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Module 1: Shadows
5" Grade
About the Instructions:

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

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

Day 1: Technique/Observations/Variables (60 minutes)

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

Day 3: Results Table/Experiment/Graph/Conclusion Activity (60 minutes)

Day 4: Conclusion Activity/Conclusion/Question/Materials Page/Experimental Set-Up/Procedure (60 minutes)
Day 5: Results Table/Experiment/Graph/Conclusion (60 minutes)

Day 6: Conclusion/Poster Making (60 minutes)

Day 7: Poster Presentations (60 minutes)

Day 8: Conclusion Assessment/Tie to Standards (60 minutes)

*This schedule assumes the teacher has given the conclusion assessment before SciTrek comes on Day 1

of the module.

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

Student Groups:

For the initial observation (Day 1), students work in three groups of approximately ten students each.
After Day 1, the groups of approximately ten students are further subdivided into three subgroups,
approximately four students each, for the rest of the module. One mentor is assigned to help each group
(which is made up of three subgroups). We find groups/subgroups work best when they are mixed levels
and mixed language abilities.

NGSS Performance Expectation Addressed:

5-ESS1-2 Represent data in graphical displays to reveal patterns of daily changes in length and direction
of shadows, day and night, and the seasonal appearance of some stars in the night sky.
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Learning Objectives:

1. Students will know shadow sizes are affected by the size of an object (height, width, and length) as well as
the location of the light source (light distance, light height, and light angle).

2. Students will be able to determine the relative shadow size of two objects when there is one difference in

either the object size, placement, or the location of the light source.

Students will know a conclusion is a claim supported by data.

Students will be able to classify a statement as claim, data, or opinion.

Students will be able to identify appropriate claims and data for a given data set.

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

Students, in small groups, will be able to select a question and make experiment decision that allows

them to answer their question and present their findings to the class.

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

In order for SciTrek to be sustainable, the program needs to work with teachers on developing their
abilities to run student-centered, inquiry-based science lessons on their own in their classrooms. As
teachers take over the role of SciTrek lead, SciTrek will expand to additional classrooms. Even when
teachers lead the modules in their own classrooms, SciTrek will continue to provide mentors, and all of
the materials needed to run the module. Below is a sample timeline for teachers to take over the role as
the SciTrek lead.
*Groups are made up of approximately ten students and are subdivided into three subgroups
(approximately four students each) after Day 1 of the module.
1. Yearl
a. Classroom teacher leads a group (Role: Group Lead; this is referred to as a mentor in
these instructions)
2. Year2
a. Classroom teacher co-leads the modules with a SciTrek staff member (Role: Co-Lead)
i. Classroom teacher will be responsible for leading entire class discussions (Ex:
conclusion activity).
ii. Classroom teacher will be responsible for time management.
iii. Classroom teacher will be responsible for overseeing mentors and helping any
groups who are struggling.
iv. Classroom teacher will be responsible for all above activities. The SciTrek co-
lead will only step in for emergencies.
V. The SciTrek co-lead will run the tie to standards activity.
3. Year 3 and beyond
a. Classroom teacher leads the modules (Role: Lead)
i. Classroom teacher will be responsible for leading entire class discussions (Ex:
conclusion activity).
ii. Classroom teacher will be responsible for time management.
iii. Classroom teacher will be responsible for overseeing mentors and helping any
groups who are struggling.
iv. For year 3 a SciTrek staff member will co-lead the tie to standards activity
with the classroom teacher, for subsequent years they will run the tie to
standards independently.

SciTrek staff is counting on teacher involvement. Teachers should notify the SciTrek staff if they will not
be present on any day(s) of the module. Additional steps can be taken to become a SciTrek lead faster
than the proposed schedule above. Contact scitrekelementary@chem.ucsb.edu to learn more.
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In addition, teachers are required to come to UCSB for the module orientation, approximately one week
prior to the start of the module. Contact scitrekelementary@chem.ucsb.edu for exact times and dates, or
see our website at scitrek.chem.ucsb.edu/elementary under your class’s module times. At the orientation,
teachers will go over module content, learn their responsibilities during the module, and meet the
mentors who will be helping in their classroom. If you are not able to come to the orientation at UCSB,
you must complete an online orientation. Failure to complete an orientation for the module will result in
loss of priority registration for the following year.

Prior to the Module (at least 1 week):

1. Come to the SciTrek module orientation at UCSB.

Notes for Teachers During the Module:
Note: We highly recommend you give the initial conclusion assessment prior to Day 1 of the module.

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

Day 1:
Have three floor spaces available for students to perform the initial observation. Each group will
need a 2 ft x 4 ft floor space for the experimental set-up, as well as additional space for
approximately ten students to sit. The desks/tables do not need to be moved into groups.

Day 2 - 6:
Have students’ desks/tables moved into nine groups and cleared off.

Day 3-5:

Have nine floor spaces available for students to perform experiments. Each subgroup will need a
2 ft x 4 ft floor space for the experimental set-up, as well as additional space for approximately
three students to sit.

Day 7 - 8:
Have students’ desks/tables cleared off. The desks/tables do not need to be moved into groups.

Scheduling Alternatives:

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

Day 1:
If you would like to have more time for your students to make observations and generate
variables, you can do one or both of the following activities with your class, before SciTrek arrives:
1) Conclusion assessment (highly recommended)
2) Technique activity
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Day 2:

If you would like to have more time for your students to design their experiments, you can do the
example question/experimental set-up, outlined in the Introduction with your class, before
SciTrek arrives.

Day 3:

If you would like to have more time for your students to perform their experiments, you can do
one or both of the following activities with your class:

1) Example graph outlined in the Introduction, before SciTrek arrives.

2) Conclusion activity, after SciTrek leaves.

Day 4:

If you would like to have more time for your students to redesign their experiments, you can
finish the conclusion activity with your class, before SciTrek arrives.

Day 5:

If you would like to have more time for your students to perform their experiments and write
conclusions, you can do the example conclusion with your class, before SciTrek arrives.

Day 7:

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

Day 8:

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

Materials Used for this Module:

N =

o eWw

Maglite Mini AAA LED Flashlight (Walmart Part Number: 551779062)

Colored light filters (Sammy’s Camera part number: orange (Lee Filters 105 (5105), green (Lee Filters
139 (S139), blue (Lee Filters 075 (S075)) cut to fit inside flashlight.

152 cm/60 in flexible measuring tape (ETA hand2mind Part number: IN524)

Ruler (Office Depot Part Number: 2125472)

Masking Tape

Plastic Blocks (height: 2 cm, 3 cm, 4 cm, 5cm, 6 cm, 7 cm, 8 cm, 9 cm, 10 cm; all blocks have widths of
7 cm and depths of 3 cm). (Spracher Engineering fabricates these blocks)

Support Stand with Rod (Spectrum Chemicals and Laboratory Products Part Number: 141-77765-E1)
Rods (below; left) have masking tape marked with the height (every 5 cm, up to 60 cm). Bases (below;
right) have masking tape marked with the direction of the flashlight beam and clamp. Bases also cite
specifications for initial observation.
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Clamp (Fisher Scientific Part number: $99452) Clamps have been modified by tying a string (~70 cm of
string length hanging down). The string is tied to the front of the clamp and secured in this position
with masking tape. This allows students to determine the distance from the flashlight to the block.

10. Swing Arm Protractor (EAIl Education: 502762)
11. Clipboard (OfficeMax Part Number: 21678980)

All printed materials used by SciTrek (notebooks, materials page, picture packet, poster parts,

instructions, and nametags) can be made available for use and/or editing by emailing
scitrekelementary@chem.ucsb.edu.

Types of Documents:

Notebook:

One given to every student and is filled out by the student. The lead will use a notebook to write

in as an example for students. The notebook the lead uses is referred to as the class notebook in
these instructions.

Notepad:

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

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

In these instructions, all other example documents are labeled.
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Note: 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:

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 Mentors) — 25 minutes
Variable Discussion (SciTrek Lead) — 5 minutes
Variables (SciTrek Mentors) — 12 minutes

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 Mentors) — 20 minutes
Variable Discussion (SciTrek Lead) — 5 minutes

Wrap-Up (SciTrek Lead) — 2 minutes

Materials:

(3) Mentor Boxes:
[ Student nametags
[J (NS + 1) Notebooks
[ Mentor instructions
[ Picture of experimental set-
up
I Mentor lab coat

Other Supplies:
1 (3) Notepads

Lead Box:
1 (3) Blank nametags
[ (3) Extra notebooks
[ Lead instructions
1 Shadows picture packet
I Picture of experimental set-
up
[ Lead lab coat
[ Conclusion assessment (if
teacher did not take
assessments, then (35)
assessments)

Variables (SciTrek Mentors) — 9 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

1 (2) Pencils

[ (2) Dry erase markers

1 Measuring tape (152 cm)

J (3) Rulers

1 Masking tape

[ Flashlight with colored filter
(filter must be group color)

1 (3) Ring stand poles

[ Time card

[ (2) Pencils

(] (2) Wet erase markers

1 (2) Black pens

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

[ (3) Measuring tapes (152 cm)
1 (3) Rulers

1 Masking tape

I Flashlight without filter

[J (13) Protractors

[ Clamp with string attached
[ Ring stand base

1 5 cm Plastic block

[ White plastic surface

1 (35) Clipboards

[ Bag with (2) flashlights
without filter, (3) colored filters
(blue, orange, and green), and
(4) AAA batteries

1 (5) Protractors

[ Clamp with string attached
[ 5 cm Plastic block

I White plastic surface
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Notebook and Notepad Pages:

TECHNIQUE
Protractors

Protractors are used to measure and draw angles.

How to measure an angle using a protractor: .
1. Line up the origin with the center point of the ‘,‘

block and place the baseline parallel to the bottom
of the block.

. Move the swing arm to point to the center of the
flashlight.

. Theangle is the value on the outer clear scale, on
the clear side of the swing arm.

N

w

Identify the angle of the flashlight in relation to the box.

1. 2.

Angle: 52° Angle:_iﬁ_é'

OBSERVATIONS
Experimental Set-Up:
-BLOGR Hﬁi@ht =5em OBSERVATIONS
Block V\/i.dth = 7‘ ocm Experimental Set-Up:
Block Length = 2 om Block Height = 5 cim

Light Angle = 60° Block Width = # e

Flashlight pointed at block Block Length = = om

Each square on the block is 1 cmxtem Ligt Angle = o0

Flashlight pointed at blocke

Ench sguave pn.the blocle is 1 cm x 1 cim

Circle the appropriate box:

C N
Z 55
= o On the chart below, color the box that indicates the light distance and light height.
B Fa\
E& L §
Lo a5
z s R 60 / \
k1 2 4 £ 55
2
Ex - _% 50
b ES
g 1 2 4
8% \ £s
2 \ / w20 | .
10 15 20 g 30 35 40 45 50 55 60 £z E’@ >
Light Distance (cm) 2 3 30 I —
(Distance out along floor from the block to string hanging from the flashlight.) §
s
20
0 | 15 | 20 \zf/ 30 | 35 |40 | 45 [ 50 | 55 | 60
Light Distance (cm)
(Distance out along floor from the block to string hanging from the flashlight.)
1 3
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OBSERVATIONS
Light Color: BlUE Light White Light Light Color: BLUE gt White Light
Shadow Color: Black Black Shadow Color: Black ®Black
Shadow Length: 6.5 cm 6.5 cm g 6.5 em 6.5 et
(Length of longest the shadow)
part of the sha.dow) Shadow Width:
Shacowwidth: | 10om | 100m hggimes) 1D 0W i
part of the shadow)
Describe what happened during the experiment:
Describe what happened during the experiment: MJA‘@_LIA‘@_UQLLL@JQLQO_LQLM_@&—
2 4
VARIABLES
Variable How will changing this variable affect the shadows?
ok | ThE taller the block, the shadow VARIABLES
h Le th WLLL awd the Variable How will changing this variable affect the shadows?
HEGNE | votoon will . ook |TRE thler the block, the
- BLocR  Ichadow Length will be
Height Longer, and the width will
The farther the Lot dlista th sty the sanae.
tgnt | 1! ¢ farther ne Ligne distance, the ot ThEfarther the light
O e tig distance, the shadow length
kS THE Wiivii W - Ddistance Will be longer and the width
will be wider.
) The closer the angleisto ; The closer the angle is to 907,
Uight  |the _ the shadow length Light e chorter the shadow
Angle | o e the width, Angle  length and the narrower the
- wioth
; The higher the Light height,
Light  the shadow Length will be
Choose your own! Helght shorter and the width will be
VbﬂYYDWCY.
Block | Hnewiderthe block, the
OCRlshadow Length will stay the
width lsame and the wicth will be
WLoEY.
3 5
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SciTrek Lead:

1.

ik wn

Get the conclusion assessments and put them in the lead box.

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

Make sure mentors are passing out nametags.

Make sure mentors are setting up for the initial observation.

Set up the document camera for the class question (notebook, front cover), technique activity
(notebook, page 2), and block measurement pictures (picture packet, page 1 and 2).

SciTrek Mentors:

1.

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

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

Have notebooks and protractors available to pass out.
Assemble the experimental set-up (shown in picture below as well as in color in the experimental
set-up picture in your group box) on a spot on the floor where approximately ten students can sit.

a. Attach the pole to the ring stand base by screwing them together.

b. Attach the clamp to the ring stand pole at a height of 35 cm.

c. Attach the flashlight with the colored filter to the clamp. Each group will have a filter that
is the same color as their group. For example, the blue group will have a blue filter. Make
sure the front of the clamp and the head of the flashlight are touching (see enlargement
in picture below).

d. Make sure the clamp and flashlight are pointing the correct way as indicated by the labels
on the ring stand base and the string is hanging down from the front of the clamp.

e. Place the white plastic mat on the floor so one of the short sides of the plastic is closest to
the ring stand.

f. Place the 5 cm block on the short side of the white plastic in the center.

g. Place the protractor against the block on the non-plastic side with the swing arm pointed
at 60°. Place the measuring tape under the swing arm of the protractor so that the zero
mark of the measuring tape is touching the block. Use the masking tape to tape down the
measuring tape. Make sure to not cover up the 25 cm mark on the measuring tape. The
protractor will be laying on top of the measuring tape and the swing arm will be tracing
the measuring tape.

h. Use the measuring tape as a guide to position the ring stand so the string connected to
the clamp is hanging over the 25 cm mark of the measuring tape.

i. Make sure the flashlight is in line with the protractor.

j. Turn on the flashlight and adjust the clamp until the flashlight is pointed directly at the
center of the block. When adjusting the flashlight, turn the head of the flashlight until the
light forms the tightest possible circle on the center of the block. Then, turn off the light
until the students have completed their observations of the experimental set-up.

k. Place the three rulers on the white plastic.

I.  Place the flashlight without a filter and ten clipboards next to the experimental set-up.
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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).

Shadow Length Shadow Width

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

For UCSB Lead:

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

fun.”
10
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For Teacher Lead:

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

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

Conclusion Assessment:
(10 minutes — Full Class — Given By Classroom Teacher Prior to SciTrek)

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

For page 1 (top), read questions 1 and 2 aloud and give students time to answer each before moving on to
the next question.

For page 1, question 3 (bottom), read the instructions to students. Then, read each of the statements
aloud and have students circle whether the statement is an example of a claim, data, or opinion.

For page 2 (top), tell students, “We will annotate or mark up the results table as a class.” Read the
directions at the top of the page (on the results table, underline each control, circle each changing
variable, and box data collection) aloud to students. Tell students, “When a variable is a control, it is the
same for each trial and there will be a value written in the Trial 1 box and then an arrow through the
remaining trials, therefore, we will underline the variable.” Point to an example of a control. “When a
variable is a changing variable, it is different for each trial and there will be a value written in each trial’s
box, therefore, we will circle the variable.” Point to an example of a changing variable. Go through the
table and for each variable and have the class say the word in parenthesis as you say the sentence. “Is the
variable changing? (Yes/No) this makes the variable a (control/changing variable), therefore we should
(underline/circle) it.” Then, underline or circle the variable. When you get to the data section tell
students, “This is a new section of the results table and this section contains the data from the
experiment so everything in this section will be boxed.” Have students box the two pieces of data. Then
have them individually decide if the group could make a conclusion (question 4).

For page 2, question 5 (bottom), read step 1 of the instructions aloud to students (/dentify the following
statements as either CLAIM or DATA and write a C or D on the line.). Then, have students fill in whether
they think statement a is a claim or data by writing a C or D on the line. Tell students, “This part is similar
to question 3 of the assessment.” Read step 2 of the instructions aloud to students (Look at the results
table and circle if the statement is a correct claim, correct data, or incorrect. Statements are INCORRECT if
the statement does not agree with the results table or has not been tested.). Point to the results table and
have students circle whether they think statement a is a correct claim, correct data, or incorrect claim or
data. Once students have completed statement a, read statement b aloud and tell students, “Write a C or
D on the line depending on whether you think the statement is a claim or data.” After about 15 seconds
tell students, “Now, look at the results table and circle whether the statement is a correct claim, correct
data, or incorrect.” Repeat the process for statements c-e.

For page 3, questions 6-7, repeat the process from page 2 including annotating the results table as a class.

11
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When students are finished, collect the assessments and verify students’ names are written on the top of
the papers.

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

Have mentors pass out a notebook to each student.

Have students fill out their name, teacher’s name, group color (color of their name on their nametag:
orange, blue, or green), and their mentor’s name (mentors’ names should be written on the board next to
the group color they will be working with) on the front cover of their notebooks. Students will leave the
subgroup number and class question blank. If a student does not have a nametag, only have them fill out
their name and teacher’s name on the cover of their notebook. They will be placed in a group when the
class divides into groups for observations and can fill out their group color and mentor at that point.

Tell the class, “We are going to investigate shadows.” Ask the class, “What are shadows and what causes
them?” By the end of the conversation, make sure students understand that shadows are formed when
an object blocks light, causing a dark area where the light would have been if the object was not there.

Ask the class, “Can one object make different sized/shaped shadows?” By the end of the conversation
make sure students understand the shadow size/shape can change depending on the light source.

Tell students, “For this module, we will be exploring shadows to learn more about what causes shadows’
sizes to change. Therefore, the question that we will be exploring as a class is ‘What variables affect
shadows?’” Write this question on the front page of the class notebook under the document camera and
have students copy the question onto the cover of their notebooks.

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

Have mentors pass out a protractor to each student.

Tell the class, “We will be working with light sources for this module and we will need to be able to
describe the location of the light source. One tool scientists use to do this is a protractor.” Show students
a protractor. Have students turn to page 2 of their notebooks and place the class notebook under the
document camera. Review the parts of the protractor while pointing to each part on an example
protractor.

Tell students, “The outer clear scale shows the angle measurement from 0°-180° and the inner colored
scale shows the angle measurement from 180°-0°. For this module, we will only use the clear outer scale.
The swing arm is the part of the protractor that moves and is used to determine the angle of an object in
relation to another object. The angle is read off the clear side of the swing arm regardless of the scale
used. The origin of the protractor is where the swing arm is attached and should be placed at the center
of one of the two objects. In our experiment we will place the origin on the center of a block. The baseline
is where the start of the inner and outer scale meets and will be lined up parallel to the base of the
reference object (block). To measure an angle, the protractor is put on the reference object and the swing
arm is pointed at the other object. For this module, the other object will be the light source. The angle
between the light and the block can then be read from the outer scale on the clear side of the swing arm.”
A picture of these parts is shown below.

12
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Tell students, “We are now going to determine the angles of a flashlight relative to a block.” As a class,
complete question 1 together. Then, have students complete the next three questions on their own. Once
the majority of students are finished, go over the answers with the students. Tell students, “It is okay if
your answers differ by up to 3° from the angle in the class notebook” (see example notebook below).
Mentors should walk around and assist struggling students as they complete page 2. As soon as students
have completed page 2, have mentors collect the protractors.

TECHNIQUE
Protractors

Protractors are used to measure and draw angles.

How to measure an angle using a protractor:

1. Line up the origin with the center point of the
block and place the baseline parallel to the bottom
of the block.

2. Move the swing arm to point to the center of the
flashlight.

3. Theangle is the value on the outer clear scale, on
the clear side of the swing arm.

Identify the angle of the flashlight in relation to the box.

1. 2.

Angle:__q é‘r Angle: 520°

Angle: 52° Angle: I 3&"

Tell students, “Now that you know how to use a protractor to measure angles, you will be able to use
these skills to determine what angle the light is coming from to create a shadow.”

13
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Observation Discussion:
(4 minutes — Full Class — SciTrek Lead)

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

Tell students, “In this experiment we are going to make observations of a shadow made from two
different light colors. We will need to be able to compare our data with one another, therefore, we will all
need to measure the length and width of the shadows the same.” Put page 1 of the picture packet under
the document camera (below; left).

Demonstrate how to measure the shadow length (picture packet, page 1, left). Line up the 0 cm mark of a
ruler with the front of the block (edge of the white plastic). Place another ruler (numbers side down)
perpendicular to the first ruler at the edge of the shadow, making an “L” with the two rulers. The shadow
length will be the measurement from the front of the block to the beginning of the upside-down ruler and
can be read from the ruler which has its numbers exposed. The shadow length for this example is 8 cm.

