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Lead Information Packet
Module 1: Solar Power
6" Grade

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

Important Things to Remember During the Module

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

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

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

Types of Documents:

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

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

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

In these instructions, all other example documents are labeled.

Day 1: Analysis Assessment/Observations/Technique/Variables

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Analysis Assessment (SciTrek Lead) — 15 minutes
Observation Discussion (SciTrek Lead) — 2 minutes
Observations (SciTrek Volunteers) — 13 minutes
Technique (SciTrek Lead) — 12 minutes

Variable Discussion (SciTrek Lead) — 5 minutes
Variables (SciTrek Volunteers) — 9 minutes
Wrap-Up (SciTrek Lead) — 2 minutes
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Preparation:

1. Make sure volunteers are passing out nametags.
Make sure volunteers are setting up for the initial observation.
3. Set up the document camera for the analysis assessment, technique activity (notebook, page 3), and
class question (notebook, front cover).
4. Set up the lead set-up.
a. Place a solar panel in the solar panel holder, turn the angle to 45°, and use the shading tool to

N

shade g of the panel.
b. Hook the multimeter up to the panel.
. Place the AAA battery pack, 9 V battery, and breadboard near the lead set-up.
5. Pass out the analysis assessments.

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

e Allow volunteers to introduce themselves.
e |ntroduce the module.

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

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

e Pass out clear rulers to students.

e Question 4: Under the document camera, show students how to annotate the graph by underlining the
controls, circling the changing variable, and boxing information about data collection in the title, axes
titles, and legend.

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

e Collect assessments and rulers.

Observation Discussion: (2 minutes — Full Class — SciTrek Lead)

e Review the definition of an observation (a description using your five senses).
e Tell students, “We will be making observations of solar panels.”
o Lead students to understand that solar panels transfer light energy into electrical energy.
e Introduce the terms multimeter, current, and voltage.
o Tell students, “We will measure current in milliamps by turning the dial to the multimeter setting
boxed in black.”
o Tell students, “We will measure voltage in volts by turning the dial to the multimeter setting boxed
in silver.”
e Put page 2 of the picture packet under the document camera. Explain to students how they will use the
protractor to measure angle and emphasize they need to read angles from the clear scale.
e Have students move to their groups.
o If astudent does not have a nametag, identify the group color with the least number of students in
it and write the student’s name on one of the extra nametags in the lead box using that color of
marker.
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Observations: (13 minutes — Groups — SciTrek Volunteers) “

e Walk around and help groups who are struggling.

e Make sure volunteers have students fill out the front
cover of their notebook except for the subgroup
number, team/subgroup symbol, and class question.

e Make sure volunteers are correctly assembling the set-
up with students.

o The panel angle should be 45° (clear scale)
o The shading should be 2

e Make sure volunteers have correctly demonstrated how
to use the IR thermometer for the students and are not
letting students use the thermometer.

e Make sure that groups are moving along and only spending ~7 minutes on the experimental set-up and ~6
minutes testing the LEDS and describing what happened.

e Make sure that volunteers are shining the LED cup around so each student can see the red and blue LED.

OBSERVATIONS

Experimental Set-Up: OBSERVATIONS

Experimental Set-Up:

Draw a picture of the experimental set-up below and label the parts of the system.

Riel o
Z’ﬁ‘f -6
Other observations of the experimental set-up: Other observations of the experimental set-up:

o Thermometer o Roovn temperature = 21°C
» Hair dryer

yonel \trqﬂr_a’:\\um = light Wit from 0°= 14 Cro
—

Shodirq omount = /g

« Thermowmeter « Roow temperature = 21°C
« Hair dryjer

Describe what happened during the experiment.
Describe what happened during the experiment. . We heateod the solar panel to Solar Panel Measurements
« We heateol the solar panel 30°C using the hatr D(Y\I/J{EY Current(MA) | 5.2 LA
P P o_We measured the current
to 30°C using the hair Solar Panel Measurements € me 4 > 4 £ Voltage(v) | 1.9V
and voltage using the
dryer. Current (mA) | 5.2 MA maultinetey
o We measured the current When the red LED was hooked up to the solar panel it @ did not light .
, (circle one)
andl voltage using the 1.9V
VM,L{Lt’LVM,cteV, Voltage (V) ﬁ When the blue LED was hooked up to the solar panel it lit (w

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

e Have groups share what they did/learned.

o They set their solar panel to an angle of 45°, heated it to 30°C, and measured the current
and voltage being produced using a multimeter. Then, they saw that this energy could light
ared LED but not a blue LED.

e Introduce power (amount of energy per time a device uses or supplies) and how to calculate it
(multiplying the current [mA] and voltage [V], which gives power in milliwatts [mW]).
e Have volunteers pass out calculators.
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e Using the class solar panel (under classroom
lights only), have students read and record the
current and voltage being produced for letter a.
o Show students how to set up the power
equation and input the operation into
their calculator.
o Show students how to round the answer
to the nearest tenth and record their
answer in milliwatts.
e Hook up the round battery pack to the multimeter, and
have students read and record the current and voltage

Wire and dial placement Wire and dial placement

d d for measuring current in for measuring voltage in
prO ucea. i Amps Volts

o You will use the same set up for measuring the

voltage of the batteries as you did for the solar
panel (picture, right). TECHNIQUE
. Calculating Pow:
o To measure the current of the batteries, move . culating Fower .
ne way to measure the energy of our system over time is by calculating the power of the
the red probe to the loAMAX hole and turn the system. Power (P) can befound by multiplying the current (/) measured in milliamps (mA)
and voltage (V) measured in volts (V) of the system together:
dial to the 10 instead of the block boxed setting P=1xV
. For this experiment, power is calculated in units called milliwatts (mW).
( p | Ctu I’e, Ieft) . Directions: Calculate the power produced by each system. Round your answer to the nearest
. tenth (Ex: 9.5 mW).
o They should then calculate power on their own. . _
) Class Solar Panel b) Round Batteries
e Repeat process for rectangular battery. 1= 2.9 mA 1= 3.8A
e Have the students answer letter d, about the power of V=18V yo31V
their own solar panel. P=2.9WMA x1.8V p= 38A x2iV
e Have students remind you of what happened when the =52 MW = ILEW
) Rectangular batteries d) Your Solar Panel
red and blue LEDs were hooked up to the solar panel.
I=_24 A 1=_52 mA
e Under the document camera, connect the round Fo B8 1 v=19v
batteries to the breadboard and plug in the blue LED P o4 A x BV Pl BDA x 19V
(below, left). = 206W = 2.9 mwW
o) Repeat for the recta ngular battery' This time to 1.Whatdoe5ourexpfrimenttell usabo/uttheredand blue LEDs?
. . . . They require a certain amount of power to work.
LED WI“ blOW. OccaS|ona”y When thls happens It 2. What happens when the blue LED is touched to the round batteries? t ’lghts AP
eJects a sma” p|ece Of plastlc' therefore put your 3. What happens when the blue LEDistouchedtotherectangularbatter)[?
hand b . dth d if thi 4.Why does this happen? _T0 ek power was applied
an etween It an t e Stu ents SOl t IS 5. What does this tell us about lights/devices? k]g 9 zngﬂzi:g 4,4435[ gpgg',_‘{ C
happens the plastic will not hit anyone (below, conditions and too much poweyr can be havmful.
. 6. How can we monitor the amount of power used by a device?\A/g_CO N, WALASIUYE
right)
e Go over questions 1-6 and write class consensus ;
answers in the class notebook.

e Introduce the class question: What variables affect the
power produced by a solar panel?
o Write the class question on the front cover of the class notebook and have students copy the
guestion onto their notebook.
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Variable Discussion: (5 minutes — Full Class — SciTrek Lead)

e Review the definition of a variable (something in an experiment that can be changed).
e Explore one possible changing variable with the class and have students share how and why this variable

might affect the power produced by the solar panel.

Variables: (9 minutes — Groups — SciTrek Volunteers)

e If there are less than 5 minutes in the session do this as a class instead of in groups.
e Walk around and help groups who are struggling.
e Make sure volunteers are having their group come up with three possible variables, as well as how and

why these variables might affect the power produced by a solar panel.
e Make sure students are generating at least one additional variable by themselves.

VARIABLES

Flatter panels (closer to 0°), will variable [ e ety 2ot ot |
Panelroduce  power Flatter panels (closer to 07) |
Angle | pecause : Panel L

Angle  lbecause the Light will hit

Brighter lights, will produce

Light power because LL@ ht
Brightness ; Brightness

—.LVL‘C&/LSC over th;l pa weL )
. . , Natuval Lioht (Like the s
Natural Light (like the sun), LLg ht WL ‘Dmdu ce vpve pOWEY

Hght ) will produce Solree

Source | power because . sunlight on solar PL?;.A els

Tewmperature fmwwbuw
he solay pawnel oy brealke

Choosg Your own!!
g L dowa when it gets too hot.
it Move divt pin the solar nawnel
L will produce Lless poweyr
Awmount r =

divt blocking the Lioht
9 9

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

e Have each group share one variable with the class, as well as how and why they think this variable will (or

will not) affect the power produced by a solar panel.
e Go over what students will do next session.
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Day 2: Question/Materials Page/Experimental Set-Up/Procedure/Results Table

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 14 minutes

Question (SciTrek Volunteers) — 7 minutes

Materials Page (SciTrek Volunteers) — 7 minutes
Experimental Set-Up (SciTrek Volunteers) — 8 minutes
Procedure (SciTrek Volunteers) — 18 minutes

Results Table (SciTrek Volunteers) — 3 minutes
Wrap-Up (SciTrek Lead) — 3 minutes

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

Preparation:

Make sure volunteers are setting out notebooks in such a way that allows students within the same

subgroup to work together.

Set up the document camera for the question (notebook, page 5), materials page (lead box), experimental
set-up (notebook, page 6), and results table (picture packet, page 1).

Introduction: (13 minutes — Full Class — SciTrek Lead)

Review the class question as well as what students did
and learned last session.
Review experimental considerations with the class
(notebook, page 5, top):
o You will only have access to the materials on the
materials page.
o Ifyou are not chaning the light height, the light
height must be 14 cm.
o See materials page for restrictions on
experimental design.
Design an example experiment with the class.
o For the changing variable, pick one variable (Ex:
temperature; notebook, page 5).
o Show students how to write the question.
= |f we change the temperature, what will
happen to the power produced by the
solar panel?
o Fill out the materials page for the example
experiment (lead box).
= Read step 1 and have students tell you
what to do for each bolded word
(underline controls and circle changing
variables).

Experimental Considerations:

1. You will only have access to the materials on the materials page.
2. If you are not changing lamp height, the lamp height must be 14 cm.
3. See materials page for restrictions on experimental design.

Changing Variable(s) (Independent Variable(s))

You will get to perform two experiments. For your first experiment, decide which variable(s)
(max two) you would like to test. For each changing variable you select, discuss with your
subgroup why you think that variable will affect the power produced by the solar panel.

