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Lead Information Packet
Module 1: Shadows
5% 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.

Note: We highly recommend teachers give the initial conclusion assessment outside of SciTrek sessions.
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.

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.

How to Measure Shadow Lengths (left image below)
1. Line up the 0 cm mark of a ruler with the front of the block (edge of the white plastic).
2. Place another ruler (numbers side down) at the edge of the shadow. This will result in the rulers
making an “L.”
3. The shadow length will be the measurement from the front of the block to the beginning of the
upside-down ruler. This point is indicated with a circle in the image below (8 cm).
How to Measure Shadow Widths (right image below)
1. Place two rulers (numbers side down) perpendicular to the short side of white plastic on either
side of the shadow.
2. Line the 0 cm mark of a third ruler with the inside edge of one of the upside-down rulers. This will
result in the rulers making an “H.”
3. The shadow width will be the measurement between the two number-side-down rulers. This
point is indicated with a circle in this image below (12 cm).


http://www.chem.ucsb.edu/scitrek/module
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Shadow Length

Day 1: Technique/Observations/Variables
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Shadow Width

We highly recommend teachers give the conclusion assessment prior to Day 1 of the module. The suggested
times in the lesson plan below are assuming students completed the conclusion assessment prior to SciTrek’s

arrival.

Schedule: You are responsible for BOLD sections

Times if teacher gave assessment prior to SciTrek:
Introduction (SciTrek Lead) — 2 minutes

Module Introduction (SciTrek Lead) — 3 minutes
Technique (SciTrek Lead) — 7 minutes

Observation Discussion (SciTrek Lead) — 4 minutes
Observations (SciTrek Volunteers) — 25 minutes
Variable Discussion (SciTrek Lead) — 5 minutes
Variables (SciTrek Volunteers) — 12 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

Make sure volunteers are passing out nametags.

vk wnN e

Times if SciTrek must give assessment:
Introduction (SciTrek Lead) — 2 minutes

Conclusion Assessment (SciTrek Lead) — 10 minutes
Module Introduction (SciTrek Lead) — 3 minutes
Technique (SciTrek Lead) — 5 minutes

Observation Discussion (SciTrek Lead) — 4 minutes
Observations (SciTrek Volunteers) — 20 minutes
Variable Discussion (SciTrek Lead) — 5 minutes
Variables (SciTrek Volunteers) — 9 minutes

Wrap-Up (SciTrek Lead) — 2 minutes

Get the conclusion assessment and put them in the lead box.
Make sure volunteers are writing their name and group color on the whiteboard.

Make sure volunteers are setting up for the initial observation.
Set up the document camera for the class question (notebook, front cover), technique activity (notebook,

page 2), and the block measurement pictures (picture packet, pages 1 and 2).

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

e Allow volunteers to introduce themselves.
e |ntroduce the module.
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Conclusion Assessment: (10 minutes — Full Class — Given By Classroom Teacher Prior to SciTrek)

e Page 1 (top): Read the two questions aloud and have
students fill them in. TECHNIQUE
Protractors

e Page 1 (bottom): Read each statement and have
students circle whether the statement is a claim,
data, or opinion.

e Page 2 (top): As a class, have students underline
controls, circle changing variable(s), and box fagvrt
information about data collection on the results ¥ eceruse e mrgim,
table. Then, have students individually decide if the T g
group could make a conclusion. :

e Page 2 (bottom): Read each statement and have
students identify if the statement is a claim or data 5=
and therT circle if statement is a correct claim, correct =
data, or incorrect based on the results table.

Mglc:__w Mgle:_ﬁg_
e Page 3: Repeat the process for page 3. = .
e Collect assessments. % &

Protractors are used Lo maasuro and draw argies

BLE 00 G4 e LS @ DOSCECTor
She origin WiE the certer potk of the

i b awels pard el Lo e bottom

wity 20m to poirt 1c e tenter of the

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

1 C+1]
e Have volunteers pass out notebooks. gl S angle:_ 136"
e Have students fill out the front cover of their
notebooks.
o They will not fill out their subgroup number or
class question. How to Measure Shadows

Shadow Length Shadow Width

e Go over what a shadow is and what causes them.
e Introduce the class question, “What variables affect
shadows?”
o Write the class question on the front cover of
the class notebook and have students copy it
onto their notebooks.

Technique: (7 minutes — Full Class — SciTrek Lead)

¥t the acipe

e Have volunteers pass out protractors. e e
e Review the parts of a protractor and how to measure « PN Picture Packet, Page 1

T Cuadow wikh wil be the wss narent betuveen

angles with a protractor.

e Fill out question 1 as a class (notebook, page 2).

e Have students fill out questions 2-4 by themselves
before reviewing.

e Have volunteers collect protractors.

Observation Discussion: (4 minutes — Full Class — SciTrek Lead)

e Review the definition of an observation (a description
using your five senses).

e Explain to students how they will measure the length
and width of a shadow (picture packet, page 1).

Picture Packet, Page 2
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e Measure the length and width of the shadow (picture packet, page 2).
e Have students move to their groups.
o If astudent does not have a nametag, identify the group color with the least number of students

in it and write the student’s name on one of the extra nametags in the lead box using that color
of marker.

Observations: (25 minutes — Groups — SciTrek Volunteers)

e  Walk around and help groups who are struggling.

e Make sure groups are moving along and only spending ~10 minutes on the experimental set-up, ~7
minutes on the colored light, and ~7 minutes on the white light.

