
“Engineering Better Brains through STEAM”

n PROGRAM OVERVIEW 
The purpose of this program is to 

introduce young students to engineering 
concepts through STEAM. The lessons 
engage students in fun, hands-on 
activities. It is important to introduce 
students to design challenges because 
it takes students from learning about 
concepts to real life application of the 
concepts. 

After studying gravity in a space unit, 
students are asked to work as a team 
to design a structure to defy gravity. 
Students will participate in a variation 
of “The Marshmallow Challenge” which 
is appropriate (and still fun) for the 
youngest elementary students. 

S tudents  qu i ck l y  l ea r n  t he 
importance of working together as a 
team to be successful. Students learn 
the importance of testing, redesigning, 
and retesting. This is a very important 
life skill. 

Writing is easily incorporated before 
and/or after challenges. Students can 
draw and write about their initial ideas 
during a brainstorming session and then 
write and draw about the final design.

For further information contact…

Janice Katz
Davenport School of the Arts

4751 North CR 547
Davenport, FL 

Route: C
863-420-2557

janice.katz@polk-fl.net 
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n OVERALL VALUE 
This program is a fun and engaging 

way for students to learn. The students 
love participating in these lessons. They 
continue to talk about them and make 
connections back to them throughout 
the school year. The students ask when 
the next engineering challenge will be. 

Before completing these three 
STEAM activities, none of the students 
expressed interest in a future career 
path that was related to the STEAM 
industry. After completing the three 
STEAM activities, four of my eighteen 
students indicated that they would like 
to pursue a career related to STEAM.  

n LESSON PLAN TITLES
• Defying Gravity
• 100th Day Cup Structures
• Pop Up Art Valentine’s Day 

Cards

n MATERIALS 
Materials for each lesson are listed 

with each lesson plan. Overall materials 
budget including pricing and vendors 
follows the lesson plans. 

n ABOUT THE DEVELOPER
Janice Katz has a B.S. in Early 

Childhood Education and Intervention 
from Purdue University. She has taught 
kindergarten for 14 years at Davenport 
School of the Arts. 

This is her fourth time as a T2T grant 
developer.  She enjoys spending her 
summers teaching STEAM (Science, 
Technology, Engineering, Arts, and 
Mathematics) education to teachers 
and students all over the world. She 
has presented at the Space Exploration 
Educator’s Conference in Houston, 
Texas and the National I Teach K! 
Conference in Las Vegas, NV. 
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“Engineering Better Brains through STEAM” Janice Katz
Lesson Plan No 1: Defying Gravity

n SUBJECTS COVERED
Science, Engineering, and Writing

n GRADES
PK-5

n OBJECTIVES 
Students will… 

… be able to explain what gravity is.
… work together as a team with 

other students.
… draw and/or write about their 

structure.

n COMMON CORE 
STANDARDS 

MACC.K.CC.1.1 Count to 100 by ones 
and tens

MACC.K.1.2 Count forward from a given 
number within the known sequence

MACC.K.CC.2.4 Understand the 
relationship between numbers and 
quantities; connect counting to 
cardinality.

LACC.K.W.3.7 Participate in shared 
research and writing projects

LACC.K.L.1.1 Demonstrate command of 
the conventions of standard English 
grammar and usage when writing 
or speaking

n NGSSS 
SC.K.E.5.1 Explore the Law of Gravity 

by investigating how objects are 
pulled toward the ground unless 
something holds them up

SC.K.N.1.4 Observe and create a visual 
representation of an object which 
includes its major features

SC.K.N.1.5 Recognize that learning can 
come from careful observation

n MATERIALS
• straws (for PK-2nd grade) or 

spaghetti for 3-5th grade
• masking tape
• scissors
• 1 standard size marshmallow for 

each group/team
• pencils 
• blank copy paper
• lined writing paper

n VOCABULARY
• gravity
• force
• structure
• defy

n DIRECTIONS 
Decide how many students you 

want on each team. I divided my class 
into 6 groups of 3 students each. I have 
found that smaller groups allow for each 
student to play a more active role on 
the team. Try to spread out the teams 
at different tables or working areas. Put 
out the supplies for each team. You may 
want to put out all of the supplies ahead 
of time so that the students do not have 
to wait while the items are passed out. 
This was our first Engineering Design 
Challenge so I had to explain what it 
was. My explanation: You will be working 
on a team to build a structure that will 
defy gravity and hold up a marshmallow. 
What would happen to the marshmallow 
if I let go? (It falls down.). Why? (Gravity 
acts on the marshmallow and pulls it 
down to the Earth.) When engineers 
design something, they do not get it 
“right” on their first try. Engineers build, 
test, and then rebuild to make it better. 
If your first idea doesn’t work out, try 
to figure out how you can change it to 
make it better. 