Demonstrate how to measure the shadow width (picture packet, page 1, right). Place two rulers (numbers
side down) perpendicular to the short side of the white plastic on either side of the shadow. Turn a third
ruler, with its number side up perpendicular to the other rulers and line the 0 cm mark of it with the
inside edge of one of the upside-down rules. This will result in the rulers making a an “H.” The shadow
width will be the measurement between the two upside-down rules and can be read from the ruler which
has its number exposed. The shadow width in this example is 12 cm.

How to Measure Shadows
Shadow Length

Shadow Widt

1. Line up the o cm mark of a ruler with the front of the 1. Place two rulers (numbers side down) perpendicular
block (front of the white plastic). to the white plastic on either side of the shadow.
. Place another ruler (numbers side down) at the edge 2. Line the 0 cm mark of a third ruler with the inside
of the shadow. This will result in the rulers making edge of one of the upside-down rulers. This will
an “L”. result in the rulers making an “H.”
3. The shadow length will = -
the front of the block t wn rulers. (12 cm)

@em) Picture Packet, Page 1 EEagE Picture Packet, Page 2

N

the measurement between

Turn to page 2 of the picture packet (above; right) and walk students through measuring the shadow
length and width. For this example, you should measure the shadow length to be 9 cm and the shadow
width to be 18 cm.

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

If a student does not have a nametag, identify the group color with the least number of students in it, and
write the student’s name on one of the extra nametags in the lead box, using that color of marker.
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Observations:
(25 minutes — Groups — SciTrek Mentors)

Once students come over to your group, have them sit in boy/girl fashion on the floor around the set up.
Verify the floor is set up as described in the Set-Up section. Pass out a clipboard to each student and have
them turn to page 3 of their notebook.

As a group, have students generate approximately six observations about the experimental set-up before
you turn on the flashlight. Observations should be recorded in the notepad under Experimental Set-Up, or
by circling the light position on the chart and then, copied by students into their notebooks. Observations
about the experimental set-up should be recorded in bullet points to save time. Make sure to record the
following observations about the experimental set-up: block dimensions (height — 5 cm, width—7 cm,
length — 3 cm), and light angle (60°). Show students how to fill in the chart which shows the light distance
(25 cm) and light height (35 cm), making sure to shade in the box that represents their set-up. This should
take you no longer than 10 minutes. Make sure students notice that each of the squares on the plastic
blocks are 1 cm x 1 cm allowing them to easily tell the size of the blocks. An example filled out
experimental set-up for the initial observation is shown below.

OBSERVATIONS

Experimental Set-Up:

Block Height = 5 cm

Block Width = 5 om

Block Length = 3 cm

Light Angle = eo°

Flashlight pointed at block

Each square on the block is 1 cmxtem

OBSERVATIONS

Experimental Set-Up:
Block Helght = 5 e
Block Width = F cm
Block Lenoth = 3 e
Light Anole = o0°
Flashlight pm’,m’cfd ot block
Ench sguave pw. the block is 1 cva x 1 cm

Circle the appropriate box:

N\

60 [\
£ 55 \ - - ) ;
= = On the chart below, color the box that indicates the light distance and light height.
£ ™\
S5 s s [\
S8 =
g2 £ 55
b =
£8 [ =
=230
g2 \ 45
20 \ / = 40 | —
10 15 20 }g 30 35 40 45 50 55 60 £z g@ >
Light Distance (cm) 2 3 30 I —
(Distance out along floor from the block to string hanging from the flashlight.) E
Sk

N
o

10

20

25

30

35

40

45

50

55 60

Light Distance (cm)
(Distance out along floor from the block to string hanging from the flashlight.)

Have students turn to page 4 of their notebooks while you turn to page 2 on the notepad. Turn the
flashlight on and point the light directly at the center of the block and then focus the light in as small of a
circle as possible. The light color should be the same color as your group color (blue group will have a blue
light source). Have students fill in the light color at the top of the chart. They should then fill in all of the
observations for the colored light portion of the chart. For the shadow length measurement, have
students measure from the front of the block to the longest end of the shadow. For the shadow width
measurement, have students measure the widest part of the shadow. As students make observations,
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record them in the notepad. Change the flashlight to the flashlight without the colored filter, which will
produce white light and repeat the observation process.

In the example notebook, the shadow colors for both the colored light and the white light were recorded
as black. Some students may notice that the shadow from the colored light does have a slight color to it
(orange light: blue shadow, blue light: black shadow, and green light: pink shadow). Do not bring this up if
students do not notice this. However, students are welcome to record this if it is noticed. For example,
students can record that for an orange light a black/blue shadow was observed.

If there is additional time, have students write a summary of what happened to the shadow when the
color of the light changed. Have students focus on comparing and contrasting the two shadows.

An example filled out initial observations is shown below.

OBSERVATIONS
Light Color: BLU : —_—
8 —6 Light White Light Light Color: EI AL Light White Light
Shadow Color: Black Black Shadow Color: Black Black
. Shadow Length:
Shadow Length: 6.5 tm 6.5 tm (Cengthot ngstomtor 6.5t 6.5 tm
(Length of longest the shadow)
part of the shadow) Shadow Width:
Shadow Width: (Width of the widest part 10 e 10 cm
(Width of widest 10 cm 10 cem of the shadow)
part of the shadow)

Describe what happened during the experiment:

Describe what happened during the experiment: llhﬂﬂ@Lﬂ@ihﬁ_LL@htL&LaV_duﬂSJAm’—

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

Ask the class questions to review the experiment they carried out, as well as what they learned about how
changing the light color affects the shadow. Make sure, by the end of the discussion, students have
described that changing the light color changes the color they see surrounding the shadow’s outline, but
it does not change the shadow’s size or shape. Ask students, “Which shadow was easier to see, the
shadow generated from the colored light or the white light?” They should reply, “The shadow generated
from the white light.” Ask students, “Which light source do you think we should use for other experiments
and why?” Possible student response: the white light because these shadows are easier to measure and
that the color of light does not affect the shape/size of the shadow.
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Lead students through the following questions, and explanations:
What does the word ‘variable’ mean to a scientist?
variables are the parts of the experiment you can change
What was the changing variable in the experiment we just did?
light color
Do you think there are multiple variables that will affect the size of the shadow?
multiple variables might affect the size of the shadow
Explain, this is why we will need to work as a class to answer the class question: “What variables
affect shadows?”

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

Ex: Variable: block height
Why might this variable affect the shadow? Shadows are caused by the object
blocking light, therefore, different sized blocks might block different amounts of
light.
How would you test this variable? Get blocks that are different heights, and
measure the shadow length.
Prediction: The taller the block, the longer the shadow but it will not affect the
width of the shadow.

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

Note: If you are running behind and there are less than 5 minutes remaining, generate variables as an
entire class instead of in groups.

Variables:
(12 minutes — Groups — SciTrek Mentors)

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

Prepare one student to share a variable, and why they think it will affect shadows, during the class
discussion.
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VARIABLES
Variable How will changing this variable affect the shadows?
Block The taller the block, the shadow VARIABLES
h Le tM WLLL a d the Variable How will changing this variable affect the shadows?
Height | rmoi, i The taller the block, the
— Block  chadow Lenath will be
Helght  longer, and the width will
, i Stay the same.
Light Thlfleo-‘fartkner trhe LL,ng[lt distance, the il T}/ue”farther the Lant
Distance |Shadowlengthwill tig distance, the shadlow lenath

and the wisth will Distance Will be longer and the widith

will be widler.
The closer the anaple is tp 907,

The closer the angle is to ,

tight | the the shadow Llength Light e shorter the shadow
Angle | 0 ne the width, Angle Lev;{%’;h and the narrower the
WL

: The higher the light helght,
Light e chaslow Lenoth will be
Choose Your own! Height [shorter and the width will be
WAYYOWEY.
Lok The wider the block, the
Bloc shadow Length will stay the
width  lsame and the width will be
wider.

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

Have one student from each group share a variable they generated, as well as how and why they think it
will affect the shadow.

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

Clean-Up:
1. Collect notebooks with attached nametags.
2. Take ring stand apart.
3. Putring stand pole and clipboards back into their containers.
4. Place all other materials into your group box and bring them back to UCSB.
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Day 2: Question/Materials Page/Experimental Set-Up/Procedure
Schedule:

Introduction (SciTrek Lead) — 13 minutes

Question (SciTrek Mentors) — 10 minutes

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

Materials:

(3) Mentor Boxes:

1 Nametags I Mentor lab coat 1 (2) Pencils
1 Notebooks I (3) Materials pages (subgroup [ (2) Red pens
O Mentor instructions color & number indicated) O Paper notepad
Lead Box:
1 (3) Blank nametags O Time card 1 (3) Markers (orange, blue,
1 (3) Extra notebooks 1 (2) Pencils green)
U Lead instructions L1 (2) Red pens L1 Paper notepad
O Shadows picture packet O (2) Wet erase markers U1 (2) Example blocks of
O Lead lab coat O (2) Black pens different heights

1 (3) Materials pages
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Notebook Pages:

Experimental Considerations: EXPERIMENTAL SET-UP

Write your changing variable(s) (Ex: block height) and the values (Ex: 5 cm) you will

You will only have access to the materials on the materials page. use for your trials under each block.

. 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. A 8 < °

Mo

w

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

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

) ) .
Changing Variable 1: |_{. % 1t Dletance Light Distance’ 225ecm  _eo0em  _10em  _45cm
Discuss with your subgroup how you think changing variable 1 will affect the shadow. 2) L—/L@ Wt An QLZ : 135° 30° 90° 20°
Changing Variable 2 (optional): i 3) Block width * 7 2em 10 em 4 e
ink changing'variable 2 will affect the shadow.

Discuss with your subgroup how you

Changing Variable(s):

’

Changing Variable 3 (optional):
Discuss with your subgroup how you think changing variable 3 will affect the shadow.

What will you measure? (circle one) hadow Length) Shadow Width Controls (variables you will hold constant):
Write the controls and the values you will use in all your trials (control/value, Ex: light color/white).

QUESTION
Light Color ~ / White Lioht Hetaht! 25 cm
Question our subgroup will investigate: X
, , Block Height/ 7 e Surface hwiite Plastic
If h th . .
" tfwechange the L L S ALk B Block Length! 3om  Block Materiall Plastic
and block width :
what will happen to the Shadow Lel/bﬂ’d’l s
insert what you are measunngjobserving (dependent variable)
SciTrek Member Approval: O SciTrek Member Approval: LO

Get a materials page from your volunteer and fill it out
before moving onto the experimental set-up.

PROCEDURE
Procedure Note:
Make sure to include all values of your changing variable(s) in the procedure (Ex: fora
subgroup that decided to change block height, one step would be: place block that is 7 cm
wide, 3 cm long, and A)2 cm, B) 5 ¢cm, €) 8 cm, and D) 10 ¢cm high on the white plastic).

. et a plastic block that is 7 e high,
3 o long, and A) 7 om, B) 2 e,
W, m Wi
. Place block pn whity tie.

o Turn on white Llight

s Measure the length of the shadow.

SciTrek Member Approval i)

8
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Preparation:

SciTrek Lead:
1. Make sure mentors are setting out notebooks in such a way that allows students within the same
subgroup to work together.
2. Set up the document camera for the 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 during the Introduction.

SciTrek Mentors:
1. Set out notebooks/nametags to allow students in the same subgroup (same number on the front
of their notebook) to work together.
2. Make sure you have three materials pages, each filled out with a subgroup number (1, 2, or 3) and
your group’s color, to give to subgroups after they complete their question.
3. Have a red pen available to approve subgroups’ questions, experimental set-ups, and procedures
(notebook, pages 6-8).

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

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

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

Ask students, “What did we do and learn during our last session?” Possible student response: we did an
experiment in which we changed the light color (colored and white light) and observed the shadow that a
block cast. We learned the color of the light does not affect the size of the shadow, but it does affect how
clearly we see the shadow’s outline. We also generated variables that might affect shadows. Ask the class,
“What is the class question we will be investigating?” Students should reply, “What variables affect
shadows?”

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

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

Subgroups will first generate a question based on the changing variable(s) they plan to explore. They will
then fill out their materials page, which will allow them to determine their experimental set-up. The
experimental set-up will help them generate a procedure, or a set of steps to conduct an experiment. Tell
students, “You will need to keep a few things in mind, while you are going through this process.”

21



Last Revised: 9/11/2024

chTREK

Experimental Considerations:
1. You will only have access to the materials on the materials page.
2. 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.
3. All objects will be rectangular blocks and you will only be able to change one dimension of
the block.

When you tell students experimental consideration 3, show students the two example blocks from the
lead box and tell them, “Two of your block dimensions must be 7 cm and 3 cm, but you can rotate your
block so that you will be able to choose to change either the height, width, or length, of the block.”

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

Tell students, “For the example experiment, the changing variables will be light distance and block
length.” Then, write down the changing variables in the class notebook (notebook, page 6), under the
document camera. Tell students, “When you are going through this process in your subgroups, you may
select one, two, or three changing variables.”

Note: It is important that you select the changing variables for the example experiment to have one
variable about the block and one variable about the light. The materials page for this module is complex
and picking these two variables allows you to go over how to fill out the page for any changing variable.

Tell students, “You will now select whether you will measure the shadow length or width. If you think you
know what will happen to one of these, you might select the opposite to measure. For example, if |
thought | knew how block height affected the length of the shadow, | might decide to measure the width
of the shadow.” Then, circle the measurement that will be taken for the example experiment.

Show students how to insert the changing variables, and what they plan to measure into the question
frame to generate the question that will be investigated, “If we change the light distance and block
length, what will happen to the shadow length?”
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Experimental Considerations:

. 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.

~

w

Changing Variable(s) (Independent Variable(s))
You will get to perform two experiments. For your first experiment, decide which

variable(s) (max three) you would like to test. For each changing variable you select,
discuss with your subgroup why you think that variable will affect the shadow.

Changing Variable 1: i L Ce

Discuss with your subgroap how you think changing variable 1 will affect the shadow.
Changing Variable 2 (optional): B 0 E ( £IN (5 ? f l/[

Discuss with your subgroup how you think changing vdriable 2 will affect the shadow.

Changing Variable 3 (optional):
Discuss with your subgroup how you think changing variable 3 will affect the shadow.

What will you measure? (circle one) Shadow Length) Shadow Width

QUESTION
Question our subgroup will investigate:
- tfwechangethe_Liolt dlictance. and blocke
sert each changing variable (independent variable)
length )
what will happen tothesl/ladDW L@VL th ?

insert what you are measurmg/observing (dependent variable)

SciTrek Member Approval:

Get a materials page from your volunteer and fill it out
before moving onto the experimental set-up.

Tell students, “Once you have determined your question, and have approval, your mentor will give you a
materials page for determining the values of your controls and changing variable(s).” Ask students, “What
is a control?” Make sure, by the end of the conversation, students understand controls are variables that
are held constant during an experiment. For example, if the light height was 45 cm for all of the trials,
then one of their controls would be light height. These controls, and control values, can be different from
the original experiment they conducted on Day 1, but must remain constant throughout all the trials they
do for this experiment.

Show students the materials page (lead box), and read the first step (For each bolded word, underline if it
is a control and circle if it is a changing variable.). Then, have students tell you what to do for each bolded
word. Read steps 2 and 3 on the materials page (For variables that are controls, choose 1 value. For
variables that are changing variables, choose 4 values and write the trial letter next to each value.). Read
the general materials to students, ask them if they need each one, and check the box when they say yes.
Go through the remaining items on the materials page. If a variable is a control, then choose (do not let
students choose) a single value, such as the original value (Ex: 60° for light angle). Assign each control
value to a student, and tell them, “You are in charge of remembering this control, and its value, to help
when filling out the experimental set-up.” For variables that are changing variables, allow students to
select the values. Write the trial letter next to each selected value. Ask students, “Do we want a narrow,
or wide, range of values for the changing variables, and why?” Guide students through selecting a wide
range of values for both changing variables. If they choose a value contrary to their proposed
experimental design, question them on their reasoning. For example, if they said they wanted to use a
wide range of block lengths, and they picked 4 cm, 3 cm, 2 cm, and 5 cm, ask them, “Would the selected
values allow us to best answer the question?” Allow them to change their values if needed. Assign the
changing variable values to the students who chose them.

When selecting the block, remind students that only one of the block dimensions can be a changing
variable. Tell students, “If one of the block dimensions is a changing variable, then, this needs to go on the
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first line under the block on the materials page. If all of the block dimensions are controls, you can select
any block dimension you would like, and put it on the first line. You can then select which other block
dimension will be 7 cm and which will be 3 cm.”

When selecting the light location (light distance and light height) show students how to use the chart. Tell
them, “You can select any light location as long as it is not greyed out.” Show them how to fill out the
section of the materials page above the chart. If one or both of light distance and light height are controls
(such as for light height in the example experiment) show them how to write their selected value on the
line. Then go to the chart and circle the row and/or column that corresponds to the selected value(s). If,
on the other hand, one or both of light distance and light height are changing variables (such as for light
distance in the example experiment), inform them to leave the line blank. Then read students the
instructions directly above the chart and ask the following questions:
If you have no circles you can select/mark any value that is not greyed out.
Ask students, “Is this our case?” They should reply, “No.” Tell students, “If this was your
case, you could put your trial letters in any four squares that are not greyed out.”
If you have one circle you can only select/mark values within that circle.
Ask students, “Is this our case?” They should reply, “Yes.” Have students select four
values within the circle that are spread out, and mark them on the materials page with
the trial letters.
If you have two circles you can only select the values that are circled by both circles.
Ask students, “When did we see something like this?” They should remember this is
what they did on the first day when they were determining the light distance and height
of the white and colored flashlights.

When selecting light angle(s) they can pick any angle(s) between 20° and 160°. They will circle the angle(s)

they will be using in their experiment. If the angle is not on the picture, they can write in the desired angle
in the appropriate spot and then circle it.
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Color (circle one): Orange Blue ight Distance)and Light Height
Subgroup Number (circle one): @ 2 3 OnIyTitotE step 1 if light height is a control and step 2 if light distance is
acontrol.
MATERIALS PAGE 1) If light height is one of your controls: O
. X . a. The value of light height that we will use is: :25 (41727, b
You will only have access to the following materials. o ) b. Circle the row that corresponds to your control value | -
1) For.each bolded word, underline lf.lt is a control and clrFIe if |t.|sa (see example right top) T
varvablg. Example control: Block Width, Example changing variableSBlock Length> 2) If light distance is one of your controls:
2) For var!ables that are m""‘f}s' choose 1 value. i X a. The value of light distance that we will use is:
3) For variables that are changing variables, choose 4 values and write the trial b. Circle the column that corresponds to your control value i L
letter (A,B,C,D or E,F,G,H) next to each value. Ex: ®2 cm A (see example right bottom) =
General Materials: If you have no circles you can select/mark any value that is not greyed out.
Flashlight Ring Stand with Clamp X White Plastic If you have one circle you can only select/mark values within that circle.
R Protractor R Measuring Tape R (3) Rulers If you have two circles you can only select the value that are circled by both circles.
60
Look at the picture below that defines the block dimensions. Two of your block’s Z 55
dimensions (which are controls) must be 7 cm and 3 cm. The third dimension can be a = g
control o and you may select the value(s). You may only circle ONE
of these. & &
®8 40
Block Length Block Width Block Height 2%
25 35 (original
& &
S8 30
%
=B D c
y 20
Height gejetn 0 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60
Light Distance (cm)
(Distance out along floor from the block to string hanging from the flashlight.)
The block’s will be:
ging varia Circle the light angle(s) you will be using between 20° -160°. If the light angle that
2cm c O 5 cm (original) X 8cm D you want to use does not appear in the picture below (example: 30°) write in the
O3em 5 6cm Og9cm angle in the appropriate location and circle it.
O4cm O7cm X 10 cmB o0
, 60" (original) 1200
The block’s hﬂba ht willbe 7 cm.
mustsé a control 45 135
. @
The block’s WLdth will be 3 cm.
must be a control
20 160°
Materials Page |

Tell students, “Once you have completed your materials page, you will fill out your experimental set-up.
First, you will fill out the information on the changing variable(s).” Ask students, “What are the changing
variables for the example experiment, and what values did we select?” Then, fill in the values for trials A
and B only. Tell students, “Second, you will fill in information about your controls.” Draw an additional
control line under the existing control list. Ask students, “What is one of the controls, and its value, for the
example experiment?” Show students how to record the control on the left side of the slash (Ex: light
color) and the value of that control on the right side of the slash (Ex: white) by doing so in the class
notebook. There are six possible variables to choose from on the materials page. If a subgroup changes
three variables, they will be left with two control blanks empty after inserting in the information from the
materials page. Since all control blanks must be filled out, tell students, “You may need to generate two
additional controls that do not come from the materials page.” Lead students to realize this should be
“surface/white plastic” and “block material/plastic.”

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

notebook. Note that several sections are left blank by the lead, but students will fill these in for their own
notebooks.
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EXPERIMENTAL SET-UP

Write your changing variable(s) (Ex: block height) and the values (Ex: 5 cm) you will
use for your trials under each block.

jRNElS

DR . :
4 Light Distance® eo0em 10 cm

N

Changing Variable(s):

2) Block Length * 6 om 10 e
3) !

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

Light Color / White LL@ ht Hﬂlbg)/lt/ 25 e
Block Helght] 7 e Uight Angle | =cr
Block Width! 3 cm _ Suwrface |White Plastic
. .

