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Starship Gaia authors use ordinary objects and a
spreadsheet program to manipulate mass, matter,
and stuff.

Subject: Measurement, data
analysis, physical science

Audience: Teachers, teacher
educators

Grade Level: 6–12 (Ages 11–18)

Technology: Internet/Web, spread-
sheet, calculator, electronic balance

Standards: NETS•S 3; NETS•T II
(www.iste.org/standards). NCTM
(Grades 6–8 & 9–12) Measurement,
Data Analysis & Probability (http://
standards.nctm.org/document/).
NSES Physical Sciences Content
Standard Grades 5–8 (http://
stills.nap.edu/html/nses/html).
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People who measure and model
the physical world use the el-
egant International System of

units (SI), also called the metric system.
It is based on powers of 10. Humans
have 10 fingers and 10 toes, so it seems
quite intuitive to have a simple system
based on 10. Measurers and modelers
want to use the simplest, easiest to learn
and use system of measurements. The
metric system is the right stuff. (For de-
finitive SI information, essentials of the
SI base & derived units, and other Web
sites mentioned in this article, see the
Resources section at the end.)

Mass, Matter, and Stuff
Mass is a fundamental physical prop-
erty. The mass of an object is the quan-
tity of matter in the object or the
amount of stuff in the object. If you
look up mass, matter, and stuff in a dic-
tionary, you may find that they are de-
fined in terms of one another, thus
completing a circular definition. We
found definitions at Merriam-Webster
OnLine:

mass noun. The property of a body that
is a measure of its inertia and that is
commonly taken as a measure of the
amount of material it contains and
causes it to have weight in a gravita-
tional field.

matter noun. The substance of which a
physical object is composed; mate-
rial substance that occupies space,
has mass, and is composed predomi-
nantly of atoms consisting of pro-
tons, neutrons, and electrons, that
constitutes the observable universe
and that is interconvertible with
energy.

stuff noun. An unspecified material
substance or aggregate of matter;
fundamental material.

The kilogram (kg) is the SI unit of
mass. It is equal to the mass of the in-
ternational prototype of the kilogram,
which is a platinum-iridium cylinder
that resides at the International Bureau
of Standards in Sevres, France. The ki-
logram is the only SI base unit defined
by a real object that you can see and
touch. However, they won’t let you
touch it because your fingerprints
would change its mass. For compari-
son’s sake, here is a short list of objects
that have masses of one to two kg:

One liter (1000 cubic centimeters) of
pure water at 4°C has a mass of ex-
actly 1 kg.

1 kg = 1000 grams (g).
A 1-kg mass weighs about 2.2 pounds.
A 1-pound weight has a mass of about

0.454 kg.
Soda drinks in 2-liter plastic bottles

contain 2 liters of soda with a mass
of about 2 kg.

Pennies. Pennies are wonderful objects
of measurement, are inexpensive, and
are readily available. We have lots of
pennies separated into pre-1982 pen-
nies, 1982 pennies, and post-1982 pen-
nies. Why do we separate them this
way? Because the U.S. Mint changed
the composition of pennies in 1982
from a 95% copper (Cu) and 5% zinc
(Zn) alloy to copper-plated zinc. The
old and new pennies look alike, but
post-1982 pennies are about 19%

lighter than pre-1982 pennies. Find
coin specifications for current U.S.
coins on the U.S. Mint Web site. Here
are the specs for post-1982 pennies:

Composition: 2.5% Cu, 97.5% Zn
Mass: 2.500 g
Diameter: 19.05 millimeter
Thickness: 1.55 millimeter

Pennies are precisely manufactured
things, so pennies of a given year have
very nearly the same mass. Or do they?
We measured the masses of pennies
dated 1981, 1983, and 2000. To do so,
we used a balance that has a readability
of 0.1 gram; it measures the mass of an
object to 0.1 gram. For each year, we
counted out a population of 100 pen-
nies and weighed each population.
Table 1 shows the mass of 100 pennies
and the average mass of a penny for
each year. Are 1983 and 2000 pennies
about 19% lighter than 1981 pennies?