OBSERVATIONS
Experrmental Set Up:
Block Height = 5 cm OBSERVATIONS
ELO(‘J?, Mdth = 7 o Caperimertal Set-Lip:
Block Length = 3 om _Block Height = 5 cim
Light Angle = c0* Block widith = 7 e
Flashlight pointed at block. Elock Lenoth = = o
Each square on the block s 1 cnutom Light Angle = &0

Flashlight polnted at block
Each square on the block LS 1 cion x 1 cin

Circle the appropriate box:

On the chart befiow, color the box that Indicates the fight @lstance andg Ight height.

Light Distanca {cin)
[DHLIOCE OuT Hong oo $om the Hack 10 seng hrgng Fom mie Aashign )
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OBSERVATIONS
Light Color: Blue gt White Light

Shadow Celor: Black Blacke
Shadow Length: .5 v | &.5 cwa
(Longeh af oagest SEC s - i

part of the shadow]

“amowae | 10OM | 100m

part of the shadow)

Describe what happened during the experiment:

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

o Have groups share what they did and learned.

Ligh2 Color BLM_& Light . Withe Light
Black Black
&.5em .5 em
10 em 10 em

Desirie what happened dunng the experment

Changing the Light color does not

cha M@e the shadow Length or width, but
the white Light shadow Ls easier to see
thaw the blue light shadow.

o Groups should have learned all light colors at the same position will give approximately the same
shadow length and width. However, white light gives a crisper shadow than colored light.
o Review the definition of a variable (something in an experiment that can be changed).

o Explore one possible changing variable with the class and have students share how and why they believe
this variable might affect the shadow length and width.

Variables: (12 minutes — Groups — SciTrek Volunteers)

e If there are less than 5 minutes in the session left, 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 they believe these variables might affect shadows.

e Make sure students are generating at least one additional variable by themselves.
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VARIABLES
Variable  [How will changing this variable affect the shadows?|

Plook The taller the block, the shadow s
o | gl and the v tatier the bad e
Y st Block  chadow | Length will be

! Height lowger, and the width will

; ’ fiis ‘ stay the samt.
Light The favther the Light distance, the TheFarther the liaht

Distance | Shadow Length will Light  ictance, the shadow Length
and the width will Dilstance will be Lonoer and the widdth
WL bc wider, ,
;s The closer the angle is to Liaht The closer the angle is to 907,
Light | the the shadow Length nC  lthe shorter the shadow
Angle | g the width, Angle  lenath and the narvower the

ww’fh

; The hioher the u It het. ht,
Light  pe >hL?dDw Lengyth will

Choose Your own! Helght shorter and the wadth w'.LL be
NArrowey.
The wider the block, the

@ Block  lchadow Length will stay the
width same and the width will be
wider,

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 shadows.
e Go over what students will do next session.

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

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 13 minutes

Question (SciTrek Volunteers) — 10 minutes

Materials Page (SciTrek Volunteers) — 7 minutes
Experimental Set-Up (SciTrek Volunteers) — 8 minutes
Procedure (SciTrek Volunteers) — 19 minutes
Wrap-Up (SciTrek Lead) — 3 minutes

Preparation:

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

2. Set up the document camera for the question (notebook, page 6), materials page (lead box), and
experimental set-up (notebook, page 7).

3. Have two example blocks of different heights to show students during the Introduction.
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Introduction: (13 minutes — Full Class — SciTrek Lead)

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

e Review experimental considerations with the class
(notebook, page 6, top):

O

You will only have access to the materials on the
materials page.
You will only have access to one flashlight with
white light and the light must be focused and
pointed directly at the center of the block.
All objects will be rectangular blocks and you
will only be able to change one dimension of the
block.

= Use example blocks to show how to

change each dimension.

e Design an example experiment with the class.

O

For the changing variables, pick a variable about
the light (light height or light distance) and a
variable about the block (block height, block
length, or block width; page 6, notebook).
For what you will measure you can pick either
shadow length or width.
Show students how to write the question.

= |f we change the light distance and

block length, what will happen to the

shadow length?
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Experimental Considerations:

Chasgiogr Variasias) (Indvpenclent Variabiv(s))

You wdl get to perform two experiments For your first espesiment, decide which
vanabin(s] (max thewe] you woold ke Lo test, For each changing veriable you select,
dien !

Changlng Yariable 1 | ( /')_hf _‘,_L_’-_‘_f Aunce

tth your subgroip how you think changing variable » wil atfect the shadow

your suligeaup why you think that variabile will effoct the shadow.

varkéo 2 (optional BxLoc 12, L 2n.otin

Dscuss with your subgroop how you think changing vrisble 1 wib affect the stadow

Changing Varatée 3 (optionaly

Discuss whh your subgroop b 3 think changing variable 3 wil affect the shadow,

Wt will pou measure? [Crcle one) Sradow Letgtl ) Shadow Wisth

QUESTION
Quisstion our subgroup will iwestigate:
» wwecrergerne LI dictnnt, Qud block
eI ;E',t n.

)
what wil happen to the S A dC'_'o“"_L:’.V‘.-’:‘-’\‘_:b’] N
= T e =T

SciTrok Member Approvak

Got o materishs poage from poor velurmeer and B Kk o

Eafore moving onto the experimental setup

Fill out the materials page for the example experiment (lead box).
= Read step 1 and have students tell you what to do for each bolded word (underline

controls and circle changing variables).