SciTrek Member Approval:

Tell students, “After you finish your experimental set-up, you will write a procedure for your experiment
that you will be able to follow next session. When writing a procedure, you should include all values of
your controls, and changing variable(s), as well as what data you will collect.” Show students the example
procedure step on page 8 of their notebook (Place block that is 7 cm wide, 3 cm long and A) 2 cm, B) 5 cm,
C) 8 cm, and D) 10 cm high on white plastic.). Tell students, “Once your procedure is completed, you will
get it approved by a mentor.”

Have students start the design process. Place the example question (notebook, page 6) under the
document camera so students may refer to it as they design their experiments. As subgroups move onto

their experimental set-ups, put the example experimental set-up (notebook, page 7) under the document
camera.

Question:
(10 minutes — Subgroups — SciTrek Mentors)

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

After subgroups have decided on their changing variable(s), have them decide and circle what they will
measure. They can then fill out their question. When you sign off on their question, give them a materials
page with their subgroup color and number, designated in the upper right-hand corner. An example filled-
out question is shown below.
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Materials Page:

Experimental Considerations:

. 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.

~

w

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

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

Changing Variable 1: L L cCe

Discuss with your subgroup how you think changing variable 1 will affect the shadow.
P

Changing Variable 2 (optional):

Discuss with your subgroup how you'think changing variable 2 will affect the shadow.

’

Changing Variable 3 (optional):
Discuss with your subgroup how you think changing variable 3 will affect the shadow.

What will you measure? (circle one) hadow Length ) Shadow Width

QUESTION

Question our subgroup will investigate:

o If we change the /“th Qj,ISt‘ZM; /(ékt [Zd(g e
sert each changing variable (iIndependentariable)
and block wiodth :

what will happen totheshadow L@V\z@th ?

insert what you are measurig/observing (dependent variable)

SciTrek Member Approval: O

Get a materials page from your volunteer and fill it out
before moving onto the experimental set-up.

(7 minutes — Subgroups — SciTrek Mentors)

Last Revised: 9/11/2024

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

Make sure students have picked light distances and light heights that are within the limitations given on
the materials page. In addition, ensure students have no more than one block dimension changing. An
example filled-out materials page is shown below.
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Color (circle one):  Orange @Iu® Green Light Distancend Light Height
onl

Subgroup Number (circle one): 1 @ 3 oUT step 1 if light height is a control and step 2 if light distance is
acontrol.

MATERIALS PAGE 1) If light height is one of your controls: O

. . . a. The value of light height that we will use is:
You will only have access to the following materials. b. Circle the row that corresponds to your control value

1) For each bolded word, underline if it is a control and circle if it is a changing (see example right top) IR =
variablg, Example control: Block Width, Example changing variablt& 2) If light distance is one of your controls:

2) For var!ables thatare contro.ls, cho'ose 1value. ) . a. The value of light distance that we will use is:

3) For variables that are changing variables, choose 4 values and write the trial b. Circle the column that corresponds to your control value
letter (A,B,C,D or E,F,G,H) next to each value. Ex: ®2 cm A

A (see example right bottom) 1 =
General Materials: If you have no circles you can select/mark any value that is not greyed out. .
& Flashlight ¥ Ring Stand with Clamp X White Plastic If you have one circle you can only select/mark values within that circle.
= Protractor R Measuring Tape R (3) Rulers If you have two circles you can only select the value that are circled by both circles.
60
Look at the picture below that defines the block dimensions. Two of your block’s £ 55
dimensions (which are controls) must be 7 cm and 3 cm. The third dimension can be a = 50
control o and you may select the value(s). You may only circle ONE E 2
of these. ¥ e i
@ 8 a0
Block Length Block Width Block Height 2%
=5 35 Original
Y
=8 30
5
Width |
" 0 A D
20
Height et 10 | 15 | 20 | 25 [ 30 | 35 | 40 | 45 | 50 | 55 | €0

Light Distance (cm)
(Distance out along floor from the block to string hanging from the flashlight.)

7
The block’s NLATA will be: Light Angle
can be aZhanging variabI®or a control Circle tThe light angle(s) you will be using between 20° -160°. If the light angle that

X2 cmB O 5 cm (original) O8cm you want to use does not appear in the picture below (example: 30°) write in the
O3cm O6cm Ogcm angle in the appropriate location and circle it.

4cm'D 7cmA |ocmc

" 60" (original) 120°
The block’s k el“.a k]! willbe 7cm.
must®d a control 45 6?4
@
th

will be 3 cm.
‘must bewe control

The block’s

@ D 160°

Materials Page

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

Have subgroups use their materials page to fill in their experimental set-ups (notebook, page 7). For
subgroups who have three changing variables, there will be two control blanks that will not come from
the materials page. For these controls students should write “surface/white plastic” and “block
material/plastic.” When you sign off on their experimental set-ups, ensure all students within a subgroup
have the same trial letters corresponding to the same changing variable values; then, collect the materials
page and verify that it is filled out correctly and completely. Filling out the materials page is essential for
students to obtain the correct materials for their experiments on Day 3. An example filled-out
experimental set-up is shown below (left).
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:9/11/2024

EXPERIMENTAL SET-UP

Write your changing variable(s) (Ex: block height) and the values (Ex: 5 cm) you will
use for your four trials under each block.

A B c ‘ D

| |
i g

|
>

Changing Variable(s):
2 Light Distance: 25cm  &0em  10ecm  45cm
2) Light Angle: 135 30 90 20°

3) Block width:  Fem 2cem 10 e 4 o

Controls (variables you will hold constant):
Write the controls and the values you will use in all your trials (controljvalue, Ex: light color/white).

PROCEDURE
Procedure Note:
Make sure to include all values of your changing variable(s) in the procedure (Ex: fora
subgroup that decided to change block height, one step would be: place block that is 7 cm
wide, 3 cm long, and A)2 cm, B) 5 cm, C) 8 cm, and D) 10 cm high on the white plastic).

w Get a plastic block that is 7 ewm high,

3 o long, and A) 7 om, B) 2 e,

W, e Wi
.. Place blocke. on white plastic.

o Turn on white Light

Light Color / White Light Helght | 25 cm
Block Helght | Fom Surface | white Plastic
Block Length [ 3om ®Block Material | Plastic 5. M 20S p ] 2 e ; t ] ﬁ t l ) l 0
SciTrek ber Approval:_{ (7 6
SciTrek Member Approval i)
7 8
Procedure:

(19 minutes — Subgroups — SciTrek Mentors)

After each subgroup has filled out their experimental set-up, they can start on their procedure (notebook,
page 8). Make sure students within the same subgroup are collaborating to write their procedure. Keep
procedures as brief as possible, while still conveying the pertinent information (control values, changing
variable values, and the data they will collect) about the experiment. An example step for a subgroup who
had block height as a changing variable would be, “Place block that is 7 cm wide, 3 cm long, and A) 2 cm,
B) 5 cm, C) 8 cm, and D) 10 cm tall on the white plastic.” Some subgroups may struggle with writing
procedures. You can have these subgroups dictate each step while you transcribe them onto a notepad
found in your group box. Give this sheet to students to copy into their notebooks. Once students have
finished, they should raise their hands and get their procedures approved by their mentor. An example

filled out procedure is show above (right).

If there is time, have your subgroups fill out the variables and prediction section of the results table (see

Day 3 for directions and example page).

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

If there is time, have one student from each subgroup share what question they will investigate. Tell
students, “Next session, you will start your experiments. All of your experiments will help us answer the

class question: What variables affect shadows?”
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Clean-Up:

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

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

Schedule:

Introduction (SciTrek Lead) — 8 minutes

Results Table (SciTrek Mentors) — 3 minutes

Experiment (SciTrek Mentors) — 22 minutes
Graph (SciTrek Mentors) — 10 minutes

Conclusion Activity (SciTrek Lead) — 15 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Materials:

(3) Mentor Boxes:

1 Nametags
[0 Notebooks
O Mentor instructions

[ Picture of Experimental Set-

up
[0 Mentor lab coat
[ (2) Pencils

Last Revised: 9/11/2024

1 (2) Red pens

1 Masking tape

1 Paper notepad

I (3) White plastic surfaces

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

1 Measuring tape (152 cm)
[ Protractor

Other Supplies:

Lead Box:

[ Box with 9 ring stand bases, 9
flashlights, and 9 clamps with
string attached

1 (3) Extra notebooks

[ Lead instructions

[ Shadows picture packet

[ Picture of Experimental Set-
up

[ Lead lab coat

[ Time card

L1 (2) Pencils

1 Requested block(s)
1 (3) Rulers

[ Tube with 9 ring stand poles

1 (2) Red pens

1 (2) Wet erase markers
1 (2) Black pens

1 Paper notepad

1 (6) Rulers

1 (2) Masking tapes

[ Example block (any size)

[ Filled out materials page

1 (35) Clipboards

[ Bag of lead shadows supplies:
((3) measuring tapes (152 cm),
(2) flashlights, (4) AAA batteries,
(2) protractors, (2) clamps with
string attached, (9) blocks — one
of each size)

[ White plastic surface
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Notebook Pages:

White lasic

RESULTS RESULTS
Table Graph

Set up your graph. (Check off the steps as you complete them.)
K] Label the y-axis (vertical) with what you measured, including units (Ex: Shadow Length (cm)).

Aetgn K] Determine an appropriate scale which will allow you to graph all of your data points and write the
numbers on the given lines.

Label the x-axis (horizontal) with your changing variable(s) #1, #2, and #3 (Ex: Block Height).

Fill out the table for each of your trials. For the variables that remain X
constant, write the value in Trial A. Then, draw an arrow through each box Height
indicating the variable is a control. :

Variables Trial A Trial B Trial € Trial D Changing variable #2 and #3 will only be filled in i you have 2 or 3 changing variables.
. . On your results table, label your measurements from 1 to 4, with 1 being the trial with the smallest
Light Color: White measurement, and 4 being the trial with the largest measurement.
N Plot your data in increasing order.
Block Height: 7 cm K] Write the changing variable value(s) (Ex: 3 cm) for the trial that you labeled 1 under the first
column.
Block Width) Fem 2cecm 10 eme 4 & Graph your data for that trial and write the measurement above the bar.
Repeat the process for the other trials.
Block Length: 3t -0
(ight Distancd 25 tm 60 10 emn 45 — 19
Light Height: 25 cm § 16
= N
CLight AngleD 135° 20° 90° 20° < 14
Elad hite Plastic S 12 12 cm
5| Blocke Material | plgctic 3 10 9.5 v
Predictions Trial A Trial B Trial C Trial D @
Putan “S” in the trial that
will give the smallest % . L &cm o5 L
U | shadow length/width and S
S | a“B”in the trial that will B S -g
give the biggest shadow 4
lengthjwidth. =~
Data TrialA = TrialB 4| TrialC 4/ TrialD o V) ] / /
o
% - Shadow 0 % A % %
g or 9.5 cm ot 12cm .5 tm ,
g A Block Width: 2cecm 4 om Fom 10 e
g Width Changing Varisble #1
Light Distance: coem  45em 25 cm 10 em
The independent variable(s) is(are) the changing variable(s) and Changing Varable 12
& el b Light Angle : 30° 20° 135° 90°
ChangingVarisble 73
9 10
SCIENTIFIC PRACTICES
Conclusions

1. Directions: Fill in the missing definition.

« Condlusion: _(1_cLALI QM‘Pan—Pd hiu dota

e Claim: A statement that can be tested. The explanation of the data, the

first part of a conclusion.
= Ex: Donuts have more fat than toast
e Data: Evidence collected from experiment(s) (measurements or
observations), the second part of a conclusion.
= Ex:iserving o has [iTgrams]of fat while 1 serving o
has[5 gramsof fat.

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

a. outof1g people, onlcan ridea Claim Opinion

unicycle

b. puppies are cute descriptive Claim Data

wwnber

¢ people who get 4 hours of sleep Data Opinion

experience dizziness

d. ants were[observed|on syrup, Claim Opinion

starbursts, and frosted flakes

e. the fastest land animal in the world is Data Opinion

the cheetah
. when 2 mL of vinegar was mixed with Claim Opinion
2 g of baking soda]1 Ljof gas was
produced
g. themoresimple the flower, the more ~ Claim Data
bees on the flower
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Preparation:

Last Revised: 9/11/2024

SciTrek Lead:

1.
2.
3.

4.

Make sure mentors are setting out notebooks.

Make sure mentors are setting up for the experiment.

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 picture
(picture packet, page 1).

Have example block available to show students during the Introduction.

SciTrek Mentors:

1.
2.

Set out notebooks/nametags.
Set-up experiments in separate areas on the floor.

a. Putthe ring stands together and attach the flashlight to the clamp. Make sure the
flashlight is flush with the front of the clamp. Place the clamp at the lowest place on the
ring stand to allow students to put the clamp at the appropriate height(s) when they do
their experiment.

b. Place bags with supplies (labeled with subgroup numbers), white plastics, and ring
stand/clamp set-ups in three unique spots on the floor along with four clipboards.

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

How to Measure Shadow Lengths (left image below)

1.
2.

Line up the 0 cm mark of a ruler with the front of the block (edge of the white plastic).

Place another ruler (numbers side down) at the edge of the shadow. This will result in the rulers
making an “L.”

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.

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.”

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).

Shadow Length v Shadow Width
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Introduction:
(8 minutes — Full Class — SciTrek Lead)

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

Ask the class, “What is the class question we are investigating?” Students should reply, “What variables
affect shadows?”

Tell students, “Today, you will conduct your experiments to answer this question. However, before you
start your experiments, you need to fill out the results table (some students might have completed this in
the previous session).” Put the filled-out results table (picture packet, page 3, below, left) under the
document camera. Tell students, “You should first underline controls, circle changing variables, and box
information about data collection. For controls, you will write the control value in the Trial A box. Then,
draw an arrow through the remaining trials’ boxes. For the changing variable(s), you will write the
changing variable value in each box.” Show students both of these on the filled-out results table. Tell
students, “Once you have filled out your results table, you will make predictions about which trial will
produce the smallest and biggest shadows. You will write a ‘S’ in the box of the trial you think will produce
the smallest (shortest or skinniest) shadow, and an ‘B’ in the box of the trial you think will produce the
biggest (longest or widest) shadow. If you think all trials will produce the same size shadow, you will write
‘same’ over all boxes. Once finished, you can raise your hands and you will be dismissed to go to the spot
on the floor that has your experimental supplies.”

Tell students, “Once you have collected your data, you will display your measurements on a graph.” Show
them how to make a graph using the example data, but make sure they do not copy this data into their
notebooks; they will graph their own data. Take out the example results table (picture packet, page 3;
below, left) and put it under the document camera. Also, have the class notebook open to page 10. Tell
students, “For this example experiment, the question was, ‘If we change the block height and light
distance, what will happen to the length of the shadow?’” Point to the checklist at the top of page 10 of
the class notebook and tell students, “In order to make a graph, you will need to follow the checklist at
the top of this page.”

Go through the checklist, and use the results table in the picture packet, to show students how to set up
the graph and plot the data points. For the example, only plot the first two data points.

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

L] Label the y-axis (vertical) with what you measured, including units (Ex: Shadow Length (cm)).
Tell students, “Since the question is about shadow length, | will graph shadow length.”
Write “shadow length (cm)” on the y-axis of the graph.

L] Determine an appropriate scale which will allow you to graph all of your data points and write
the numbers on the given lines.

Tell students, “We need to make sure the longest shadow can be plotted on the graph.”
Have students refer to the results table in the picture packet and ask them to identify the
longest shadow that was measured (47 cm). Then ask, “Would we be able to fit this
shadow length on the graph if we counted by ones?” Students should reply, “No.” Then
ask, “What should we count by in order to make sure that the longest shadow’s length
will fit on the graph?” Make sure that the class reaches the consensus of fives. When
students make their own graphs, they should only count by ones, twos, or fives. Number
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the y-axis, making sure students know to start counting at zero. Completely number the y-
axis to the top; do not stop numbering after you have passed the largest number you will
graph. For example, with a maximum shadow length of 7.5 cm, you would number all the
way to 10 cm.

L] Label the x-axis (horizontal) with your changing variable(s) #1, #2, and #3 (Ex: Block Height).
Changing variable #2 and #3 will only be filled in if you have 2 or 3 changing variables.
Ask students, “What are the changing variables in this experiment?” Students should
reply, “Block height and light distance.” Record “Block Height” as changing variable #1,
and “Light Distance” as changing variable #2.

L1 On your results table, label your measurements from 1 to 4, with 1 being the trial with the
smallest measurement, and 4 being the trial with the largest measurement.

Tell students, “Graphs are used to see how changing variables affect a measurement. One
way to make it easier to find patterns is to graph the data in increasing order.” Put the
example results table (picture packet, page 3, below, left) under the document camera,
and have students help determine the order in which the trials will be graphed (A, C, D,
then B). Write the appropriate number by each trial. This is the step that both students
and mentors often forget, so emphasize its importance when completing it with the class.

Plot your data in increasing order.
Tell students, “Now that you have determined the order in which you will graph your data, you
need to plot your data in increasing order. To do this, there are a few steps you need to follow.”

1 Write the changing variable value(s) (Ex: 3 cm) for the trial that you labeled 1 under the first
column.
Ask students, “Which trial was labeled 1?” Students should reply, “Trial A.” Then, ask
them, “What should | write next to block height and light distance for the first column?”
Write “5 cm” for block height and “10 cm” for light distance in the class notebook.

(1 Graph your data for that trial and write the measurement above the bar.
Ask students, “What shadow length should we graph for the first column?” Students
should reply, “5 cm.” Put your finger at zero, and tell students, “Tell me when to stop
once | reach the appropriate level.” Once you have reached the level, draw the line, write
the numerical value over the line, and quickly shade below the line. Tell students, “Look
how quickly I filled in the column. | challenge you to fill your graph in faster than | did,
when you graph your own data.”

1 Repeat the process for the other trials.
Ask students, “What are the values of the changing variables for the trial we will graph
next?” Students should reply, “3 cm for block height, and 45 cm for light distance.” Write
these in the next column. Ask students, “What is the shadow length for this trial?”
Students should reply, “23 cm.” Have students help you identify 23 cm on the graph,
then, draw a line, and write the numerical value over the line. Tell students, “I will only
graph the first two data points, but in your subgroups, you will graph all four points.”
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RESULTS
RESULTS Graph
Tabl Set up your graph. (Check off the steps as you complete them.)
able

K] Label the y-axis (vertical) with what you measured, including units (Ex: Shadow Length (cm)).

K] Determine an appropriate scale which will allow you to graph all of your data points and write the
numbers on the given lines.

[ Label the x-axis (horizontal) with your changing variable(s) #1, #2, and #3 (Ex: Block Height).
Changing variable #2 and #3 will only be filled in if you have 2 or 3 changing variables.

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.

Variables Trial A Trial B Trial C Trial D [ On your results table, label your measurements from 1to 4, with 1 being the trial with the smallest
measurement, and 4 being the trial with the largest measurement.
. Light Color: White Plot your data in increasing order.
5 K] Write the changing variable value(s) (Ex: 3 cm) for the trial that you labeled 1 under the first
¥l Block Height: 5 cm 10 eme 3 m Fem column.
3 I Graph your data for that trial and write the measurement above the bar.
£ Block Width: 7— i Kl Repeat the process for the other trials.
S _
E Block Length: 2o 50
£ Whtdistance) | 1o eom | eOem | 45cm | 25cm > 45
: Light Height: 5 § 40
£ 8 ight: 25 tm s
é A 5
a ight Angle: °
2 Light Angle: 20 < 3
& P .
5 White Plastic -‘é 20
5 |
§ Plastic i 25
§, Predictions TrialA 1 Trial B 4 TrialC Trial D = j 20
©f | Putan “S”in the trial that ;
will give the smallest = 15
U | shadow length/width and IS B <> -
S | a“B” in the trial that will =
give the biggest shadow = 10
length/width. < 5o 7o
Data Trial A Trial B Trial C Trial D (/) 5
o
£ Fadow 0
[} g
g or 5 cm 30 et Fem |10 e
i Width Block Helght: 5o 3om
. Changing Varable #1
Light Distance: 10cm 45 cm

The independent variable(s) is(are) the changing variable(s) and
the

variable is the Changing Variable #2

3 prem—

Picture Packet, Page 3

Remind students how we define the block dimensions. Show students the example block. Place the block
on the edge of the picture packet and tell them, “The picture packet will represent the white plastic and
the light source would be in front of the block.” Ask students, “What do we call the block dimension going
up?” Students should reply, “Height.” Ask students, “What do we call the block dimension going across
the front of the white plastic?” Students should reply, “Width.” Ask students, “What do we call the block
dimension going away from the light?” Students should reply, “Length.” Show students they can look at
the picture at the top of their results table if they forget which dimension is which.

Put page 1 of the picture packet under the document camera and review how to measure the length and
width of the shadow. Have students identify, by raising their hands, if they are measuring shadow length.
Then, tell those students, “When measuring the length of the shadow, you will line up the 0 cm mark of a
ruler with the front of the block (front of the white plastic). You will then place another ruler (numbers
side down) perpendicular to the first ruler at the edge of the shadow, making an ‘L’ with the two rulers.”
Have students identify by raising their hands if they are measuring shadow width. Then, tell those
students, “When measuring the shadow width, you will place two rulers (numbers side down)
perpendicular to the short side of the white plastic on either side of the shadow. You will then measure
between the two rulers with a third ruler to find the shadow width resulting in the rulers making an ‘H’
with the three rulers.”

Tell students, “You will now fill out your results tables and start your experiments. When you are done
with your experiments, you can graph your results.”