Changing Variable 1: ___ Panel Awnale
Discuss with your subgroup how you think changing variable 1 will affect the power
produced by the solar panel.

Changing Variable 2 (optional):
Discuss with your subgroup how you think changing variable 2 will affect the power
produced by the solar panel.

QUESTION
Question our subgroup will investigate:

o Ifwechangethepnpgl gumole ,
T

inseeach changing variable (independent variable)

what will happentothePDMgeK ;PKDQ( wgéj b a tlag solay
nsert what youaJe calculating

?mmﬁl ?

SciTrek ber Approval:

Get a materials page from your volunteer and fill it out
before moving onto the experimental set-up.
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= Go through the list of general materials,
and check them off.

e Show students the spacing tool
and tell them they will use it to
quickly measure the distance
between the solar panel and the
lamp.

= Read steps 2 and 3. You should choose
the control values, but let students
choose the three changing variable
values.

e Remind students to pick
changing variable values that are
spread out.

e  Write trial letters underneath
the changing variable values.

Fill out the experimental set-up for the example
experiment (only Trials A and B for the changing
variable; notebook, page 6).
= Draw an additional line under the controls
list for another control and its value.
= |f students choose to change two
variables, there will be one additional
blank for controls. Lead students to come
up with “light height/14 cm.”

Last Revised: 8/29/2023

Color (circle one): Orange Blue Green

Subgroup Number (circle one): 1 2

MATERIALS PAGE

You will only have access to the following materials.
1) For each bolded word, underline if it is a control and circle if it is a changing variable.
Ex control: Temperature, Ex changing variable: '!mb
2) For variables that are controls, choose 1 value and write it in the first blank.
3) For variables that are changing variables, choose 3 values and write the trial letter
(A, B, O) under each value. Ex: <

General Materials:

X Solar panel X Multimeter X Ruler
X Solar panel holder K Shading tool + 2 binder clips X Protractor
X Lamp X Hair dryer (if notatroom temp) X Calculator

X Infrared thermometer X Spacing tool
Choose any angle(s) between 30° and 75°. (original = 45°)
o° F5° 45"
A B C

Shading Amount: Choose any fraction(s) from % to % % can only be chosen if it is your changing

variable. (2 = no shading, 2 = fully shaded; original = 2)

o oy 0§
ol m o:
8 8 8
®e ol os
8 8 8

Temperature: Choose any whole number temperature(s) between 26°C and 44°C. You may also
choose room temperature (ranges from 19°C - 26°C). If you select this value, write “RT” on the line.
You will record the numerical value of the room temperature on experiment day. (original = 30°C)

RT

Materials Page

Read the example procedure step that includes the changing variable (notebook, page 7, top).
o Show students the filled-out results table (picture packet, page 1) and explain how they will fill out

their results tables and make predictions.

2)

Write your changing variable(s) (Ex: panel angle) and the values (Ex: 45°) you will use
for your trials under each solar panel.

Changing Variable(s):

) Panel Angle

EXPERIMENTAL SET-UP

A B C

F5°

20°

Check the box of your subgroup control and write your subgroup symbol on the line. Then, fill out the chart for each
of your trials. For the variables that remain constant, wr'te the value in Trial Dand then draw an arrow through each
box indicating the variable is a control. Remember to record data measurements Lo the nearest tenth (Ex. 4.1mA),
calculate power to the nearest tenth (Ex. 13.2 mW), and percentages to the nearest whole number (Ex. 75%).

Subgroup Control: X Panel Angle [ Shading Amount [ Temperature  Subgroup Symbol: __ /A

RESULTS
Table

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

Power Source | Solar Panel Temperature | RT

[t Height / 14 cn

Shading Amount| 2/2

SciTrek Approval:

Variables Trial D Trial E Trial F Trial G
1solar panel | 2solarpanel | 3solarpanel | 4 solar panel
< Panel Angle: 50°
g
E Shading: o/
= Temperature;
E Room Temp: 22°C R
=2
E 14 om
8 ather variable
% Predictions Trial E Trial F Trial G Trial H
g
£ [ Putan“s” inthe ial that wil give
2 | the smallest power and an L in
et o ez L S
power.
Data and Calculations Trial D Trial E Trial F Trial G
5| cmemew: |52 MA| 6.0 MA |6 F WMA| FF mMA
5
7 | 2
1R v 19V | 1.9V | 20V | 20V
Percent CV:
g 2| (getvalues from pg. 20) 25 2” 50% 7‘520 100’25
S
E
Power (mW): S2WMAXLIYV [6OMAXLIV |6FMAK20V |FFMAX20V
- P=IxV =9.9 mw =114 mwW =134 mw =154 mw

Picture Packet, Page 1
Note: This results table is for experiment 2,
but is only used to show students how to
represent controls and changing variables.
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Question: (9 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.

e Encourage subgroups to pick different changing variables.

e Make sure volunteers are not giving advice on how many changing variables to use.

e Make sure, for the second part of the question (what you are calculating), students are specific (they
should write, “the power produced by the solar panel” and not just “the power”).

Materials Page: (7 minutes — Subgroups — SciTrek Volunteers)
e Walk around and help subgroups who are struggling.

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

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

e Walk around and help subgroups who are struggling.
e Make sure, within one subgroup, all students have the same order for their changing variable(s) values.
e Make sure all control blanks are filled out.

Procedure: (18 minutes — Subgroups — SciTrek Volunteers) PROCEDURE
P s el vl Yo ngingvarabil) v procedur, £ Fra
e Walk around and help subgroups who are struggling. Srse By and g o orele nestepauldbe:flace e panelatan e
e Make sure procedures are concise, but still include all 1. _Setup lawp using spacing tool at 14 o above
values of the controls and changing variable(s), as well pamel
as the data that will be collected and the calculation 2
that will be performed. Place shading tool om solar panel <o ft is &/2
o Students within each subgroup can vary the 5 ehansd
wording in their procedures, as long as the steps Set panel angle to A) 207, B) 757, and C) 45°
are in the same order and correct values are .
included. Place solav panel divectly wader Lamp, and thew
5 i—uvm,lr)m'P on.
Results Table: (3 minutes — Subgroups — SciTrek Volunteers) bteat the solar panel to A) RT, B)20C, aund C)
6. _44°C
e Walk around and help subgroups who are struggling. (se multimeter tp measuve the curvent (mA)
e Make sure students are underlining controls, circling the 7. _and voltage (v)
changing variable(s), and boxing data collection boxes. Caleulate the power produced by the solar cell by
e Make sure control values are written in the Trial A box 5.
with an arrow through the rest of the trials’ boxes,
while changing variable(s) values are written in each
trial’s box. Note: Procedure does not
e Make sure students are making predictions for which match the lead experiment 7

trial they think will produce the smallest (S) and largest
(L) power.
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Wrap-Up: (3 minutes — Full Class — SciTrek Lead)

e Go over what students will do next session.
Extra Time:

® On this day there is often extra time. If so, go over page
31 in the notebook, which gives students practice on
distinguishing between claim and data statements. Do
not do any more than page 31 of the extra practice.

Day 3: Experiment/Analysis Activity/Conclusion

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 3 minutes
Experiment (SciTrek Volunteers) — 20 minutes
Analysis Activity (SciTrek Lead) — 30 minutes
Conclusion (SciTrek Volunteers) — 6 minutes
Wrap-Up (SciTrek Lead) — 1 minute

Preparation:

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

N
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Directions:

EXTRA PRACTICE

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

1.

a.

The Nile River is 6,650 km long and the
Amazon River is 6,575 km long.

McDonalds French fries have more salt
than In-N-Out French fries.

Dogs weighing over 50 Ibs. sleep more
than smaller dogs.

30 people used a black pen and 12
people used a blue pen.

Peaches are the most delicious fruit.

The car door handle was observed to be
warmer after sitting in sunlight.

The tallest building in the world is in
Dubai.

The more interesting the story, the
longer the student will read.

Claim
Claim
Claim

Claim

Data

Data

Data

Data

Data

Opinion
Opinion
Opinion
Opinion
Opinion
Opinion

31

3. Set up the document camera for the Introduction (picture packet, page 2) and the analysis activity

(notebook, pages 9-11).

4. Have a solar panel, solar panel holder, spacing tool, shading tool, multimeter, thermometer, hair dryer,

and lamp available to show students during the Introduction.

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

e Review the class question and how students will calculate power.

e Set up an example solar panel set up while tell students the following:
o How to connect the multimeter to the solar panel.

=  Connect the red wire with the red wire and the black wire with the back wire and the red

and black wires should not touch.
o How to use the shading tool.

. . 0
= Shading amount increases from the bottom of the solar panel (§) to the top of the solar

panel (g).
o How to use the spacing tool.

o How to use the protractor to read the angle (picture packet, page 2).

= Use the clear scale on the protractor.
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e Tell students, “You will only have 20 minutes to do your
experiments so make sure you are working efficiently.”

Experiment: (20 minutes — Subgroups — SciTrek Volunteers)
e Walk around and help subgroups who are struggling.

e If needed, make sure students have assigned
themselves roles and are rotating roles between each

trial.

e Give students a five-minute warning 15 minutes into
experiment time and then at 20 minutes, no matter
where students are in their experiments move on to the
analysis activity.

How to use thermometer.

Last Revised: 8/29/2023

= Measure the temperature by holding the thermometer at 90° from the panel then pulling
the trigger. This will put a red laser dot where the temperature is being measured from.
Keep holding the trigger until the laser is on the dot on either the solar panel or the

shading tool record the temperature.

e If astudent releases the trigger the thermometer will say hold and display the last

temperature it was pointed at.

= Review laser safety with students (do not point thermometer at anything other than the
solar panel set up). Tell them, “If you point the thermometer at people or other objects
you will lose the rights to use the thermometer for the rest of the experiment.”

=  Show students where they will need to record the room temperature on their results

table.

How to heat the solar panel while taking the temperature.
= To heating the solar panel, hold the hair dry on high about 6 inches from the panel and

move back and forth for about 10 seconds then check the temperature. If needed, repeat

the process until the solar panel is about 2°C above their target temperature and then let

the panel cool to the target temperature.

= During the heating process there are three roles that should be rotated through:
thermometer and hairdryer operator, current and voltage reader, and recorder.

= |f temperature is a changing variable if there is a trial at room temperature, do that first,
followed by the trial with the hottest temperature, and finishing with the trial with the

coolest temperature, no matter the trial letters.

How to read current and voltage

=  Start with their multimeter on the setting boxed in black to measure the current, then flip
to the setting boxed in silver to measure the voltage.

How to calculate power
=  Multiple the current and the voltage to
get power and record it to the nearest
tenths place.

Underline controls, circle €hanging variabledand box information about (data collection.