=  Go through the list of general materials, and check them off.
= Read steps 2 and 3. You should choose the control values, but let students choose the four

changing variable values.

e Make sure students understand how to select block dimensions and light

distances/heights.

e Remind students to pick changing variable values that are spread out.
e Write trial letters next to changing variables values (Ex: 6 cm A).
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Calor (cirche ek Crage Wk @reed

subgrovp Nursber (circle one (_)

MATERIALS PACE

You will oty Bane 0oess (o 8

1] For eady Bokled

w foliomng materiabs

dur e i1 18 1S @ comsteo aned ke (18 o o chargdng

o Mok Wil Exarrgrhe chargging vesitbeCBlxch Ll
niroby, chowse 1 vaue

e gy variabise, chooss g v s wrtte the tnal

letter [ARCDor EF,GN) neat toeach volue, Ex: B2 om A

el Meterialy

2 Ratihgt 2 Fing Sand wih Camg & Wivke Plaste

I rutraci 0 Massurng Tape 32 (37 hders

Lotk ot the picture bedo that defloes the blodk denermdans, Twe of pour Hodk's
Controfs ) muest be 7 om and 3 am. The third dimension can bea
OB you may sebect the wakoals), Youmay anly crck ONE

BlokWigh  Blod Height

The Bhock's L‘y\ ,.th wil be
3" be aligaing congdle 8 ienbal

2rm § em (crighnal) 2son D

jom De

yom um B

The tlock's might . _wilte 7 om
it b Cortiil

The tlok's L th whlbe scm

weant b 3 cantd

Materials Page

1) ¥ Bght height is ome of your controls

1. The vakue of Eght height that we wil use i 2.5 G

B Jircle the row that cormesponds to yoor coatrol value

——P

-
{see enample righne
3) WA dtdnce & ooe of pour Lantwis:
1. The value of gt dstance that we wil cée =
< v Conhurey Lt correspench 1o your cantrnl valis
wramgie right bottom) -

1F paus havw 7ou et andmctimack vy vabin that b rot grayed cut

1t you have o

b you can anky selrctimiark vidues within thet
1 pou have wo ciroles you can only select the valus that are circied By both Orcles

o 1o Pl |

L Heght (ov)
-

Orcle the light angies) pou wil be saing between 10 - 160, If the light angle Sat
Yo W %o am dows net sppest i the pictare below {exemple: 30°) write in the
e in the 2ppeoprate location and circke it

-

o et

a5 1

@

o Fill out the experimental set-up for the example
experiment (only Trials A and B for the changing

variable; notebook, page 7).

= Draw an additional line under the
controls list for another control and
its value.

= |f students choose to change three
variables, there will be two
additional blanks for controls. Lead
students to come up with
“surface/white plastic” and “block
material/ plastic.”

o Read the example procedure step that includes
the changing variable (notebook, page 8, top).

EXPERIMENTAL SET-UP

Write your changing variatie]s) (Ex: Sock height) and the valoes (Ex: 5 cm) you wil
use for pour trighs under each block,

| .

Changing Variable(s)
il

siskance’ EO Lo 10 cwn

Aot ¥ & tirn 10t

Controls (variables you wit hold constan i

Wrtte the comtrons aned the wnles you will o bn ol your 1rids (controksatm, e gt colorwbise |

Question: (10 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 subgroups do not have more than one block

dimension changing.

Light Lolor } Yihee
Block Helahty Fomw

Block width! Szm

{ White Plastic
al

Bloce Moaterigl / Tactis

S5ciTrek Member Approvak:

e Encourage subgroups to measure the dimension of the shadow (length or width) they think they know

the least about.

e Make sure, for the second part of the question (what you are measuring/observing), students are specific
(they should write, “the shadow length or width” and not just “the shadow”).
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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: (19 minutes — Subgroups — 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(s), as well
as the data that will be collected.

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

e Go over what students will do next session.

Last Revised: 9/15/2023

PROCEDURE
Procadure Note:
Midon wrw Lo b ke ol viekums of your chasgiog varabdels} 1 the procedurs (Ex: for e
g o shep woukd be phce bikck that is 7 om
wide, 3 im boeg, ond A) ) am, 11) B ctvy rnd D) 12 <ol oo Hyw sebibe plas

v et a plastic block that ks 7 em high,
2 o long, and A) F e, B) 2 e,
C) 10 cna, and D) 4 o wide.

Place block. on whike plastic.

whgro ot decided to change block heght

s Put light at hetaht of 25 cm, distance
and angle A) 25 i, 135°, B) &0 s,
20, C) 10 e, 90°, and D) 45 ca, 20"

. Twrn on white Light.

s Measure the length of the shadow.

Note: Procedure does not
match the lead experiment

Day 3: Results Table/Experiment/Graph/Conclusion Activity

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 8 minutes

Results Table (SciTrek Volunteers) — 3 minutes
Experiment (SciTrek Volunteers) — 22 minutes
Graph (SciTrek Volunteers) — 10 minutes
Conclusion Activity (SciTrek Lead) — 15 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.

N

3. Set up the document camera for the filled-out results table (picture packet, page 3), graph (notebook,
page 10), conclusion activity (notebook, page 11), and block measurement pictures (picture packet, page

1).

4. Have example block available to show students during the Introduction.
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Introduction: (8 minutes — Full Class — SciTrek Lead)

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

Show students how to fill out the results table (picture packet, page 3).