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

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

When students have finished, have them make predictions about the shadows. Have them write an “S” in
the box of the trial they think will produce the smallest shadow length/width and a “B” in the box of the
trial they think will produce the biggest shadow length/width. They will leave two of the boxes empty. If
they think all trials will produce the same shadow length/width, have them write “same” over all of the
boxes. It is okay if the students in a subgroup have different predictions. An example filled-out results
table is shown in the Experiment Section below (left).

Experiment:
(22 minutes — Subgroups — SciTrek Mentors)

Once subgroups have finished their results tables, show them where their supplies are. If students are
missing any of their experimental materials, the lead box has extra materials. If students have a fixed light
angle, you can give them masking tape from your group box to tape down their measuring tape so it does
not move. For these students, the measuring tape should go under the protractor. For subgroups
changing light angle, one option is to have the protractor’s swing arm in the correct orientation and then
put the measuring tape on top of the protractor. Do not tape down the measuring tape because it will be
moved for the next trial. Another option for changing light angle is to keep the measuring tape taped
down but move the white plastic instead to change the angle. Either way, remind students to make sure
that the flashlight is in line with the protractor and the string is hanging down from the front of the clamp.

Have subgroups show you their set-ups for their first trial before taking any measurements. When
checking subgroups’ set-ups, verify they have their block in the correct orientation. If subgroups have
chosen to change the light angle, and the shadow becomes too wide for the white plastic, the plastic may
be moved to see the entire shadow. However, make sure that the direction the block faces does not
change when the white plastic is moved. If the shadow is longer or wider than the ruler, have students
use a measuring tape found in the lead box.

Make sure subgroups are measuring the correct shadow dimension (length or width) stated in their
guestion and the shadow is being measured as described in the Preparation section above. Have students
record the measurement before moving onto the next trial. If your group has things under control, help
other subgroups. As soon as subgroups finish their experiments, they can graph their results. Do not take
down the experimental set-ups until after subgroups have finished their graph. This way they can check
their measurements, if needed. An example filled-out results table is shown below (left).
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RESULTS RESULTS
Table e Graph

Setup your graph. (Check off the steps as you complete them.)
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.

K] Label the y-axis (vertical) with what you measured, including units (Ex: Shadow Length (cm)).
Hetgn K] Determine an appropriate scale which will allow you to graph all of your data points and write the
numbers on the given lines.

- - - - - [ Label the x-axis (horizontal) with your changing variable(s) #1, #2, and #3 (Ex: Block Height).
Variables Trial A Trial B Trial € Trial D Changing variable #2 and #3 will only be filled in if you have 2 or 3 changing variables.
) . . & On your results table, label your measurements from 1 to 4, with 1 being the trial with the smallest
a Light Color: White measurement, and 4 being the trial with the largest measurement.
S - Plot your data in increasing order.
3 Block Height: Feom & Write the changing variable value(s) (Ex: 3 cm) for the trial that you labeled 1 under the first
S column.
é Block Widthd Fem 2m 10 em 4 tm & Graph your data for that trial and write the measurement above the bar.
3 Repeat the process for the other trials.
5
3 Block Length: 3 tm
® 20
c
£ | Clght Distancd 25 o0 et 10 e 45 et —~ 12
§ g
s i iht:
E Light Height: 25 tm 3 16
2 Light Angle:
2 ight Ang| 135° 320 90 20 f 14 15
__Swrflee |\ { e
g el hite Plastic g 12
.8 £
§ | Block Material | plgotic B 10 9.5 cm
En Predictions Trial A Trial B Trial C Trial D Q—
2
@/ | Putan “S” in the trial that
will give the smallest % - eem | .5 cht
B | shadow length/width and &
‘G | a“B”in the trial that will E S E
give the biggest shadow 4
length/width. »{%
Data TrialA = TrialB 1] TrialC 4| TrialD o 2- / / / /
o
£ - Shadow 0 % % % %
=] E
g or 9.5 cm &6 om 12ecm | e.5m |
g Width Block Width: 2cm 4om Feom 10 em
= Changing Variable #1
Light Distance: eoem  45cm 25cm 10 om
The independent variable(s) is(are) the changing variable(s) and Changing Veriable
th variable s the Light Angle:  z0° 20° 135° 90°
) Changingveriable 3 o

Graph:
(10 minutes — Subgroups — SciTrek Mentors)

Help subgroups fill out their graphs by having them complete the checklist on the top of page 10. Be sure
students label the y-axis with “Shadow Length (cm)” or “Shadow Width (cm),” and the x-axis with all of
their changing variable(s). Students will need to decide what scale to use on the y-axis. Students can use
ones, twos, or fives. Step 4 of the graphing checklist has students label their measurements in increasing
order (1-4) on their results table to ensure that they are graphed in increasing order, as seen in the
example above. This makes it easier for the students to see trends in their data. In the example above, the
trials were graphed in the following order: B, D, A, C. Once students have graphed their values, make sure
they write the numerical value of the shadow length or width on top of each column, so it is easy to
quickly read the graph. An example filled-out graph is shown above (right).

Note: It is okay if students do not complete their graph by the time the lead starts the conclusion activity.
Do not have students go back and finish their graph (even if they only changed one variable). Students
who do not finish their first graph will present their second experiment and, therefore, will not need their
first graph.

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

Note: Even if all students are not finished with their graphs, it is important to start the conclusion activity
at least 10 minutes before the end of the session.

If students are still sitting on the floor, have them return to their original class seats. Have students turn to
page 11 in their notebooks while you turn to page 11 in the class notebook displaying it under the
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document camera. Tell students, “Before you analyze your graph and draw a conclusion, it is important
that you recognize and understand other scientists’ conclusions.”

Ask the class, “What is a conclusion?” After listening to the students’ answers, make sure they understand
a conclusion is a claim supported by data. Write this definition on page 11 of the class notebook for
students to copy.

Tell students, “In order to make a conclusion, we need to make sure we understand the difference
between a claim and data.” First, read the definition of a claim, then, read the example. Tell students, “A
claim is a statement we can verify by testing.” Have the class generate two examples of statements that
are claims. After a student suggests a possible claim, ask the class, “Can this statement be verified by
testing?” Have students hold their thumb up if it can, making it a claim, and down if it cannot. Several
examples are shown below.

Examples: rabbits are faster than mice
giraffes are taller than horses
watermelons weigh more than pumpkins

Next, read the definition of data and the example. The example data supports the example claim,
therefore, by combining the two statements, a conclusion can be formed. This conclusion would be:
Donuts have more fat than toast, because 1 serving of donuts has 11 g of fat, while 1 serving of toast has
5 grams of fat. Tell students, “Data often contains a numerical measurement such as a height (5 m), or a
mass (20 kg). When you see data in a statement, you should box it.” Have students identify, and then box,
the data in the statement (11 g and 5 g). Ask students, “Does data have to contain a numerical
measurement?” By the end of the conversation, make sure students understand data can also exist in the
form of observations. Tell students, “When a statement contains observational data, the statement will
say things like ‘we observed,” ‘we recorded,” or something else to let you know the experiment was
carried out.” If desired you can point out that bread type was the changing variable and circle

donuts and toast.

Ask students, “Are all statements either a claim or data?” Lead students to realize some statements are
neither a claim nor data. Acommon example of a statement that is not a claim or data is an opinion
statement. Have students generate an example of an opinion statement.

Ex: Watermelons taste better than pumpkins.

Read the directions to part 2 aloud to the class. Tell students, “We will now work as a class to look for
clues in the statements to identify whether it is a claim, data, or opinion.” For each statement, read it
aloud to students, then have a student share what they think the correct answer is and why. Have
students vote using thumbs up/thumbs down if they agree/disagree with the student’s reasoning. After
the class has come to a consensus, circle the correct answer on the class notebook for students to copy. If
the statement is a claim, have the students state the data they would need to collect in order to make a
conclusion. If the statement is data, have the students generate a claim that could be supported by that
data.

For each statement, underline any controls, box any information that is and double underline any
opinions.
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Conclusions

1. Directions: Fill in the missing definition.
+ Conclusion:_(1_cl.alim Supported by dotno

e Claim: A statement that can be tested. The explanation of the data, the

first part of a conclusion.
= Ex: Donuts have more fat than toast
e Data: Evidence collected from experiment(s) (measurements or
observations), the second part of a conclusion.
= Ex:iserving 0 has fiTgrams]of fat while 1 serving o
has[5 gramsof fat.

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

a. outof10 people, onlcan ridea Claim Opinion

unicycle

b. puppies are cute descriptive Claim Data

wtsmber

¢ people who get 4 hours of sleep Data Opinion

experience dizziness

d. ants were[observedjon syrup, Claim Opinion

starbursts, and frosted flakes

e. the fastest land animal in the world is Data Opinion

the cheetah

f.  when 2 mL of vinegar was mixed with  Claim Opinion

2 g of baking soda_h Llofgas was

produced

g the more simple the flower, the more  Claim Data

bees on the flower

Below are the explanations and answers to part 2, letters a-g, on page 11.

a. out of 10 people, only @ can ride a unicycle
What type of statement is this, and how do you know?
Data, because it contains a measurement
What claim could be paired with this statement to make a conclusion?
More people are unable to ride a unicycle than those who are able

b. puppies are cute
What type of statement is this, and how do you know?
Opinion, because it contains the word cute

c. people who get 4 hours of sleep experience dizziness
What type of statement is this, and how do you know?
Claim, because this is something that you can test

What data would you need to obtain to support the claim?
Count the number of people that feel dizzy after getting 4 hours of sleep and compare
that with the number of people that do not feel dizzy

Are the numbers in this statement a measurement from the experiment?
No, the numbers are describing the experiment and are called descriptive numbers. Tell
students, “Descriptive numbers are controls because they are values that are the same
for all trials.” Write “descriptive number” above 4 hours.
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d. ants were on syrup, starbursts, and frosted flakes

What type of statement is this, and how do you know?
Data, because it contains an observation

What claim could be paired with this statement to make a conclusion?
Ants are attracted to sugar

e. the fastest land animal in the world is the cheetah
What type of statement is this, and how do you know?
Claim, because it can be tested
What data would you need to obtain to support the claim?
Find the time it takes different animals to run a set distance

f. when 2 mL of vinegar was mixed with 2 g of baking soda, of gas was produced
What type of statement is this, and how do you know?
Data, because it contains a measurement
What claim could be paired with this statement to make a conclusion?
Mixing vinegar and baking soda results in a chemical reaction

g. the more simple the flower, the more bees on the flower
What type of statement is this, and how do you know?
Opinion, because it contains the word simple

If there is additional time, you can continue on to the next page of the conclusion activity. For details on

how to do this see Day 4.

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

Tell students, “Next session, you will analyze other scientists’ data to identify appropriate claims and data
statements. You will then analyze your own data, and either write a conclusion for your experiment or
determine why you cannot draw a conclusion. Afterwards, you will get to design a second experiment.”

Clean-Up:

Collect notebooks with attached nametags.

Take ring stands apart.
Put ring stand poles, flashlight, clamps, ring stand bases, and clipboards back into their containers.

Place all other materials into your group box and bring them back to UCSB.

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

Schedule:
Introduction (SciTrek Lead) — 2 minutes
Conclusion Activity (SciTrek Lead) — 30 minutes
Conclusion (SciTrek Mentors) — 5 minutes
Question (SciTrek Mentors) — 5 minutes
Materials Page (SciTrek Mentors) — 5 minutes
Experimental Set-Up (SciTrek Mentors) — 5 minutes
Procedure (SciTrek Mentors) — 6 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Materials:
(3) Mentor Boxes:

[ Student nametags
[0 Notebooks
O Mentor instructions

O Mentor lab coat
1 (3) Materials pages (subgroup
color/number indicated)

1 (2) Pencils
1 (2) Red pens
1 Paper notepad

Lead Box:
1 (3) Extra notebooks
[ Lead instructions
1 Shadows picture packet
[ Lead lab coat

1 (2) Wet erase markers
1 (2) Black pens
1 Paper notepad

1 (3) Materials pages
[ Time card

[ (2) Pencils

1 (2) Red pens

Notebook Pages:

SCIENTIFIC PRACTICES

Conclusions
SCIENTIFIC PRACTICES
Conclusions Variables Trial A Trial B
Light Color: White
3. Directions: Draw a line connecting claims with the correct data. If there is no data Block Height: 9cm
that supports the claim, do not draw a line. Block Width: 7cm
Light Distance: 50 cm
Claim Because Data Light Height: 30cm
1. More people go to soccer a. 1ml of diet coke weighs 5 ight Angled 30° 60°
matches than basketball g and 1 ml of coke weighs Data Trial A Trial B
games 118 ¥
g Shadow Length: 6cm 10cm
H
s i 1: Identify tatementsas either CLAIM or DATAand write a C or D on the line. Step 2: Look at the
2. Spicy food causes b. of people get results table and circle f the statement is a correct claim, correct data, or incorrect. Statements are INCORRECT if the statement does
not agree with the data table or has not been tested.

heartburn

heartburn when they use
hot sauce and of

Step 1: Step 2:
Statement Based on the table, is the statement

Type:Cor D correct claim, correct data, or Incorrect?
people get heartburn
when they don’t use hot a.  thedight heighpaffects the length r Correck  Correct
£ T T x e
sauce. of the shadow ~ Thcorrec
Claim Data u
3. Carsincrease air pollution c. The air has been b. a largeill resultina Correct
to be brown in areas with longer shadow L Data Incorrect
large numbers of cars. deseriptive number
¢ whenablockis g cm tall, different
Qghtangle>give different shadow Correct
< 2 Incorre
lengths L Data correct

4. Diet coke weighs less than
regular coke

.

10 people went to the
movies, while 15 went
shopping.

d.  when the light angle was@ the
shadow length wasgcm]

Correct  Correct -
L Claim Data @

What data can be used to support claim b above? W)/\ JAW t]/[F L/LOQ )/lt
)

[6 cnmdand when the Lioht anole was

@D, the shadow length waslio cnd

13
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SCIENTIFIC PRACTICES SCIENTIFIC PRACTICES
Conclusions Conclusions
Variables Trial A Trial B 6. Directions: Decide if a claim/conclusion can be made for each of the following results tables
Light Color: White and graph.
CBlock Heigh» 6cm 10 cm
Block Width: 7¢m Table A Table B
TLght Distanced i ol Variables Trial A Trial B Variables Trial A Trial B
LishtHeight: 35cm Lghtcor | White Lghicdor | white
LightAngle: 90° GED|  sam 4am Blockiieighy | room
Data Trial A Trial B B idth: 3am B idth: 7am
£ 25am 30m e | o
% 5cm 13cm Light Height: 35cm @ 10 cm 40 cm
2 Lghtangls | 4 o Lshtange | oo
Data Trial A Trial B Data Trial A Trial B

. Step 1: Step 2t adow R " Shadow n ¢
Statement  Based on the table, is the statement a Length: o S ength: s &

Type:Cor D correct claim, correct data, or Incorrect?

a.  theRuig ghB the longer the

shadow £ Corvect = Correct Can this scientist make a claim/conclusionz NJ ) Can this sclentist make a claimlconclusion?¥es
E— Claim Data
b.  when the block height was@ c) the

J Table C Graph D
shadow Iength wag[5 cm] and when D Correct P!
the block height wa%» the Claim Incorrect
shadow length was| Variables Trial A Trial 8
Light Color; White |
¢ ghpi - €
<« :‘:;ZZSIEI: smaller, the C Correct  Correct [lock HeighD> scm 9cm =
8t 3 — Claim Data BlockWidth: 7cm o
Light 3
. thel hedght distancs} th D 45em
¢ Ito: Z:(g:; :haw length P e C Correct  Correct Light Height; 0 cm é
e —=—  Cam  Data & =
Light Angle: 30° &l
If no claim can be made from the data state why not. NIo claiing coia Data Trial A Trial B
P
he mande hecowse theve (s maove o owne T 2am sam

chanalnovadable

If no claim can be made from the results, can you make a conclusion?
[Jves [X]no

Can this scientist make a claim/conclusion? ¥gs Can this scientist make a claim/conclusion? N

Making a Conclusion from Your Data Changing Variable(s) (Independent Variable(s))

For your second experiment, decide which variable(s) (max three) you would like to
How many changing variables did you have in your experimentz 2 test.

Changing Variable 1: & 0O 1& LE ﬂi‘g ]/[
Can you make a conclusion from your data? DVES E NO

Changing Variable 2 (optional):

IFNO Changing Variable 3 (optional):
.
whye | connot malee a conclusion because
, What will you measure? (circle one) Shadow Width
m ment more t _
’ ,
changing variable.
QUESTION
IFYES Question our subgroup will investigate:
Ifwe change the Nne 0. Lein ) X
CONCLUSION ¢ ffwe change the sert eac rEgklg arable Variable]
S—— what will happen to the SM“D(OW LeV\zﬂtM - ?
= insert what you are Varable

N

data (measurementsjobservations) SciTrek Member Approval: >

because

Get a materials page from your volunteer and fill it out
before moving onto the experimental set-up.

SciTrek Member Approval L( D

16 17
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EXPERIMENTAL SET-UP PROCEDURE
Procedure Note:
Write your changing variable(s) (Ex: block height) and the values (Ex: 5 cm) you will Make sure to include all values of your changing variable(s) in the procedure (Ex: Fora
use for your trials under each block. subgroup that decided to change block height, one step would be: Place block that is 7 cm
wide, 3 cm long, and E) 2 cm, F) 5 cm, G) 8 cm, and H) 10 cm high on the white plastic.).
. ,
] 7 - "] « Get a plastie block that s 7 em
, ,
high, 2 cvw wide, and €) 3 em, F) 10
cm, &) R e, and H) & cm long
, ,
Changing Variable(s): = Place blocke on white plastie,
1) Block Length : 3 em 10 e e & em
2)
3) : . , ,

3.
heloht 50 cm, and angle &0°

Controls (variables you will hold constant): 4 T one white L @ It

Write the controls and the values you will use in all your trials (control/value, Ex: light color/white).

Light Color _ / White  (ight Distance ! 50cm

Block Height | F em Light Helght | 50 cvn 5. Measuye the Len gtﬂ 0# the ¢ ﬂ(]d DWW
Block width | 2 om _ Uight Angle leor
6.
SciTrek ber Approval: Lo
SciTrek ber Approval: (D
18 19

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

SciTrek Mentors:
1. Pass out notebooks/nametags.
2. Make sure you have three materials pages, each filled out with a subgroup number (1, 2, or 3) and
your group’s color to give to subgroups after they complete their question.

3. Have a red pen available to approve subgroups’ conclusions, questions, experimental set-ups, and
procedures (notebook, pages 16-19).

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

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

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

Tell students, “Today, you are going to match claims with appropriate data and then analyze scientists’
data to determine which claims and data are appropriate for a given set of results. Afterwards, you will
analyze your own data to see if you can make a claim/conclusion. You will then have the opportunity to
design a second experiment or redesign your first experiment, which will be carried out during the next
meeting.”
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Conclusion Activity:
(30 minutes — Full Class — SciTrek Lead)

Have students turn to page 12 in their notebooks. While you put the same page of the class notebook
under the document camera.

Ask students, “What is the definition of a conclusion?” Students should reply, “A claim supported by
data.” Ask students, “What is the definition of a claim?” Students should reply, “A statement that can be
tested.” Ask students, “What type of information can be used for data?” Students should reply,
“Measurements or observations.”

Tell students, “You are now going to try matching claims with supporting data. Be sure to read the
statements carefully, because not all of the claims will make a match. Only draw lines between the claims
that match up with supporting data.” Allow students approximately 2 minutes to work by themselves,
then go over the answers as a class.

Ask the class, “Has anyone identified a match?” Then, have them give you the number and the letter of
the possible match. Read each suggested claim/data match and have the rest of the class show whether
they agree/disagree using thumbs up/thumbs down. If they disagree, ask a student to explain. Continue
asking students if they are able to make any other connections until all possible matches are made.

SCIENTIFIC PRACTICES
Conclusions

3. Directions: Draw a line connecting claims with the correct data. If there is no data
that supports the claim, do not draw a line.

Claim Because Data
1. More people go to soccer a. 1ml of diet coke weighs 5
matches than basketball g and 1 ml of coke weighs
games 118
2. Spicy food causes b. of people get
heartburn heartburn when they use
hot sauce and of

people get heartburn
when they don’t use hot
sauce.

. The air has been

to be brown in areas with
large numbers of cars.

3. Carsincrease air pollution

I}

o

4. Diet coke weighs less than . 10 people went to the
regular coke movies, while 15 went
shopping.
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Below are correct matches that can be made from this activity.

1. Spicy food causes heartburn, because 50% of people get heartburn when they use hot sauce
and 10% of people get heartburn when they don’t use hot sauce.
This is a correct match, because the data clearly supports the claim using numerical values
as data to make a conclusion.

2. Carsincrease air pollution, because the air has been observed to be brown in areas with large
numbers of cars.
This is a correct match, because the data clearly supports the claim, using an observation
to make a conclusion.

Below are incorrect matches that can be made from this activity.

3. Diet coke weighs less than regular coke, because 1 mL of diet coke weighs 5 g and 1 mL of
coke weighs 1.1 g.

This is an incorrect match, because the data does not support the claim. The claim says
diet coke weighs less than regular coke, however, the data supports the opposite claim,
diet coke weighs more. Ask students, “In order to make a conclusion, do you think
scientists can change the claim or the data?” Students should realize that scientists can
change their claims, but they cannot change their data. In addition, scientists must
include all data when generating a claim.