There are a few rules that you need 
to follow when you do an Engineering 
Design Challenge. Here are the rules 
for this challenge: 

#1 It has to hold the marshmallow for 
at least 3 seconds. 

#2 You can only use the supplies on 
the table. 
If you complete the challenge by 

following the rules then your group was 
successful! As for an overall winner, if 
you can get the marshmallow to stay 
without sticking the marshmallow (in a 
straw) then that beats a group that stuck 
the marshmallow. I will tell you when you 
only have 5 minutes remaining.  

Please note:  I did not have a pre-
determined time limit. I wanted to make 
sure that all of the students had sufficient 
time on our first challenge to complete it. 
I had one group that finished much ear-
lier than the other groups. I gave them 
paper to start sketching their structure. 
When time is up, have each group talk 
about their design structure to the rest 
of the students in the class. 

This presentation part gives the 
students a chance to find similarities 
and differences between the different 
structures. We found that three groups 
stuck the straws into the marshmallows 
and three groups did not. We also found 
that one group built a structure where 
the marshmallow rested on top of straws 
and other groups built a structure that 
“sandwiched” the marshmallow. After all 
of the groups were able to share about 
their structure, I had each student draw 
and write about the design challenge.

Tips: 
k I would use spaghetti instead of 

straws with older students. You 
can also give them string. I use 
straws instead of spaghetti with PK/ 
Kindergarten because the spaghetti 
breaks easily. 

k You could have your teams do a 
brain storming session and draft 
their initial ideas for how they will 
build the structure.

n EVALUATION/
ASSESSMENT 

See Rubric
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“Engineering Better Brains through STEAM” Janice Katz
Lesson Plan No 2: 100th Day Cup Structures

n SUBJECTS COVERED
Science, Engineering, and Writing

n GRADES
PK-5

n OBJECTIVES 
Students will… 

… count to 100.
… work together as a team with 

other students.
… draw and/or write about their 

structure.

n COMMON CORE 
STANDARDS 

MACC.K.CC.1.1 Count to 100 by ones 
and tens

MACC.K.1.2 Count forward from a given 
number within the known sequence

MACC.K.CC.2.4 Understand the 
relationship between numbers and 
quantities; connect counting to 
cardinality.

LACC.K.W.3.7 Participate in shared 
research and writing projects

LACC.K.L.1.1 Demonstrate command of 
the conventions of standard English 
grammar and usage when writing 
or speaking

n NGSSS 
SC.K.E.5.1 Explore the Law of Gravity 

by investigating how objects are 
pulled toward the ground unless 
something holds them up

SC.K.N.1.4 Observe and create a visual 
representation of an object which 
includes its major features

SC.K.N.1.5 Recognize that learning can 
come from careful observation

n MATERIALS
• 100 Solo cups for each team 

of students (I choose to have a 
different color cup for each team. 
Name brand cups were much 
sturdier than generic.)

n VOCABULARY
• structure
• stories (as in levels in a building)

n DIRECTIONS 
The 100th day of school is typically 

a cause for celebration in Kindergarten! 
I got this idea from PINTREST but I 
decided to modify it to be an Engineering 
Design Challenge. You will need to 
decide how many students you want on 
each team and make the teams ahead 
of time.  I have found that smaller groups 
allow for each student to play a more 
active role on the team. 

The groups will need a hard, flat 
area of floor to build their structure. 
They will also need to be spread out 
because the cups will fall down and you 
do not want them to get mixed up.  I put 
students in groups of 3-4 members. 

Explain to the students that they will 
be participating in another Engineering 
Design Challenge today. The students 
will work in teams to build a structure 
with 100 cups. The rules: 

#1 Students must use all 100 cups.
#2 All of the cups must be touching 

(to avoid students working and 
stacking as individuals vs. a team). 

#3 The structure must be at least two 
stories high. 
If you complete the challenge by 

following the rules then your group was 
successful! 

The overall winner is the group with 
the tallest structure that stands for at 
least 3 seconds. It is important to let 

students know that their structure will 
fall down, probably several times, before 
they get all 100 cups stacked. Remind 
them that engineers make modifications. 
If their initial idea doesn’t work, think 
about what they can change to make 
it better. 

I had students brainstorm with 
their team and draw a draft of how 
they thought they would stack their 
100 cups. It is important not to show 
the students how to stack the cups. 
Let them figure it out on their own. 
That is part of the engineering design 
challenge. I will tell you when you only 
have 5 minutes remaining.  I did not 
have a predetermined time limit. When 
a group finishes stacking all 100 cups, 
have the group count how many stories 
their structure is and then count to make 
sure all 100 cups are in the structure. 