Use the checklist (notebook, page 10, top) to go over how to graph results.
o Use the filled-out results table (picture packet, page 3) to fill out the graph (notebook, page 10).
o Stress the importance of step 4 to ensure students’ graphs are in increasing order.
o Only graph the results for the two smallest shadow lengths (5 cm and 23 cm).

Using an example block, review how the block dimensions are defined.

Have students raise their hand to identify whether they are measuring shadow length or width.

Review how to measure shadow lengths and widths (picture packet, page 1).

RESULTS
Tabde
-
e s -
w sught
Trial b | Trwl C | Trial t
i v = o > L
50
€ ™ 45 Ly 25 tm Cesir, A5
S
b &0
() A
=y -
| =
B -
&P —
<| 5
25
! ! | b {
“T _JiB g TEICD | ThiDg ~|
- &
£ | n e i ton i | B gy
e ‘ J (3]
[kt S
Data Triad A Tral B Tral C i D ll/“
Twisrh -
El§
S o 5 20 o > 20 cw
8 o Bl
——— AT e Lign
- Tvatulde b T oy o
3
Picture Packet, Page 3

Results

Table: (3 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.

Make sure students are underlining controls, circling the changing variable(s), and boxing data collection
boxes.

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

Make sure students are making predictions for which trial they think will produce the smallest (S) and
biggest (B), shadows.

Experiment: (22 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.
Make sure students have their block orientation correct.
Make sure students are measuring either the length or the width of the shadow correctly.

10
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e Do not have students clean up their set-up until after they have made their graph. This allows them to
check measurements, if necessary.

Graph: (10 minutes — Subgroups — SciTrek Volunteers)

e  Walk around and help subgroups who are struggling.

e Make sure students are graphing their data from smallest shadow length/width to largest shadow
length/width.

e Make sure students have their changing variable values (Ex: 5 cm), not the trial letters (Ex: trial A), on the
X-axis.

e Make sure students are writing the numerical value of the shadow lengths/widths on top of each column.

Conclusion Activity: (15 minutes — Full Class — SciTrek Lead)

e Make sure to start the conclusion activity at least 10 S

minutes before the end of the session, even if students Conchstons
are not done with their graphs. i e o NN

e Review the definition of a conclusion (claim supported k, M,,_A\,,..,‘,,,.i PRI z:.,..l‘ L. .‘.,,,‘,,,,‘,\ i
by data; notebook, page 11). first past of s conclusioe

e Review the definition of a claim (a statement that can o islehinadins

« Data: Eviders

be tested).

o Have students give a few examples of claims.

e Review the forms of data
(observations/measurements).
e Read each statement.

o Asaclass, discuss if each statement is a claim,
data, or opinion, then circle the correct
statement type.

o When applicable, underline controls
(descriptive numbers), box data collection, and

double underline opinions. _,‘f,,,'f,_',‘.ﬁ""“""‘b""“""‘ ‘

o For claim statements, have students tell you g the more Sl the fower, the mony  Clin
what data would need to be collected to back S T
up the claim.

o For data statements, have students tell you the

claim that it could be paired with to make a
conclusion.
= . outof 10 people, on/y@ can ride a unicycle
e Data
o Possible Claim: more people do not know how to ride a unicycle than do
know how to ride a unicycle
= b. puppies are_cute

e QOpinion
= . people who get 4 hours of sleep experience dizziness
e Claim

o 4 hours is not a data measurement. It is called a descriptive number
because it describes a control in the experiment.

o Possible Data: asking/counting the number of people that feel dizzy after
getting 4 hours of sleep.

11
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d. ants were on syrup, starbursts, and frosted flakes

e Data
o Possible Claim: ants are attracted to sugar
e. the fastest land animal in the world is the cheetah
e (Claim
o Possible Data: time the animals running a specific distance

e Data
o Possible Claim: vinegar and baking soda undergo a chemical reaction
when mixed
= g. the more simple the flower, the more bees on the flower
e Opinion

e If there is additional time you can continue on to the next page of the conclusion activity.
Wrap-Up: (2 minutes — Full Class — SciTrek Lead)

e Go over what students will do next session.

Day 4: Conclusion Activity/Conclusion/Question/Materials Page/Experimental Set-
Up/Procedure

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes

Conclusion Activity (SciTrek Lead) — 30 minutes
Conclusion (SciTrek Volunteers) — 5 minutes

Question (SciTrek Volunteers) — 5 minutes

Materials Page (SciTrek Volunteers) — 5 minutes
Experimental Set-Up (SciTrek Volunteers) — 5 minutes
Procedure (SciTrek Volunteers) — 6 minutes

Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

1. Make sure volunteers are passing out notebooks.
2. Set up the document camera for the conclusion activity (notebook, pages 12-15).

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

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

f. when 2 mL of vinegar was mixed with 2 g of baking soda, of gas was produced

12
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Conclusion Activity: (30 minutes — Full Class — SciTrek Lead)

e Read the directions (notebook, page 12).

e Have students make matches between claims and data UHEAPPOGE I M, datwot.dre 3
and then share out matches. aam Because

o Correct matches

= Spicy food causes heartburn, because
50% of people get heartburn when they
use hot sauce and 10% of people get 1, Spicy food couses
heartburn when they don’t use hot
sauce.