RESULTS

Table

Fill out the table for each of your trials. For the variables that remain constant, write the value in
Trial A. Then, draw an arrow through each box indicating the variable is a control. Remember to
record measurements to the nearest tenth (Ex. 4.1 mA) and calculate power to the nearest tenth

(Ex. 13.2mW).

Variables Trial A Trial B Trial C
Power Source: Solar panel
Ganel Angid) 20° 75 45
Shading Amount: &6/8
RT 30°C 44°C
Room Temp: 22_"0
Uight Height. | 1.4 cm
e
Predictions Trial A Trial B Trial C
Putan “S” in the trial that will
give the smallest power and an
017 in the trial that will give the S L
largest power.
Data and Calculations Trial A Trial B Trial C
é Current (mA): 6.7 mA 0.7 mA 53 mA
g f
g; Voltage (V): 20V 1.6V 20V
|
\
£ Power (mW): 6 FMAX2OV |0 FWMAXLE V| 53MAX0V
2 p=ixy =134 mw =11 mW =10.6 mwW
hd | [

The independent variable(s) is(are) the changing variable(s) and the
dependent variables are the current and voltage.

10
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Analysis Activity: (30 minutes — Full Class — SciTrek Lead)

e Make sure to start the analysis activity at least 30

minutes before the end of the session. Aeoebirienrfimgats
e Question 1: Review the definition of a conclusion (claim 1. Directions:Fil i the mising defintions.
Supported by data; nOtebOOkl page 9)' : :’a?::i“::tememtthatcan be tested. The explanation of the data, the first part of a
e Review the definition of a claim (a statement that can e Bl TR el
be tested)' = Aclaim in a scientific experiment often includes themm@wmm,
e Read the example claim and have students tell you the ool et st L
changing variable (amounts of fertilizer runoff), then " [ETVRE ST whie ks o etz rano tere wer ]
circle it. . !)‘::ai:::i::;cexperimem includes ygasivements O _obsenvations -
o Discuss and fill in what claims include (changing * Datastatements also often include values of the _phanging variable -
Va rla ble) . 2. Directions: On the results tables and conclusions below, underline control(s), circle

Changing variable(Shand box information about| [ Then, decide if the possible

conclusionTs correct or not.

e Review the definition of data (evidence collected from

. a) Variables Trial A Trial B Trial C Trial D
experiments). Power Plant Type: Coal
Substance Amount: 3,000 Mg
e Read the example data statement and have students = B 3 4 5
. . . Water Amount: 4,500 L
tell you the changing variable values and circle them Number of Workers In
Data Trial A Trial B Trial C Trial D
(large amount and a little) as well as the data values and e T3 MW | 26mw_| 35 MW | 50w
.. . .. Airaround | Airaround | Airaround | Airaround
box them (no living organisms and many living Other: pancis | plancis | plantis | plantis
= dark brown | dark brown | dark brown | dark brown
[0} rga nisms ) . Possible Conclusion: The higherthehe great the power produced,
. - because whei{Renerators were used[103 MW]of power were produced, and whel
o Discuss and fill in types of data (measurements i, o T e 2
and observations). Is this a correct conclusion? @ NO | DON'T KNOW
o Discuss and fill in what is also in data statements PSSR e
(changing variables). s

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

(0]
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Last Revised: 8/29/2023

= |f Yes and two changing variables

O

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

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

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

Is this a correct conclusion? (No)

What is wrong with the conclusion? (More than one
changing variable)

For question 3, make sure students understand, they can only have one changing variable in order to

make a conclusion, and write 1 on the line.

Tell students, “You will now analyze your data to determine if you can make a conclusion for your first

experiment.”
SCIENTIFIC PRACTICES SCIENTIFIC PRACTICES
Analyzing & Interpreting Data Analyzing & Interpreting Data
b) Variables Trial A Trial B Trial C Trial D d) Variables Trial A Trial B Trial C Trial D
Power Plant Type: Natural Gas Bower Plant Type: Natural Gas
Substance Amount: 3,200 Mg Substance Amount 3,100 Mg
Number of Generators: 3 Number of Generators: 3
Water Amount: 4,200 L 4,200L 4,400 L 4,600 L 4,800 L
8 10 12 14 Number of Workers: 10
Data Trial A Trial B Trial C Trial D Data Trial A Trial B Trial C Trial D
¥ g Power: 140 MW 139 MW 140 MW 141 MW N Power: 155 MW 147 MW 140 MW 128 MW
Airaround | Airaround | Airaround | Airaround ‘;;: é: Airaround | Airaround | Airaround | Airaround
Other: plantis plant s plantis plantis ik Other: plantis plantis plantis plantis
clear clear clear clear =5 clear clear clear clear

# of workers
Possible Conclusion: The mo g PEOPIe WoTRmg at the power plant, the more power produce,
because whe@people were workingJ140 MW of power were produced, and wher@
people were workingf 74T MY of power were produced.

Is this a correct conclusion? YES 1 DON'T KNOW

If NO, what is wrong with the conclusion? tncorrect GLHLVM.

9 Variables Trial A Trial B Trial C Trial D
Power Plant Tvpe: Coal
m 2,700 Mg 3,000 Mg 3,600 Mg | 4,200 Mg
Number of Generators: 3
ater Amount: 4,500 L
Number of Workers: 10
Data Trial A Trial B Trial C Trial D
Power: 131 MW 140 MW 147 MW 155 MW
Air around Airaround | Airaround | Airaround
Other: plant is light plantis plantis plantis
brown brown brown dark brown

"SubStAnoe 2t N
Possible Conclusion: The greater thburned in the power plant, the more

polluted the air, because we observed wheof coal were burned, the air was

Tight brown] and whendg200 Mof coal were burned, the air was[dark brown]
Is this a correct conclusion? @ NO | DON'T KNOW

If NO, what is wrong with the conclusion?

Possible Conclusion: Whef water were usedof power were produced,
and when@B00 Dof water were used, pf power were produced, because the
Gater amouny

greater thedg ater amounpthe smaller the amount of power produced.
Is this a correct conclusion? YES | DON'T KNOW

If NO, what is wrong with the conclusion? claime and data switched .

e) Varfables Trial A Trial B Trial € Trial D
Power Plant Type: Coal
2,800 Mg 3,200 Mg 3,600 Mg | 4,000 Mg
Number of Generators: 3
4,000 L 4,200 L 4,500 L 4,700 L
Number of Workers: 8
Data Trial A Trial B Trial C Trial D
Power: 130 MW 139 MW 145 MW 155 MW
Airaround | Airaround | Airaround | Airaround
Other: plantis plantis plantis plantis
brown brown brown brown

Possible Conclusion: The greater (hsed in the power plant, the more power
produced, because when@000 Dof water were used [30 MW]of power were produced, and
whef water were used, i55 MW of power were produced.

Is this a correct conclusion? YES | DON'T KNOW

If NO, what is wrong with the conclusion More thaw 1 changing variable .

3. How many changing variables can you have in order to make a conclusion? 1

1
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Conclusion: (6 minutes — Subgroups — SciTrek Volunteers)

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

Wrap-Up: (1 minutes — Full Class — SciTrek Lead)

e Go over what students will do next session.

Day 4: Technique/Analysis Activity

Schedule: You are responsible for BOLD sections
Introduction (SciTrek Lead) — 3 minutes
Findings Discussion (SciTrek Lead) — 10 minutes
Technique (SciTrek Lead) — 15 minutes
Analysis Activity (SciTrek Lead) — 30 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

1. Make sure volunteers are setting out notebooks.

Last Revised: 8/29/2023

CONCLUSION

Making a Conclusion from Your Data

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

Can you make a conclusion from your data> E YES D NO

IFNO

Why?

IF YES

We can conclude AS the PaWeL alnge @ﬂts SVIA.HLLCY
(closer to 20°), more power is produced b Y
the solar pawnel,

because W

-asurements/observatidrfs/calculations)

data (e
11.6 mW of power were produced and
whew the panel a was #5°

_2.2 mW of power werve produced.

SciTrek Member Approval: __ S|

12

2. Set up the document camera for the findings discussion (picture packet, page 3), technique activities
(notebook, pages 13-14), and analysis activity (notebook, pages 15-18).

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

to students that might need extra help.

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

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

e Review what they learned about conclusions.
o Whatis a conclusion?
= Aclaim supported by data
o What is a claim and what does it usually include?

= A statement that can be tested, which includes the changing variable

o What type of information can be used for data?
= Measurements or observations

o What else do we often see in a data statement?
= Values of the changing variable

o Can the claim and data statements be in any order for a conclusion?
= No, the claim must come first, followed by the data that supports it.
o How many changing variables can we have, in order to make a conclusion, and why?
=  One, if we test more than one changing variable at the same time, there is no way of

telling which variable affected the data.

e Remind students that last time they wrote conclusions about their first experiment if their data allowed.

13
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Findings Discussion: (10 minutes — Full Class — SciTrek Lead)

Last Revised: 8/29/2023

Put the Findings page (picture packet, page 3) under the document camera.
Have subgroups share out what they learned from their first experiment, and record it.
o Make sure to record “only change one variable” under Experimental Design.

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

Have volunteers pass out clear rulers then get their
extra copies of notebook pages 13 through 18 and sit
next to a student that might need extra help and fill
them out along side of them.

Go through the instructions for how to draw trend lines;
draw trend lines for both graphs with students.

Read, and discuss, the directions for how to interpret
trend lines, and then fill in the lines in question 1.

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

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

o Put the ruler along with the points in three
different ways (showing three potentially correct
trend lines) and ask students, “Which placement
is correct?” (see examples below)

120

Graph 3 Graph 3
Effects of Number of Workers Effects of Number of Workers
on Power on Power

) S

588

o Lead students to understand it is impossible to
tell which way is correct because the points are
too close together (answer question 2).
Add “spread out changing variable values” to the
Findings page (picture packet, page 3) under
Experimental Design.

FINDINGS
Experiment 1

Conclusion Summaries:

Panel Angle:

pane angle | (Closer to 20°), power output 1

Temperatiave:
Changing tewperature ooes not affect power
output

Shadino Awmount:

shading amount |, power putput 1

Experimental Design:

o You cawn only have 1 changing variable

. P 3
o Chonse  commopn.  control aliue  within,  tegw

lenpown. as team. contrpl

Picture Packet, Page 3

TECHNIQUE
Trend Lines
Trend lines are used to find trends in data on graphs.
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.