The average mass of 1983 pennies
is a little more than the U.S. Mint’s
2.500-gram specification, and the aver-
age mass of 2000 pennies is a little less
(Table 1). We don’t know why, but we
have some ideas. What do you think
the reasons might be?

For each year, we randomly selected
a sample of 10 pennies, weighed the
sample, returned the sample to the
population, then mixed the coins vigor-
ously and selected another sample.
Table 2 shows the mass of a sample and

Table 1. Masses and Average Masses of Pennies

Year # of Pennies Mass (g) Average Mass (g)

1981 100 309.1 3.091

1983 100 251.1 2.511

2000 100 249.4 2.494

Pennies are precisely manufactured things, so pennies of a given
year have very nearly the same mass. Or do they?
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Table 2. Sample Masses and Average Mass per Sample of Pennies

Penny Sample size 1981 Mass 1983 Mass 2000 Mass
Sample (g) Average (g) Sample (g) Average (g) Sample (g)  Average (g)

10 31.0 3.10 25.2 2.52 24.9 2.49

10 30.8 3.08 25.0 2.50 24.9 2.49

10 31.0 3.10 25.2 2.52 24.9 2.49

10 30.9 3.09 25.3 2.53 24.9 2.49

10 30.9 3.09 25.1 2.51 24.8 2.48

Starship Gaia

average mass of a penny in the sample
for five samples of each year.

The average mass of a 1981 penny is
3.08 g, 3.09 g, or 3.10 g, a range of
only 0.02 g. Suppose three teams of
students pulled samples of 10 pennies.

that they are nearly equal because the
bars are about the same height.

Your turn. Use your favorite spread-
sheet to make a bar graph using our
data. Better yet, use your collection
of pennies as the population, pull
samples, calculate average masses,
and make bar graphs.

A mathematical model of the mass of
a bunch of pennies. Here is a simple
mathematical model of the mass of a
bunch of pennies:

Mass of a bunch of pennies = mass
of one penny � number of pennies
in the bunch.

To make our model more concise and
algebraic looking, let m be the total
mass of the bunch of pennies, mp the
mass of one penny, and n the number
of pennies in the bunch. In algebraic
alakazam form, our model is:

m = mp � n.

This is a linear equation with slope mp

and y-intercept equal to zero (0). Table
3, created in Excel, shows the masses of
0 to 5 pennies that conform exactly to
the U.S. Mint’s specification that the
mass of one penny is 2.500 g (m = mp

� n, where mp = 2.500 g). Figure 2 is
an Excel line graph of the data in Table
3. Note that the y-intercept is zero. Of
course—no pennies, no mass. How
well do real pennies fit the model? We
used Excel to fit a linear function to
samples of 0 to 5 pennies for each year
1981, 1983, and 2000 (Table 4). Figure
3 is an Excel scatter graph (also called a
scatter chart or scatter plot) of the data
for 1981 pennies. Using Excel’s Add

Figure 1. Average masses of 1981 pennies found
by three student teams.

Table 3. Mass of a Bunch of Pennies

n m (g)

0 0.000

1 2.500

2 5.000

3 7.500

4 10.000

5 12.500

Team 1 reported an average mass of
3.08 g; Team 2, an average mass of 3.09
g; and Team 3, an average mass of 3.10
g. Figure 1, created in Microsoft Excel,
shows a bar graph of the average masses
found by the three teams. You can see

Figure 2. Excel line graph of the mass of a bunch
of pennies.

Figure 3. Excel scatter graph and trendline for
1981 pennies.