= (Cars increase air pollution, because the
air has been observed to be brown in
areas with large numbers of cars.

e Discuss why the statement: Diet coke weighs less than
regular coke does not match with: 1 mL of diet coke
weighs 5 g and 1 mL of coke weighs 1.1 g.

e Discuss why only the claim can be changed when the
data and claim do not match.

e Have students identify and underline the controls, circle
the changing variable(s), and box information about

SCIENTIFIC PRACTICES
Condlusions

data collection on the results table (notebook, page 13).
e Read each statement.

o Asaclass, discuss whether each statement is a claim or data and write a “C” or “D” on the line.

o Have students help you annotate the statement by underlining controls, circling changing
variables (every claim statement will have a changing variable), and boxing data.

o Have students look at the results table to determine whether the statement is a correct claim,

correct data, or incorrect.

= Statements are incorrect if they are not supported by the results table or if they have not

been tested.
e Questions used for statements that are claims:
o What type of statement is this and how do you know?
o What would need to be the changing variable for this claim to be correct?
o Isthat variable a changing variable in the experiment?
= [fanswer is yes:
e Is this claim consistent with the data?
e |s the statement a correct claim, correct data, or incorrect?
= [f answer is no:
e |sthe statement a correct claim, correct data, or incorrect?
e Questions used for statements that are data:
o What type of statement is this and how do you know?
o Isthe data correct based on the results table?
o Is this statement a correct claim, correct data, or incorrect?
e q. the light the length of the shadow
o Claim/Incorrect (Variable Held Constant)
e b.a largewi/l result in a longer shadow
o Claim/Correct Claim
e . when a block is 9 cm tall, differenive different shadow lengths
o Claim/Correct Claim
=  The number in this claim is a descriptive number.
d: when the light angle wa the shadow length was

13
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o Data/Incorrect
Have students determine data that backs up claim b.

Last Revised: 9/15/2023

o when the light angle wa the shadow length was and when the light angle wasthe

shadow length was

SCIENTIFIC PRACTICES SCIENTIFIC PRACTICES
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Have students repeat the process for page 14.
a. théb gh® the longer the shadow

o Claim /Incorrect (No Data Gathered)
b. when the block height was the shadow length
was and when the block height wa the
shadow length was

o Data/Correct Data
c. when th is smaller, the shadow length is
longer

o Claim/Incorrect (Inconsistent with Data)
d. the longer th, the longer the shadow
length

o Claim/Incorrect (More than One Changing

Variable)

Go over the two questions on the bottom of page 14.
Have students identify and underline the controls, circle
the changing variable(s), and box information about
data collection, and then determine whether the
scientists can make a conclusion (notebook, page 15).
Tell students, “You will now determine whether a
conclusion can be made from your first experiment,
then design another experiment.”

Jrnte

SCIENTIFIC PRACTICES
Conchaiom

o for aich of T Fobomn g nesuits Labies

6. Directions: Ducle ¥ & Camyconchsnn cn De
and gragih

Table A

ot s ScherTiist roakie & clobionchasion! I Can s schentisd muake & dabecomsion

Tabibe (

Cont thin scimriin rraks a csims Cantah acdertiet mabe & clamkancinlon’ NO

ex |...;.“ch
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Conclusion: (5 minutes — Subgroups — SciTrek Volunteers)

If subgroups have not finished the graph do not make
them go back and finish it. Most likely these subgroups
will not be able to make a conclusion; therefore, they
will not use the data from their first experiment.
Walk around and help subgroups who are struggling.
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.

Question: (5 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.
Make sure subgroups are only picking one changing
variable.

Encourage subgroups to pick different changing
variables.

Encourage subgroups to measure the dimension of the
shadow (length or width) they think they know the least
about.

Make sure, for the second part of the question (what
you are measuring/observing), students are specific
(they should write, “the shadow length or width” and
not just “the shadow”).

Materials Page: (5 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.
Make sure subgroups are underlining their controls and
circling their changing variable.

Make sure subgroups are filling out the materials page
correctly and completely.

Making @ Conclusion from Your Data

o many <hangegt virlables did yuu have i your experment? o2

IFNO

we L o@nanot make a conelusion because.
ey experiment had more than 1
Chanaing variable,

IFYES

CONCQLUSION

SciTrek Member Approval (7

Chargiogs Variabin(s) (Indepsnclent Variabiv(s})

For your second experinent, decide which varlable(s) (max three ) you woukd Be 1o
hest

Chngrgvarstie v BL0CR, LEnath
Chimgng Varatie 2 (optionalx

Changlng Varabtée § (optionalx

What wil you measure? (circle one)

Shadow Wisth

QUESTION
Question our subgroup will nvestigate:
o we charge the tLL'l'_'J?, ‘.C.Vu:l;}t-;f.’l op—

n Az )
what will happen to the :':.L'Aﬂd".‘w‘-' Lenath

SciTrek Member Approvat [ (7

Get a materisls page from your volumteer and B8 K& cen

before miving « w expernentd setap
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Experimental Set-Up: (5 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 values.
e Make sure all control blanks are filled out.

EXPERIMENTAL SET-UP PROCEDURE

Procedure Note:
Wodos wrw to bnciunde af valuns of your clomging variashe(s | i the proced aw ([x: For 3
Abgroup that decied 1o Cxarge block haghe, ane stap would e Pace black that b 7 om
wide, 3 o hargd, sexd 1) 2 o P § erm, G B army et 1) 10 con gl i the whbe plastie )

— ; <1 v &gt a plastic block that ks  cn
high, 2 oo wide, and €) 3 cva, F) 10

_ e o, G) R o, and 1) & cvalong.
Changing Variabie(s): + Place blocke on white plastic.