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

~

the graph.
Graph1 Graph 2
Effects of Natural Gas Amount Effects of Number of Workers
on Power on Power
o 120
oo 100
z g
ge g %
T 60 T 60
% 40 e % 40
& » &
2 20
o o
o 20 40 60 0 100 o 20 40 &0 80 100
Percent of Natural Gas Percent of Workers

How to interpret trend lines:
e Iftheline is increasing ( 7 ), or decreasing (" ), there is a trend.

e Iftheline s flat (—), there s no trend.
1. Directions: Answer the questions using Graphs 1 and 2.
a) Which graph(s) represent a changing variable that affects the data? @ 2

: e : %of %of
b) Which changing variable affects the data? Workers

e Describe the trend by filling in the following sentence frame:
increases, the power

As the percentage of _igtuyragl gas
__inerenses . Graph3
Effects of Number of Workers

2. Directions: Answer the question using Graph 3. on Power

What is the challenge in drawing a trend lineon | :22
this graph? g
o 6
The polnts ave too close P
together. P
o 20 8 100

40 60
Percent of Workers

14
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e Turnto page 14 in the notebook and read the scenario
aloud to the students. pesgnimg Experments
¢ Show students how to annotate the graph titles. omining et gos st ot ot s o vors s ofgecerore. Toey s ke
. water amount as their chang'\n’g variable. Two’eng'\neers worked ir;dependen(ly, and they e different
o Do not underline natural gas amount, number controlvalues for th natural gas amount,number o workers, and nuber of generators (Graph1). The other
two engineers collaborated, and they picked the same control values for the natural gas amount, number of
Of WOI‘keI’S Or number Of generatOI‘S yet workers, and number of generators (Graph 2).
H d d ’ d I f h 1 ’ d 2 4. Directions: Annotate the graphs and draw trend lines for each experiment.
. ave students draw trend lines for graphs 1 an ph ap
' . g p 4 _— sflf::s#i_»r:m::\:nau;’ 2 Effemb_ﬁ n!elhArzmw nd
independently, while you do the same off to the of the L ey ||, umbecobension thdpove]
. AN ~E
document camera. Let them check their work after = o~ = N )
) ] é sﬁo e — e geperators
approximately 1 minute. j R Gt B N jj ~Sooy
. . . (4 T ©
e Lead students to identify and underline the three ; N -
controls in the title of graph 1 and the one control in P~ > S | I =~ S
. Controls Controls
the title of gra ph 2. Engineer | Natural Gas | Number of | Number of | | Engineer | Natural Gas | Number of | Number of
. . . Symbol Amount Workers Generators Symbol Amount Workers Generators
e Discuss with students that these graph titles are ® [swomg| > 2 [saoMg| 1 >
. . . . o 2,800 Mg 10 3 A 3,200 Mg 10 4 A
different because the engineers in graph 1 all picked : Teeaw conErolS T g ipup
. . . . a) Does percentage of water affect the power of the power plant? NO
different control values, while the engineers in graph 2 Y55, descbe she e by kot ol st ence oo contrel
collaborated to choose two of the control values. b) What is the power for a power plant that uses 70% of the water, burns 3,200 Mg of natural gas,
has 8 workers, and 2 generators? Expected Power: 51 M\A/
o Introduce vocabulary: « Wiy ae trend nes mportantz Tlaey allow s to yudlee predietions .
= Class Control: A control that everyone R v ol el e i
H lant? NO
n the C|ass has the same Value for' P. If YES, which graph is more useful to make your prediction? 1 @
e For this example, there is no ExpectedPoweri 72 MIA/
CIaSS Contr‘0|. d) What does this meanforyo/urexpen‘memaldesign? we V\,Cﬁd to
=  Team Control: A control that everyone "

in a team has the same value for, but
values vary for different teams within a
class.
e Graph 2: number of workers and natural gas amount
= Subgroup Control: A control that everyone in a subgroup has the same value for, but
values vary for different subgroups within a team
e Graph 1: natural gas amount, number of workers, and number of generators
e Graph 2: number of generators
o Label the controls under graph 2 as either “subgroup control,” or “team control.”
o Label the trend lines on graph 2 with their subgroup control values.
e Answer question a as a class.
e Discuss with students which trend line they should use to answer question b and why.
o Walk students through using the black circle trend line to determine the expected power output.
You should predict approximately 51 MW. Tell students, “Your prediction should be within 2 MW
of the class’s prediction.”
o Discuss that trend lines allow us to make predictions from our graphs, making them an important
tool. Write this for question b.
e Discuss which graph is more useful for making predictions and answer question c.
o Walk students through using graph 2 to determine the expected power output (~73 MW).
o Make sure students understand their predicted trend line should fall exactly halfway between the
2 and 4 generator trend lines.
e Ask students, “What did the engineers do, that made graph 2 more useful in making predictions?” Add
“choose common control values within teams” to the Findings page (picture packet, page 3) under
Experimental Design and use this to answer question d on page 14 of the notebook.
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Analysis Activity: (30 minutes — Full Class — SciTrek Lead)

Read the scenario at the top of page 15 of the notebook
aloud, and point out that the engineers collaborated by
making the number of generators a class control.

As a class annotate and draw/label trend lines on the
team 1 graph on their own.

Fill out question 1a as a class.

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

o Help students identify that the trend line they
are interested in is the black circles.

o Then find the changing variable value you are
interest in (50%) and label it if it is not already
on the x-axis. Then, use a ruler to draw a
dashed vertical line up to the trend line or
interest. Rotate the ruler by 90° and use it to
draw a horizontal dashed line over to the y-axis
to determine the expected power.

o Student predictions can be off from the value in
the class notebook by up to 2 MW and still be
considered correct. This is true for all
predictions within the scientific practice
activity.

Repeat this process for question 2 (notebook, page 16).

o Make sure students understand, that number of
workers does not affect the power output, and
this is a valid and important finding (not a
mistake).

o This time you will need to draw in a predicted
trend line halfway between the white and gray
diamonds, using a dashed line.

= Do this by drawing two dots, one dot on
each vertical axis, halfway between the
white and grey trend lines, then use a

ruler to connect them with a dotted line.

o Because number of workers do not affect
power, do not draw dashed line up from the
changing variable value of interested. Just
identify where the predicted trend line crosses
the y-axis.

Last Revised: 8/29/2023

SCIENTIFIC PRACTICES
Analyzing & Interpreting Data
Alarge group of engineers collaborated by dividing into three teams to study the effects of water
amount, natural gas amount, number of workers, and number of generators on the power of natural
gas power plants. The three teams agreed to keep the number of generators running in the plants
constant at 3 for ALL experiments/trials. Now, they need your help to analyze the data.

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

Team 1 Graph wat i 5;":"’0'5 g
d ater ngineer | Water | Number o
Effects ofural Gas Amougnd. " Symbol | Amount | Workers
Water Amount on|Power| 4,000
hd [ ] 4,000 L 9
120 4 0 =
00 )% O | 4400L 9
2| e O | 4800L 9
o
ol oo R
o B ,c/! [ b —=rooL
] /‘)/ +
. T 11
° 20 40 50 60 80 100
< Ecrccntcf Natural Eas >

a) Does percentage of natural gas affect the power of the plantz (YES)  NO
If YES, describe the trend by filling in the following sentence frame:

o Asthe percentage of naturai gas increases, the power ___ LIACYEASES .

b) What power would you expect to calculate with the following specifications?

% of Natural Gas 50%
Water Amount 4,000 L
Number of Workers 9
What experiment(s) do you need to look at?
Expected Power:
@) o
_8sMW

SCIENTIFIC PRACTICES
Analyzing & Interpreting Data
2. Directions: Annotate the graph, draw trend lines for each experiment, and label trend lines
with subgroup control values.

Team 2 Graph
Effects ofmber of WorkeBand
Natural Gas Amount on[Power] Natwral Gas

o 3,000 Mg Controls
Engineer | Water | Natural Gas
50 My
100 e e 27 Symbol | Amount | Amount
HE SOMG o 4,200L | 2,000 Mg
§ 60 B J O 4,200L | 2,500 Mg
5|40
& | @ 4,200L | 3,000 Mg
20
o

o 20 40 60 80 100

Percent of Workers

a) Does percentage of workers affect the power of the plant?  YES
If YES, describe the trend by filling in the following sentence frame:

o Asthe percentage of natural gas increases, the power

b) What power would you expect to calculate with the following specifications?

Natural Gas Amount | 2,750 Mg
Water Amount 4,200 L
% of Workers 30%

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

°

Expected Power:
_9ZMwW

16
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Repeat this process for question 3 (notebook, page 17).
o This time have students annotate and

draw/label tread lines on the team 3 graph on
their own. Give them approximately 1 minute,
while you do so to the side of the document
camera, then let them check their work.
Show students they can cross out number of
workers, since it does not affect the power
output.
As a class, complete question 3b, which allows
students to make a prediction using one trend
line. Following the procedure laid out for
question 1.
As a class, complete question 3¢, which allows
students to make a prediction using an
estimated trend line. Following the procedure
laid out for question 2.
= To get the expected power find the
changing variable value of interest
(75%), write it in and draw a vertical
dashed line up to the estimated trend
tine. Rotate the ruler by 90° and use it
to draw a horizontal dashed line over to
the y-axis to determine the expected
power.

Turn to page 18 of the notebook and tell students, “We
will now put all of the teams’ data together to make a
prediction.”

O

O

Have students draw/label trend lines on both
graphs, on their own, while you do so off to the
side; then let them check their work.
= They do not need to annotate the graph
because they did this already on the
previous pages, but they can if they
would like.
Ask students, “Why has team 2’s graph been
left out?” Possible student response: number of
workers does not affect the power output.
= Cross off number of workers in both
control charts.
Find the estimated power form team 1’s graph
= Asaclass identify the trend lines that
they will use.
= Have students determine the estimated
power on their own.

Last Revised: 8/29/2023

SCIENTIFIC PRACTICES
Analyzing & Interpreting Data
3. Directions: Annotate the graph, draw trend lines for each experiment, and label trend lines

with subgroup control values.

Team 3 Graph
Effects S Water AmoupPund
o
0 = Controls
~

= \ﬁ\\ ~< Engineer | Natural Gas N“':fbe'
% - \1 H SIS Noturfl ¢os Symbol | Amount s
% ~
8lo0 F= ——‘—\\—%—— B S A |aso0mg y
& ~N
=4 l =~ T = A | 3,000 Mg /o\

2 | H

° | ! =obojmy A | 3500 Mg / 10

° b 254 60 F5862°00 M9

a) Does percentage of water affect the power of the plant? @B nNo

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

e Asthe percentage of water increases, the power Z[ﬁ cCreases .

b) What power would you expect to calculate with the following specifications?

[ Natural Gas Amount [ 3,000 Mg | Expected Power:
[ % of Water T
Number of Workers | 8 | 95 MW

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

) What power would you expect to calculate with the following specifications?

[ Natural Gas Amount | 3,400 Mg |
% of Water | 7%
| Number of Workers | 10|

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

s @D

SCIENTIFIC PRACTICES
Analyzing & Interpreting Data

A natural gas power plant wants to know if the trends in their data can be used to predict the
power for different combinations of natural gas amount, and water amount, which have not
been tested yet. Use teams’ 1and 3 graphs to help the power plant interpret the data.