4. More people go to soccer matches than basketball games, because 10 people went to the
movies, while 15 went shopping.
This is an incorrect match, because the data has nothing to do with the claim, and thus
does not support it. Therefore, this is an incorrect conclusion.

Once this page is complete have the students turn to page 13 in their notebooks.

Have students annotate the results table. As a group, identify then underline the controls (light color,
block height, block width, light distance, and light height), circle the changing variable (light angle), and
box the information about the data collected (shadow length).

Tell students, “We are now going to look over a list of statements about this results table and decide
whether each statement is an example of a claim or data. If the statement is a claim, we will identify and
circle the changing variable, if the statement is data, we will box the data. We will then use the results
table to determine whether the statement is a correct claim, correct data, or incorrect.”

First, read the statement and have students classify the statement as claim, C, or data, D, and write the
corresponding letter on the line. Second, have students help you annotate the statement by underlining
controls, circling the changing variable (every claim statement will have a changing variable), and boxing
any data. Third, have students check the results table to determine whether the statement is a correct
claim, correct data, or incorrect, and circle the appropriate answer. Repeat this process for each
statement.

If students are struggling to identify the changing variable, ask them, “What experiment would we need to
carry out to test this claim?” From their answer, have them identify what they changed.
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a. th affects the length of the shadow

What type of statement is this and how do you know?
Claim, because it can be tested (write “C” on the line)

What would need to be the changing variable for this claim to be correct?
Light height (circle light height)

Is light height a changing variable in this experiment?
No

What should we circle?
Incorrect

b.a /arge will result in a longer shadow
What type of statement is this and how do you know?
Claim, because it can be tested (write “C” on the line)
What would need to be the changing variable for this claim to be correct?
Light angle (circle light angle)
Is light angle a changing variable in this experiment?
Yes
Is the claim consistent with the data?
Yes
What should we circle?
Correct claim

c. when a block is 9 cm tall, differen give different shadow lengths
What type of statement is this and how do you know?
Claim, because it can be tested (write “C” on the line)
What would need to be the changing variable for this claim to be correct?
Light angle (circle light angle)
Is the 9 cm data?
No, it is a descriptive number (one of the controls; underline 9 cm)
Is light angle a changing variable in this experiment?
Yes
Is the claim consistent with the data?
Yes
What should we circle?
Correct claim

d. when the light angle was @ the shadow length was

What type of statement is this and how do you know?

Data, because it contains a measurement (write “D” on the line and box 6 cm)
What is the 60°?

This is a value of the changing variable (circle 60°)

Is the data correct based on the results table?

No
What should we circle?

Incorrect

Tell students, “We are now going to determine the data to support claim b.” Read claim b aloud (a larger
light angle will result in a longer shadow) and ask students, “What data can be used to support this
claim?” Possible student response: when the light angle was 30° the shadow length was 6 cm and when
the light angle was 60° the shadow length was 10 cm. Record this statement in the class notebook. Ask
students, “How would people know that the statement generated was data?” Possible student response:

46



Last Revised: 9/11/2024

SCjTREK

the statement contains measurements. In the statement, box the measurements 6 cm and 10 cm and
circle the changing variable values 30°and 60°. Then, read the complete conclusion: a larger light angle
will result in a longer shadow, because when the light angle Wa the shadow length was and

when the light angle was @ he shadow length was .

Ask students, “Can multiple claims be made about a given set of results?” Possible student response: both
b and c were correct claims therefore, multiple claims can be made from the same data. Ask students,
“Which claim do you think gives the most information, or tries to explain why the shadow is changing
lengths?” Students should realize that the claim (claim b), a larger light angle will result in a longer
shadow, gives the most information because it states how the shadow might be getting longer. Tell them,
“This type of claim also allows scientists to make predictions about systems that have not been
experimented with yet. | encourage you all to think about how and why your shadows are changing
lengths when you make a claim from your own data.”

SCIENTIFIC PRACTICES
Conclusions

Variables Trial A Trial B
Light Color: White
Block Height: 9cm
Block Width: 7cm
Light Distance: 50 cm
Light Height: 30cm

Data Trial A Trial B

4. Directions: Step 1 Identify the following statements as either CLAIM or DATA and write a C or D on the line. Step 2: Lok at the
results table and circle f the statement is a correct claim, correct data, or incorrect. Statements are INCORRECT f the statement does
not agree with the data table or has not been tested.

Step1: Step 2
Statement Based on the table, is the statement
Type:Cor D correct claim, correct data, or Incorrect?

a.  thefght heigpaffects the length C Commect  Correct

of the shadow ——  Caim Data
b.  alargecight anglowill result ina

longer shadow Correct

Incorrect
Data

deseriptive nunber

¢ whenablockis g cm tall, different

_c
gwe different shadow L Correct Incorrect

lengths Data

d. when the light angle was the Correct  Correct
shadow length wasfp cm] b Claim Data
What data can be used to support claim b above? W]/] N ‘H/] |4 L,L@ ]/]f’

[& cnmdand whew the Lioht anole was
&, the shadow length waslio cnd

13

Have students turn to page 14 in their notebooks while you do the same in the class notebook.
Have students annotate the results table. As a group, identify and underline the controls (Light Color,
Block Width, Light Height, and Block Angle), circle the changing variables (Block Height and Light

Distance), and box the information about the data collected (Shadow Length).

Tell students, “We are now going to go through the same process that we went through for the
statements about the last results table.”
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a. th&brighter the lighDthe longer the shadow
at type of statement is this and how do you know?

Claim, because it can be tested (write “C” on the line)
What would need to be the changing variable for this claim to be correct?
Light brightness (circle brighter the light)
Is light brightness a changing variable in this experiment?
No
What should we circle?
Incorrect

b. when the block height wa the shadow length was and when the block height was
the shadow length was

What type of statement is this and how do you know?

Data, because it contains measurements (write “D” on the line and box 5 cm and 13 cm)
What are 6 cm and 10 cm?

6 cm and 10 cm are both changing variables (circle 6 cm and 10 cm)

Is the data correct based on the data table?

Yes
What should we circle?

Correct data

c. when the s smaller the shadow length is longer
What type of statement is this and how do you know?
Claim, because it can be tested (write “C” on the line)
What would need to be the changing variable for this claim to be correct?
Block height (circle block height)
Is block height a changing variable in this experiment?
Yes
Is the claim consistent with the data?
No
What should we circle?
Incorrect

d. the longer th the longer the shadow length

What type of statement is this and how do you know?
Claim, because it can be tested (write “C” on the line)

What would need to be the changing variable for this claim to be correct?
Light distance (circle light distance)

Is light distance a changing variable in this experiment?
Yes

Is the claim consistent with the data?
Yes

Is this claim fair, or could the shadow length be changing because of another reason?
This claim is not fair, because the shadow length could have changed as a result of
changing the block height, or light distance

What should we circle?
Incorrect

Ask students, “Why can’t a claim be made from the data?” Possible student response: there is more than
one changing variable, so you cannot tell which variable affected the results, or how/why these changing
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variables affected the shadow length. Record this answer on the class notebook, and have students copy
this into their notebooks.

Ask students, “Do you think a conclusion can be made from the data if a claim cannot be made?” Possible
student response: since a conclusion is defined as a claim supported by data, you would need both a claim
and data to make a conclusion. Since no claims can be made, a conclusion cannot be made either. Have
students check the NO box in their notebook.

SCIENTIFIC PRACTICES SCIENTIFIC PRACTICES
Conclusions Conclusions
Variables Trial A Trial B 6. Directions: Decide if a claim/conclusion can be made for each of the following results tables
Light Color; White and graph.
Block Width: 7¢cm Table A Table B
30<m 50¢<m Variables Trial A Trial B Variables Trial A Trial B
Ll Zoicm, Light Color: White Light Color: White
Light Angle: 90° 8cm 4am Block Height: 10cm
Dats Trial A Trial B Block Width: 3cm Block Width: 7em
£ N Light
g Shadow Length: 5cm 13cm Light Height: 35cm Tight Heights 10cm g0cm
Data Trial A Trial B Data Trial A Trial B
. Step1: Step 2: Thadow Shadow
e Statement  Based on the table, is the statement a &cm G Bam 6em
Type:Cor D correct claim, correct data, or Incorrect?
a. --m» the longer the ¢ ¢« ¢
shadow C orrect  Correc Can this scentist make a claimlconclusion? A /) Can tis scentist make a caim/conclusion? Y'£.S,
———  (laim Data
b.  when the block height was@ c) the
shadow length wag[5 cm] and when Table C Graph D
e D Correct  (“Correct
the block height wa: the . Incorrect
Claim Data
shadow length was| Variables Trial A Trial B e
L
. Light Color: White g
. when theock heighbis smaller, the €
g ’ C Correct  Correct scm 9am [/
shadow lengthis longer h » |
e Claim Data Block Width: 7cm &
d. thelongerth th g | we I =
5 e longer e ; .
lon; er(ghe shadow length g C Correct  Correct Light Height: é e
) ight Height: ocm S
8 3 —=—  aim Data -sh—ﬂl— = gl — \
: e =
If no claim can be made from the data state why not. N claind coin Data Trial A Trial B . & \ &
7 SEeGWEE> 3am g s _gam
g 2em scm sem _joam  _gsam _ssam

Can this scientist make a claim/conclusion? ¥ £S5 Can this scientist make a claim/conclusion? N[

If no claim can be made from the results, can you make a conclusion?

[Jves [X]no

Ask students, “What did you learn about conclusions from this activity?” Make sure, by the end of the
conversation, students understand that in order to draw a conclusion, there must only be one changing
variable in an experiment.

Tell students, “You are now going to look at three results tables and one graph to determine which data
sets would allow you to make a claim/conclusion.” As a class, go through each table/graph and underline
controls, circle changing variable(s), and box information about data collection. It is important for this
section that ever student has a chance to tell you how to annotate one of the words in the results table.
This will help you know who needs extra practice with reading results tables. Once the table/graph has
been annotated, have students decide if that group could make a claim/conclusion before moving to the
next table/graph.

Once students have completed page 15, ask them the following questions:
How many changing variables are there?
Can a claim/conclusion be made from this data?
Why not or why not?

Tell students, “Tables (such as tables A-C) and graphs (such as graph D) represent two different ways of
displaying results from an experiment.” Ask students, “What are the advantages and disadvantages of
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tables versus graphs?” Students should realize that viewing the data in table form yields a complete idea
about what experiment was conducted and which controls were used. However, it is harder to see
patterns in the data. Alternatively, viewing the data in graph form allows patterns and trends to be
viewed, but does not display the controls the experimenter used.

Tell students, “You will now analyze your own data to see whether or not you can make a conclusion.
Remember, it is okay if you cannot draw a conclusion from your first experiment, because you will have
the opportunity to run another experiment. When you run a second experiment, you should only change
one variable, so you will be able to draw a conclusion. Once you have decided whether you can or cannot
make a conclusion, you will either use your results to make a conclusion, or state why you cannot make a
conclusion from your data. After, you can move on to designing your new experiment. You are going to
give poster presentations at the end of the module and the presentations will be more interesting if there
are a wide range of changing variables that have been tested. In addition, if a wide range of variables are
chosen, the class question (What variables affect shadows?) will be more completely answered.
Therefore, | challenge you to explore a changing variable that you think few other subgroups are
investigating.”

Tell students, “You will start working with your subgroup to analyze your old experiment and plan your
new experiment.”

Conclusion:
(5 minutes — Subgroups — SciTrek Mentors)

Help subgroups fill out page 16 of their notebooks. If the subgroup has more than one changing variable,
they will not be able to draw a conclusion. An example of a scenario in which a subgroup cannot make a
conclusion, is shown below (left).

If the subgroup has only one changing variable, they will be able to make a conclusion. Make sure
subgroups’ conclusions have both a claim (statement that can be tested) and supporting data
(measurements and/or observations), and these statements are in the appropriately labeled sections.
Conclusions are still valid and important, if they show a changing variable does not have an effect on the
shadow. Even if their conclusion is contrary to what you think, have students make a claim based solely on
their data. If you think their data is flawed, it is okay to ask them what they think went wrong and
encourage them to repeat their experiment. An example of a scenario in which a subgroup can make a
conclusion is shown below (right).
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Making a Conclusion from Your Data

How many changing variables did you have in your experimentz 2

Making a Conclusion from Your Data

How many changing variables did you have in your experimentz

Can you make a conclusion from your data? DVES E NO Can you make a conclusion from your data? IZ'VES D NO
IFNO IFNO
wnyl caninot vaake a conclusion because Why?
m tment move t .
chanaing variable.
IFYES IFYES
CONCLUSION CONCLUSION
We can conclude : We can conclude £ {
the longer the shadow.
because — X — — because the 5t tﬂLdL ?LOO}Q/'/D\QO{ )ﬁ 2 cm
Long shadow, and the 9 cvn tall block
had a 5 em Long shadow.

SciTrek Member Approval LO SciTrek Member Approval ®)

16 16

Question:
(5 minutes — Subgroups — SciTrek Mentors)

Have subgroups decide what changing variable they want to explore for their second experiment. Make
sure each subgroup has only one changing variable, so they will be able to make a claim and conclusion
after their experiment. Encourage your subgroups to have different changing variables. The lead will help
coordinate between groups to ensure there is a variety of changing variables.

After subgroups have decided on their single changing variable, have them decide and circle what they
will measure. They can then fill out their question. When you sign off on their question, give them a
materials page with their subgroup color and number designated in the upper right-hand corner. An
example filled out question is shown below.
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Changing Variable(s) (Independent Variable(s))

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

changing variable : BLOCIR, Lenoth

Changing Variable 2 (optional):

Changing Variable 3 (optional):

What will you measure? (circle one) Shadow Width

QUESTION
Question our subgroup will investigate:

o If we change thek Q(lke ﬁmgqat)/l ’
Tnsert eacdhanging variable Variable)

what will happen to the Shadow L&V\,ﬂt]/l ?

insert what you are measurig/observing (dependent variable)

SciTrek Member Approval: >

Get a materials page from your volunteer and fill it out
before moving onto the experimental set-up.

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

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

Make sure students have picked light distances and light heights that are within the limitations given on
the materials page. An example filled-out materials page is shown below.
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Color (circle one):  Orange  Blue Light Distance and Light Height
Subgroup Number (circle one): @ 2 3 Only fill out step 1if light height is a control and step 2 if light distance is
acontrol.
MATERIALS PAGE 1) If light height is one of your controls: O
a. The value of light height that we will use is: S0 CWA | m
You will only have access to the following materials. b. Circle the rowgthat cogrrespands to your control value i
1) For each bolded word, underline if it is a control and circle if it is a changing (see example right top) i
variable. Example control: Block Width, Example changing variabl 2) If light distance is one of your controls:
2) For var!ables thatare (on(rt?ls, cho.ose 1value. . X a. The value of light distance that we will use is:m J
3) For variables that are changing variables, choose 4 values and write the trial b. Circle the column that corresponds to your control value i Ll
letter (A,B,C,D or E,F,G,H) next to each value. Ex: ®2 cm A (see example right bottom) Y=
General Materials: If you have no circles you can select/mark any value that is not greyed out. S
X Flashlight X Ring Stand with Clamp X White Plastic If you have one circle you can only select/mark values within that circle.
R Protractor R Measuring Tape R (3) Rulers If you have two circles you can only select the value that are circl/ee by both circles.
. - & [AY
Look at the picture below that defines the block dimensions. Two of your block’s Z 55 V
dimensions (which are controls) must be 7 cm and 3 cm. The third dimension can be a = = >
control o and you may select the value(s). You may only circle ONE £=
of these. ; 2 B
£2
Block Length Block Width Block Height TE
25 35 loriginal
2%
=8 30
£ s
20
Height Lefeth 0 [ 15 | 20 | 25 | 30 | 35 | 40 | 45 \iy 55 | 60

Light Distance (cm)
(Distance out along floor from the block to string hanging from the flashiight.)

The block’s will be:
ging varia Circle the light angle(s) you will be using between 20° -160°. If the light angle that
O2cm 05 cm (original) X 8cm q you want to use does not appear in the picture below (example: 30°) write in the
3 cme X6 cmH Ogcm angle in the appropriate location and circle it.
O4cm O7cm ﬁtocmF o0
, orgmal) 120°
The block’s hﬂba ht willbe 7 cm.
musted a control 45 135
4
The block’s WLdth will be 3 cm.
must be a control

20 160°

Materials Page FM

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

Have subgroups use their materials page to fill in their experimental set-ups (notebook, page 18). When
you sign off on their experimental set-ups, ensure all students within a subgroup have the same trial
letters corresponding to the same changing variable values; then, collect the materials page and verify
that it is filled out correctly and completely. Filling out the materials page is essential for students to
obtain the correct materials for their experiments on Day 5. An example filled-out experimental set-up is
shown below (left).
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EXPERIMENTAL SET-UP PROCEDURE
Procedure Note:

Write your changing variable(s) (Ex: block height) and the values (Ex: 5 cm) you will Make sure to include all values of your changing variable(s) in the procedure (Ex: Fora
use for your trials under each block. subgroup that decided to change block height, one step would be: Place block that s 7 cm
wide, 3 cm long, and E) 2 cm, F) 5 cm, G) 8 cm, and H) 10 cm high on the white plastic.).

- ] - "] ' qet aplastic /bLole that (s # e
high, 2 cvw wide, and €) 3 em, F) 10
L L L L cm, &) R e, and H) & cm long
Changing Variable(s): 2. ELMQMLQQ&MK@L@M.—
1) Block Length : 3eom 10 em g cm & cm
2
3) : 3

heloht 50 e, and anole &0°

4 T one wWhite lf@l/d'

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

Light Color | White  (ight Distance ! 50cm

Block Helght | 7 om Uigit Helght |s00m s Measwure the Lenoth of the chadow.

Block Width | 3 om Light Angle leo®

SciTrek ber Approval: Lo

SciTrek ber Approval: (D

Procedure:
(6 minutes — Subgroups — SciTrek Mentors)

After each subgroup has filled out their experimental set-up, they can start on their procedure (notebook,
page 19). Make sure students within the same subgroup are collaborating to write their procedure. Keep
procedures as brief as possible, while still conveying the pertinent information (control values, changing
variable values, and the data they will collect) about the experiment. An example step for a subgroup who
had block height as a changing variable would be: “Place block that is 7 cm wide, 3 cm long, and E) 2 cm,
F) 5 cm, G) 8 cm, and H) 10 cm tall on the white plastic.” Some subgroups may struggle with writing a
procedure. If they are struggling, tell them to look back at their initial procedure on page 8 of their
notebooks. If they are still having trouble, you can have these subgroups dictate each step while you
transcribe them onto a notepad found in your group box. Give this sheet to the students to copy into their
notebooks. Students might not finish their procedure this day. There will be additional time for them to
finish their procedure on Day 5. If students do finish their procedure, they should raise their hands and
get their procedures approved by their mentor. An example filled out procedure is shown above (right).

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

Tell students, “Next session, you will carry out the experiments you just designed.”
Clean-Up:

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

54



chTREK

Day 5: Procedure/Results Table/Experiment/Graph/Conclusion

Schedule:

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

Materials:

(3) Mentor Boxes:

1 Nametags
[0 Notebooks
O Mentor instructions

[ Picture of Experimental Set-
up

1 Mentor lab coat
[ (2) Pencils

Last Revised: 9/11/2024

1 (2) Red pens

1 Masking tape

1 Paper notepad

I (3) White plastic surfaces

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

1 Measuring tape (152 cm)
[ Protractor

Other Supplies:

Lead Box:

L] Box with (9) ring stand bases,
(9) flashlights, and (9) clamps
with string attached

1 (3) Extra notebooks

[ Lead instructions

[ Shadows picture packet

[] Picture of Experimental Set-
up

[ Lead lab coat

O Time card

[ (2) Pencils

1 Requested block(s)

1 (3) Rulers

[ Tube with (9) ring stand poles

1 (2) Red pens

1 (2) Wet erase markers
1 (2) Black pens

[ Paper notepad

J (6) Rulers

1 (2) Masking tapes

1 Example block (any size)

[ Filled out materials page

1 (35) Clipboards

[ Bag of lead shadows supplies:
((3) measuring tapes (152 cm),
(2) flashlights, (4) AAA batteries,
(2) protractors, (2) clamps with
string attached, (9) blocks — one
of each size)

[0 White plastic surface
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Notebook Pages:

‘White lastc

SCIENTIFIC PRACTICES RESULTS
Conclusions Table S
Question: fwe change the__DLOCIR, waterials what will Fill out the table for each of your trials. For the variables that remain A e
: constant, write the value in Trial E. Then, draw an arrow through each box Height
happen to th e < )/1 a D{ oW Lﬁ VLO\’C)/I % indicating the variable is a control. Aesgn
Variables Trial A Trial B Trail € Trial D Variables TratE Teigl P TriglG TrigtH
Light Color: White . Light Color: White
Block Height: 7¢cm 2 —
Block Width: 3cm % Block Height: 7— i
Block Lengh: 5cm o
Light Distance: 20cm Block Width; 3em 10 cm gem & e
Light Height: 25¢cm H
Tight Aneler go° ) Block Length: 3t
ght Angle: s
j Wood Foam Metal Cardboard S . .
% | Light Distance:
Data Trial A Trial B Trial € TralD g ight Distance: 50 e
L . .
i £ Light Height: 50 tm
E 12cm 12cm 12cm 12cm F-
H Lengtl = Light Angle: &0°
g 5
_ Swrflce  \white Plastic
Write a conclusion from the results above: 2 e
£ Predictions Trial E Trial F Trial G Trial H
5 [ Putan “S”in the trial that
, :
wenconcude_f0r 0 giv/ein. plocke o gt nd
/ s dlaim , 2B In the trial that will S B
5 | give the biggest shadow
) length/width.
Sawme, vegaroless Df the block waterial, g Data Trial E 1 TrialF 4| TrialG 3 | TrialH o
because t,/\e Vl/\.etaL aV\zd tl/lt’, 'TCOHVVL bLOChS bOtM é P
data g S
£
had a shadow length of 12 e, 5§ s550m | 14om |11.50m | 9om
The independent variable is the changing variable and the
dependent variable s the measurement.
20 21
RESULTS CONCLUSION
Graph , .
Setup your graph. (Check off the steps as you complete them.) Generatea We can conclude_Lncreasing the blocle
[X] Label the y-axis (vertical) with what you measured, including units (Ex: Shadow Length (cm)). <laim about , , cal/ ,
7 Determine an appropriate scale which willallow you to graph all of your data points and write the how your Lenothh Wil sliohtliu Lnerease
numbers on the given lines. changing I~ J J

[ Label the x-axis (horizontal) with your changing variable(s) #1, #2, and #3 (Ex: Block Height). variable
Changing variable #2 and #3 will only be filled in if you have 2 or 3 changing variables. affected your

® On your results table, label your measurements from 1to 4, with 1 being the trial with the smallest results. (Ex: The ’ ’ ’
measurement, and 4 being the trial with the largest measurement. block material LL@ ht distance, and LL@ It

Plot your data in increasing order.