Table 4. Masses of 0 to 5 Pennies  Dated 1981, 1983, and 2000

# of Pennies Mass (g)

1981 1983 2000

0 0.0 0.0 0.0

1 3.1 2.5 2.5

2 6.2 5.1 5.0

3 9.3 7.6 7.5

4 12.3 10.1 10.0

5 15.4 12.6 12.5

Copyright © ISTE (International Society for Technology in Education), 800.336.5191 (U.S. & Canada) or 541.302.3777 (Int’l), iste@iste.org. All rights reserved.



February  2002 Learning & Leading with Technology 31

cal model of the mass of a bunch of
beans? Here’s the model:

Mass of a bunch of beans = mass of one
bean � number of beans in the
bunch

Let m be the total mass of the bunch of
beans, mb the mass of one bean, and n
the number of beans in the bunch.

m = mb � n.

Table 6 shows the masses of 0 to 5
beans randomly selected from our
population of 100 beans. Figure 5 is an
Excel linear scatter graph, trendline,
and value of R2 for data set number 1.
Comparing the Excel trendline equa-
tion (y = 1.1309x) to the model equa-
tion (m = mb � n), we see that the av-
erage mass of one bean is about 1.13 g.
This is a little less than the average mass
(1.176 g) of the beans in the popula-
tion of 100 beans.

Your turn. Use a spreadsheet or graph-
ing calculator to make a scatter graph of
the data in data sets 2, 3, or 4. Add a
trendline, equation of the trendline,
and R2 value. Using Excel, we got the
following:

Starship Gaia

Trendline Options box, we added a
trend-line, the equation of the trend-
line (y = 3.0836x), and the R-squared
value (R2)—a measure of how well the
trendline and its equation fit the data.
A value of R2 equal to 1 or very close
to 1 indicates that the linear function
fits the data very well. Compare the
Excel trendline equation (y = 3.0836x)
to our mathematical model equation
(m = mp � n) to see that the average
mass per penny (mp) is 3.0836 g,
which is close to the average mass ob-
tained by weighing the entire popula-
tion of 100 pennies. For more informa-
tion about this type of linear modeling,
see the Resources section at the end of
the article.

Your turn. Use a spreadsheet or graph-
ing calculator to make a scatter graph
of the 1983 and 2000 penny data from
Table 4. Add a trendline, equation of
the trendline, and R2 value. Using Ex-
cel, we got the following:

1983 pennies: y = 2.5255x, R2 = 1.
The average mass per penny is
about 2.53 g.

2000 pennies: y = 2.5x, R2 = 1. The
average mass per penny is about 2.5 g.

Lima beans. Lima beans are natural
things that survive, thrive, and grow in

the good earth of Gaia. They are deli-
cious, nutritious, and great objects of
measurement. Lima beans vary in mass
much more than pennies. We bought a
package of large lima beans, counted
out a population of 100 beans, dusted
off our balance, and weighed the beans.
We found:

Mass of 100 beans = 117.6 g.
Average mass per bean = 1.176 g.

Suppose four teams of students pull
samples from our population of 100
beans and grab the data shown in Table
5. It shows the average mass per bean
of the samples, the average of the four
samples, and the deviation from the
average calculated like this:

Deviation = team’s mass per bean –
average of four teams.

Figure 4 is an Excel bar graph showing
the mass per bean of each team, the
average mass per bean for the four
samples, and the deviation from the
average of each sample’s mass per bean.
This graph is a good way to visualize
the data. Compare this bar graph with
the bar graph for 1981 pennies (Figure
3), and you can see that lima beans vary
more in mass than pennies.