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

Team 1 Graph Team 3 Graph
Effects of Natural Gas Amount and Effects of Water Amount and
Water Amount on Power YYAtEr Natural Gas Amount on Power
140 000 140
40 C
10 ¥
~
<100 / 00 g \
z AUz <
80 = = <80 ~J_ b Dol cas
) A< ) Y60 > A N 2500 Mg
o et 1T o1 é., S
0 T 2 N 00 Mg
Z:
° 11 . o > 4 Mg
0 20 45 6o 80 100 o 20 40 60 2,500
Percent of Natural Gas Percent of Water
Controls Controls
Engineer Water lumber of, Engineer | Natural Gas \Number o;
Symbol | Amount orke] Symbol | Amount orke)
L 4,000 L y A 2,500 Mg \)(
o 4,400 L 9 A 3,000 Mg 10
o 4,800 L 9 A 3,500 Mg 10

a) Using both of the graphs above, what power would you expect to calculate with the
following specifications?

Natural Gas Amount 2,600 Mg ~45%
Water Amount 4,600 L ~60%
Number of Workers 8 ~43%

Team 1 Prediction: 26 MW
Team 3 Prediction: _ 25 MW/

What experiment(s) do you need to look at?
Teamt: @ Expected Power:
Team3: A __355MW

=  Once the majority of them are done, on the class notebook under the document camera
show them how to draw in the trend line and find the estimated power.

Repeat the process for team 2’s graph.

notebook, this value should be 35.5 MW).

Show students how to average their two predictions to find the final expected power (for the class

17
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Wrap-Up: (2 minutes — Full Class — SciTrek Lead)

Go over what students will do next session.

Last Revised: 8/29/2023

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

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Technique (SciTrek Lead) — 8 minutes

Class Plan Discussion (SciTrek Lead) — 15 minutes
Team Plan Discussion (SciTrek Volunteer) — 7 minutes
Question (SciTrek Volunteers) — 5 minutes
Experimental Set-Up (SciTrek Volunteers) — 5 minutes
Procedure (SciTrek Volunteers) — 11 minutes

Results Table (SciTrek Volunteers) — 5 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:
1. Make sure volunteers know what team they will work with once students form teams.
2. Make sure volunteers are passing out notebooks and rulers.
3.

Set up the document camera for the technique activity (notebook, pages 19) and class plan discussion

(picture packet, page 4).

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

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

Tell students, “Today we will learn a technique that will
make it easier for us to compare data between
subgroups in our next experiment. Then, we will
redesign our next experiment.”

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

Have volunteers pass out calculators.
Have students tell you the units for each variable (panel
angle (degrees), shading amount (fraction),
temperature (degrees Celsius).
Go over how to change a variable into a percentage
(notebook, page 19, top).
Complete number 1 as a class.

o When you get to step 3 show students how to

use their calculator.
=  To enter fractions into the calculator,

“" n ”n
you must press the - button.

= To change an improper fraction into a
decimal, press the “€->" button.

TECHNIQUE
Calculating Percentages
Percentages are used to compare a portion of a system to a whole system. This is done by making
the amount of the whole system equal to 100%. The closer the value is to 100%, the larger the portion
of the system.

How to calculate a percentage:

Step 1. Define your system:
a. Determine the number you want to change into a percent (value).
b. Determine the smallest number in your system (min value).
c. Determine the largest number in your system (max value).

Step 2. Calculate the range:
range = max value — min value

Step 3. Calculate the percentage:
Round the percentage to the nearest whole number. Percentages have units of %.
value — min value)

% changing variable = 100 x (
range

Directions: Find the percent for each of the following values in the table.

1) Panel Angle: 50° I 2) Shading Amount:g

Allowed values for each variable:

Stept:  Panel Angle: (30° — 75°) Shading Amount: (% - g)
Step 2:
Range= %5 - 30 Range=_2/2 ~_0/2
Step 3: =_45 =_1
%Angled = #Shaded =
50 _-_30
45 1

18




SC TREK Last Revised: 8/29/2023
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o Have students round the answer to the nearest whole number, and remind students that
percentages are unitless.
e Repeat this process for number 2. (Note: For this problem you will have to input a fraction inside a
fraction in step 3.)

CLASS PLAN
Subgroup: The original people you worked with.
Team: Multiple subgroups that are investigating the same changing variable.
Class Control: A control that everyone in the class has the same value for.

Class Plan Discussion: (15 minutes — Full Class — SciTrek Lead)

e Review the Finding, Experimental Design (picture + The class picks ths value together.
. Team Control: A control that everyone in a team has the same value for, but values vary for
packet, page 3) and what this means for the next different teams withina cass.
. . e Teams pick this value together.
eXpe rome nt th at Su bgrO u pS d esl g n. Subgroup Control: A control that everyone in a subgroup has the same value for, but values vary
. . for different subgroups within a team.
e Tell students, “We are going to break into teams to « Subgroups pick this value on their own, with team input.
. . . . ” Changing Variable: The variable that is purposely changed in an experiment.
investigate each changing variable. « Each subgroup picks multple values on their own
e Have students identify the changing variable that will be Class Control

. . . Lol L /
investigated (panel angle, shading amount, or LA Fraigink £ 1w

temperature) as well as the class controls (light height).
e Record class control and its value (Light Height/ 14 cm)

Team Panel Angle

on the Class Plan (picture packet, page 4). Al Orenget DBluet HlGreent
. . . O Orange 2 O Blue 2 O Green 2
e Have subgroups rank their top 3 choices for their
changing variable. Use the subgroup fair sticks (lead
. Team Shading Amount
box) to allow them to select their team. Record these
. go O Blu oa
on the Class Plan, and have students record their team et <! e
X O Orange 2 X Blue 2 [ Green2
on page 20 of their notebook. Make sure to have two
subgroups per team. Team Temparature
O Orange 1 JKlBlue1 O Green1
&l Orange 2 [ Blue 2 [ Green 2
Picture Packet, Page 4 N
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e Tell students, “Before we get into our teams, you are
going to select the values of your changing variable.
Then, you will then turn these values into percentages.”

e Have subgroups determine the range for their changing
variable.

o Panel Angle Range: 45, Shading Amount Range:
g(l), and Temperature Range: 25

e Have students select values for their changing variables

and change these into percentages.

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

e Walk around and help teams who are struggling.

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

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

Last Revised: 8/29/2023

Our subgroup is on team:

Shading amount

Variables Min Value Max Value
Panel Angle: 30° 75°
Shading Amount: 2 §
8 8
Temperature: 19°C 44°C

The range for our changing variable is:

below.

range = max value — min value

g/8-0/8=8/8=1

. As a subgroup select and record the values of your changing variable in the table

Team Temperature: Choose any whole number temperatures between 25°C and 44°C. You
may also choose room temperature (ranges from 19°C - 24°C) as one of your four values. If you
select this value, write “RT” on the line; you will record the numerical value of the room
temperature and determine the percent temperature on the experiment day.

2. Use the following equation to calculate the percent of your change variable values.

% changing variable =

value — min value
100 x (HHETEEEE)

range

1) Changing Variable Value 1: o/g 2) Changing Variable Value 2: 4/8
&Ehnging riahle 5 % Changing Variable =
o/8_0/g o%

100X | =——F—
3) Changing Variable Value 3: e/ 4) Changing Variable Value 4: g/g
% Changing Variable = % Changing Variable =

e/ _0/8 g/8 _0/8
100X | = 75% 100X | =
1 1

TEAM SHADING AMOUNT
TEAM PLAN

TEAM PANEL ANGLE
TEAM PLAN

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

Subgroup Symbol:
Subgroup Symbol:

oBlue2  Aqreen2

2)0n the front for symbol, ading” the
symbol for your subgroup from 1.

symbol for your subgroup from 1

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

2)On the front cover of your notebook for Team/Subgroup Symbol, fil in “Panel Angle” the

s subgroup, select the values you willuse.

symbols.

Subgroup Symbol:

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

TEAM TEMPERATURE
TEAM PLAN

°_OvanQe

2)On the front cover of your notebook for Team/Subgroup Symbol, filin “Temp” the
symbol for your subgroup from 1.

A Blued

3) Your subgroup control will be panel angle. As a subgroup, select the values you will use.

Panel Angle: Choose any panel angle between 30° and 75" (original = 45").
0_30°C A_F5C

4) Your teams’ team control will be temperature. The value you will use will be room
). This will be a temp 19°C -26°C. You will record the
of room tempe 2

Temperature: __RT

5) The class control will be light height.

Light Helght: 14, cm_

hoose perature between 26°Cand 44°C. You may
also choose room temperature (ranges from 19°C -26°C). If you select
this value, wite “RT” on the line. You will record the numerical value of
ro0m temperature on experiment day.

o RT  A_40C
4) Your teams’ team control will be shading amount. As a team, select the value you wil use.

Shading Amount: Choose any raction from % o 2. (orignal =2)

0
—8
5)The class control will b ight height.
Ught Height: 14 cm_

Team Plans

3) Your subgroup control will be shading amount. As a subgroup, select the values you will
use.

Shading Amount:Choose any fraction from % o 2. (riginal =2)

6 0

o5 A _§

4) Your teams’ team control will be panel angle. As a team, select the value you willuse.

Panel Angle: Choose any angle between 30" and 75", (original = 45°)

45

5) The class control will be light height.

Ught Height: 14, cm
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Question: (5 minutes — Teams — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.

e Make sure for the second part of the question (what
you are calculating) students are specific (they should
write, “the power produced by the solar panel” and not
just “the power”).

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

e Walk around and help subgroups who are struggling.

e Make sure within one subgroup all students have the
same order for their changing variable values.

e Make sure all control blanks are filled out.

Procedure: (11 minutes — Teams — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.

e Make sure procedures are concise, but still include all
values of the controls and changing variable, as well as
the data that will be collected and the calculation that
will be performed.

Last Revised: 8/29/2023

QUESTION
Question our subgroup will investigate:
shading anmount ,
insert eatf) changing variable (independent variable)

what will happen to thenpwey drndiced b the solayv
T T insert what you®sk calculating

o If we change the

pamL !

EXPERIMENTAL SET-UP
Write your changing variable(s) (Ex: panel angle) and the values (Ex: 45°) you will use
for your trials under each solar panel.

PPy D E F G
Changing Variabie(s):

Nshading Amount: 0 4 e
2) :

Why did your subgroup choose these values of the changing variable? \A/& SPYﬁﬂd
out our changing variable values so our data
polnts will alsp be spread put.

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

Class and Team Controls: Subgroup Control:
(same vlaues between subgroups) (differnet values between subgroups)
PowerSource |  SolarPanel  Ppunel Analel 30°
Tewperatuwee | RT
Lioht Helont! 14 e
SciTrek ber Approval: [

o Students within each subgroup can vary the wording in their procedures, as long as the steps are

in the same order and correct values are included.

PROCEDURE
Procedure Note:
Make sure to include all values of your changing variable(s) in the procedure. Ex: For a
subgroup that decided to change panel angle one step would be: Place the panel at an angle
of D) 307 E) 45, F) 60°, and G) 75°.

