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Estimations - Introduction
It was great to see you all—students, parents and teachers! As usual, we started this meeting by listening to a bluebird song
and asking Bluebird math questions. Those questions are listed at the end of this recap.
Next we looked together at Issue 5.
We started with a discussion on how estimation is essential for all of us. Estimation is something that we do all day long. We
estimate distances and times, food and money, temperature, even moods. And that behavior is not limited to humans.
Estimations are what all living creatures do. Of course, that permeates all sciences and technologies.
For making a plausible estimate we need to decide what are the important characteristics of the ‘thing’ we are trying to
estimate. What are the conditions which cause changes in the outcome? Once we decide on these ‘parameters’ we can start
making numerical estimates.

Piñon Nuts Harvest
We started with estimating the pinon nuts harvest—an activity suggested by Donna
Fernandez, Navajo Prep School.
You want to harvest about half of pinon nuts on a tree, and leave the rest for the forest
creatures to eat and for growing new trees. How would you estimate the number of
pinon nuts on a tree? Can you find some helpful approaches? Also, we tried to find ways
to estimate the number of nuts on 10 pinon trees.
Suggestions included estimating the number of nuts per average-sized cone, then estimating the number of cones per tree.
Beth Cammarata also suggested taking into account the health of the trees and stress factors, such as bark beetles or
drought. If some trees among the 10 trees we’re interested in were stressed out and others were not, then we have to
change our estimate based on one sample cone taken from a certain tree accordingly.
Kids and Adults
We’ve asked ourselves: what should we take into account to estimate the number of
children and adults in the population? It seems easier to estimate the number of
adults—they earn money, they pay taxes, and so on, so we get more data about them. It is
more difficult when we start estimating the number of children.
Jade R. suggested that we start with identifying the customs of the population. For example,
Indigenous populations often have larger families with more children. Thus, the average
number of children in a given group may be different from another group. Other suggestions included the number of houses
and bedrooms in the houses, the number of schools and average number of students per school, and maybe the number of
cell phones or quantity of school supplies.
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Butterflies in a school garden
How would you estimate the number of butterflies in a school garden?
Well, we need to take lots of factors into account.
Craig Young suggested that we first find the average number of butterflies per group of flowers.
Some varieties are more balmy and attract more butterflies. Some butterflies are only attracted
to certain species of flowers—so we also need to know the types of butterflies that come to the
garden. We may also need to estimate how many different types of plants we have in the garden.
Other factors may be the size of the garden, the time of the season, and whether pesticides were applied or not. We’ve
noticed that we start with collecting qualitative variables first, rather than rushing to assign a certain quantitative value to
them.

Extraterrestrial Civilizations Count
Could we estimate the number of extraterrestrial civilizations in our Galaxy?
Thanks to the NASA Kepler telescope, we know that there are more planets than stars in our galaxy. Our galaxy is teeming
with terrestrial-size worlds. 20 to 50 percent of the stars in the sky are likely to have small, possibly rocky planets similar in
size to Earth within the habitable zone of their parent stars, where water could pool on the planet surface. And about three
Sun-like stars (or one massive star) are born in our Galaxy every year. So, how many extraterrestrial civilizations are out
there? Are there any at all? What factors should we take into account to estimate that?
Our conversations touched upon many space and biological phenomena, even though it was not easy to turn them into
anything resembling a mathematical formula. Here are some of our considerations:
We may want to start with figuring out how many stars there are like our sun, because we know our sun can support life
and civilization. Our sun is a yellow dwarf type of star—a relatively small, slow-burning star. Scientists studying stars
discovered that for every yellow dwarf, there are three orange dwarfs and ten red dwarfs in the Milky Way. Those are the
suns that can actually stay burning long enough to let a civilization develop. That is fascinating, and moreover, it helps us try
to estimate the number of stars that could support life in the Galaxy.
We also thought we might look for pollution, because we seem to pollute everywhere we go—so we may try to estimate
the amount of pollution by other civilizations, and start looking for it. We may also consider the composition of the
atmosphere on various planets, look for artificial structures in space, and estimate the energy consumption needed to
support an advanced technological civilization.
Another group considered whether we should focus only on Earth-like planets with Earth-like gravity. Gravity is important,
so that the gases and water wouldn't fly away. But maybe life could adapt to very strong gravity. On such a planet, the
creatures may have very thick legs and big bones like elephants. On low-gravity planets there may be flying elephants that
land with a plop.
In addition, we largely assumed that our planet needs certain elements to sustain life. But on other planets, other life forms
might not necessarily need the same elements, so it may be too limiting to focus just on Earth-like planets.
And while thinking about which factors should be taken into account, one student asked “What is a civilization?” Of course,
there is even a more basic question: what is life?
One conclusion which we could derive is that it is very important to realize what the question is that we’re trying to answer!
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We ended our math circle with a discussion of the Drake Equation—a beautiful estimation of the number of
extraterrestrial civilizations. The equation assumes that we are only looking for those civilizations that live on
Earth-like planets orbiting Sun-like stars, and share our evolutionary trajectory. There is an interesting
discussion of the Drake Equation and its ramifications at https://en.wikipedia.org/wiki/Drake_equation

Drake
Equation

New Questions for Bluebird
What is pi? —Ye-Shiao T.

How can you connect math to art and creativity? —Jade R.

What is algebra? —Jasmine T.

How come there are algebra 1 and algebra 2? —Ye-Shiao T.

BLUEBIRD SAYS—Curious questions. I will fly around and seek some answers. Watch this space in the next flyer!

Submit your math-related questions at https://aimathcircles.org/Bluebird
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