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Summary
In lower elementary, students need to learn to count money, United States coins, in particular,
are difficult because the size does not indicate value. Confusing things even more, the dime (10
cents) is smaller than the penny (1 cent). In this project based learning, students are asked to
deal with the most common United States coins: penny, nickel, dime, and quarter. Students are
to use a ruler to measure the coins’ widths, then create a device that allows a handful of coins to
be sorted, using gravity. In the real world, banks, tellers, cashiers, PTA Treasurers, kids running
the school store, kids with lemonade stands – they all sort large amounts of mixed-up coins so
that they can be bagged and taken to the bank. To get gravity to work properly, there needs to
be some kind of inclined plane (slope) or levels, or some mechanism to allow gravity to pull the
coins from the mixed group, by size.
One example design is an inclined plane with holes for the coins to fall through the inclined
plane into an added cup or bag. A second example design uses pins to knock the coin off the
front of the inclined plane, into a cup or box. For the 3D print, students should be mindful that
“thin” is not necessarily best because of the raft, and warping of thin flat panels. The device will
stand better if it is thicker, and thicker allows for waffle/hollow spaces.
Because I only have a MakerBot Replicator Mini, I had to copy my design and split it, printing it
in two batches. I possibly could have turned it vertical and printed it in one run. My first print of
the top of the design with holes sorted the dime and penny properly, but it was too thin. Some
raft got stuck, and it has to be held or lean against something to stand it up. I thickened it up in
the designs I included.
Remember, since the idea is to create a STEM experience for the kids, these sample designs are
really not designed to be “copied” but to serve as inspiration for the kids to see what a gravity
sorter might look like.
‘To make it a different challenge, have the kids use only the measurements from the US Mint
webpage.

Overview

This is a 3D adaptation of a lesson we did this in 2nd grade a few years ago, to help the kids
analyze the similarities and differences of the four most common U.S. coins. We had the kid
measure, draw
circles of each
real coin, and
cut holes in the
cardboard.
Then they
taped their
cutouts to a
folded piece of
cardboard.
Then the kids
slide a mixed
handful of
coins, in a
series, down
the angle. The
sorting worked
with some of
the kids’ designs. The dimes and pennies are the closest in size, and the kids learned that this
size difference did not equate to the value of the coin. They also experienced that the smaller
holes needed to be at the top of the “’ramp” and that the dime and the penny holes have to be
more accurate than the quarters and nickels.

Figure 1. 2nd grade students creating the coin sorters by hand, using cardboard.

We used the actual coins to trace the circular shape. This allowed enough tolerance for the coins
to slip through. We used this website as a reference https://www.usmint.gov/learn/coin-andmedal-programs/coin-specifications But we did
not use the measurements because the kids did not
really understand or have experience with such
detailed measurements. The standard for 2nd
graders was measuring to a whole number.
This lesson is to create an “L” inclined plane with
sorting holes allowing U.S. coins to fall through
the holes, sorting into cups of single
denominations. Using the measurements listed on
https://www.usmint.gov/learn/coin-and-medalprograms/coin-specifications in the 3D design,
students can make holes by entering the numbers
listed under diameter, and adding 4mm to the
dimension. Check your 3D printers for how
skinny of a tolerance you’ll need. For younger
grades, you can give the dimensions, do the math,
simplify the chart, as you, the teacher, see fit.

Figure 2. Top half of coin sorter using holes. Too thin.