1 Set up lamp using the spacting tool 14 e above

panel.

2. Place shading tool own solar panel at D) 0/8,

Check the box of your subgroup control and write your subgroup symbol on the line. Then, fill out the table for each
of your trials. For the variables that remain constant, write the value in Trial D. Then, draw an arrow through each
box indicating the variable is a control. Remember to record measurements to the nearest tenth (Ex. 4.1mA),
calculate power to the nearest tenth (Ex. 13.2 mW), and percentages to the nearest whole number (Ex. 75%).

Subgroup Control: X] Panel Angle [ Shading Amount [JTemperature  Subgroup Symbol: __p)

RESULTS
Table

E) 4/8, F) &/, and §) /2 shaded. 3
5. Place the panel at an 30° angle. %
4. Posttion panel directly under Lamp, and turn §
lawmp ow. E
5. Do not heat the solar panel, leave at RT. g

6. Use multimeter to measure the current (WMA)

and voltage (V).

. _Caleulate the power by multiplying current and

~

voltage.

SciTrek ber Approval: SL

Variables Trial D Trial E Trial F Trial G
Power Source: Solar panel
Panel Angle: =20°
g Am o/ 4/8 &/ g/
Temperature:
Room Temp: 22°C RT
-Llaht Helght: | 14 cm
Predictions Trial D Trial E Trial F Trial G
Putan “S” in the trial that will give
the smallest power and an “L” in
the trial that will give the largest (= S
power.
Data and Calculations Trial D Trial E Trial F Trial G
£ Current (mA):
g
2
é Voltage (V):

Underline controls, circle anging variable

Percent Changing

Variable:

% (get values from pg. 20)
2

3 .

£ Power (mW):

b P=1IxV

The independent variable is the changing variable and the
dependent variables are the current and voltage.
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Results Table: (5 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.

Last Revised: 8/29/2023

e Make sure students are underlining controls, circling the changing variable, and boxing data collection

boxes.

e Make sure control values are written in the Trial D box with an arrow through the rest of the trials’ boxes,

while changing variable values are written in each trial’s box.

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

largest (L) power.

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

Day 6: Experiment/Graph/Conclusion

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 9 minutes
Experiment (SciTrek Volunteers) — 20 minutes
Graph (SciTrek Volunteers) — 20 minutes
Conclusion (SciTrek Volunteers) — 9 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

1. Make sure volunteers are setting out notebooks.

Make sure volunteers are setting up for the experiment.

3. Set up the document camera for the Introduction
(picture packet, pages 1, 5, and 6; notebook, page 25).

N

Introduction: (9 minutes — Full Class — SciTrek Lead)

e Review the class question, as well as what students did
and learned last session.
e Use the checklist (picture packet, page 5, top) to go
over how to graph results.
o The filled-out results table used to make the
graph is on page 1 of the picture packet.
o Talk students through the process of completing
their graphs (picture packet, page 5)
o Show what the completed team graph should
look like (picture packet, page 6)

RESULTS
Table

Check the box of your sul

of your trials. For the variables that remain constant, write the

1 and write you

up symbol on the line. Then, #ill out the chart for each
value in Tréal D and then draw an arrow through each

box indicating the variable is a control. Rememiber (o record data measurements Lo the nearesttenth (Ex. 4.1 ma),
calculate power to the nearest tenth (Ex. 13.2 mW), and percentages to the nearest whole number (Ex. 75%).

Subgroup Control: X Panel Angle [0 Shading Amount [ Temperature  Subgroup Symbol: __ A

Variables Trial D Trial E Trial F Trial G
1solar panel | 2solarpanel | 3solarpanel | 4 solar panel
% Panel Angle: 50°
g
° "
g Shading: o/8
; Temperature:
2
E Room Temp: 22°C RT
£ | Light teight:. | 14 cm
s othervarizhiz
W Predictions Trial E Trial F Trial G Trial H
g
£ [ Putan*s” inthe iz that il give
the smallest povier and an “L” in
R | theria thatwil g the argest (L S
power.
Data and Calculations Trial D Trial E Trial F Trial G
5| e |52 MA| 6.0 MA | 6.F MA|FF mA
g
V|2
T8 vorese: 19V | 19V | 20V | 20V
E|=
Percent CV: b 5?/
g 2| (getvalues from pg. 20) 25% 50% 3 100%
S
¢|E
= |2 Power (mW): S2MAXLIV |GOMAXRLIY |6FMAX20V |FFMAXOV
é 8 P=IxV =9.9 mwW =11.4 mwW =134 mw =154 mw

The independent variable is the changing variable and the dependent varizbles
are the current and voltage.

Picture Packet, Page 1
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Last Revised: 8/29/2023

Modified Name of Changing Variable:
Panel Angle: Percent Angled

Shading Amount: Percent Shaded
Temperature: Percent Heated

RESULTS
Graph

Setup your graph. (Check off the steps as you complete them.)
R Write the title for your graph by filling in the blanks.
R Label the y-axis {vertical) with what you calculated, including units {£x: Power (mW)).
X Label the x-axis (horizontal) with your modified name of changing variable, including units (Ex: Percent
Angled (7).
X Select your subgroup control in the legend by checking the appropriate box. Then, put your subgroup
control value next to your subgroup symbol.
Plot your data.
R On the xcaxis, circle your 4 changing variable values (as percentages). I a value is not there, write itin.
X starting with the smallest changing variable value, determine the power, and put your subgroup
symbol at the appropriate level. Write the power next to the point.
X Once you have plotted all 4 points, draw a trend line that best fits your data.
Plot the data collected by the other subgroup in your team.
for the other subgroup in your team by writing their subgroup control
nbol.

01 Graph the other subgroup’s 4 points using their symbol as the markers (do not label these points). Then,
draw a trend line that bestfits their data.

Modified Name of Changing Variable:
Panel Angle: Percent Angled

Shading Amount: Percent Shaded
Temperature: Percent Heated

RESULTS
Graph

Set up your graph. (Check off the steps as you complete them.)
X write the title for your graph by filling in the blanks.
X Label the y-axis (vertical) with what you calculated, including units (Ex: Power (mW)).
DX Label the x-axis (horizontal) with your modified name of changing variable, including units (Ex: Percent
Angled (%).
DX{Select your subgroup control in the legend by checking the appropriate box. Then, put your subgroup
control value next to your subgroup symbol.
Plot your data.
4 On the x-axis, circle your 4 changing variable values (as percentages). If a value s not there, writeit in.
¥ Starting with the smallest changing variable value, determine the power, and put your subgroup
symbol at the appropriate level. Write the power next to the point.
JX| Once you have plotted all 4 points, draw a trend line that best fits your data.
Plot the data collected by the other subgroup i "
X Complete the legend for the other subgroup in your team by writing their subgroup control
value next to their subgroup symbol.
X Graph the subgroup’s 4 points using their symbol as the markers (do not label these points). Then, draw
trend line that best fits their data.

Effects of _powvey i ?n"‘"mﬂi"”!ﬁm Effects of _TNOWERY SALLICE and _nonel gnale
ke T Tnsert changing varable T e oot
on the
18 Legend - T
egend
. s.ﬁgpr:::l;nr:::r . // Subgroup Control:
/'A L Shading Amount RE= e waa )iﬂpanemng\e
e = - L Temperature 0 % o ?hndingl:mount
et
=y Subgroup e+ ]
g |7 Symbol o subgroup | SULETOUP
3 - = 3 A | |
S "0 O = | — g
. T S . E o | =0
s -
S 6 50 = & A | 5O°
& E
& 4
:
° S WA ()
o 10 20 o o @ 6o 70 80 90 o
E :%: o 10 20 @30 40 @ 6o 70 @80 90
. 5 - 6
Picture Packet, Page 5 Picture Packet, Page 6
Review the definition of a conclusion (a claim supported
by data). CONCLUSION

Have students generate a conclusion from the data,
using subgroup (A) data (picture packet, page 6).

o We can conclude as the percentage of power
source increases, more power is produced,
because when 4 solar panels was used (100%),
15.4 mW of power were produced and when 1
solar panel was used (25%) 9.9 mW of power
were produced.

Tell students, “When you make your conclusions
you, will use your entire team’s graph to come
up with a claim, but you will use two specific
data points, from your own subgroup data, to
support the claim.”

Remind students of the following things before allowing
them to start:

We can conclude S tm _pgmg Qta@g Q_{I_ _"QQM[E[
Jatm

. 4

Souvees Lncrenses, vmorepoweris

'Pmduaﬁol

Generate a claim
about how your
changing variable
affected your
team’s results.
(Ex: The larger the
size of the solar
panel the larger
the power
produced.)

What data do you
have to support
your claim?
(Remember to
include your
calculations, not

Lrial letters.)

because_wh1en, 4 panels wi weed (1 or)"Lm

154w/ of power was produced, and
when 1 panel was used (25%), 9.9 mn/
of power wos prodluced.

I acted like a scientist when

TEAM PREDICTIONS

Use your team graph to predict the power for each subgroup if you were to use 55% of
your changing variable. Write your predictions in the table below.

o When connecting the multi meter to the solar PeaN CrangiTg Varahie:
panel connect the red wire with the red wire and e
the black wire with the black wire and the red Z
and black wires should not touch.
o Shading amount increases from the bottom of .
the solar panel (g) to the top of the solar panel
).
o Use the clear scale of the protractor.
o Thermometers should only be pointed at solar panel set up.
o Take and record the room temperature before starting experiments.
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o To heating the solar panel, hold the hair dry on high about 6 inches from the panel and move back
and forth for about 10 seconds then check the temperature. If needed, repeat the process until
the solar panel is about 2°C above their target temperature and then let the panel cool to the
target temperature.

o For Team Temperature, if there is a trial at room temperature, do that first, followed by the trial
with the hottest temperature, and finishing with the trial with the coolest temperature, no matter
the trial letters.

o Start with their multimeter on the setting boxed in black to measure the current, then flip to the
setting boxed in silver to measure the voltage.

o Multiple the current and the voltage to get power and record it to the nearest tenths place.

Experiment: (20 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.

e |f needed, make sure students have assigned themselves roles and are rotating roles between each trial.

e Make sure students are copying their percent changing variable from page 20 of their notebook into the
results table.

e Allow subgroups to leave their set-up at their station until they have finished their graph. They can go
back and repeat any trials they think have inconsistent data, as long as there is still time.

Graph: (20 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.

e Make sure students are writing the percentage value above the points for their own subgroup’s data.

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

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

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

Conclusion: (9 minutes — Subgroups — SciTrek Volunteers)

e Walk around and help subgroups who are struggling.
e Make sure subgroups are generating a claim (ideally the claim will allow them to make a prediction about
future experiments) and using two specific data points to support it.
o Since this is an engineering activity, make sure students are making a claim that focus on the
value of their changing variable which produces the largest power.
o Subgroups will be using calculations as their data; make sure they are including numerical values
in their data statements.
o Do not let subgroups reference trial letters in their conclusions.
e Volunteers struggle with conclusions, so you should check at least one conclusion from each team.
e Make sure students fill out the sentence frame (notebook, page 25), | acted like a scientist when.
o If there is time, students should use their team graphs to fill out the Team Predictions (notebook, page
25).