,

I Write the changing variable value(s) (Ex: 3 cm) for the trial that you labeled 1 under the first doesnotaffect | 1ol mlat pye Dot 50 e
column. the shadow

[ Graph your data for that trial and write the measurement above the bar. length.)

[ Repeat the process for the other trials.

Whatdatado | because W12, the Dlocle Lewaoth was
18 you have to data )

support your 2 oA tke Sk lZd{ZMZ Edgtk WAS
16 claim?

(Remember to 5.5 0 (Z)A:[j MZ]ZﬂIAzH{E k Q{;k{
14 | include your

measurements, ‘ﬁm‘@ k }AZ(ZS (2 (“kd kf sk [Z(j(zw

not trial

letters) length was 14 e

Can you test the first part (claim) of the conclusion?

(If you checked this box, go back and
E YES D No revise your claim so that it can be tested.)

Shadow Lenogth (em)

The second part of the conclusion is data because it contains a MLEASUYEMENE.

I acted like a scientist when_[ WY OEL O 'PYDCPD{[/LYP '\FDY
Wﬁ_ cm & e ew  _10cm the CK‘PCYLVVLCWt.

Changing Variable 72

Changing Varable 73
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Preparation:
SciTrek Lead:
1. Make sure mentors are passing out notebooks.
2. Make sure mentors are setting up for the experiment.
3. Set up the document camera for the conclusion example (notebook, page 20) and the block
measurement picture (picture packet, page 1).
4. Have example block available to show students during the introduction.

SciTrek Mentors:
1. Pass out notebooks/nametags.
2. Set-up experiments in separate areas on the floor.

a. Putthe ring stands together and attach the flashlight to the clamp. Make sure the
flashlight is flush with the front of the clamp. Place the clamp at the lowest place on the
ring stand to allow students to put the clamp at the appropriate height(s) when they do
their experiment.

b. Place bags with supplies (labeled with subgroup numbers), white plastics, and ring
stand/clamp set-ups in three unique spots on the floor along with four clipboards.

3. Have a red pen available to approve students’ procedure (notebook, page 19).

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

How to Measure Shadow Lengths (left image below)
4. Line up the 0 cm mark of a ruler with the front of the block (edge of the white plastic).
5. Place another ruler (numbers side down) at the edge of the shadow. This will result in the rulers
making an “L.”
6. 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)
4. Place two rulers (numbers side down) perpendicular to the short side of white plastic on either
side of the shadow.
5. 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.”
6. 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).

Shadow Length Shadow Width
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Introduction:
(10 minutes — Full Class — SciTrek Lead)

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

Ask the class, “What is the class question that we have been investigating?” Students should reply, “What
variables affect shadows? Tell students, “Today, you are going to perform your second experiment. Once
the experiment is complete, you will analyze your data, and determine what conclusions can be drawn
from your results. Your conclusions will help answer the class question.” Ask students, “What is the
definition of a conclusion?” Students should reply, “A claim supported by data.” Ask students, “Could we
all make conclusions from our data in the first experiment?” Students should reply, “No.” Ask students,
“Why not?” Possible student response: because some of us had more than one changing variable. Ask
students, “How many changing variables can experiments have in order to make claims/conclusions?”
Students should reply, “One changing variable.” Ask them, “Why can we only have one changing variable
in order to draw a conclusion?” Possible student response: if there is more than one changing variable, we
would not be able to tell which one of the multiple changing variables affects the shadow.

Tell students, “To help learn how to analyze data, we will look at other scientists’ data to see if we can
draw a conclusion from their results.” Have students turn to page 20 of their notebook, and place the
class notebook under the document camera turned to that page. Tell students, “Look over the data in this
results table.” Ask students, “What was the changing variable in the experiment?” Students should reply,
“Block material.” Have students circle block material. Next, have students identify and underline, the
controls for the experiment. Students should underline light color, block height, block width, block length,
light distance, light height, and light angle. Lastly, have students identify the data the scientists collected
and box that information. Students should box shadow length. Ask students, “What was the question
these scientists were exploring?” Students should reply, “If we change the block material, what will
happen to the shadow length?” Fill in the changing variable in the blank in the question above the results
table in the class notebook while students do the same in their notebooks. Ask students, “Can a
claim/conclusion be made from this data?” Students should realize there is only one changing variable, so
a claim/conclusion can be made from these results.

Tell the class, “Now that you know a conclusion can be made from the data, you are going to work
together to come up with a conclusion. When drawing a conclusion from data, the first step is making a
claim to explain the results.”

Then ask, “Can anyone look at the data and tell me how the block material affected the shadow length?”
Possible student response: since all of the shadow lengths are the same, the block material does not
affect the shadow length.

Example claim that states how the shadow is affected by the block material:
1. foragiven light source and a given block dimension, the shadow length will be the same
regardless of the block material
Example claim that states what happened:
1. the block material does not affect the length of the shadow

If possible, try to lead the students to a claim that explains how the shadow changed instead of a claim
that just states what happened to the shadow. Tell students, “Claims that allow you to make predictions
are more valuable in science, because we can go out and further test our claims to see if they are correct.
Therefore, when you try to generate a claim about your data, you should try to have a claim that would
allow you to make a prediction.” Write the claim in the class notebook, and have students copy it into
theirs.
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Ask students, “What data was collected to support this claim?” Lead students to select the two most
convincing data points to support their claim, in this case the materials which are the most different from
each other and still have the same shadow length. Below is an example of data that supports claims that
stated how the shadow was affected.

1. the metal and the foam blocks both had a shadow length of 12 cm.

Ask students, “How do you know that the statement generated was data?” Possible student response: the
statement contains measurements, showing that scientists had to go and physically carry out an
experiment to discover the results. Write the data after the claim in the class notebook and have students
copy it into their notebooks. Make sure students understand the conclusions they will make will be the
outcome of their experiments and should answer their experimental questions. In addition, these smaller
experimental questions can be combined to help answer a larger question, such as the class question.

SCIENTIFIC PRACTICES
Conclusions

,
Question: If we change the bLOCVQ VVLWC@VLH LS , what will
happento_the shadlow Length ,
Variables Trial A Trial B Trail C Trial D
Light Color: White
Block Height: 7cm
Block Width: 3cm
Block Length: 5cm
Light Distance: 20.cm
Light Height: 25cm
Light Angle: 90°
T Block Material.> Wood Foam Metal Cardboard
Data Trial A Trial B Trial C Trial D
%
H Length:
b

Write a conclusion from the results above:

we can conclude_fpr- g alv/en. blocke
, { < claim

Sawe, vegardless of the block material
because_tNE etal and the {Dam bLDCRS bOtl’l
had a shadow Length of 12 cm.

Remind students how we define the block dimensions. Show students the example block. Place the block
on the edge of the picture packet and tell them, “The picture packet will represent the white plastic and
the light source would be in front of the block.” Ask students, “What do we call the block dimension going
up?” Students should reply, “Height.” Ask students, “What do we call the block dimension going across
the front of the white plastic?” Students should reply, “Width.” Ask students, “What do we call the block
dimension going away from the light?” Students should reply, “Length.” Show students they can look at
the picture at the top of their results table if they forget which dimension is which.

Put page 1 of the picture packet under the document camera and review how to measure the length and
width of the shadow. Have students identify, by raising their hands, if they are measuring shadow length.
Then, tell those students, “When measuring the length of the shadow, you will line up the 0 cm mark of a
ruler with the front of the block (front of the white plastic). You will then place another ruler (numbers
side down) perpendicular to the first ruler at the edge of the shadow, making an ‘L’ with the two rulers.”
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Have students identify by raising their hands if they are measuring shadow width. Then, tell those
students, “When measuring the shadow width, you will place two rulers (numbers side down)
perpendicular to the short side of the white plastic on either side of the shadow. You will then measure
between the two rulers with a third ruler to find the shadow width resulting in the rulers making an ‘H’
with the three rulers.”

Tell students, “After you have finished your procedure and results table, you can start your experiment
and graph your data. This will help you make a conclusion about how your changing variable affects
shadows.”

Procedure:
(5 minutes — Subgroups — SciTrek Mentors)

Help subgroups complete their procedures (notebook, page 19). Make sure students within the same
subgroup are collaborating to write their procedure. Keep procedures as brief as possible, while still
conveying the pertinent information (control values, changing variable values, and the data they will
collect). An example step for a subgroup that had block height as a changing variable would be: “Place
block that is 7 cm wide, 3 cm long, and E) 2 cm, F) 5 cm, G) 8 cm, and H) 10 cm tall on the white plastic.”
Some subgroups may struggle with writing a procedure. If they are struggling, tell them to look back at
their initial procedure on page 8 of their notebooks. If they are still having trouble, you can have these
subgroups dictate each step while you transcribe them onto a notepad found in your group box. Give this
sheet to the students to copy into their notebooks. Once students finish, they should raise their hands
and get their procedures approved by their mentor. An example filled out procedure is shown below

(left).
PROCEDURE RESULTS
Procedure Note: Table
Make sure to include all values of your changing variable(s) in the procedure (Ex: fora § 3 X .
subgroup that decided to change block height, one step would be: place block that is 7 cm Fill out the table for each of your trials. For the variables that remain
wide, 3 cm long, and E) 2 cm, F) 5 cm, G) 8 cm, and H) 10 cm high on the white plastic). constant, write the value in Trial E. Then, draw an arrow through each box
# ’ indicating the variable is a control.
+ et o plastie block that s F e
l 1 ’! g ] 1L 3 O ’! 2! £, O 2{ E) 3 on E) 10 Variables Trial E Trial F Trial G Trial H
- Light Color: White
CWA, Q) o4 CWA, ﬂk&d + ) & WA LQI(L@. S
i+
’ . < isht:
. 3 Block Height: Fem
s
=|| Block widths 3cm 10 e gem & o
s
% Block Length: 2 ocm
N B Light Distance: 50 cm
]
, o E Light Height: 50 cm
Jﬂﬁk@.’ﬂtm_m_ﬂﬂ@]«ﬁ_&o_— % ————
3
S| LightAngle: &0° !
5
T
’ ’ . &
+ Turn on white Light __Swrffice ke Plastic
2 Srarvae
a Predictions Trial E Trial F Trial G Trial H
& [Putan “S7in the trial that
5/| will give the smallest
\J | shadow length/width and
5. a“B” In the trial that will S B
5 | give the biggest shadow
lengthjwidth.
g Data Trial E Trial F Trial G Trial H
Ely
5| E
6. 2le
=
5
8
=

i The independent variable is the changing variable and the
SciTrek Member Approval | (D dependent variable is the measurement.

19 2
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Results Table:
(5 minutes — Subgroups — SciTrek Mentors)

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

When students have finished, have them make predictions about the shadows. Have them write an “S” in
the box of the trial they think will produce the smallest shadow length/width and a “B” in the box of the
trial they think will produce the biggest shadow length/width. They will leave two of the boxes empty. If
they think all trials will produce the same shadow length/width, have them write “same” over all of the
boxes. It is okay if the students in a subgroup have different predictions. An example filled out results
table can be seen above (right).

Experiment:
(25 minutes — Subgroups — SciTrek Mentors)

Once subgroups have finished their results tables, show them where their supplies are. If students are
missing any of their experimental materials, the lead box has extra materials. If students have a fixed light
angle, you can give them masking tape from your group box to tape down their measuring tape so it does
not move. For these students, the measuring tape should go under the protractor. For subgroups
changing light angle, one option is to have the protractor’s swing arm in the correct orientation and then
put the measuring tape on top of the protractor. Do not tape down the measuring tape because it will be
moved for the next trial. Another option for changing light angle is to keep the measuring tape taped
down but move the white plastic instead to change the angle. Either way, remind students to make sure
that the flashlight is in line with the protractor and the string is hanging down from the front of the clamp.

Have subgroups show you their set-ups for their first trial before taking any measurements. When
checking subgroups’ set-ups, verify they have their block in the correct orientation. If subgroups have
chosen to change the light angle, and the shadow becomes too wide for the white plastic, the plastic may
be moved to see the entire shadow. However, make sure that the direction the block faces does not
change when the white plastic is moved. If the shadow is longer or wider than the ruler, have students
use a measuring tape found in the lead box.

Make sure subgroups are measuring the correct shadow dimension (length or width) stated in their
guestion and the shadow is being measured as described in the Preparation section above. Have students
record the measurement before moving onto the next trial. If your group has things under control, help
other subgroups. As soon as subgroups finish their experiments, they can graph their results. Do not take
down the experimental set-ups until after subgroups have finished their graph. This way they can check
their measurements, if needed. An example filled-out results table is shown below (left).

Graph:
(5 minutes — Subgroups — SciTrek Mentors)

Help subgroups fill out their graphs by having them complete the checklist on the top of page 22. Be sure
students label the y-axis with “Shadow Length (cm)” or “Shadow Width (cm),” and the x-axis with their
changing variable. Students will need to decide what scale to use on the y-axis. Students can use ones,
twos, or fives. Step 4 of the graphing checklist has students label their measurements in increasing order
(1-4) on their results table to ensure that they are graphed in increasing order, as seen in the example
below. This makes it easier for the students to see trends in their data. In the example below, the trials
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were graphed in the following order: E, H, G, F. Once students have graphed their values, make sure they
write the numerical value of the shadow length or width on top of each column, so it is easy to quickly
read the graph. An example filled out graph is shown below (right).

Whieastc
RESULTS RESULTS
Table —_— Graph
. ) X . Setup your graph. (Check off the steps as you complete them.)
Fill out the table for each of your trials. For the variables that remain [ Label the y-axis (vertical) with what you measured, including units (Ex: Shadow Length (cm)).
constant, write the value in Trial E. Then, draw an arrow through each box [ Determine an appropriate scale which will allow you to graph all of your data points and write the
indicating the variable is a control. numbers on the given lines.
[ Label the x-axis (horizontal) with your changing variable(s) #1, #2, and #3 (Ex: Block Height).
Variables TralE TralF THal G TrialH Changing variable #2 and #3 will only be filled in if you have 2 or 3 changing variables.
. I On your results table, label your measurements from 1 to 4, with 1 being the trial with the smallest
Light Color: White measurement, and 4 being the trial with the largest measurement.
Plot your data in increasing order.
P, Write the changing variable value(s) (Ex: 3 cm) for the trial that you labeled 1 under the first
Block Height: Fem column.
= Graph your data for that trial and write the measurement above the bar.
Block Widths 3 om 10 e g om e om [ Repeat the process for the other trials.
20
Block Length: 2ocm
— —~ 18
Light Distance: 50 e §
S 16
Light Height: 50 tm ~—
— 14
Light Angle: &0° '_S
S 12
9| Swface  |white Plastic
e < 10
Predictions Trial E Trial F Trial G Trial H :\_)) ° N\
& | Putan “S”in the trial that
will give the smallest 2 6-L55¢
shadow length/width and Q|
a“B" in the trial that will S = s
£ | give the biggest shadow = 4
4 lengthjwidth.
g [——tenethiwidth <
‘é Data TrialE 1. Trial F 4 Trial G 2 TrialH (/)
d & \
£l
AR
2le
2
S5)¢g 55em | 14 om [11.5em | 9 em
"
2 Block. Length: cm & om g e 10 cim
Changing Varsble 7
The independent variable is the changing variable and the Changing Varable 72
dependent variable is the measurement.
Tangngvarabie s
21 22
Conclusion:

(8 minutes — Subgroups — SciTrek Mentors)

Have subgroups use their graphs to look for patterns in their data. Challenge subgroups to think about
how their changing variable did, or did not, affect the shadows’ length/width.

When writing their conclusion (notebook, page 23), make sure subgroups begin the statement with a
claim (statement that can be tested) about the trend or pattern in their data. If the values of their
changing variable have an order (Ex: 2cm = 5 cm = 8 cm = 10 cm), then that variable does have an
effect on the shadow length/width. If, on the other hand, there was no order for their changing variable
values (Ex: 5cm = 10 cm = 2 cm = 8 cm), and/or the difference between shadow lengths/widths for
each trial is small, then that variable does not have an effect on the shadow length/width. If possible, try
to have subgroups generate a claim that allows them to make predictions about something they have not
tested. Challenge subgroups to think about how (claims 1 and 2 below) their changing variable does or
does not affect their measurements, instead of just what happened (claim 3 below).

Example claims that state how the changing variable did or did not affect the shadow.
Claim 1: the taller the block, the longer the shadow

Claim 2: as the light height increases, the shadow becomes more rectangular and less trapezoidal

Example claims that state what happened to the shadow.
Claim 3: the block height affects the shadow length
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Once they have discussed their ideas, have the subgroups fill out the section labeled, “Generate a claim
about how your changing variable affected your results” (notebook, page 23).

If there is time, subgroups can determine the data to support their claim. For an example of how to do
this, see the Conclusion section on Day 6. Example student work for the conclusion section can be seen
below.

CONCLUSION
Generatea We can conclude_Lincyeasing the block
claim about , , s
how your Lenaoth will sliohtlii inerense
changing ~ 7

variable the shadow lenath, whewn the

affected your
results. (Ex: The 2 ﬂt d Stﬂ ACE, O ﬂd ’@ ﬂt

block material

doesnotafiect | J1pf i, ave both 50 e

the shadow
length.)

What data do because M(Mﬁ N tge k) QCQ g N gtg ng
data

you have to
support your e the shadow LPVL@H/] WAS
claim?
(Rememberto | 5.5 ey, and whew the block

include your

measurements, !f '(L;g l L ny ; j 2 Qk W tL fz SLI&{&[@L

not trial
letters.) Lenoth was 14 e

Can you test the first part (claim) of the conclusion?

(if you checked this box, go back and
[X]ves e revise your claim so that it can be tested.)

The second part of the conclusion is data because it contains a YULEASUVEVMENE.

I acted like a scientist when )AZ[QtE a )[[}(;ﬁ[j AVE f[)[

the exper’ummt.

23

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

Tell students, “Next session, you will have time to finish your conclusions, and then make a poster to
share your results with the class.”

Clean-Up:
1. Collect notebooks with attached nametags.
2. Take ring stand apart.
3. Putring stand poles, flashlights, clamps, ring stand bases, and clipboards back into their containers.
4. Place all other materials into your group box and bring them back to UCSB.
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Day 6: Conclusion/Poster Making

Schedule:

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

Poster Making (SciTrek Mentors) — 35 minutes

Wrap-Up (SciTrek Lead) — 5 minutes

Materials:

(3) Mentor Boxes:

1 Nametags

1 Notebooks

1 Mentor instructions

1 Mentor lab coat

1 Poster diagram

1 (3) Stickers on how to present
graph

Other Supplies:

Lead Box:

Preparation:

[ Poster paper tube

[ (3) Extra notebooks

[ Lead instructions

1 Shadows picture packet
[ Lead lab coat

[ Poster diagram

[ Time card

SciTrek Lead:
1. Make sure mentors are setting out notebooks.

2. Find a place to leave student posters.

SciTrek Mentors:
1. Set out notebooks/nametags.

1 (2) Pencils

1 Paper notepad
1 (Bag) Paperclips
I Highlighter

] Scissors

1 (2) Glues

1 (3) Stickers on how to present
graph

[J (2) Pencils

1 (2) Wet erase markers

1 (2) Black pens

1 Paper notepad

1 (Bag) Paperclips

Last Revised: 9/11/2024

1 (3) Poster parts packs
(scientists’ names, question,
experimental set-up, procedure,
results table, results graph,
conclusion, (4) I acted like a
scientist when, (4) picture
spaces)

1 (2) Highlighters

[J (2) Scissors

1 (2) Glues

[ Scotch tape

1 (3 each color) Poster part
packs

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

CONCLUSION

Generatea We can conclude_Lin.creasing the bloclke
claim about clalf

how your Lenath will sliohtlia inervense
changing [~ ) J

variable tjESﬂﬂdQ!if Eﬂgtﬂ whewn tje
affected your

results. (Ex: The ’g jt d’stz ACL, O ﬁd ’g jt
block material

doesnotaffect | o] i, gve Doth 50 em

the shadow
length.)