NGSS and/or Common Core Standards Math
Kindergarten
CCSS.MATH.CONTENT.K.MD.A.1

Describe measurable attributes of objects, such as length or weight. Describe several
measurable attributes of a single object.
First Grade
CCSS.MATH.CONTENT.1.MD.A.1

Order three objects by length; compare the lengths of two objects indirectly by using
a third object.
Second Grade
CCSS.MATH.CONTENT.2.MD.A.1

Measure the length of an object by selecting and using appropriate tools such as
rulers, yardsticks, meter sticks, and measuring tapes.
CCSS.MATH.CONTENT.2.MD.C.8

Solve word problems involving dollar bills, quarters, dimes, nickels, and pennies,
using $ and ¢ symbols appropriately. Example: If you have 2 dimes and 3 pennies,
how many cents do you have?
CCSS.MATH.CONTENT.2.MD.A.4

Measure to determine how much longer one object is than another, expressing the
length difference in terms of a standard length unit.
Third Grade
CCSS.MATH.CONTENT.3.MD.B.4

Generate measurement data by measuring lengths using rulers marked with halves
and fourths of an inch. Show the data by making a line plot, where the horizontal
scale is marked off in appropriate units— whole numbers, halves, or quarters.
CCSS.MATH.CONTENT.3.MD.C.5

Recognize area as an attribute of plane figures and understand concepts of area
measurement.
Fourth Grade
CCSS.MATH.CONTENT.4.MD.A.3

Apply the area and perimeter formulas for rectangles in real world and mathematical
problems.
Fifth Grade
CCSS.MATH.CONTENT.5.MD.A.1

Convert among different-sized standard measurement units within a given
measurement system (e.g., convert 5 cm to 0.05 m), and use these conversions in
solving multi-step, real world problems.

----You’ll need to require the students work off the US Mint dimensions website, and
determine if the increase in 4mm or so will still sort, or if such measurements will
allow too many coins to fall through too early.

(ISTE Standards). https://www.iste.org/standards/for-students
•

•
•
•
•

Innovative Designer 4a. Students know and use a deliberate design process for
generating ideas, testing theories, creating innovative artifacts or solving authentic
problems.
Innovative Designer 4b. Students select and use digital tools to plan and manage a
design process that considers design constraints and calculated risks.
Innovative Designer 4c. Students develop, test and refine prototypes as part of a cyclical
design process.
Innovative Designer 4d. Students exhibit a tolerance for ambiguity, perseverance and
the capacity to work with open-ended problems.
Creative Communicator 6b. Students create original works or responsibly repurpose or
remix digital resources into new creations.

Instructional Objectives
•
•
•

Cooperative pairs of students work to solve a real world problem.
Students will work with and experience observing U.S. coins to look at the diameter (size
of the circle) to make a hole that allows a coin to drop.
Students will work with an inclined plane, dropping coins down the incline plane.

Audience (Subject / Grade level)
•
•
•
•
•
•

Math
Measurement
Entering Dimensions in a 3d program
Second Grade
Elementary
STEM

Teacher Preparation
•

•

STEM Challenges, and designs are not supposed to have examples of the finished
product, else the kids will just copy your model and call it a day. But, if the students are
improving on an already existing design, then there necessarily needs to be some
examples to be modified, combined, or streamlined.
Print the example files as measuring devices to be modified by the kids.