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

e Ask students the following questions:
o How did you act like a scientist during this project?
o What did you do, that scientists do?
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Day 7: Poster Making/Poster Presentations

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Poster Making (SciTrek Volunteers) — 25 minutes

Practice Posters (SciTrek Volunteers) — 5 minutes

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

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

Preparation:

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

2. Make sure volunteers are setting out notebooks.

3. Set up the document camera to use for the Notes on Presentations (picture packet, page 7).

Introduction: (2 minutes — Full Class — SciTrek Lead)
e Review the class question, what students did and learned last session, as well as what they will do today.

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

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

e Make sure the students in each subgroup who are presenting a results table, has completely filled out the
sentence frame sticker in their notebook.

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

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

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

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

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

Last Revised: 8/29/2023

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

e Organize posters so they are presented from easiest to understand, to hardest to understand (suggested
order: shading amount, panel angle, and temperature).

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

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

e Inform students if they ask a scientific question (a question that helps summarize what the team
did/learned or requires them to make a prediction based on their data) they will receive a SciTrek pencil
after the presentations are done.

e Have students present their posters.

e While posters are being presented, record the following (picture packet, page 7), while students do the
same (notebook, page 26):

o After a team reads their question, stop the

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

NOTES ON PRESENTATIONS
What variables affect the power produce by a solar panel?
Subgroup Control: Panel Angel

acket while students do the same in their O panelangle
Eotebooks Zhangi;gVariable: %z:;;i/:;:um O%\ 50% 75% 100%
Power (mW): 1.5/ 55 |32 |01

o After the team presents their Experimental set
up Specific, stop the presentation and have the
class identify the subgroup control. Then,
record it in the picture pack Students do not

summary:_AS shading amount decreases, power tncreases.

Also, panel anale was a subgroup control and the

smallest angle was the highest Line on the graph.

Subgroup Control: Temperature

have to record this if they do not want to.

o After the first team’s presentation stop the B e, s O%\ 250 | 62% 285
presentation after the team has read their Power (mW): 11.}9/ 9.2 |54 |13
procedure and have the class predict what summary: _As the panel s Less analed, more power is
trend they think the team saw both within their produced. Also, tevperature was a suboroup control and
trend lines and between trend lines, if possible. both trend Lines were on top of each other.

o When a team reads their results graph: specific, Subaroup Control: Shading Awount
record the values of the changing variable and Crangng varable gi{hnf:;:g'm. 129N 44%| #6%[100%
their measurements. Power (mw): g0 )78 |81 |75

e After each presentation, ask students:

summary: _Tewperature does not affect the amount of power

o What questions do you have for this team? droduced by the solar panel. Also, shading was a
= Have students take approximately 30 subgroup control and the least shaded panel Line was the
seconds to write down one scientific highest on the graph.
guestion to ask this team. Then allow 7
them to ask questions.
o Once students have asked their questions

(make sure each student answers a question;
you should ask at least one question per
presentation), have students summarize what
they learned and record it (picture packet, page
7), while students also record the summary
(notebook, page 26).
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o Have students identify which value is the “best” (most power at the cheapest cost) and circle it.
e Students will not record information about their own team’s poster presentation.
e After all presentations are over, have students tell you the variable values they would select that would
allow a solar panel produce the most power.

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

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

e Have volunteers give students SciTrek pencils.

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

Day 8: Analysis Assessment/Tie to Standards

Schedule: You are responsible for BOLD sections

Analysis Assessment (SciTrek Lead) — 10 minutes
Tie to Standards (SciTrek Lead) — 50 minutes

Preparation:

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

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

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

2. Pass out the analysis assessments and notebooks.
3. Set up the document camera for the tie to standards activity (notebook, pages 27-30).
4. Assemble the tie to standards set-ups accordingly:

a. Plug an extension cord into the wall and a power strip into the extension cord. We do not want to
accidently blow a circuit breaker during the Bright Choices section of the tie to standards activity,
therefor we must set this up accordingly.

b. Set up the Solar Panel Set-Up.

i. Use the shading tool to shade - of the panel.

ii. Place a solar panel in the solar panel holder and turn the angle to 50°.
iii. Hook the multimeter up to the panel.
iv. Plug the lamp into the power strip.
v. Place the entire set-up near the document camera.
c. Set up the Bright Choices Set-Up.
i. Screw the LED bulb into the hanging lightbulb holder and set it in the tie to standards
materials box.

ii. Have compact florescent and halogen bulbs nearby.

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

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

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

e Passout clear rulers to students.
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e Question 4: Have students annotate the graph (you will not help them for this assessment) by underlining
the controls, circling the changing variable, and boxing information about data collection in the title, axes
titles, and legend.

e Have students answer questions 4b-4f.

e Collect assessments.

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

Tie to Standards: (50 minutes — Full Class — SciTrek Lead)

. . TIE TO STANDARDS
e Review the class question.

e Have student tell you the definition of power, and

1 Whatis power? _ENLY DY OVEY time

Predicting Power

record this for quest'on 1 (notebook' page 27)' Weknowthatdih‘erent.(o\oreq LE.DSW“HUFH on at different powers. The power required to
turn on a green and white LED is given below.

e Discuss with students why we care about answering our Green LED: 3.6 mW White LED: 64.6 mW
CIaSS quest|0n Make sure they knOW that deV|CeS 2. Annotate the graph below, draw trend lines, label subgroup controls, and answer the

questions.
operate at different amounts of power and we want to ;ffe;_tsz —
control the amount of power our solar panel produces — ambel |
. 100 O 8
to power our devices. = 50 [~ P
8. r= — a 5 Y
. . . & =] Sty -
PrEdICtlng PO wer (15 manteS) = i ::"E——; +/FDoes this graph show a trend that
00 T e w m B o wm m"/ is consistent with the class findings?
®

e Pass out a calculator to each student. ; ,

3. Using data from the graph, what power would you expect to calculate if you used a solar

° ShOW Students hOW much pOWer |t ta keS to turn on panelthatwas%shaded,4o%angled(5o°),andat room temperature?

Which experiment(s) should you look at? Round (m“ ey
each LED (notebook, page 27, top). > e o ét )

e Have students annotate and draw/label trend lines on VO,tagezwa
graph 1 on their own, while you do so off to the side of Power: 4.9 JUA
the document camera. Then let them check their work.

. . . 4. Would this be enough power to light the green LED? @ NO

° DISCUSS What eaCh Of the teams found In thelr 5. Would this be enough power to light the white LED? YES

experiment and if the graph agrees with the class
findings (circle Yes to answer the question under the 7

graph 1 controls box).
o Have students identify which subgroup’s data they need to answer question 3. Have them find the
predicted power while you find it off to the side of the document camera. Then let them check
their work.
e Test the class prediction using the experimental set-up.
o Cover the set-up with black cloth so external light does not affect results.
o Have the multimeter under the document camera.
o Calculate power and compare with predictions (should be within 0.6 mW).
e Have students identify if the power will be enough to light the green (yes) and white (no) LEDs and then
test them.
e If avolunteeris in the classroom, have them take down the solar panel set-up and switch it out for the
Bright Choices set-up.
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Power Sources/Uses (5 minutes)

Power Sources/Uses
. What is power ¢ fon2 The power You use in some time.
. What would we need to do if we wanted to monitor the power consumption in this
dassroom? _Measure the curvrent and voltage of
o Tell students, “We will now think about how much devices in the voow over somme time perloof

power we use and Where |t comes from ” . Why is it useful for us to be able to monitor the power consumption?
e Go over what power consumption is and answer

o

~

-3

©

. What is the main way we monitor our monthly power consumption?

question 6. Through owr power bill.,
. In California, we are able to produce power from different energy sources. Some are
e Go over what we would need to do to monitor power renewable and some are non-renewable.
consumption and answer question 7. 10-Mateh the definitions:
. . . . 1. Renewable Energy Source\ A. Asource that is not replenished as fast as
e Go over why monitoring power consumption is useful itis consumed (i.¢. cannot be replenished
and answer question 8. X within a human’s lifetime).
. . 2. Non-renewable Energy Source . Asource that produces energy that is not
e Go over how we monitor our power consumption and used up or can be replenished within a
answer question 9. human's fetime:

e Explain to students in California, our energy can come e Ty e N°”"e”ewag;;ergy5°m“‘
from renewable or non-renewable sources. Then, have _SO,LW‘__
students determine the matching term/definition pair ﬁ: <NREaal GI>
(question 10). |

e Have students list renewable and non-renewable
energy sources, and record them in the table on page
28.

o See full instructions for details on common
power sources.

Effects of Power Use

In the table above, circle all energy sources that are burned to obtain energy.

11. When energy sources are burned, Q4 YbQV\, D(LQLLdﬂ (CDQ is produced.

Effects of Power Use (15 minutes)

e Ask students, “What form of energy is our solar panel producing, and what did we have to provide to
obtain that energy?” Possible student response: electrical energy/turn on the light.

e Explain that the solar panel is a tool to harness light energy and convert it into electrical energy.

e Ask students, “If we wanted to obtain electrical energy from wind, another renewable energy source,
what tool would we have to use?” Possible student response: wind turbine.

e Inform students that some energy sources must be burned to obtain their energy and have them tell you
which energy sources in the table this applies to. Circle these in the class notebook and have students do
the same in their notebooks.

o All non-renewable sources (with the exception of nuclear, if applicable) should be circled. If the
students suggested biofuel in the renewables column, you must circle that as well.

e Ask students, “What tool would you have to use to transfer energy from one of the non-renewable
energy sources in the table into a useful energy source?” Possible student response: energy source:
gasoline, tool: car.

e Tell students, “When energy sources are burned, carbon dioxide (CO) is produced.” (question 11)

e Have student use the graphs on page 29 to determine the link between CO; levels and temperature.

o Explain that ppm (parts per million) refers to how much of a chemical is in some volume.
o Make sure students know an anomaly is something different from the normal.
e Look at each graph with students and ask them:
o What is this graph trying to explain?
o Does this graph have a trend, and if so, what is it?

e Have students give you the definition of a conclusion and make a conclusion from the graphs (question
12).

o As CO;levels increase atmospheric temperature increases, because in 2000 there were 375 ppm
of CO; in the atmosphere and the temperature was 0.5°C above average, and in 1900 there were
290 ppm of CO; in the atmosphere and the temperature was 0.1°C below average.

= Other data points can be used, these are just easy to read and extremes.