Whatdatado | because \W 121, the lnlm*]g Lengthh was

you have to

support your 2 A tl(e Sk(](j[)m[ fd(gtl{ MZ[ZS

claim?
(Rememberto | 5.5 e, and when the block

include your

measurements, fmgﬁ‘a k SAZ[ZS (2 (;kﬂ ]( ﬁ S'{ ‘le(?iﬂz
not trial

lattore )
wiers.)

Can you test the first part (claim) of the conclusion?

(If you checked this box, go back and
E YES D No revise your claim so that it can be tested.)

The second part of the conclusion is data because it contains a_ YMLEASUYVEMENL.

I acted like a scientist when_| WY DtE ’PYOGFD{IAY{’ '(:()Y
the experbment.

23

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

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

Ask the class, “What is the class question we have been investigating?” Students should reply, “What
variables affect shadows?” Tell students, “Today, you are going to finish your conclusions and make
posters to present your findings to the class.” Ask students, “How do scientists define a conclusion?”
Students should reply, “A claim supported by data.” Ask students, “What is a claim?” Students should
reply, “A statement that can be tested.” Ask students, “What can be used for data?” Students should
reply, “Measurements or observations.”

Tell students, “After you finish your conclusion, you will fill in the sentence frame I acted like a scientist
when, stating how you acted like a scientist during your SciTrek experience. Try to come up with a unique
answer that is something besides ‘I did an experiment.””

Tell students, “When scientists complete their experiments, they make posters to present their findings to
other scientists. Each subgroup will create a poster to present to the class during the next session. You will
get to pick which one of your two experiments to present, but it should be an experiment in which you
were able to draw a conclusion. This presentation will be your chance to tell the class what your subgroup
has discovered about the class question. You should write as neatly as possible on the poster parts, so the
other class members can read your posters. You will now start working with your subgroup to analyze
your experimental results, and make a poster.”
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Conclusion:
(18 minutes — Subgroups — SciTrek Mentors)

If subgroups have not made a claim about their data, have them analyze the data in their graph in order
to make one. For an example of how this is done, see the Conclusion section in Day 5.

After generating a claim about their experiment, subgroups will put the supporting data after the because
in their conclusion sentence. Their supporting data should include at least two pieces of data, typically the
minimum and maximum lengths/heights. Make sure subgroups are using their changing variable values
(not trial letters) and specific measurements, to support their claims.

Example data to support the three claims that were previously listed.
Data 1: the shadow length for the 10 cm (tallest) block was 15 cm and the shadow length for the 3
cm (shortest) block was 4.5 cm
Data 2: it was observed that when the light height was 10 cm, the shadow was a trapezoid and
when the light height was 60 cm the shadow was a rectangle
Data 3: the shadow length for the 10 cm block was 15 cm and the shadow length for the 3 cm
block was 4.5 cm

Conclusions are still valid, and important, if they show the changing variable tested does not have an
effect on the shadow length/height. Even if their conclusion is contrary to what you think, have subgroups
make a claim based solely on their data.

Once subgroups have written their conclusions, have them complete the two questions that follow. First,
have them verify that the first part of their statement is testable, making it a claim. If it is not a claim,
have them go back and revise the first part of the statement. Second, have students justify how they
know the second part of the statement is data. Statements that are data contain measurements or
observations. If the statement is an observation, make sure the word “recorded” or “observed” is in the
statement to indicate that the experiment was carried out. If the data statement does not have a
measurement or an observation, have students modify their statement.

An example filled out conclusion is shown below.
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CONCLUSION
Generatea We can conclude_Lin.creasing the bloclke
claim about , clalf ,
how your Lewmoth will sliahtliv Lnevense
changing ) < J
Tl the shadow lenath, when the
affected your
resulis- (B the | | { ot dlistance, and Light
block material

doesnotaffect | o] i, gve Doth 50 em

the shadow
length.)

Wwhatdatado | because Wlneu. thae blocle Lenoth was
you have to e =
support your
claim?

(Rememberto | 5.5 e, and when the block
include your
measurements, Lﬁm@thﬂﬂs_lo_am_thﬁ_sbﬂdmu_
not trial
letters)) length was 14 c

Canyou test the first part (claim) of the conclusion?

(If you checked this box, go back and
E YES D No revise your claim so that it can be tested.)

The second part of the conclusion is data because it contains a_ YMLEASUVEMENL.

I acted like a scientist when_| WY DtE 'PYOGPD{I/{_YP '(:()Y
the experiment.

23

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

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

Each subgroup (three/four students) will make one poster for one of their experiments from which they
were able to draw a conclusion. If a subgroup was able to make a conclusion from both experiments, they
can choose whichever experiment they think will better help answer the class question. Every student in
the subgroup will have both a writing and a speaking part in their presentation.

Pass out the writing portions (general poster parts and I acted like a scientist when) and have students
write their names on them and complete them. In addition, have each student write their name on the
scientists’ names poster part. Use the following guidelines when assigning poster parts:

Number of Students Poster Division
in Subgroup Each student gets an / acted like a scientist when and picture space.
1. Question and Experimental Set-Up Student who finishes 1%
3 2. Procedure completes the results table (not
3. Results Graph* and Conclusion presented)
1. ti dE i tal Set-U
Question and Experimental Set-Up Student who finishes 1°*
2. Procedure
4 " completes the results table (not
3. Results Graph
. presented)
4. Conclusion

*Give the results graph to the student who is most confident in presenting.
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Once students have finished their written section(s), have them draw a picture of their experiment or
how they acted like a scientist.

In the students’ notebooks, highlight and number the section(s) that they will present. The parts should
be numbered as follows: 1) scientists’ names, 2) question, 3) experimental set-up, 4) procedure, 5) results
graph, and 6) conclusion (see example below). Students will not present the results table or / acted like a
scientist when parts from their poster. If a student is presenting multiple sections, use the paperclips in
your group box to clip together the sections they are reading, so when presenting it will be easy for them
to flip back and forth between the pages.

Changing Variable(s) (Independent Variable(s)) # = [EXPERIMENTAL SET-UP) #/4 [PROCEDURE
Procedure Note:
For your second experiment, decide which variable(s) (max three) you would like to Write your changing variable(s) (Ex: block height) and the values (Ex: 5 cm) you will Fora
test. use for your trials under each block. subgroup height, : 7em
m long, and £)2 cm, F) 5 cm, C) 8 cm, and H) 10 cm high on the white plastc).

changing variavle = BLOCIR, Length « et a plastic block that {s F e
}
Changing Variable 2 (optional): Jg/gb 3 w/de and €) 2 e, F
Changing Variable 3 (optional): ___ - . L i, A o 2
[Changing Variables) | = Place blocke on white plastie.
What will you measure? (circle one) Shadow Width

#1 The selenticts Ln our @YCM‘F are Iw) Block Length: 3 com 10 em Lem &om

#2 QUESTON —_ » Setup Light with distance of 50 oo,
Question our subgroup wil investigate: heloht 50 e, and anple oo
o tfwe change the Locle Lemarth

what willhappentothe_SACloW Lenath ? [Controls|(variables you will hold constant): + Tweaonwhite light
=055 3 thevaues you willus

Your trals (controlivalue, Ex: light color/white).

‘ Light Color | White  { ight Distance ! 50 cm
[Block Height | 7 cm Uight Height |50 cm 5. Measie the Lewoth of the shadow
SciTrek Member Approval: _ (D Block Width | 3 cm Light Angle leo”
6.
Get a materials page from your volunteer and fill it out SciTrek Member Approval: 0

before moving onto the experimental set-up.

SciTrek Member Approval: _[_(D

9

Highlighted and Numbered Notebook Pages
"

# & [CONCLUSION

Set up your graph. (Check off the st lete them.) Generatea We can conclude L,
Lo laim about B P e
your how your Lewmoth will sliphtlia nervease.
5. changing J
h your changing variable(s) #1, #2, and #3 (Ex: Block Height). variable the shadp en @t N when the
affected your

v being resuts. B the | | {ohit distance andl Light height |
blockmaterial
doesnotaffect | pyp hpth S0 e

the shadow

length.)
What data do because WL the k Qﬁ& L% gﬂa WAS
you have to Fad

supportyour | 2 e thie shadow lenwath was

claim?

(Rememberto | 5.5 LW ﬂgd whewn ﬁgﬁ h neke

include your

measurements,

letters) length was 14 e

Canyou test the first part (claim) of the conclusion?

Rves O ¢

ed ths box, go bz

g

ackand
Jaim so that t can be tested.)

The second part of the conclusion is data because it contains a ILASUYEVMENL.

tacedieascentistwhen | Wynte @ procedurve for

the experiment.

Place the following sentence frame sticker on the notebook page of the student who is presenting the
results graph (notebook, page 22).

(fill out this blank
When the (fill out this blank for the student) was , the shadow _for the student)  was
changing variable value length or width measurement

Then, practice reading the four sentences with that student. For the graph above, the first sentence
would read: When the block length was 3 cm, the shadow length was 7 cm. Make sure you fill in the first
(changing variable) and third blanks (length of width) in the sentence frame (Ex: block length and length)
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for the student, but leave the value and measurement blanks empty. The student will fill these in verbally
for each data piece.

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

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

___Student1, Student 2, Students e Student 3
e Stuslent 1 - asurs

QQQQQQQ
_tf we change the blook Length, what will
nappen to the shadow Length?

A0

e Stuplent 1
- L askeed auestions.

Picture Student 1

e Student 2
kea st v | el pbservations about

Student 3

Picture Student2

- Picture

e Studdent 2
ke s ion L workeedd With vl Group to
_find o auswer to our question.

Poster Diagram

Ask each of your subgroups a few questions about their posters. Have them use their findings to predict
what would happen to the shadow for other changing variable values they did not perform tests on. For
instance, if the subgroup’s conclusion was, “The shorter the light height, the longer the shadow, because
when the light height was 25 cm the shadow length was 40 cm, and when the light height was 45 cm the
shadow length was 20 cm,” ask the subgroup to predict what the shadow length will be for 35 cm. They
should be able to predict that it would be ~35 cm.

If there is additional time, tell each subgroup, “Other students will ask you questions during your poster
presentations. You should think about what questions you might be asked, and think of the answers to
those questions, so you will be prepared during your presentation.”

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

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

After discussing how they acted like scientists, and talking about how everyone does things scientists do

in their everyday lives, tell students, “Next session, you will present your findings to the class, and | am
looking forward to hearing about all of your experiments.”
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Clean-Up:
1. Collect notebooks with attached nametags.

2. Leave posters in the classroom.
3. Place all other materials into your group box and bring them back to UCSB.

Day 7: Poster Presentations
Schedule:
Introduction (SciTrek Lead) — 2 minutes
Practice Posters (SciTrek Mentors) — 5 minutes
Poster Presentations (SciTrek Mentors/SciTrek Lead) — 51 minutes
Wrap-Up (SciTrek Lead) — 2 minutes

Materials:

(3) Mentor Boxes:

1 Nametags 1 Mentor lab coat
[J Notebooks [ (2) Pencils
1 Mentor instructions 1 (Bag) Paperclips
Lead Box:
1 (3) Extra notebooks 1 (3) Stickers on how to present
[ Lead instructions graph
[J Shadows picture packet I (2) Pencils
[ Lead lab coat [ (2) Wet erase markers
U Time card

*Student posters should already be in the classroom.
Preparation:

SciTrek Lead:
1. Make sure mentors are passing out notebooks.

Last Revised: 9/11/2024

1 Highlighter
[ (12) Sharpened SciTrek
pencils (all same color)

(] (2) Black pens
1 (Bag) Paperclips
[ (2) Highlighters
[ Scotch tape

2. Set up the document camera for the Notes on Presentations (picture packet, pages 4 and 5).

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 angel).

SciTrek Mentors:
1. Pass out notebooks/nametags.

2. Have pencils ready to distribute to your group after the poster presentations.

Note: Today, students will sit in their regular classroom seats during poster presentations.
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Picture Packet Pages: (Notebook pages 24 and 25 are almost identical to picture packet pages 4 and 5, but have
one less subgroup space.)

Subgroup 5

Changing Variable:
NOTES ON PRESENTATIONS Light Height (cm) 55 40 25 10
What variables affect shadows?
Shadow Length_ m): 4 5 7_ 2L
S summary:_The Wigher the light, the narrower the
Changing Variable: T shadow
Block Helght (o) 2 4 Va 10 Subgroup 6
" ) Changing Variable:
Shadow de . idth (cm) = 4 55 | &5 Light Helght (om) 60 | 45 | 35 20
summary:_Thie talley the bloclke, the longer the shadow. Shadow idifilcm} & 0 | 15 | 20
summary: T NE i@k er the L’Lgljt, the shorter the shadow.
Subgroup 2
Changing Variable:
Block width (om) = & ‘9 10 Subgroup 7
Changing Variable:
Shadow Lengtl:» mm): 5 > 11.5 12 Light Distance (cm) 15 20 50 &0
- =P o 12 I anle 2 i Ape s climA g Shadow (Tength)  Width(cm): — - ~ o
Summary: [ E WLAEY LVIE ULDCIK, LNRE WLWLY LVIE SYIMWADW S ——tceone i) 12 L1 B0
summary:_Te fovter the Lioht, the Longer the chadow.
Subgroup 3
Changing Variable:
Block Length (o) 3 & g 10 ?Iila)ﬁ;:g\fariable:
Shadow Width (cm): 55 9 11.5 14 Light Distance (o) 15 | =20 45 &0
Tircle One * * .m
summary: The Longer the bloclke, the longer the shadow. oo e M * |12 | 2 | 48
summary:_Agirees with previous group.
Subgroup 4
Changing Variable: Subgroup 9
Block Length (om) 2 4 ki 10 Changing Variable: ° =0 50
Shadow  Length  CoidihRmy: - 5 5 i Light Angle (°) 90% | 1= 4 20
Circl One

summary: BLocK, Length does wot affect shadow width. Shadow  Length  (Fidthyem): 4 > | > 1%
semmary: S the light angle gets closer to 90°, the

4 shadow oets narrower. 5

Picture Packet, Page 4

Picture Packet, Page 5

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

Tell students, “Today you will present your posters to the class. This is a common practice in science.
Scientists go to conferences where they present posters about the experiments they conducted. At these
presentations, other scientists give them feedback on their experiments, which allows them to return to
the lab with new ideas for future experiments. You will have 5 minutes to practice presenting your poster
with your subgroup. When you present, you should read from your notebooks, not your poster. After
practicing, you will return to your normal classroom seats.”

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

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

Do not let poster practice go over 5 minutes.
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Poster Presentations:
(51 minutes — Full Class — SciTrek Mentors/SciTrek Lead)

Have students return to their original class seats. Ask the class, “What is the question we have been
investigating?” Students should reply, “What variables affect shadows?” Tell students, “During the
presentations, you are going to take notes.” Have them turn to page 24 in their notebooks while you turn
to page 5 of the picture packet. Tell them, “You will need to record each subgroup’s changing variable, as
well as what data they have collected after the subgroup says their question. In addition, when the group
presents their graph, you will need to record the values of the changing variable, as well as the
corresponding measurements collected by the subgroup.”

Tell students, “You will get the chance to ask scientific questions after each presentation. These questions
are important, because you will have to summarize what you learned from the subgroup and record it in
your notebook. Therefore, your questions should focus on helping you be able to summarize the
subgroup’s findings. If you ask a scientific question during the presentation, you will get a SciTrek pencil at
the end of the presentations.”

Notebooks only have room for notes on eight presentations. Therefore, they will not take notes on their
own presentation.

Mentors should make sure students are quiet and respectful when other subgroups are presenting. When
one of your subgroups is presenting, go to the front of the room with them; prompt students if they do
not know who talks next and remind them to read from their notebooks.

During the student question time, the lead and/or mentors should ask at least one question. Examples of
possible questions are: “How do you know...?” or “Is there anything else you can do to get more
information about your question?” Each subgroup should answer approximately four questions (one
guestion per student). When students are done asking questions, have them summarize what the
subgroup found.

An example filled out Notes on Presentations, are shown below.
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Subgroup 5
NOTES ON PRESENTATIONS Cha"ging"a”ab'efught Feight (om) 55 40 | 25 10
What variables affect shadows? Shadow Le”gtt“_”wm): ) 5 7_ o
S summary:_The higher the light, the narvrower the
Changing Variable: T shadow
Block Helght (o) 2 4 Va 10 Subgroup 6
Shadow de O"EWidth (cm): =2 4 55 6.5 ChangingVariable(:‘Lght Hc’ught (o) 60 45 35 20
summary:_Te taller the blocke, the Longey the chadow. Shadow Wi ifern} & 0 | 15 | 20
Summary: i the Lioht, the s the shaopw.
Subgroup 2
Changing Variable:
Block width (om) = & ‘9 10 Subgroup 7
Changing Variable:
Shadow Lengtl:» mm): 5 > 11.5 12 Light Distance (cm) 15 20 50 &0
summary:_The wider the block, the wider the shadow. hadewe Togl) | Voo 5 | 12 | 21 20
summary:_T e farvter the light, the Longer the shadow.
Subgroup 3
Changing Variable:
gl Length (om) 3 & g 10 i‘;’;ﬁ;:g\faﬁable.
Shadow Width (cm): 55 9 11.5 14 Light Distance (o) 15 | =20 45 &0
hadow Clongt® idth (cm):
summary: The Longer the blocke, the Longer the shadpw rodon N M 4 |10 | 2% | 45
summary:_Agirees with previous group.
Subgroup 4
Changing Variable: Subgroup 9
Block Length (om) 2 4 ki 10 Changing Variable: °
Shadow  Length m): o 1% © 2 Light Angle (°) ﬁo 135° ‘4'50 20
e O Shad. Length Jem):
summary: Block. Length does wot affect shadow width. — m * S o -
summany,_AS the Light anagle gets closer to 90°, the
4 shadow gets narrower. 5
Picture Packet, Page 4

Picture Packet, Page 5

After all poster presentations have been given, ask the class, “What did we learn about shadows?” Have
them summarize the class findings. The highlights from many experiments are shown below. Do not
expect students to know highlights from experiments that were not run.

o The taller the block height, the longer the shadow but the shadow width stays the same.

e The wider the block width, the wider the shadow but the shadow length stays the same.

e The longer the block length, the longer the shadow but the shadow width stays the same.

e Asthe light height increases, the shadow length and width decreases.

e Asthe light distance increases, the shadow length increases but the shadow width stays the same.

e The closer the light angle is to 90" the longer and thinner the shadow.
When summarizing experiments, use student-collected data and not what they should have found from
the list above. Ask students, “If you want to get the longest shadow, what values of the variables should
you use?”

e Block Height: As tall as possible

e Block Width: Any width

e Block Length: As long as possible

e Light Height: As low as possible

e Light Distance: As far out as possible

e Light Angle: 90°
Ask students, “If you want to get the widest shadow, what values of the variables should you use?”

e Block Height: Any height

e Block Width: As wide as possible

e Block Length: Any width

e Light Height: As low as possible
e Light Distance: Any distance
e Light Angle: Close to 0" or 180
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If no one in the class did experiments on one of the variables above, they will not know how that variable
affects the shadow length/width, and do not expect them to tell you which value to use. Tell students,
“You have taught me a lot about shadows.”

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

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

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

Have mentors pass out pencils to the students that asked questions. If a student did not ask a question
during the poster presentations, have them ask/answer a question about the experiments before the
mentor gives them a pencil.

Clean-Up:

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

Collect notebooks.

Leave posters in the classroom.

Place all other materials into your group box and bring them back to UCSB.

If you will not be attending the tie to standards day, remove all materials from your lab coat pockets,
remove your nametag, unroll your lab coat sleeves, and put your lab coat into the dirty clothes bag at
UCSB.

vk wnN e

Day 8: Conclusion Assessment/Tie to Standards

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

Materials:
Lead Box:
I (3) Extra notebooks [1(35) Conclusion Assessments [ (2) Black pens
[J Notebooks [ Time card 1 (35) Red pens
[ Lead instructions 1 (2) Pencils O (3) Rulers
[ Shadows picture packet 1 (2) Wet erase markers O 7 cm block

[ Lead lab coat
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Notebook Pages:

TIE TO STANDARDS 2. What is the most important light source in your lifez__t un
1. Using the given information for each experiment draw a circle around your

prediction of what will happen to the shadow length and width. Once you have 3. Thesunrisesinthe  gpgt  andsetsinthe  wgghk .
seen the pictures of the experiment draw a box around what actually happened . »
to the shadow length and width. For all the experiments a5 cm x 7 cm x3 cm 4. What causes the changes in the sun’s position throughout the day?_T1g.

block was used. En :th '! S If&ﬂt’ A g
Experiment 1: Effects of Changing Light Color

What will happen to:

* {:} Shadow Length
[l ]

5. Draw the sun’s position and the corresponding shadow for each of the
following times:

Shorter Longer A: Sunrise B: Midmorning C: Noon D: Afternoon E: Sunset
Light Color: Blue Light Color: Orange "
Light Height: 20 cm Light Height: 20 cm Shadowpidth @
Light Distance: 10 cm Light Distance: 10 Thinner @ Wider
Light Angle: 9o’ Light Angle: 9o° @ @
Experiment 2: Effects of Changing Light Height
{:} What will happen to:
{:} Shadow Length —
Same  Longer @
— ® D
Light Color: White Light Color: White Shadow Width West T East
Light Height: 20 cm Light Height: 60 cm
Light Distance: 1o cm Light Distance: o cm Same  Wider

Light Angle: 9o” Light Angle: 90" 6. What time(s) of day are shadows the Iongest?mmm&gt

Experiment 3: Effects of Changing Light Distance

What will happen to:

{:} |_| {:} D Shadow Length

7. What time(s) of day are shadows the shortest?  JANNIN,

shorter  Same 8. Using what you have learned about shadows, make a line graph showing how

— shadow length changes over the course of 24 hours in the winter. Use a red line
Ught Color:White Light Color: White Shadow Width to show your predicted values and a pencil line to show the actual data.

