Desmos’ Penny Circle Activity: Enhanced Analysis and Data Pooling

Scott Sinex

Two interactive Google Sheets spreadsheets were developed to expand the data analysis of the
Desmos’ Penny Circle Activity. This interactive web-based activity was developed by Dan

Meyer at Desmos, see Meyer (2014).

Desmos' Penny Circle Activity: Enhanced Analysis Spreadsheet
The activity assumes that the number of pennies are a function of the diameter of the circle.

Students explore fitting their collected data with linear, quadratic, and exponential models,
which the spreadsheet revisits.

Next the spreadsheet examines the area computed from the number of pennies (area occupied
by pennies = number of pennies x area of a penny) and the area computer from the circle
diameter (A = md). The difference (area occupied by pennies - area of circle) is determined and
this is the absolute error. Then the percent error is calculated by %error = (area of pennies -
area of circle)*100/ area of circle. These are illustrated on the graph taken from the
spreadsheet. How does the error behave and what is the cause of the error are good discussion
points! The slope of the blue line is the area (0.442 sg-inch) occupied by a US Mint penny!

area occupied by pennies and area of circle

@ area occupied by pennies 0.442*x+ 1.18E-15R2=1 @ area ofcircle 0.546*x + 0.628 R2=0.999
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Examining the penny packing tab might help students with addressing the error. The error is a
negative proportional systematic error and is caused by increasing empty space not occupied by
the pennies as the circle diameter increases. Students discover the cause of the error or bias!
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https://sites.google.com/view/ssinex
https://teacher.desmos.com/activitybuilder/custom/586ab17c2f8cd5bc3bcaf259?collections=featured-collections%2C5da649ac6254f22e20fd1107
https://docs.google.com/spreadsheets/d/1UVb6n2p9WwNrMn7LwL58a9aLQO88scXL3yYP75FAVQQ/edit?usp=sharing
https://place.fi.ncsu.edu/local/catalog/course.php?id=10&ref=1

Here is a screenshot of the Desmos app
pointing out the types of packing as
shown on the penny packing tab. This
is a very useful lead-in for packing of
atoms in crystal structures, especially
metals. Starting with 2D helps to
transition to 3D.

Another type of comparison plot where
a new method can be compared to an
old method or two different analysts
doing the same analysis. If the two
methods or the two analysts agree, the
data will lie on the y = x line (for perfect
agreement: slope = 1, y-intercept = 0,
and r-square = 1).

Getting error analysis into activities is
an important element that needs
attention to develop the mindset.

The use of the spreadsheets range from
class discussion to having students
completely set-up the computations
and graphs. They could be made to be
“just-add-data” spreadsheets as well. A
“just-add-data” spreadsheet has
computations, graphs including
regressions (or simply the line of
best-fit) all set up, plus any simulations,
and all students do is add their data to
get results and explore.

Comparison of Two Methods

W areafromno.of pennies == 0.807*x+-0.494 R2=0.999 @ y=xline comparison == 1*x+0
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If you want to examine types of errors, see Rulers and Measurement Error (interactive Excel
spreadsheet or Excelet). If you want further discussion, see Sinex (2005) and for some simple,
easy experiments with readily available manipulatives (Sinex 2013, 2017, 2018).
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https://academic.pgcc.edu/~ssinex/excelets/Ruler_error.xls
https://place.fi.ncsu.edu/local/catalog/course.php?id=10&ref=1

Desmos’ Penny Circle Activity Il: Data Pooling Spreadsheet
Students working in groups can enter their number of pennies to fill a prescribed set of

specified diameters. This spreadsheet addresses variability in data (see Hunter-Thomson (2022)
for more) and can stand alone (no need to do the Extended Analysis). The two tabs on this
spreadsheet allow for the “just-add-data” by up to eight groups and then calculate the mean,
maximum, and minimum, plot the three quantities, and fit it with a linear regression, while the
second tab does the mean plus/minus the standard deviation (standard error bars) for more
advanced students. By displaying the spreadsheet, a class discussion would ensue. For more on
data pooling and online collaboration, see Data Pool in the Cloud.

For the Just Getting Started Crowd
If you are just getting ready to introduce modeling of data, here is a really good first activity

(possibly some author bias here) with a “just-add-data” spreadsheet and simulations.

Investigating the Height of a Stack of Cookies Excelet Activity (pdf)

...and yes students can eat the cookies after all is completed!
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