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Introduction

“I don’t get it,” he said, passing me in the corridor one day. Pointing out the window he con-
tinued, “Look, there’s the Moon. I can see the curved shadow of the Earth on the Moon. But 
the Sun is still up, so the Earth’s shadow must be behind us somewhere. How can Earth’s 
shadow fall on the Moon in the daytime?”

My friend had graduated from an Ivy League school. He had always done well in school 
and he loved science. As director of a major science education program he certainly had a 
good formal background in science. But that day I realised he did not understand the modern 
scientifi c explanation for Moon phases. 

To his credit, at that moment my friend realised that he’d had it wrong all these years. It 
is likely that he fi rst learned about Moon phases in primary school, when his spatial reasoning 
skills had not yet developed. And since he never studied Moon phases again, he never had an 
opportunity to learn the real reason for phases. 

A great many people of all ages make this same mistake. Th ey learn about Moon phases 
and eclipses, but what really sticks is the explanation for an eclipse of the Moon, also called a 
lunar eclipse (derived from the Latin word for moon, luna). A lunar eclipse occurs when the 
Moon passes through the Earth’s shadow. A lunar eclipse happens about twice a year. Since 
you have to be on the side of Earth facing the Moon when it is in Earth’s shadow, chances are 
about 50-50 that you’ll get to see it. So at any one location it is common to see a lunar eclipse 
about once a year. 

Once we both recognised why he was confused, it was easy to help my friend understand 
why Moon phases occur. I took a hard-boiled egg out of my lunch bag and we walked outside. 
I handed him the egg and asked him to hold it up next to the Moon in the sky and pay atten-
tion to which part is lighted and which part is in shadow. He fi gured it out himself. Here’s 
more or less what he said:

“Oh! I see now. Th e egg and the Moon are both lit up by the Sun. I knew that before. 
But the shadow on the egg is the same as the shadow on the Moon – and the lighted part is 
the same, too. In fact, I’m looking at a ‘crescent egg’! Th e dark part is the shadow of the egg 
on itself, just like with the Moon – the dark part of the Moon is the shadow of the Moon on 
itself.”

For good measure I took a moment to explain to my friend why he had been confused. It’s 
easier to learn the explanation for a lunar eclipse than for Moon phases, and if it is presented 
too early and then never revisited it’s not surprising that someone would remember just one 
explanation and apply it to both phases and eclipses – even though the explanation for Moon 
phases is diff erent. Today, thanks to science education research, the concept of Moon phases 
is more appropriately placed at the upper primary or middle years level, where many students 
still fi nd it challenging. 

        —Cary Sneider, 2011
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Why Are Probes Useful for 
Teaching Astronomy?
Th e 45 astronomy probes in this book can 
help you provide the kind of experience in 
your classroom that Cary and his friend expe-
rienced in the exchange described above. Each 
probe presents a situation that will engage 
your students’ interests while assessing their 
current level of understanding (or misunder-
standing). Although it may not always be easy 
to help your students untangle mistaken ideas, 
knowing what your students’ preconceptions 
are is an excellent start. 

One way to think about what these probes 
can do that other assessments often fail to do 
is to reveal your students’ mental models of the 
world. We all have many such models and we 
use them all the time. For example, envision in 
your “mind’s eye” the house or building where 
you live. Imagine you are standing across the 
road from the front door. What colour is the 
building? How many windows does it have? 
Is there a letterbox in view? If the letterbox is 
not in front of the building, can you envision 
where it is? Now imagine walking across the 
road, picking up the mail and entering the 
building. “Walk around” inside, looking into 
the diff erent rooms, to become aware of just 
how detailed this mental model happens to be.

Your mental model of the place you live 
does much more than provide mild entertain-
ment when reading about science teaching – it 
provides a map of the world that you follow 
when you pick up the real mail, walk into your 
actual house, put away the shopping in the 
correct cupboards and fi nd your glasses in the 
place where you usually leave them. Mental 
models are such an important part of our lives 
that we rarely think of them; but without them 
we could not function in the world. Th ey also 
colour new information that we receive.

Stella Vosniadou and William Brewer 
(1992, 1994) conducted a series of infl uential 
studies on children’s mental models in astron-

omy. Th ey interviewed Year 1, Year 3 and Year 
5 students, and found that the children’s under-
standing of the day–night cycle depended on 
their mental models of the Earth. For example, 
students whose mental model of the Earth was 
a fl at surface with an absolute “down” in space 
explained that the Sun would literally go “up” 
in the daytime and “down” at night. Older 
students, who held a more advanced spherical 
Earth concept, understood that the Earth is 
a ball in space. Th ose students held diff erent 
misconceptions. For example, some thought 
that day and night were caused when the Sun 
went around the Earth once a day.

Without understanding your students’ 
mental models about the Earth in space, it will 
be very diffi  cult to help them understand any-
thing that you may want to teach them about 
astronomy.

Mental Models and the 
Evolution of Astronomy
Astronomy is sometimes called the “mother 
of all sciences” because it was the fi rst fi eld to 
which modern scientifi c thinking was applied. 
Although the term scientist had yet to be 
invented, the term might well be applied to 
Aristotle, the ancient Greek philosopher and 
teacher of Alexander the Great. Aristotle was 
born approximately 2500 years ago in Stagira 
in what is today northern Greece. He wrote 
about his ideas on astronomy in a book called 
On the Heavens (see Guthrie 1939 for one of 
several English translations).