•
•

•

•

After all of the pre-teaching is done, assign the STEM Task.
STEM Task: For this class, students will be architects in teams of 2 or 3. You are tasked
with creating a device that allows you to trace on paper or cardboard, the path of the sun
over several days, and then a few times this school year. Your device should be simple –
don’t get too fancy. Your device should either make a shadow, or make a holeyou're
your sunlight to pass through. Your device should either hang on a window, or sit on a
counter next to the window. You need some space to put a piece of paper down to trace.
You will use a 3D program such as TinkerCad, or similar to complete this task. We will
complete the ASK together as a class right now. Use your STEM Challenge sheet, and
save it on your Google Drive. Your Team will complete the IMAGINE, PLAN, and
CREATE together making 1 prototype. Student toymaker teams who follow the
constraints and requirements for their counters may get them printed on the 3D printer for
use by the lower grades.
STEM Requirements & Constraints:
o 1 sun/shadow measuring device per group.
o Flat bottom
o No floaters – things that do not touch the workplane
o No overhangs (Things that look like a V). The bottom should be the widest point
of the counter
o You have 2 class periods to complete your first iteration and submit for a
prototype 3D print.
!
Pre-teach
o Tinkercad or similar
! I pre-teach adding a basic box and how to cut out a box (smaller than the
first box) using a hole. We call this shape a “bathtub.”
! I pre-teach how to make a hole completely through another object.
! I pre-teach how to assign dimensions with the handles on the corners – for
precise measurements, like constraints. They usually figure out how to
resize by dragging on their own.
! I pre-teach how to raise and lower the object along the Z-axis (up).
! I pre-teach Copy & Paste concepts in multiple programs.
! I pre-teach Grouping and Ungrouping.
! I pre-teach X-axis (side-to-side), Y-axis (front/back), and Z-axis
(up/down). We do a demo with our hands.
! I teach them how to re-size their “workplane” to our 3D printer.
o I teach Overhangs, but I do not spend time on it until the kids have some kind of
creation built.
o As the kids are creating, I teach concept that the counter must be at least 4mm
wide to 3D print, and so hands don't break it while playing.
o Note: The included 10-frames are designed for a MakerBot Replicator Mini. If the
teacher enlarges the 10-frame, then obviously new dimensions will be possible for
the counters.

•

•

•
•

•
•

3D print at least one set of the 10-frame files, so the kids can see how their counters are
going to be used, and measure if they’ve reached measuring proficiency. Note: If you
are using stamped 10-frames to reduce3d printed materials, this should work. I would
emphasize the constraints of the counters be 10mm wide x 10mm deep x 10mm tall, else
you will end up with giant counters that take forever to print.
Provide Rulers with CM/MM should be available, if the toymakers need to measure
their counter’s spaces in the 10-frames. Alternately, the teacher can give the
measurements as a constraint.
If the students cannot yet be measure, provide the constraints: 7mm wide x 7mm deep x
10-15mm tall.
Group kids into two pairs. Each pair will be making 10 counters in a 3D program. Make
sure each student-group has at least one Tinkercad Account between them. I suggest 1
account for every child, if possible.
Make the link for the files on Thingiverse available to each child/computer for easy
downloading.
Note: From experience, the younger students can take 45-minutes typing a URL, and
Logging In, so keep that in mind for timing.

Materials List
1. 3D prints of the examples, if the teacher wishes.
2. The STEM Design Process that your school uses.
3. STEM Notebooks – a class notebook would be sufficient up until the ideas for pieces, which
should be unique to each toymaker pair.
4. Pencils, sharpened or not

Formative and/or summative assessments
Print the next page for Pre & Post Tests. There are 4 per page. For the Pre Test, print 4 per page.
For the post test, print 2 sided for the post-test and the Rubric on one page.

Time Estimates
a. Pre-Teaching can take 4-6 45-minute class periods depending on where you left off
with this class the prior year.
b. One 45-minute classes for the Ask, Imagine, Design 3D STEM Process
c. 2-5 hours of 3D printer time, per group depending on size and printer settings.
d. Additional time to test the sun sticks design will have to occur over the days and
weeks, probably back in the homeroom classrooms.
e. The seasonal measurements will need to take place over the whole school year. For
best results and to show change, start early, and make sure you look at the shadows
on the equinoxes and solstices.

Figure 3. Cardboard coin sorters, iteration 1. Some of these coin holes actually worked. The kids added tape to make the
holes smaller. Kid-scissors are really not strong enough to cut poster board.