If beans vary more in mass than pen-
nies, how does that affect a mathemati-

Table 6. Mass of a Bunch of Lima Beans (m = mb × n)

N Data Set 1 (m, g) Data Set 2 (m, g) Data Set 3 (m, g) Data Set 4 (m, g)

0 0.0 0.0 0.0 0.0

1 1.4 1.3 1.0 1.2

2 2.3 2.4 2.3 2.1

3 2.9 4.0 3.9 3.5

4 4.5 4.7 4.7 4.5

5 5.9 6.1 6.1 5.1

Table 5. Four Samples of Large Lima Beans

Row Item Team 1 Team 2 Team 3 Team 4

1 Team’s mass per bean (g) 1.08 1.15 1.27 1.20

2 Average of four teams (g) 1.18 1.18 1.18 1.18

3 Deviation (g) = Row 1–Row 2 -0.10 -0.03 0.09 0.02
Figure 4. Average masses of large lima beans.

Figure 5. Excel scatter graph and trendline from
lima beans data set 1.

Penny continued on page 53.
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Penny continued from page 31.

• Data Set 2: y = 1.2255x, R2 = 0.994.
A good fit. The average mass per
bean is about 1.23 g, about 4.2%
greater than the average mass of a
bean in the entire population.

• Data Set 3: y = 1.2109x, R2 =
0.9943. A good fit. The average mass
per bean is about 1.21 g, about 3.0%
more than the average mass of a bean
in the entire population.

• Data Set 4: y = 1.08x, R2 = 0.9894. A
good fit. The average mass per bean
is about 1.08 g, about 8.2% less than
the average mass of a bean in the en-
tire population.

Counting and measuring masses
of pennies, beans, or any objects, and
creating electronic charts and graphs
from data collected by the student
can be a fun and interesting classroom
exercise for learning about mass, mat-
ter, and stuff. Along the way, students
will increase their understanding of the
metric system, practice their skills with
spreadsheet programs, and maybe even
learn a thing or two about beans and
pennies.

Resources
Essentials of the SI Base & derived units:

http://physics.nist.gov/cuu/Units/units.html.
Lists the seven SI base units (meter, kilogram,
second, ampere, Kelvin, mole, and candela) and
examples of SI-derived units (area, volume,
speed, density, etc.).

Graphing With Excel—Main Menu:
www.ncsu.edu/labwrite/res/gt/gt-menu.html.
From this menu, you can go to online tutorials
that show how to make a scatter plot and a lin-
ear regression line (trendline).

Making Cents of a Slope Lab: http://webs.
wichita.edu/facsme/cbl/algebra/making_cents.
pdf. Describes an experiment using a TI-83
graphing calculator and calculator-based lab
(CBL) to measure the force exerted by different
numbers of pennies. One of the results is a
graph of mass versus number of pennies.

Merriam-Webster OnLine: www.m-w.com/
dictionary.htm

National Institute of Standards and Tech-
nology: http://physics.nist.gov/cuu/Units/
index.html

Regression Analysis: http://cwx.prenhall.
com/bookbind/pubbooks/morris_ema/chap-
ter1/medialib/5Regress.pdf

Stretching a Penny: http://education.ti.com/
activity/pdf/act/hsmtn01.pdf. The PDF file de-
scribes an experiment using a TI-83 graphing
calculator and Calculator-Based Ranger (CBR)
to measure and graph the stretching of a spring
by the weight of pennies.

United States Mint, About The: www.
usmint.gov/about_the_mint/index.cfm?action
=coin_specifications

Bob Albrecht (StarshipGaia@
aol.com) is a writer and devel-
oper of science, math, and tech-
nology curricula. George
Firedrake is his alter ego and
takes the form of a dragon.

Laran Stardrake, whose quotes sometimes lead off
the column, is another of Bob’s “accomplices.” She’s
half dragon and half human. As Laran is fond of
saying, “ Reality expands to fill the available fan-
tasies.” The DragonFun image is from an original
painting by Marcy Kier-Hawthorne.

Paul Davis (ctec1@mchs.srcs.
k12.ca.us) is a mathematics
teacher at Maria Carrillo High
School in Santa Rosa, Califor-
nia. He was a happy, normal
teacher until he met Bob
Albrecht and George Firedrake

in 1992 and became another one of their accom-
plices. Since then, Paul has been intertwingling
math, science, and technology in his classroom
with the help of Bob and George.
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