Teams can choose to leave their 
structure the way it is or continue to 
redesign it to try to make it taller. Do not 
tell them how to make it taller, let them 
experiment and figure it out on their own.  

If a group is really struggling, you 
can have the group tour the room to 
see what other groups are doing. At the 
end of the challenge, allow each group 
to talk about their strategies. Have 
students draw and/or write about their 
cup structure.    

n EVALUATION/
ASSESSMENT 

See Rubric
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“Engineering Better Brains through STEAM” Janice Katz
Lesson Plan No 3: Pop Up Art Valentine’s Day Cards

n SUBJECTS COVERED
Engineering and Writing

n GRADES
PK-5

n OBJECTIVES 
Students will… 

… think creatively to design pop up 
art without being shown how to 
do it.

… write and edit a message

n COMMON CORE 
STANDARDS 

SL.2.5 Add drawings or other visual 
displays to descriptions as described 
to provide additional detail 

MACC.K.G.2.5 Model shapes in the 
world by building shapes from 
components and drawing shapes 

LACC.K.L.1.1 Demonstrate command of 
the conventions of standard English 
grammar and usage when writing 
or speaking

n NGSSS 
SC.K.N.1.4 Observe and create a visual 

representation of an object which 
includes its major features

SC.K.N.1.5 Recognize that learning can 
come from careful observation

 SC.K.N.1.4 Observe and create a visual 
representation of an object which 
includes its major features

n MATERIALS
• white card stock (one piece for 

every child in your class)
• 8.5 x 11 copy paper in a variety of 

colors 
• pipe cleaners
• cut out paper and or foam hearts 

in a variety of sizes
• brads
• construction paper
• toilet paper tubes
• cotton balls (different colors)
• scissors
• tape
• glue
• staples
• staplers
• tape dispensers
• pencils
• crayons
• markers

n VOCABULARY
• engineer
• pop up art
• edit

n DIRECTIONS 
I started by showing examples of 

pop up books such as “Bugs in Space” 
by David A. Carter and “In My Garden 
Pop Up Book” illustrated by Gill Guile. I 
also showed them an example greeting 
card with pop up art. We noted that some 
of the pieces also moved in the books 
and card. I explained to my students that 
there are grown-ups that work as paper 
engineers. It is a paper engineer’s job 
to design pop up art. Then they can sell 
their designs. I showed the students the 
prices on the books and the card. 

I told the students that they would 
be designing a pop up Valentine’s Day 
card for their family. For this design 
challenge I decided to have a materials 
table where students would go pick out 
what they wanted to use. The students 
worked individually to create their own 
cards. I chose to have the students 
do the design challenge the first day 
because they LOVE design challenges. 
I explained that we would write a 
message on the card the next day. 

The materials table had: different 
colors of 8.5 x 11 copy paper, pipe 
cleaners, cut out paper hearts of 
different shapes and sizes, foam hearts, 
brads, long thin strips of paper, squares 
of paper, toilet paper tubes cut into 
thin rings, different color cotton balls, 
scissors, tape, glue, staplers... I started 
by having one table of students at a 
time go look at the materials table and 
then sit down and brain storm ideas 
together about how to make pop up art 
in their card. Then I sent one table at a 
time to pick up materials to get started. 
The students were allowed to revisit 
the material table at any time. Students 
spent about 20 minutes designing their 
pop up art. I gave them a 5 minute 
warning. 

Another teacher was doing the 
same activity at the same time so we 
decided to take turns walking through 
each other’s classrooms with our 
students to tour all of the pop up art 
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“Engineering Better Brains through STEAM” Janice Katz
Lesson Plan No 3: Pop Up Art Valentine’s Day Cards (cont.)
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design ideas. The students enjoyed 
explaining how they made their art pop 
up. Many of the cards needed time to 
dry since glue was used. 

The next day, the students were 
very excited to do the writing part of the 
project! We talked about what needed 
to be included when you wrote a card. 
I gave the students a white piece of 
card stock to use as the outside of the 
card, the place where we would do the 
writing. Depending on your students, 
you may want to draw pencil lines for 
your students to write on. 