Light Height: 20 cm Light Height: 20 cm

Light Distance: 10 em Light Distance: 60 cm Thinner Wider

Light Angle: 90" Light Angle: 90"

How Shadow Length Varies in the Winter
Experiment 4: Effects of Changing Light Angle

What will happen to:

N N

S

{:} {:} Shadow Length ® \ } \
— g3
Same  Longer 2 \
N R
Light Color: White Light Color: White Shadow Width 2 \
Light Height: 20 cm Light Height: 20 cm ! AN 7
Light Distance: 10 cm Thinner Same o
Light Angle: 90° Light Angle: 150 1200AM 200AM 4:00AM G00AM 80CAM 10:00AM 1200 PM ZO00PM 4:00PM 6:00PM 8:00PM 10:00 PHl 12:00 AN
Midnight Noon Midnight
Time
26 27

9. Using what you have learned about shadows, make a line graph showing how
shadow length changes over the course of 24 hours in the summer. Use a red
line to show your predicted values and a pencil line to show the actual data.

How Shadow Length Varies in the Summer

j IAN yAll
, [N 71N
, ] 1\

o 7 \

12:00AM 200AM 4:00AM 6:00AM 8:00 AM 10:00AM 12:00PM 2:00PM 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM

Midnight Noon Midnight
Time

Shadow Length

10. What conclusion can you make from the graphs about the amount of daylight
throughout the year?

We can conclude that the number of daylight hours in the summeris /ANy e.

than in the winter because [0, t1@ Simaney theve weye

,

there were 10 hours of daylight

1. Using the sundials below, determine what time of day it is (morning / noon /
afternoon).

":.“;7 %Y ":?; ! %Y
What time of day is it? What time of day is it? What time of day is it?
, EI
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Preparation:

SciTrek Lead:
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 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.

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

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

For page 1 (top), read questions 1 and 2 aloud and give students time to answer each before moving on to
the next question.

For page 1, question 3 (bottom), read the instructions to students. Then, read each of the statements
aloud and have students circle whether the statement is an example of a claim, data, or opinion.

For page 2 (top), have students underline the controls, circle the changing variable(s), and box
information about data collection on the results table. Then, have them decide if the group could make a
conclusion, question 4.

For page 2, question 5 (bottom), read step 1 of the instructions aloud to students (/dentify the following
statements as either CLAIM or DATA and write a C or D on the line.). Then, have students fill in whether
they think statement a is a claim or data by writing a C or D on the line. Tell students, “This part is similar
to question 3 of the assessment.” Read step 2 of the instructions aloud to students (Look at the results
table and circle if the statement is a correct claim, correct data, or incorrect. Statements are INCORRECT if
the statement does not agree with the results table or has not been tested.). Point to the results table and
have students circle whether they think statement a is a correct claim, correct data, or incorrect claim or
data. Once students have completed statement a, read statement b aloud and tell students, “Write a C or
D on the line depending on whether you think the statement is a claim or data.” After about 15 seconds
tell students, “Now, look at the results table and circle whether the statement is a correct claim, correct
data, or incorrect.” Repeat the process for statements c-e.

For page 3, questions 6-7, repeat the process.

When students are finished, collect the assessments and verify students’ names are written on the top of
the papers.
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Tie to Standards:
(50 minutes — Full Class — SciTrek Lead)

Effects of Changing the Light (15 minutes)

Tell students, “Today you are going to talk about your previous experiments and hopefully answer any
guestions that you may still have about what variables affect shadows.” Have students turn to page 26 in
their notebooks. Tell students, “We are going to look at four experiments and compare the lengths and
widths of the shadows to one another. The four experiments that we will look at are light color, light
height, light distance, and light angle. For all experiments, a5 cm x 7 cm x 3 cm block was used.”

Tell students, “For the first experiment, we are going to explore how changing light color affects the
shadow when the light height is 20 cm, the light distance is 10 cm, and the light angle is 90°. When the
light color is changed from blue to orange, circle whether you think the shadow length will be shorter, stay
the same, or be longer and whether the shadow width will be thinner, stay the same, or be wider.” Once
students have finished their predictions have a student share their predictions and have the rest of the
students use thumbs up/down to show if they agree or disagree. Show students the experiment 1 picture
(picture packet, page 6, below). Ask students, “When the light color changes, what happened to the
shadow length and width?” Tell students, “Do not erase your predictions, but put a box around the correct
answers.” On the class notebook box same for shadow length and shadow width.

Experiment 1: Effects of Changing Light Color

Experiment 2: Effects of Changing Light Height

Light Color: Blue Light Color: Orange Light Color: White Light Color: White
Light Height: 20 cm Light Height: 20 cm Light Height: 20 cm Light Height: 60 cm
Light Distance: 10 cm Light Distance: 10 cm Light Distance: 10 cm Light Distance: 10 cm
- Light Angle: 90" Light Angle: 90" . Light Angle: 90" Light Angle: 90’
Picture Packet, Page 6 Picture Packet, Page 7

Tell students, “For the second experiment, we will explore changing light height. For this experiment, we
will use the same block as the previous experiment, a light distance of 10 cm, a light angle of 90°, and we
will use white light instead of colored light. Circle what you think will happen to the shadow length and
width when the light height is increased from 20 cm to 60 cm.” Once students have finished their
predictions, have a student share their predictions and have the rest of the students use thumbs
up/down to show if they agree or disagree. Show students the experiment 2 picture (picture packet, page
7, above). Ask students, “When the light height increased, what happened to the shadow length and
width?” Tell students, “Do not erase your predictions, but put a box around the correct answers.” On the
class notebook, box shorter for shadow length and thinner for shadow width.

Tell students, “For the third experiment, we will explore changing light distance. For this experiment, we
will use the same block as the previous experiments, white light, a light height of 20 cm, and a light angle
of 90°. Circle what you think will happen to the shadow length and width when the light distance is

changed from 10 cm to 60 cm.” Once students have finished their predictions, have a student share their
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predictions and have the rest of the students use thumbs up/down to show if they agree or disagree.
Show students the experiment 3 picture (picture packet, page 8, below). Ask students, “When the light
distance increased, what happened to the shadow length and width?” Tell students, “Do not erase your
predictions, but put a box around the correct answers.” On the class notebook box longer for shadow
length and the same for shadow width.

Note: If students do not believe that the widths are the same use the rulers in the lead box to measure
the shadow width.

Experiment 3: Effects of Changing Light Distance Experiment 4: Effects of Changing Light Angle

I

m £ - . .
Light Color: White Light Color: White Light Color: White Light Color: White
Light Height: 20 cm Light Height: 20 cm Light Height: 20 cm Light Height: 20 cm
Light Distance: 10 cm Light Distance: 60 cm Light Distance: 10 cm Light Distance: 10 cm
. Light Angle: 90° Light Angle: 90" & Light Angle: 90" Light Angle: 150"

Picture Packet, Page 8

Picture Packet, Page 9

Tell students, “For the fourth experiment, we will explore changing light angle. For this experiment, we
will use the same block as the previous experiments, white light, a light height of 20 cm, and a light
distance of 10 cm. When the light angle is changed from 90° to 150°, circle what you think will happen to
the shadow length and width.” Once students have finished their predictions, have a student share their
predictions and have the rest of the students use thumbs up/down to show if they agree or disagree.
Show students the experiment 4 picture (picture packet, page 9, above). Ask students, “When the light
angle increased, what happened to the shadow length and width?” Make sure by the end of the
conversation, students understand the shadow will always be in line with (or 180° from) the light source.
Tell students, “Do not erase your predictions, but to put a box around the correct answers.” On the class
notebook, box shorter for shadow length and wider for shadow width.
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TIE TO STANDARDS
. Using the given information for each experiment draw a circle around your
prediction of what will happen to the shadow length and width. Once you have
seen the pictures of the experiment draw a box around what actually happened
to the shadow length and width. For all the experiments a5 cm x7 cm x3 cm
block was used.
Experiment 1: Effects of Changing Light Color

‘What will happen to:

* {:} Shadow Length
1 ]

Shorter Longer

Light Color: Blue Light Color: Orange 3
Light Height: 20 cm Light Height: 20 cm ShadowWidéh
Light Distance: 10 cm Light Distance: 10 Thinner @ Wider
Light Angle: 90° Light Angle: 90°
Experiment 2: Effects of Changing Light Height
{} What will happen to:

{:} Shadow Length

(Shorterh same  Longer

—

Light Color: White Light Color: White Shadow Width
Light Height: 20 cm Light Height: 60 cm
Light Distance: 10 cm Light Distance: 10 cm Same  Wider
Light Angle: 90’ Light Angle: 90" -

Experiment 3: Effects of Changing Light Distance

‘What will happen to:

{:} i:} Shadow Length
[] [

Shorter ~ Same

—

Tight Color: White Tight Colors wiite .

Light Height:20cm Light Height: 20 cm Shadow Width

Light Distance: 10 cm Light Distance: 60 cm Thinner Wider
Light Angle: 90 Light Angle: go"

Experiment 4: Effects of Changing Light Angle

‘What will happen to:

{:} {:} Shadow Length

1 . s s
Light Color: White Light Color: white Shadow Width
Light Height: 20 cm Light Height: 20 cm —
Light Distance: 10 cm Light Distance: 10 cm Thinner Same
Light Angle: 90 Light Angle: 150°

Connection to the Sun (10 minutes)

Tell students, “Now that you understand how to predict what shadows will look like, we will connect
these predictions to other uses.” Have students turn to page 27 in their notebooks and ask them, “What is
the most important light source in your life?” They may answer the lights in their home. Lead students to
understand the lights in their home are useful, but humans have lived without them in the past, so if
needed, people could live without them again. However, there is one source of light no one would be able
to live without. The light source that is most important in all of our lives is the sun. Fill this in on the class
notebook while students do the same in their notebook.

2. What is the most important light source in your life? t Uuwn

Next, ask students, “Which direction (north, south, east, or west) does the sun rise and which does it sets
in?” Possible student response: the sun rises in the east and sets in the west. Fill this in for question 3 in
the class notebook while students do the same. Then ask students, “What causes the sun’s position to
change throughout the day?” Lead the students to understand the sun is not moving, but the Earth is
rotating, causing it to look like the sun is moving. Fill this in for question 4 in the class notebook while
students do the same.

3. Thesunrises in the elZSt and sets in the )AL'CSt :

4. What causes the changes in the sun’s position throughout the day? Ige

et A

Tell students, “Now that we understand where the sun rises and sets, as well as what a shadow will look
like for a corresponding light source, you are going to draw a picture showing where the sun will be and
what the shadow will look like for the sunrise, midmorning, noon, afternoon, and sunset.” With the
students, draw in the location of the sun for each of the points. Draw the suns in the following order: A
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(sunrise), C (noon), E (sunset), D (afternoon), B (midmorning). Draw in the shadow for A (sunrise) in the
class notebook while students do the same. Ask students, “What will happen to the shadow as it gets to
midmorning where the sun is higher in the sky?” Possible student response: the shadow will get shorter.
Draw in the midmorning shadow on the class notebook while students do the same. Then have students
try to fill in the remaining shadows in their notebooks. Have one student mentor to share their shadow
placement with the rest of the class. Put that student’s notebook under the document camera and have
the rest of the class discuss the placements of the shadows and it they agree or disagree with the
placements. Once a consensus is reached, draw the shadows into the class notebook. Make sure by the
end of the conversation, students understand the shadow will initially be in the west and very long, at
approximately noon the shadow will be the shortest and right before sunset the shadow will be very long
and in the east. An example is shown below.

5. Draw the sun’s position and the corresponding shadow for each of the
following times:
A: Sunrise B: Midmorning C:Noon D: Afternoon E: Sunset

©
® ®

® P [ S ®

West C East

After completing the picture, ask students, “What time of day are shadows the longest, and when are
they the shortest?” Students should see shadows are longest at sunrise and sunset, when the sun is low,
and shortest at noon, when the sun is directly above the objects. Next, ask students, “Why do you think
this is?” Possible student response: during sunrise and sunset the light source is coming from the side of
the object rather than directly above. As we have learned earlier, when the light is coming from a low
light height the shadows are longer. A low light height could represent the sunrise and sunset. We also
learned that a high light height will lead to a short shadow. A high light height could represent noon. Fill in
questions 6 and 7 in the class notebook while students do the same.

6. What time(s) of day are shadows the longest?G |4 A [’] Se an d SUA set

7. What time(s) of day are shadows the shortest?__ JANNIN,

Seasonal Shadows (23 minutes)
Pass out a red pen to each student.

Tell students, “You are now going to graph how you think an objects shadow length changes over the
course of 24 hours, in the winter.” Ask students “What is the first point on the graph?” Students should
reply, “Midnight.” Ask students “What does it look like outside at midnight?” Students should reply,
“Dark.” Ask students, “If it is dark will there be a shadow?” Students should reply, “No.” Tell students,
“This means our first point will have a shadow length of 0.” Put a red dot at 0 shadow length at midnight.
Ask students, “What do you think the shadow length will be at 2:00 am and why?” Possible student
response: 0 because it is still dark. Put a red dot at 0 shadow length at 2:00 am. Tell students, “You will
now predict the shadow length for the rest of the 24-hour period. Put down dots for each time and then
connect the dots. Therefore, if you thought the shadow length was 0 for the entire 24-hour period, your
graph would look like a straight line at 0.” Show them what this would look like on the class notebook
(below). Ask students, “Is this prediction correct?” They should reply, “No.”
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8. Using what you have learned about shadows, make a line graph showing how
shadow length changes over the course of 24 hours in the winter. Use ared line
to show your predicted values and a pencil line to show the actual data.

How Shadow Length Varies in the Winter

v wa w

Shadow Length

Once students have had a chance to complete their predictions, pick one student to show their prediction
under the document camera. Have students give critiques of the graph. Help them through this process
by asking guiding questions such as, “At noon | see that you drew the shadow the longest, how would the
light be position in our set up to represent noon, and what did that shadow look like?”

Tell students, “You will now graph the actual data showing how shadow length changes with time during
the winter using your pencils and not the red pen.” Show students the data table point-by-point while
reading it to them (picture packet, page 10, below [left]). In addition, plot the data points in the class
notebook. Draw in a solid line connecting the points. Ask the class the following questions:
Why are the data points all zero between midnight and 4 am?
It was night so there was no shadow.
What time does sunrise occur and how do you know?
It occurs at approximately 7 am because this is the first time a shadow was seen.
Does shadow length change faster in the morning or closer to midday?
Shadow length changes faster in the morning and evening and slower as it approaches
midday.
What time was the sun directly overhead?
The shadow length was 0 at 12 pm, therefore, the sun must have been directly overhead
at this time.
How many hours passed between the time that the sun rose and the time the sun was directly
overhead?
5 hours
How much time passed between the time the sun was directly overhead and the time the sun
set?
5 hours
Is the graph symmetric?
Yes
How many hours of daylight are there during the winter?
10 hours
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How Shadow Length Varies in the Winter

Time Shadow Length
12:00 am 0
2:00 am 0
4:00 am 0
6:00 am 0

5
2

7:00 am
8:00 am
10:00 am 0.5
12:00 pm 0
2:00 pm 0.5
4:00 pm 2
5:00 pm 5
6:00 pm o}
0
0
0

8. Using what you have learned about shadows, make a line graph showing how
shadow length changes over the course of 24 hours in the winter. Use a red line
to show your predicted values and a pencil line to show the actual data.
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Shadow Length

Ask students, “Would a graph of shadow length vs. time be the same for all times of the year?” Students
should reply, “No.” On question 9 have students draw a red line to show their predictions of what a graph
of shadow length vs. time would look like during the summer. Once students have had a chance to
complete their predictions, pick one student to show their prediction under the document camera. Have
students give critiques of the graph. In addition, ask questions to help guide student thinking. Collect the
red pens.

Tell students, “You will now graph the actual data showing shadow length vs. time during the summer
using your pencil.” Show students the data table point-by-point while reading it to them (picture packet,
page 11, below [left]). In addition, plot the data points in the class notebook. Draw in a solid line
connecting the points. Ask students the following questions:
How many hours passed between the time that the sun rose and the time the sun was directly
overhead?
7 hours
How much time passed between the time the sun was directly overhead and the time the sun
set?
7 hours
Is this graph symmetric?
Yes
How many hours of daylight are there during the summer?
14 hours
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How Shadow Length Varies in the Summer

Shadow Length
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9. Using what you have learned about shadows, make a line graph showing how
shadow length changes over the course of 24 hours in the summer. Use ared
line to show your predicted values and a pencil line to show the actual data.
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How Shadow Length Varies in the Summer
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Note: The reason that the sun is not overhead at noon is because of daylight savings time (DST). Do not
bring this up with students unless they ask specifically about this. DST shifts our clocks one hour later in
the day. We are on DST from March through November.

Note: Shadows are longer in the winter than in the summer because of the tilt of the Earth. During the

winter, the tilt of the Earth causes the sun to be lower in the sky than during the summer, making the
shadow longer. See picture below. Do not bring this up with students unless asked.

P
) Sunset

Sunrise

Summer shadow (short}
Autumn/Spring shadow

Ask students, “What conclusion can we make about the number of daylight hours throughout the year?”
Have one student share what they think the conclusion will be and once a class consensus is reached,
record the conclusion in the class notebook and have students copy it into their notebook. Ask the class,
“What part of the conclusion was the claim and how do you know?” Possible student response: the
number of daylight hours in the summer is more than in the winter is the claim because it is a statement
that we can test. Ask the class, “what part of the conclusion is the data and how do you know?” Possible
student response: in the summer there were 14 hours of daylight, and in the winter there were 10 hours
of daylight is the data, because it contains measurements.
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10. What conclusion can you make from the graphs about the amount of daylight
throughout the year?

We can conclude that the number of daylight hours in the summeris A0V,
than in the winter because LA, g Siomammey theve weye

14 hours of daylight, and in the winter
there were 10 hours of daylight

Sundials (2 minutes)

Tell students, “In the past, before there was electricity, people relied on the sun to determine what time
of the day it was. One method of doing this was by using a sundial. Sundials are set so their gnomons
(piece that sticks up out of a sundial) point to the north. People who know and understand the properties
of shadows can determine the time of day by looking at the shadow on the dial plate. We will use the
three sundials in your notebooks to determine what direction (east/west/directly above) the sun is coming
from as well as what time of day it is (morning/noon/afternoon).” Have students look at the sundials and
determine where the sun was in each of the pictures and then identify the time of the day. Record these
for question 11 in the class notebook while students do the same.

1. Using the sundials below, determine what time of day it is (morning / noon /
afternoon).

What time of day is it? What time of day is it? What time of day is it?

nopn. —morning  _afternoon.

Note: Sundials are made for a specific latitude to account for the actual distance the sun is away from the
location it is being used. If you know the latitude your sundial is made for, you can make mathematical
corrections to find the time for your latitude, if the two are different. Additional corrections need to be
made in areas where there is daylight savings time. Do not bring this up with students unless asked.

Tell students, “You have taught me a lot about shadows. | now know that the larger the light distance, and
the smaller the light height, the longer the shadow. In addition, | saw that the shadow is always 180° from
the light source. Knowing these facts about shadows has allowed me to see how shadows can be used to
tell time.”

Tell students, “You can keep your notebooks, | have enjoyed learning science with you. | hope you will
continue to see yourselves as scientists and explore the world around you. You will get another
opportunity for SciTrek to come to your class, and run another long-term investigation with you, later in
the year, so it is important that you remember what you learned for your next module.”

Clean- Up:
1. Leave notebooks with students.
2. Place all other materials into the lead box and bring them back to UCSB.
3. Remove all materials from your lab coat pockets, remove your nametag, unroll your lab coat sleeves, and

put your lab coat into the dirty clothes bag at UCSB.
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Extra Practice Solutions:

EXTRA PRACTICE
Conclusions
Directions:

On the results table, underline each control, circle each(changing variable(s) and box information
about [data collection|

Variables Trial A Trial B
Light Color: White
Blo g 5cm 10 cm
Block Width: 7cm
Light Distance: 25cm
Light Height: 25cm
Light Angle: 90"
Data Trial A Trial B
H
E
g 7¢cm 15cm
H
Can this group make a claim/conclusion? No | Don’t Know

Step1: Step:
Statement  Based on the table, is the statement a
Type:Cor D correct claim, correct data, or Incorrect?

1. th lock had a7 cm]shadow length
and thelock had aff5 cmj shadow D Correct

Jength D Incorrect
2. the(lock heighDdoes not affect the C Correct Correct

shadow Tength Claim Data
3. when the light heightis 25 cm, a

taller blocKyesults in a longer shadow C/ c;:;f;t Incorrect

length orec

Claim

5. theockheigDaffects the shadow length coect correct
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