The following Quiz and Best Order list are from the article “Galactic Chicken or
Galactic Egg, Which Do You Teach First” in The Classroom Astronomer magazine,
Summer 2013, Issue #16, by Andrej Favia, © Hermograph Press, Marietta, GA.

For an audience of students or teachers, read the following paragraph as
instructions:
“Take a moment to read the following twelve statements. Next to each one, mark which
you believe are true or false. If you think they are false, write down when you learned
that? Go ahead, I’ll wait…”
All the answers should be false. When done, collect to see how your students did,
what their misconceptions are.
If you are doing this with teachers, use the paragraph below to ask them to mark
the year with A if this was learned pre-college, C if learned in College, and G (for grownup!) if after college. Collect and analyze when the teachers learned the false aspects, and
see which misconceptions you have to un-teach them.
“Now that you have finished the Galactic Quiz, how many did you check as true? For the
false choices, how many were when you were a child, an adolescent, or an adult? Mark
with A if this was learned pre-college, C if learned in College, and G if after college.”

The Best Order for teaching topics about galaxies and aspects related to the Sun and solar
system is different for children and adolescents versus adults (college or post-college).
Use the appropriate lesson order.

GALACTIC CHICKEN OR GALACTIC EGG,
WHICH DO YOU TEACH FIRST?
:ADVICE ON MISCONCEPTIONS ON WHAT ORDER TO
TEACH ASTRONOMY TOPICS
ANDREJ FAVIA
What should you teach first? Do some things
help or hinder learning the Next Thing? A
thought-provoking idea on galaxies, and nearer.
Take a moment to read the following twelve
statements. Next to each one, mark which you believe
are true or false. If you think they are false, when did
you learn that? Go ahead, I’ll wait…
1. The Milky Way is the only galaxy
True
2. The solar system is not in the Milky Way (or any other) galaxy True
3. All galaxies are spiral  



 True
4. The Milky Way is the center of the universe
True
5. The Sun is at the center of the Milky Way galaxy
True
6. The Sun is at the center of the universe
True
7. There are only a few galaxies
True
8. The galaxies are randomly distributed
True
9. We see all the stars that are in the Milky Way
True
10. All galaxies are the same in size and shape
True
11. The Milky Way is just stars --- no gas and dust
True
12. New planets and stars don't form today
True

False
False
False
False
False
False
False
False
False
False
False
False

________
________
________
________
________
________
________
________
________
________
________
________

Now that you have finished the Galactic Quiz, how many did you check as true? For the false
choices, how many were when you were a child, an adolescent, or an adult?
To truly understand the Universe, with all its beauty, wonder, and mystery, requires knowledge of a
variety of fundamental sciences, including physics, chemistry, geology, and meteorology. That knowledge
is, unfortunately, not so universal. Many people who think about, for example, how the Sun shines or why
the Moon causes tides, develop incorrect beliefs. Some of these incorrect beliefs are superficial, such as
knowing the total number of known moons orbiting planets (172 as of February 24, 2013) or the number of
stars in the solar system (1, since the solar system is defined to be the Sun and everything that orbits it).
When beliefs are deep-seated and inconsistent with accepted scientific understanding, we call them misconceptions. Consider the various beliefs that the Sun shines because it is burning something, like propane;
this is a misconception. Astronomy covers so many objects and concepts that it is perhaps not surprising
that Dr. Neil Comins (http://www.physics.umaine.edu/ncomins/) has identified over 1700 common misconceptions and superficial beliefs about astronomy.
This huge number of topics is part of the reason that introductory astronomy textbooks have so
much to teach and so many possible ways of presenting the material. Will teaching in a best order, one
particular thing before another instead of vice versa, teach both better? I, Dr. Comins and psychology professor Geoffrey Thorpe believe this is true. Our ultimate research goal is to determine an optimal order to
teach all topics in astronomy at both the high school and college levels, based on techniques for effectively
overcoming common misconceptions.
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most notably that the most effective way to teach the related astronomy topics in college may not be the
same as it is for K-12. The alternative orders for topics further implies a restructuring of astronomy textbooks and classroom lectures for better alignment with how people learn at different times in their lives.
Table 2 (considering our introductory quiz as Table 1) presents the optimal sequence to learn correct concepts about galaxies most effectively to children and adolescents (left column), as well as to adults.
For example, during the first galaxy lecture, children and adolescents would learn most effectively if the
first topic presented the location of the Sun in the Milky Way, then showed that the Milky Way is not at
the "center of the universe," with some clarification that the universe has no center. Adults would benefit
more, however, in the first galaxies lecture with a presentation showing just how many galaxies are really
out there (Hubble deep field images come to mind as a fascinating yet instructive example). The last galaxy lecture should conclude by presenting, to both age groups, that the galaxies are distributed in a special
sponge-like (or filamentary) nature, and not just arbitrarily placed wherever in space.
Table 2. Order to teach galaxy concepts for children and adolescents (left), and adults.

i.
ii.

Show the location of the Sun in the Milky Way
Show that the Milky way is not at the center of
the universe
iii. Show that the Milky Way is not the only galaxy
iv. Show that there are billions of galaxies
v. Teach the various sizes and shapes of galaxies
vi. Show that the Milky Way has gas and dust in it,
which is then used to form planets and stars
today
vii. Demonstrate that the solar system is in the
Milky Way.
viii. Show how many galaxies are spiral vs. how
many are of other types (e.g. elliptical, irregular)

i. Show that there are many galaxies (and not just
ours)
ii. Demonstrate that the solar system is in the
Milky Way.
iii. Teach the various sizes and shapes of galaxies
iv. Show how many galaxies are spiral vs. how
many are of other types (e.g. elliptical, irregular)
v. Show that the Milky Way has gas and dust in it,
which is then used to form planets and stars
today
vi. Show that there are billions of galaxies
vii. Show the location of the Sun in the Milky Way
viii. Show that the Milky way is not at the center of
the universe

ix. Show that we cannot see all stars in our own galaxy
x. Teach the distribution of galaxies in the universe
Meanwhile, you can give these same twelve questions to your students, college or K-12, and see
what you may have to un-teach, or now teach in an educationally advantageous order.
Andrej Favia is a graduate student in astronomy education at the University of Maine. Find out the way
the Universe should be ordered by emailing him at Andrej.favia@umit.maine.edu .

For Your Inner Geek
The interested reader is also invited to read the preprint by Favia, Comins, & Thorpe, titled, "The
Elements of Item Response Theory and its Framework in Analyzing Introductory College Astronomy Misconceptions. I. Galaxies," at http://arxiv.org/abs/1206.2302 .
We analyzed the data using Item Response Theory (IRT) and Principal Component Analysis
(PCA). IRT is a sophisticated statistical technique that uncovers the "difficulty" of the misconceptions.
PCA finds misconceptions that are correlated with each other, thereby creating groups of misconceptions.
For each of the twelve galaxy statements, software calculated the probability that any particular student will have a low (1), medium (2), or high (3) degree of misconception retention. Low retention (1) is
most probable for students who score low on endorsing galaxy misconceptions (typically "A" or "B" students), and high retention (3) is most probable for students who score high on endorsing galaxy misconceptions (roughly speaking, "C" or "D" students).
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