After students wrote their message 
in pencil and edited it, I allowed them 
to use crayons or marker over it. When 
they completed the writing, I helped the 
students staple the two parts (the white 
card stock and the color paper with the 
pop art) together. Then the students 
were able to take the cards home to 
their families.  

n ACCOMMODATIONS
If a child is having a very hard time 

creating pop up art you can help them 
by asking leading questions.

n EVALUATION/
ASSESSMENT 

See Rubric
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Materials Budget
 SUPPLIER ITEM # AND DESCRIPTION COST QTY TOTAL COST

Teacher _________________________________________

School __________________________________________  

_______________________________________

_______________________________________

_______________________________________  

Subtotal

Tax

Shipping

TOTAL
BUDGET
AMOUNT

“Engineering Better Brains through STEAM” Janice Katz
Lesson Plans Materials Budget
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Walmart Jumbo polypropylene straws ......................................................................2.83 ........... 3 ........................ 8.49
 Great Value Spaghetti ................................................................................3.78 ........... 2 ........................ 7.56
 General masking tape - 5 pack ..................................................................8.95 ........... 2 ...................... 17.90
 Fiskars blunt tip 5’’ scissors ........................................................................2.02 ........... 8 ...................... 16.16
 Jet puffed marshmallows ............................................................................2.98 ........... 1 ........................ 2.98
 Dixon #2 pre-sharpened pencils - 30 .........................................................7.99 ........... 1 ........................ 7.99
 1 ream copy paper 8 1/2 x 11 - 500 ............................................................5.98 ........... 1 ........................ 5.98
 1 ream School Smart writing paper  ...........................................................4.69 ........... 1 ........................ 4.69
 Heavy weight construction paper - 100 sheets size 12 x 18 ....................10.21 ........... 1 ...................... 10.21
 Cardstock bright white - 250 sheet ...........................................................15.79 ........... 1 ...................... 15.79
 Astrobright colored paper - 500 assorted ...................................................9.48 ........... 1 ........................ 9.48
 Pipe cleaners 12’’ - 100 pk assorted ..........................................................1.99 ........... 2 ........................ 3.98
 Foam heart stickers ....................................................................................5.99 ........... 1 ........................ 5.99
 Foam mini hearts .......................................................................................2.99 ........... 1 ........................ 2.99
 Paper fastener mini metal - 100 ct. ............................................................1.99 ........... 1 ........................ 1.99
 Different colored cotton balls ......................................................................3.68 ........... 4 ...................... 14.72
 Magic Scotch tape with dispenser ..............................................................1.51 ........... 6 ........................ 9.06
 Washable glue ...............................................................................................81 .......... 10 ....................... 8.10
 Swingline Standard Desk Stapler ...............................................................5.48 ........... 6 ...................... 32.88
 Staples for Swingline - 2500 box ................................................................5.25 ........... 1 ........................ 5.25
 24 pack crayons - 2 pack ...........................................................................3.80 ........... 3 ...................... 11.40
 Crayola bold markers .................................................................................3.99 ........... 6 ...................... 23.94
 Hallmark popup greeting card ....................................................................6.99 ........... 1 ........................ 6.99
 Plastic cold drink SOLO cups - 50 ct. .........................................................5.93 .......... 12 ..................... 71.16

Amazon Gravity is a Mystery - Let’s Read & Find Out Science #2 by Franklin M. Branley .......5.39 ........... 1 ........................ 5.39
 Amazing Structures to Design, Build, and Test by Carol A Johman .........10.68 ........... 1 ...................... 10.68
 Create Your Own Pop Up Books by Farber and Castell ..........................17.12 ........... 1 ...................... 17.12
 Garden Pop Up Book by Gill Davies ........................................................10.00 ........... 1 ...................... 10.00
 Bugs in Space by David A. Carter (new) ..................................................56.95 ........... 1 ...................... 56.95

Janice Katz

Davenport School of the Arts

$400.57

$400.57



“Engineering Better Brains through STEAM” Janice Katz
Rubric 
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 1 2 3 4

Teamwork

Completion of 
task

Expression 
of 

Challenge

Vocabulary

Mainly works alone, 
argumentative with 

teammates.

Student/team 
gives up.

Cannot express 
purpose in any way.

Does not use 
vocabulary during 

challenge or 
reflection.

Breaks away from 
team, 

use of negative 
language or

bossy language.

Student/team 
does not complete 

challenge, but 
continue to attempt 

challenge using 
different strategies.

Verbally expresses 
the purpose of the 

challenge.

Uses vocabulary 
mostly correctly 

during challenge.

Works well 
with team.

Student/team 
does not complete 

challenge, but 
continue to attempt 

using different 
strategies that 

correctly build on 
what went wrong 

during the 
previous test.

Writes or draws 
to express 
purpose of 
challenge.

Correctly uses 
vocabulary during 

challenge or 
reflection.

Student Name _______________________________________________________________

Works well 
with team and 
encourages 

teammates in a 
positive way.

Student/team 
successfully 
completes 
challenge.

Uses multiple 
mediums and 

rich vocabulary to 
express purpose 

of challenge.

Uses rich 
vocabulary 

throughout the 
challenge and 

reflection.

Engineering Design Challenges