29



sc TREK Last Revised: 8/29/2023

e Discuss what will happen to the amount of CO; in the

atmosphere if California uses non-renewable energy Bt et T e
sources for pOWe r, and hOW they knOW (quest|on 13) Atmospheric Carbon Dioxide Levels Atmospheric Temperature Anomalies
e Discuss how this will affect the average atmospheric [ |3 7
temperatures (question 14). 3 v
e Tell students, “In California, 47% of our electrical energy ===
comes from renewable sources.” (question 15) e i R R T
12. As CO; levels increase, atmospheric temperature 7J,V\,(‘£kﬂﬂ5ﬁs __,because
Bright Choices (15 minutes in 2000, there were 275 ppm of COzbnthe
g ( ) _atwosphere and the tewmperature was 0.5°C
_above average, and tn 1900, there were 290 ppra.
° ; of COo i the atwosphere and the temperature
If You do not have a volunteer in the classroom to do ‘ - .
thls for you' remove the solar panEI set_up and replace 13. If California uses non-renewable energy sources for power, what will happen to the
it with the Bright Choices set-up. amount of CO, inthe atmosphere? It WELL tmerease.
“ 14. What will this mean about average atmospheric temperatures? il ¢ 123
® Te“ StUdentS’ We can.nf)t ContrOI What power sources 15. In California, 47% of our electrical energy comes from [ﬂmﬁwmﬂ SOUYCES .
are used for our electricity (renewable vs non- Bright Choices
renewable)." Then' dISCUSS hOW to mlnimize our impact 16. How can we minimize our impact on our CO, production?
on CO; production (question 16). Wewilllook at 3 differrt types o ightbulbs
e Introduce the 3 types of lightbulbs (LED, compact L LEDS  compact fuoresosnt (CFL) 3-imcandesoent/halogen

17. Lumens: _HOW VMGL] LLQ& ta LLQL’IMM- _

fluorescent (CFL), incandescent/halogen) making sure

Is this important to hold constant when comparing lightbulbs? @(c i )NO
to display each lightbulb for the students. 15 temperatore: Wit color of Light o Lightbull gives off.
e Introduce the term lumens (a measurement of how Is this important to hold constant when comparing lightbulbs? vss(mlme
much light is given off). =

o Lead students to understand that when comparing lightbulbs, we want all lightbulbs to give off
the same amount of light (question 17).
e Introduce the term temperature (the color of light).
o Tell students, “The temperature/color of light does not change the energy needed by the bulb.”
(question 18)
e Tell students, “Lightbulbs plug into wall outlets, and all wall outlets produce the same amount of
voltage.”
e Demonstrate how to determine the voltage from the
power strip.

o Note: This step is dangerous for students;
emphasize that they should not do this at
home.

o Turn the multimeter to the 200 V~ setting and
place it under the document camera.

o Place the black and red probes into partner plugs
on the power strip (order does not matter).

o Have students read the voltage and remove the
probes.

e Record 120V in the table for the LED and Incandescent/Halogen bulbs.

e Tell students, “CFLs need a smaller voltage to operate so they have a large base which is called a ballast
which steps the voltage down to about 78 V.” Record this in the table for the CFL bulb.

e Introduce the amp meter, which will read current in amps (abbreviated with a capital A).

e Find the current for the lightbulbs starting with the LED.

o Clamp the amp meter around a single wire in the split portion of the wire.

o Turn the amp meter on to the 2A setting.

o Turn on the lightbulb and have students read and record the current to 3 decimal places.

= ~0.064 A

o Then repeat for the CFL and halogen bulbs.

= ~0.115 A and ~0.326 A respectively
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Have students calculate the power produced by each
bulb individually (in W) while you do the same in the
class notebook. Then check their answers.

Have the class decide which bulb is “best” by comparing
the power values (question 19).

Tell students, “In order to determine all of this
information without running an experiment, we can
look at the packaging on lightbulbs.” Direct their
attention to the Lighting Facts sheets.

Compare the calculated power with the value on the
facts sheet.

o Discuss with students what information (lumens
and temperature) is needed to describe the light
produced by a bulb and where to find this
information in the lighting facts.

o Discuss how the temperature is related to the
appearance (warm vs. cool) of the light and
explain higher temperatures of lightbulbs
produce cooler tones (bluer light) whereas lower
temperatures produce warmer tones (yellower
light).

Answer questions 20-21 as a class.

Have students determine which bulb is “best” and why,
using all of the information we obtained from the facts
sheet (question 22).

Only do this section if there is time:

Last Revised: 8/29/2023

Will lightbulbs with the same number of lumens need different amounts of power to light?

1
v ¥ ‘

Type of lij LED CFL Incandescent/Halogen
Voltage: 120 V FLV 120V
Current: 0.064 A 0115 A 0.326 A
Power: FFW ﬁ.o w Sﬁ 1w

19. Which bulbis “best” The LED, [t uses Less power o wovrk,

The box for each of the lightbulbs is shown below. Compare the information on the boxes
and answer the questions below.

Lighting Facts

Per Bulb

Lighting Facts
Per Bulb

Brightness 550 lumens
Estimated Yearly ~ $0.84
Energy Cost

Based on 3 hrs/day,

11¢/k\Wh. Cost

depends on rates and use

Life 10 years
Based on 3 hrsiday

rm Cool

5000 K
Energy Used 7 watts

550 lumens
Estimated Yearly ~ $1.08
ost

,,,,, Cool

5000 K
Energy Used 9 watts
Contains Mercury
For more on clean up
and safe disposal,

Lighting Facts

Por Bulb

——
Brightness 550 lumens
Estimated Yearly ~ $4.82
Energy Cost

Based on 3 hrs/day,

1e/kWh. Cost

depends on rates and use
Life 2.3 years
Based on 3 hrs/day
Light Appearance

Warm Cool

2800K
Energy Used 40 watts

visit epa.gov/cil.

LED CFL

Incandescent/Halogen

20 What does the lfe of the lightbulb tell us? How Lowg) the bulb will Last.
21. What does the estimated yearly energy cost of the lightbulb tell us?
’ ,

_How mueh It costs to v the lightbulh.
2.The__ LED lightbulb is best because [+ L SeS the Least
wer to work. (7 W), it lasts the st (10
ars), ana it costs the least amount money
to run ($0.24).
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Have students identify the additional information given on the CFL fact sheet, that does not appear on the

LED or incandescent/halogen fact sheets (contains mercury).

Explain the warning label to students:

o Mercury is a very toxic gas that can fatally harm people if inhaled.

o If a CFL breaks open, mercury gas could leak and harm anyone in the room.

o Disposing of the hazardous waste is dangerous and costly.

o Failure to dispose of the mercury lightbulbs properly could result in mercury leaking into a local
body of water and contaminating the entire water system.

This contributes to LEDs being the “better” choice of lightbulb.
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Extra Practice Solutions:

Last Revised: 8/29/2023

Directions:

EXTRA PRACTICE

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

The Nile River is 6,650 km long and the
Amazon River is 6,575 km long.

McDonalds French fries have more salt
than In-N-Out French fries.

Dogs weighing over 50 Ibs. sleep more
than smaller dogs.

30 people used a black pen and 12
people used a blue pen.

Peaches are the most delicious fruit.

The car door handle was observed to b
warmer after sitting in sunlight.

The tallest building in the world is in
Dubai.

The more interesting the story, the
longer the student will read.

&

Directions for annotating: Underline control(s), circlecfianging variable{s) and box information
about [data collection|
2. a)Annotate the following results table.
Variables Trial 1 Trial 2 Trial 3
CCGaTAmouT> 1,500 Mg 2,500 Mg 3,500 Mg
. - Number of Generators: 3
Claifty Opinion Water Amount: 24001
Data Trial 1 Trial 2 Trial 3
Power (MW): 51 MW 67 MW 93 MW
Data Opinion Air around ; Air around
e, Air around p
Other: plantis light I plant is dark
plant is brown
brown brown
Data Opinion b) Can this group make a conclusion? @ o | DON'T KNOW
c) Annotate the following possible conclusion.
Possible Conclusion: Whein the power plant the air will be less polluted,
Claim Opinion because when the amount of coal wahe air around the plant was observed to be
Tight brown] and when the amount of coa washe air around the plant was
observed to be|
: i 5 ”
Claim Data d) Is this a correct conclusion for the results table? @ NO | DON’T KNOW
If NO, what is wrong with the conclusion?
" i 3 Annotate the following results table.
Claim ‘ Opinion 33
@ P Variables Trial A Trial B Trial C
2,000 Mg 2,500 Mg 3,000 Mg
Dat Opini -
Data Trial A Trial B Trial C
Power (MW): 27 MW 60 MW 92 MW
Claim Data Araround | Araround | Arraround
Other: plant is light plant is light plant is light
brown brown brown
b) Can this group make a conclusion? YES | DON’T KNOW

Possible Conclusion: The lessg

@000 Dof water were used,

d) Is this a correct conclusion for the re:

3

c) Annotate the following possible conclusion.

sults table?

YES

Din the power plant the higher the power, because
whef water were used,p7 MW]of power were produced, and when
f power were produced.

I DON’T KNOW

If NO, what is wrong with the conclusion? Move thaw 1 chanaing variable .
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4. a)Annotate the following results table.

Variables Trial A Trial B Trial C
Coal Amount: 2,500 Mg
Number of Generators: 4

Wa D 4,800 L 4,400 L 4,400 L

Data Trial A Trial B Trial €

3 Power (MW): 2 MW 58 MW 75 MW
£ g Airaround Air around ‘Air around
g 3 Other: plant s light plant is light plant is light

= brown brown brown

b) Can this group make a conclusion? @ NO | DON'T KNOW

©) Annotate the following possible conclusion.
Possible Conclusion: When the water amount wasg400 Dthe power wasps MW} and when
the water amount was@800 Dthe power was[2 MW] because theqiore watepused in the
power plant, the lower the power.
d) Is this a correct conclusion for the results tabl YES @ | DON’T KNOW
.
If NO, what is wrong with the conclusion? a ana AA4cta Nea .
Directions: Some engineers wanted to know how changing the percentage of water amount would affect the
power produced by a power plant. They did 3 experiments, using a different coal amounts each time, and plotted

most of their data on a graph. Answer question 5 using the graph below.
5. a) Annotate the graph. Effects of
b) Plot the data points from the | . Loaldmauns on theppower]
chart below on the graph using
circles (0) as markers. 70
Coal Amount: 0o Coal Amount
2,500 Mg g i~ A3,500 Mg
%of Water | _Power (MW) 5 ° N
20 80 HN ~ %3,000 Mg
o ~ I~
40 60 - N 02,500 Mg
60 2
> S
78 5 0 N
o
<) Draw trend lines on the o 10 2 3 o_60 70 B0 90 100
graph for each data set. ercent of Water

d) In general, for all coal amounts, what happens as the percentage of water amount increases?

) What will the power be if a power plant uses 3,000 Mg of coal and 20% water amount?

f) What will the power be if a power plant uses 3,250 Mg of coal and 50% water amount?

20 MW
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