Wrrite your changing varatiods) (Ex: tlock height) and the vakes (E«: 5 cm) you will
use for yourtrighs under each block.

1 Bleeg Lavnath : 2 v 10t £ o &t

1

19 . 5 iy .y ’ Kl
Loht 5 ale &0
=

Controls (varlables yoo wil hold canstat o Tl on white Lf.e ht

Wrile Shec combrods ared D s yies will use inofl pour trids (Controfeaiue, Lo lght colorw b ).

Lgght Cador { YWhite

Ligis Dlstavee | 50 e,

Light Height (50 2o s dMeasure the length 0“: the shadow.

Blocke Width ! = ow Light Anole l&cr

Block Height | # tm

SciTrek Member Approvet | (7
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Procedure: (6 minutes — Subgroups — 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.

e If subgroups do not finish their procedure, they will have time to work on it the next session.

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

e Go over what students will do next session.

Day 5: Procedure/Results Table/Experiment/Graph/Conclusion
Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 10 minutes
Procedure (SciTrek Volunteers) — 5 minutes
Results Table (SciTrek Volunteers) — 5 minutes
Experiment (SciTrek Volunteers) — 25 minutes
Graph (SciTrek Volunteers) — 5 minutes
Conclusion (SciTrek Volunteers) — 8 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

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

N

3. Set up the document camera for the conclusion
example (notebook, page 20) and the block
measurement pictures (picture packet, page 1). SCIENTIFIC PRACTICES

4. Have example block available to show students during S

- Question ¥ we chengethe_ OLOCKR. A dRerLals whatwil
the Introduction. e T A
mppento_ting SnAdow lenath

Varahies Trisi A Tralb Tral C Trial D

White

Introduction: (10 minutes — Full Class — SciTrek Lead)

e Review the class question, as well as what students did
and learned last session. ' =
e Review the definition of a conclusion (a claim supported - I T
by data). :
e Onthe data table (notebook, page 20), have students i | | ,
identify and underline the controls, circle the changing
variable, and box information about data collection.
e Have students identify the question the group was
investigating. Sowas, reaarvdless of the block matevial,
e Have students make a conclusion from the data. becnme EE vetal and the foave. blocks both
o We can conclude for a given block dimension, had a shadow lenath of 12 o
the shadow length will be the same, regardless T
of the block material, because the metal and
the foam blocks both had a shadow length of
12 cm.

W Car congkacke {37 a l?‘_'ll-'u"el"- b‘-ff.kd

-'i‘ LSO —hc shadow Le AEN 1

)
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e Using an example block, review how the block dimensions are defined.
e Have students raise their hand to identify whether they are measuring shadow length or width.
e Review how to measure shadow lengths and widths (picture packet, page 1).

Procedure: (5 minutes — Subgroups — SciTrek Volunteers)

Last Revised: 9/15/2023

Walk around and help subgroups who are struggling.
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.

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

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

Make sure students are making predictions for which
trial they think will produce the smallest (S) and biggest
(B), shadows.

Experiment: (25 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.
Make sure students have their block orientation correct.

gy Vet gerd bas briormeson ab

Irchetre cooriroly Orchehaung

Varables Trial E
Light Colon White
Wock Heght 7 o
Hock Lengthe ‘ 2com
pht Distance:

Light Medgrs:
Arl | '\'I'I"
__u'.L:A..' ..'..4":."."',' o
Fredictions

TTNEIN ST e A A
il ghow the sradert ‘
Wradow lergth'wid o |

w0 b e bl e ek | =
e B2 bgpr v ad e
g T
Data THalE 1
b2 (o
o
Witz

[ T

TrialF ThalC Trial K
O o, 2o W
TRIF | TralG TrialH
"‘4

| ;
TRalF 4 THalG < TrhalH =

Make sure students are measuring either the length or the width of the shadow correctly.
Do not have students clean up their set-up until after they have made their graph. This allows them to

check measurements, if necessary.

Graph: (5 minutes — Subgroups — SciTrek Volunteers)

Walk around and help subgroups who are struggling.

Make sure students are graphing their data from smallest shadow length/width to largest shadow

length/width.

Make sure students have their changing variable values (Ex: 5 cm), not the trial letters (Ex: trial E), on the

X-axis.

Make sure students are writing the numerical value of the shadow lengths/widths on top of each column.
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Conclusion: (8 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 use at least two specific data points to support it.

o Subgroups will be using measurements as their data, make sure they are including numerical
values in their data statement.

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 group.
e If subgroups do not finish their conclusions, they can work on them during the next session.

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

e Go over what students will do next session.

