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M
any commonly held astronomical beliefs—for exam-
ple, that black holes last forever or that Saturn’s rings
are a continuous solid—are actually wrong. Students
carry those and other sometimes deep-seated mis-
conceptions into the college classroom and continue
to believe some of them even after instruction. We

have been working to develop surveys and statistical tools to help
us learn how persistently students hold on to misconceptions
and, given that data, to devise pedagogical strategies that will
help students overcome their astronomical prejudices. 

Our astronomy beliefs inventory (ABI) is a survey that in-
cludes a wide range of common astronomy misconceptions.
When taking it, students indicate when or if they ever believed
the ABI statements. We administered the ABI over the period
2009–13 to a total of 639 students who had just completed the
University of Maine’s introductory astronomy course. In one
version of the ABI, some of the statements were true, some
false. But in this Quick Study we’ll be considering the format
in which all the propositions were misconceptions. Of course,
for both formats the students were not told if any or all of the
statements would be false.

For each statement on the ABI, we asked the students if they
(1) used to believe it only during their childhood or adoles-
cence but ceased to believe it before taking the introductory as-
tronomy course, (2) had believed it until learning otherwise
from taking the course, or (3) still believe it even after taking
the course. We then coded the responses as relative degrees of
misconception retainment, with “1” denoting minimal retain-
ment and “3” the most persistent retainment. Our papers (with
Geoffrey Thorpe) in the additional resources give a complete
list of the 215 misconceptions in our study and information on
the validity of our inventory. If the number 215 sounds like a
lot, keep in mind that more than 1700 astronomy misconcep-
tions have been documented. 

Item response theory
Is the order in which topics are presented crucial in helping
 students correct their misconceptions? Our intuition was that
within a suitably identified subtopic, the optimal approach was
first to address misconceptions that were least strongly held
and only then move on to more persistent ones. To help us con-
struct what we hoped would be optimal pedagogy, we applied
item response theory (IRT) to quantify the inherent persistence
with which the misconceptions are held. But we found that our
intuitively optimal ordering pedagogy was not particularly 
effective.

If IRT analysis is to be valid, the data must be unidimen-
sional. That is, a single trait, such as the tendency to retain a
belief that may be a misconception, should account for the vari-
ance in the responses to the ABI. To generate subtopics that in
our estimation would yield unidimensional data, we first
grouped misconceptions topically; for example, one topic in-
cluded statements about galaxies. We then used a statistical
software package called SPSS to determine subtopics—the basis
for our IRT analysis—that consisted of tightly correlated mis-
conceptions. The box to the left displays the three subtopics re-
lated to galaxy misconceptions. It shows, for instance, that stu-
dents who believe that new planets and stars don’t form today
are also likely to believe that the solar system is not in the Milky
Way or any other galaxy.

Based on the responses to a statement in our beliefs inven-
tory, IRT calculates how likely a student is to have a particular
misconception given the student’s overall tendency to retain
misconceptions. The plot in the figure shows the results for the
misconception that galaxies are randomly distributed. The
variable along the horizontal axis represents the student’s over-
all proclivity to retain misconceptions and is defined so that its
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With the help of surveys and statistics, we tried to optimize the order in which we presented
 astronomy concepts. But students persisted in retaining wrong ideas about them.

PROPOSED ORDER TO ADDRESS 12 GALAXY MISCONCEPTIONS 
The numbers to the left are the transition coordinates 
described in the main text. Higher numbers represent 
misconceptions that are more easily corrected.

2.93 The Milky Way is the only galaxy.
2.76 The solar system is not in the Milky Way (or any other)

galaxy.
2.63 All galaxies are the same in size and shape.
2.56 All galaxies are spiral.
2.56 New planets and stars don’t form today.
2.50 The Milky Way is just stars—no gas and dust.
2.21 There are only a few galaxies.

1.65 The Sun is at the center of the universe.
1.58 The Milky Way is the center of the universe.
1.46 The Sun is at the center of the Milky Way galaxy.

1.93 We see all the stars that are in the Milky Way.
–0.05 The galaxies are randomly distributed.
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mean is 0 and its standard devi-
ation is 1. 

The horizontal coordinate
where the curves labeled 2 and 3
in the figure intersect corre-
sponds to a transition from “be-
lieved the misconception but
learned otherwise from taking
AST 109” to “still believe the mis-
conception even after instruc-
tion.” A characteristic 2–3 transi-
tion coordinate exists for each
statement in the ABI. A low tran-
sition coordinate means that the
misconception is retained even
by students who have a weak
tendency to hold fast to wrong
ideas; low transition coordinates
thus correspond to misconcep-
tions that are hard to shake if a
student has believed them for a
long time.

That galaxies are randomly
distributed is one of a dozen
galaxy-related misconceptions in
the ABI. The box shows all 12,
along with their 2–3 transition co-
ordinates. As mentioned earlier,
they have been subdivided into
three groups as determined by an SPSS analysis. In each galaxy
subtopic, we determined an optimal order in which to teach in-
dividual galaxy-related statements by ranking their correspond -
ing transition coordinates. We ordered the subtopics as a whole
similarly; for example, the box indicates that misconceptions as-
sociated with the visual properties of galaxies are, collectively,
the least strongly held. Thus, reading from top to bottom, the
box shows our proposed order for addressing the 12 galaxy
misconceptions in the ABI. The analogous 1–2 transitions, which
may produce a different ranking than the 2–3 transitions, give
an optimal order that may be better tailored to children and
adolescents.

Order in the court
To test whether our proposed ordering would do a better job
than conventional ordering in helping students to abandon
their misconceptions, we designed single-lecture videos on
black holes (to serve as a consistency check) and galaxies, to be
presented to classes as a replacement for live lectures. The
videos shown in the spring 2012 semester presented the con-
cepts for both black holes and galaxies in the optimal order as
suggested by our analysis. In the spring 2013 semester, we re-
tained the proposed optimal ordering for the black hole videos
but presented the galaxies lectures with the concepts in the
order normally taught at the University of Maine.

Immediately before and after each video lecture, we as-
sessed the students’ preconceived beliefs using a multiple-
choice test whose questions were tailored to the video of the
day. As a consistency check, we confirmed that test gains on
the black hole topic were nearly identical between the two
years. We expected, though, that our optimal ordering of

galaxy topics would give overall higher test gains than the con-
ventional ordering. In fact, gains on the galaxy test scores be-
tween the two arrangements of topical material were also iden-
tical. Perhaps misconceptions about galaxies are more persistent
than we originally thought, and we suspect that the same may
be true in other astronomical topics as well. Fortunately, even
though we didn’t find an optimal order to help students aban-
don their own mistaken beliefs, we still learned a lot about the
persistence of individual misconceptions. And that informa-
tion, we think, will enable instructors to improve their peda-
gogy by spending more time addressing student misconcep-
tions that most strongly persist.
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A PERSISTENT MISCONCEPTION among astronomy students is that galaxies are  randomly
 distributed. (a) This Hubble Deep Field image shows that galaxies are clustered together, not randomly
located. (Courtesy of NASA/ESA/STScI.) (b) The probabilities shown here specify the likelihood of
 responding with a low (1), medium (2), or high (3) degree of misconception retainment, as predicted
by item response theory, based on responses to the statement “The galaxies are randomly distributed.”
The axis labeled “Retains misconceptions” describes the overall tendency for a student to hold on to
misconceptions. The overwhelmingly high probability of responding with a 2 or 3 indicates that even
those students who do not strongly retain misconceptions are likely to believe that galaxies 
are randomly distributed—even after instruction.
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