Step-by-Step Instructions
1. Group students into pairs, or groups of 2.
2. The Build Story: The PTA collected a lot of money in a “wishing well” game at the school
fair. Kids and adults tossed coins into a pool of water, trying to get their coin to land on the
dry cup in the middle of the pool. Now, the water is drained; the coins are dried; but the
coins are all mixed together, so it’s hard to count them. Perhaps students can devise a tool to
separate the coins?
3. Task: You and your design team are to create a device to separate the coins using gravity.
Coins will roll or slide on a ramp (inclined plane). Coins also have different sizes. So, the
coins can be sorted based on their size.
4. Constraints:
a. Use 3D design software
b. Devices should be relatively simple to build on the 3D printer.
i. No overhangs
c. Device dimensions
i. The device should be no larger than 3 inches wide x 3 inches deep x 9 inches
tall.
ii. The smaller the device the better.
d. Consider using an inclined plane with holes.
e. Focus on typing in the measurements from https://www.usmint.gov/learn/coin-andmedal-programs/coin-specifications . Remember to add some “wiggle room”
(tolerance). If the coin is 19.05mm, the hole should be larger, like 20.00mm.
f. Remember the dime is actually the smallest coin.

Background on Coin Sorters (for the Teacher)
A home made gravity-based coin sorter
https://www.youtube.com/watch?v=fHksoKGKtPQ
Another home made coin sorter
https://www.youtube.com/watch?v=9sKLfqaXtT8
Swiss Coin sorter – very similar to the U.S. one the kids are being asked to make.
https://www.youtube.com/watch?v=A94h19O7_fo
Similar to the Swiss one above, but with a feeding hopper.
https://www.youtube.com/watch?v=PBnhtm2X6ow
This is a Lego version with a motorized vibration table. Very creative.
https://www.youtube.com/watch?v=np3qWZVyvIU

Differentiated Learning, Extensions, & Resources
1. Special Education. Pre-teach:
a. Same coins have same sizes.
b. The coin sorting is done by sizes and color.
c. The size does not correlate with the value of the coin.
d. There is the “round” size, which makes a square dimensions on the 3D printer.
e. The “round” (diameter) size can be measured on the outside perpendicular edges
(square) or the inside perpendiculars (diameter). The teacher would teach the
concepts not necessarily the vocabulary, depending on the grade of the student.
f. Rolling coins are hard to predict and work with.
g. Inclined planes cause the coins to slide, not roll, and the sliding is more predictable.
h. If the hole is larger than the coin, the coin will fall through.
i. If the hole is smaller than the coin, the coin should not fall through.
j. Have them try to work out that the smallest coin holes must be higher on the incline.
2. ELL/Second Language Learners. Confusing concepts simply explained. This would be a
decent site for ELL/ESOL learners, paired with students who can read words but may not
know their meanings. U.S. coins may not be familiar to these students. Provide real U.S.
coins when possible. The plastic coins used in education do not behave well for this project.
3. Gifted students can create a sorting machine for other countries coins, or all of the current
U.S. coins. Probably the most challenging thing would be to create a vibrating or spinning
sorter that allows the coins to be loaded into a hopper as a group.

Student Reflection
1. Post Test
2. Students will have completed their STEM Notebook (Attached at the end of this document)
as a class for the ASK and should have it written in their STEM Challenge Page. They should
also have their 3D piece designs saved in their class drive.

Name
Date
Homeroom Teacher

Ask
What is my team supposed to be making?
What are the constraints?

coin
sorter
penny
nickel
dime
dollar
quarter
half
money
size
denomination
diameter
inclined plane
measurement

Imagine
Draw 2 designs. Label the parts.

Plan
Put a star next to 1 of the 4 designs your team will make in 3D.
Create
In 3D design software, create the 3D model of your design.
Take a screen shot and add it here. "
Improve

Next time, what can I do to make it better?

Name: ____________________________ HR Teacher: ________________
Pre-Test / Post Test:
1. When sunlight blocked by a thing, a _____________ is made.
2. True / False. A shadow is living.
3. True / False. Shadows get longer as the sun sets.
4. Draw a sun, object blocking the sun, ground, and shadow. Label the parts.
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Name: ____________________________ HR Teacher: ________________
Rubric for 3D piece build:
Developing (1)

Meets (2)

Exceeds (3)

Design is within all constraints
Device casts a shadow.
Device can hang or stand.
Design is creative or simple.
Total
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