.0 g of CaCl,, we will look at the trend line marked by circles. Then, if we have
12.0 g of NaHCO; (found on the x-axis), we can draw a dashed line, from 12 on the x-axis, down to the
trend line marked by circles. Ask students, “Does anyone notice anything different about the temperature
change we would expect for this mixture of substances?” Students should reply, “This temperature
change should be negative.” Ask students, “What does this mean if we were feeling the bag?” Possible
student response: the bag would get cold instead of warm. Have students answer question 21. Tell
students, “We will perform one more test to see if this is true.” While students are writing, have a
volunteer, or the teacher, pass out Experiment 2 bags.
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Have students follow the same procedure as last time to run the reaction. Students should still observe
the bag puff up with gas, and a milky white liquid form, but this time, the bag should get cold.

Tell students, “When a reaction felt hot, energy was released to the surroundings, so the kinetic energy
increased.” Ask students, “What happened to the kinetic energy this time, when the reaction felt cold?”
Students should reply, “The kinetic energy decreased.” Remind students that energy cannot be created or
destroyed, and ask students, “Where did the energy go?” Lead students to understand that energy was
absorbed, from the surroundings, by the reaction, which made the particles in the surroundings slow
down, thus making the bag feel colder. Have students answer question 21.

Ask students, “What are the two ways we have seen chemical reactions transfer energy?” Possible
student response: chemical reactions can release, or absorb, energy. Have students fill this out for
guestion 22. Finally, ask students, “What are two factors, that we talked about today, that affect the
energy transferred during a reaction?” Lead students to understand that the energy change is affected by
the type of substance, and the mass, and fill out question 23.
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Content Assessment:
(5 minutes — Full Class — SciTrek Lead)

Have students close their notebooks, and place them in the corners of their desks. Pass out the content
assessment to students. Have students write their name, teacher’s name, and date at the top of their
assessment. Tell students, “When doing this assessment, you should work individually, so there should be
no talking.” Read each of the content questions to the students and have them select/fill out the correct
answer. As you are giving the assessment, walk around the room and verify students have written their
names on their assessments. When done, collect the assessments.

Tell students, “You can keep your notebook, | have enjoyed working, and learning with you. | hope you
will continue to see yourselves as scientists, and explore the world around you.”
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Clean-Up:

PwnNPE

Extra Practice

Solutions:

Leave notebooks with students.

Collect experiment bags, release the gas, reseal the bags, and place them in the bucket.
Place all other materials into the boxes and bring them back to UCSB.

Remove all materials from your lab coat pockets, remove your nametag, unroll your lab coat sleeves, and
put your lab coat into the dirty clothes bag at UCSB.
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