Day 6: Conclusion/Poster Making

Schedule: You are responsible for BOLD sections

Introduction (SciTrek Lead) — 2 minutes
Conclusion (SciTrek Volunteers) — 18 minutes

Poster Making (SciTrek Volunteers) — 35 minutes

Wrap-Up (SciTrek Lead) — 5 minutes
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Preparation:

1. Make sure volunteers are setting out notebooks.
2. Find a place to leave student posters.

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

Last Revised: 9/15/2023

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

Conclusion: (18 minutes — Full Class — SciTrek Volunteers)

Poster Making: (35 minutes — Subgroups — SciTrek Volunteers)

. CONCLUSION
Walk around and help subgroups who are struggling. e ECRRRON PR e TR T
. . . sl abeut e
Ma'ke sgre subgroups are generatmg‘a <.:Ia|m (ideally the o Lewgthh will sligitiy ineveace
claim will allow them to make a prediction about future e the shadow lenath when the
. e . affected your e NGRS - e B
experlment.s), and use at least two specific data points rests (70 | | ot dlictames, and Light
to support it. domnctatiert | hpialt, ave both S0 ci
o Subgroups will be using measurements as their length i
data, make sure they are including numerical mmande | becasse Wikoin. Flus hlnelo LowmAtl wiae
. . ou have to et .
values in their data statement. mpportrour | 2 oy the shadow Lenotih was
. . L —
o Do not let subgroups reference trial letters in themenberts | 5.5 cne. and whiein the blotle )

Intha

their conclusions.

rements, | Lenatin was 10 ci the shadow

Volunteers struggle with conclusions, so you should e Lenoth was 14 con,

check at least one conclusion from each group.

Make sure students fill out the sentence frame et e st s L o o

(notebook, page 23, bottom) / acted like a scientist K [Jno i cededtisbon obodons

when.

The second pan of the condiusion & data because it contaios a WASASLLYEMLENL.

LSO 64

tacted thea scencst when_|_wrote @ procedure for :
the experiment.

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.
Make sure the student in each subgroup who is presenting the results graph, has a sentence frame sticker
in their notebook and a volunteer has gone over how to present the four sentences with the student
several times.
Each student should have the part(s) they are presenting highlighted and numbered in their notebook: 1)
scientists’ names, 2) question, 3) experimental set-up, 4) procedure, 5) results graph, and 6) conclusion
(see pictures below).

o Remind volunteers if a student is presenting multiple parts, they should have multiple sections

highlighted and numbered in their notebook and the sections should be paperclipped together.

Volunteers often forget to highlight notebooks, so make sure this gets done before Day 7.
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A larger version of this poster
is in your lead box.
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Wrap-Up: (5 minutes — Full Class — SciTrek Lead)
e Ask students the following questions:
o How did you act like a scientist during this project?
o What did you do that scientists do?
Day 7: Poster Presentations
Schedule: You are responsible for BOLD sections
Introduction (SciTrek Lead) — 2 minutes
Practice Posters (SciTrek Volunteers) — 5 minutes

Poster Presentations (SciTrek Volunteers/SciTrek Lead) — 51 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Preparation:

1. Make sure volunteers are passing out notebooks.

2. Set up the document camera for the Notes on Presentations (picture packet, pages 4 and 5).
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3. Organize posters so experiments featuring the same changing variable will be presented back-to-back and
posters are presented from simplest to understand, to most difficult to understand (suggested order:
block height, block width, block length, light height, light distance, light angle).

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

e Review the class question, as well as what students did and learned last session.
Practice Posters: (5 minutes — Subgroups — SciTrek Volunteers)

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

e Make sure students are reading from their notebooks, and practicing the posters in the following order: 1)
scientists’ names, 2) question, 3) experimental set-up, 4) procedure, 5) results graph, and 6) conclusion.
They will not read the I acted like a scientist when or results tables from their posters.

Poster Presentations: (51 minutes — Full Class — SciTrek Volunteers/SciTrek Lead)

e Inform students if they ask a scientific question (a question that helps summarize what the subgroup
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 each subgroup’s changing variable values, what data they will
be collecting, and their data (picture packet, pages 4 and 5) while students do the same (notebook, pages
24 and 25).

o After a subgroup reads their question, stop the presentation and have the class identify the
changing variable, as well as what shadow measurement the subgroup made. Then, record it in
the picture packet.

o When a subgroup reads their results graph, record the values of the changing variable and their
measurements.

e After each presentation, ask students:

o What questions do you have for this subgroup?

e Once students have asked their questions (make sure each student answers a question; you should ask at
least one question per presentation), have students summarize what they learned and record it (picture
packet, pages 4 and 5); while students do the same (notebook, pages 24 and 25).

o If students are unable to do this, encourage them to ask more questions.

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

o After all presentations are over, have students tell you the variable values they would select to cause the
longest shadow.
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Subgroue 5
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Picture Packet, Page 4

Picture Packet, Page 5

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: Conclusion Assessment/Tie to Standards
Schedule: You are responsible for BOLD sections

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

Preparation:

1. If the teacheris 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 conclusion assessments and notebooks.
3. Set up the document camera for the tie to standards activity (notebook, pages 26-28 and picture packet,
pages 6-11).
4. Putyour lab coat in the lead box at the end of the day.
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Conclusion Assessment: (10 minutes — Full Class — SciTrek Lead)

Last Revised: 9/15/2023

Page 1 (top): Read the two questions aloud and have students fill them in.
Page 1 (bottom): Read each statement and have students circle whether the statement is a claim, data,

or opinion.

Page 2 (top): Have students underline controls, circle
changing variable(s), and box information about data
collection on the results table. Then, have students
decide if the group could make a conclusion.

Page 2 (bottom): Read each statement and have
students identify if the statement is a claim or data and
then circle if statement is a correct claim, correct data,
or incorrect based on the results table.

Page 3: Repeat the process for page 3.

Collect assessments.

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

Effects of Changing the Light (15 minutes)

For each of the parts in question 1, explain the change
that will be made for each trial and then have students
circle what they think will happen to the shadow
length/width.
Have one student share their answer and why they
made that prediction.
Show students the data (picture packet, pages 6-9).
Box what happened to the shadow length/width.

o It might be necessary to measure the shadow

width in experiment 3 (light distance).

TIE TO STANDARDS

1. Using the given infoem

ot for each expermment draw » cirshe srouns your

soenty res of perimert draw o Box sround wiat aoludly tappened

0 w lorgth ord width, Foe all the experments 2 4 cm =
Dok uwedd

Expwrimut 1: EMwcts of Changing Lght Cokar

Wt wil Fappen tix

Shadene Lengt)

Shadow WAh

e wa

Jomyom

Liger

gl ghl llnh"d

Shadee Lea,

°n

'
Lt aigai 33 o g
L 8 Dz 12
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e Aopec

[What Wil Fapgen tix

Experment §: Lffects of Cw

ght Distance

WAL Wi R hegpen Tie

Shacow Langth

LA ssome WhRH

Mherser (P

pugt tegn v AN A & 1
| Experiment 4: Effects of Changing Lzt Angle

What Wil heprpen 1ex

Shades [angth
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Experiment 1: Effects of Changing Light Color

Ligt Cotor; Blue Light Color: Orange
Lightt Hefgght: 20 om Light Height: 20 cm
Light Distances 10 cm Light Distances; 10 cm
- Uight Angle: go Light Angle: 90 \,

.

Experiment 2: Effects of Changing Light Height

Light Color: White Light Color: White

Light Hefght: 20 om Light Meight: b0 om
Light Distances 10 cm Light Distances 10 cm
Uight Angle: go Light Angle: 90

Picture Packet, Page 6

Picture Packet, Page 7
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Experimaent 3: Effects of Changing Light Distance

. _
Light Color: White Light Color: White
Light Hefght: 20 om Light Meight: 20 cm
Light Distance: 10 tm Light Distance: 6o cm
o Light Angle: g0 Light Angle: 50 o

Experiment 4: Effects of Changing Light Angle

Light Color: VWhite Light Color: White
Lightt Hefgght: 20 om Light Height: 20 cm
Light Distance: 10 cm Light Distance: 10 cm
Uight Angle: go Light Angle: 150’

Picture Packet, Page 8

Connection to the Sun (10 minutes)

e Have students fill in questions 2, 3, and 4.

e Draw in the location of the suns and label them with
students for question 5 in the following order (sunrise,
noon, sunset, midmorning, afternoon).

e Draw in the shadow for sunrise and midmorning with
students and label it.

e Have students try to fill in the other shadows on their
own, then share their drawing and their reasoning.

e Draw in other shadows.

e Have students fill in questions 6 and 7.

Seasonal Shadows (23 minutes)

e Passout red pens.

o Tell students, “You are now going to draw, with the red
pen, what you think happens to the shadow length over
the course of 24 hours in the winter.”

e Ask students, “What would the shadow length be at
midnight?’ Students should reply, “0.” Then put that
value on the graph.

e Tell students, “If you thought the shadow length was 0
over the full 24 hours, you would draw a straight line
with your red pen.”

o Ask them, “Is this prediction correct?” Students
should reply, “No.”

Picture Packet, Page 9
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How Shadow Length Varies in the Winter
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Have one student share their prediction.

Graph the actual data in pencil with the students
(picture packet, page 10).

Determine the number of daylight hours in the winter
(10 hours).

Point out the graph is symmetric.

Tell students, “You are now going to draw, with the red
pen, what you think happens to the shadow length over
the course of 24 hours in the summer.”

Have one student share their prediction.

Graph the actual data in pencil with the students
(picture packet, page 11).

Determine the number of daylight hours in the summer
(14 hours).

As a class, fill in the conclusion about number of
daylight hours.

Last Revised: 9/15/2023

Lrgh

9 Using what you have learmed about shadows, make a lioe gragh showing how
shadow length changes over the course of 24 hours b the summes, Use a red
ine to show your predicted valses and a pencd ine to show the actual dvta

How Shadow Lengeh Vkes n the Summes
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10, Whast conchasion can you make from the graphs about the amount of defighe
v oughout the year?

We can conchudke that the number of daright hour's in the susemer is WADKE
tn bn the winter becasse Loa, g SLomaLy theve weve
14 hours of daylight, bn the winter there
were 10 hours of daylioht
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How Shadow Length Varies in the Winter

Time Shadow Length
12:00 am 0
2:00 am
4:00 am 0
6:00 am 0
7:00 am 5
8:00 am 2
10:00 3am 0.5
12:00 pm O
2:00 pm 0.5
4:00 pm 2
5:00 pm 5
6:00 pm 0
8:00 pm o
10:00 pm )
12:00pm 0

Picture Packet, Page 10

How Shadow Length Varies in the Summer

Shadow Length

12:00 am o
2:00 am 4]
4:00 am o
6:00 am 5
8:00 am 2
10:00 2am 1
12:00 pm 0.5
1:00 pm o
2:00 pm 0.5
4:00 pm 1
6:00 pm 2
8:00 pm 5
10:00 pmM

" 12:00pm 0

Picture Packet, Page 11

Sundials (2 minutes)

Tell students, “Since shadows are predictable, before there was electricity, sundials were used to tell

time.”

Have students determine the time of day for each sundial.
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Extra Practice Solutions:

EXTRA PRACTICE
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Directions:
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