Aristotle’s mental model of the Earth in 
space was remarkably modern in some ways. 
He described the Earth as a huge sphere (giv-
ing proper credit to philosophers of earlier 
periods) and as evidence of Earth’s shape he 
correctly referred to the appearance of Earth’s 
shadow on the Moon during a lunar eclipse. 
He noted that as travellers journeyed far to the 
north or south they would see diff erent stars 
gradually come into view. 
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Aristotle’s mental model was not entirely 
modern. He imagined that people could live in 
many diff erent places on Earth without falling 
off  because in his view Earth was located in 
the centre of the universe. Everything heavy 
would naturally fall to the centre of the uni-
verse, while things that were light, such as fi re, 
would go away from the centre of the Earth. 
To explain day and night, he posited that the 
Sun circled the Earth once a day. Aristotle’s 
writings survived the Middle Ages, and his 
mental model of the Earth and Sun was taught 
in the best schools for thousands of years, until 
it was fi nally challenged by Copernicus in the 
16th century.

Copernicus agreed with Aristotle that the 
Earth is a sphere, but he disagreed that the 
Earth is immovable in the centre of the uni-
verse. Instead, he proposed that the Sun is 
immovable, in the centre of the universe, and 
the Earth orbited around it once a year. In his 
mental model – which is closer to our own – 
day and night were caused by the Earth spin-
ning once a day as it orbited the Sun once per 
year. 

Since Copernicus worked a couple of cen-
turies before Newton came up with his theory 
of gravity, Copernicus must have had diffi  culty 
explaining why people – and everything else 
– clung to Earth’s surface rather than fl ying 
off  into space as the Earth spun around. So he 
envisioned that the Earth, the Moon and other 
large bodies each had its own centre to which 
everything would fall. 

Th e process of continually modifying a 
mental model of Earth’s position among other 
bodies in space continues today in the work 
of modern astronomers. Astronomers cannot 
“experiment” with objects in space, but they 
can observe the light from distant stars and 
galaxies to see how they move and how they 
relate to one another, and then build a men-
tal model (often translated into a more pre-
cise mathematical model) that is consistent 

with what they see. It is not unusual for a new 
observation – or a new way of thinking about 
old observations – to cause astronomers to 
change their mental models of stars, galaxies, 
moons, planets or even the Earth itself.

Your Students’ Mental Models
One of the greatest resources you can tap into 
as a teacher is the diff erent mental models held 
by your students. By engaging them in dis-
cussing their ideas related to these probes, stu-
dents will have an opportunity to learn about 
other mental models besides their own. Th at 
realisation – that there may be a diff erent way 
to think about a situation – is a tremendously 
powerful way to get your students to question 
their own thinking.

A set of instructional materials that used a 
similar approach but pre-dated the Uncovering 
Student Ideas in Science series was Earth, Moon, 
and Stars in the GEMS (Great Explorations in 
Math and Science) series (Sneider, 1986). Stu-
dents were given “thought experiments”, using 
diagrams and questions similar to some of the 
probes in this book. Th e focus of the GEMS 
unit was the Earth’s spherical shape and a 
simple idea of gravity. Th e students started by 
writing their answers to the probes, and then 
they met in small groups to discuss their ideas. 
Without the teacher having to explain the cor-
rect concepts, these discussions alone moved 
the students much closer to the scientifi c men-
tal model of the Earth in space (Sneider and 
Pulos, 1983; Sneider et al., 1986). 

Th e Earth, Moon, and Stars curriculum was 
rigorously tested in a study by 17 teachers from 
10 in the US who agreed to give pretests and 
post-tests to students who participated in their 
classes (Sneider and Ohadi, 1998). Th e study 
included 539 students in Years 4–9. Although 
all groups signifi cantly increased their test 
scores, the youngest students, in Years 4 and 
5, made the greatest gains. Students in control 
groups, who did not engage in these activities, 
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did not increase their scores. In other words, 
students can change their mental models of 
the Earth’s shape and gravity concept by dis-
cussing their ideas with each other. And that 
is what we want you to do with these probes – 
use them to stimulate discussion that can help 
your students change their mental models of 
the universe. 

Stepping-Stones
Th e word misconception has been used a num-
ber of times in the preface and introduction. 
It’s important to point out that from the per-
spectives of the students their ideas about the 
world are not “wrong”. As Vosniadou and 
Brewer (1992, 1994) and many others have 
pointed out, the students’ explanations for 
phenomena such as night and day or phases 
of the Moon are entirely consistent with their 
mental models of the Earth in space, among a 
host of other objects that they cannot directly 
see or handle. Some researchers have suggested 
using the term preconception or alternative 
conception rather than misconception to avoid 
labelling the students’ ideas as “wrong”. 

We prefer to keep the term misconception 
and use it in a general way to indicate that it 
is an idea that is contrary to the modern sci-
entifi c thinking that we want to promote. We 
emphasise that expressing these ideas – even 
though they may be wrong from a modern 
scientist’s point of view – is a very important 
part of the learning process. In many cases 
your students will progress through a sequence 
of misconceptions before getting it right. As 
suggested by researcher Philip Sadler (1998), 
misconceptions might best be thought of as 
stepping-stones that are absolutely essential for 
helping our students gradually change their 
mental models, so they can share the modern 
scientifi c view of the universe.

With this book you now have a powerful 
set of tools to uncover the astronomy-related 
ideas your students bring to the classroom. 
Th rough students’ writing and discussion you 
will be able to follow their eff orts to make 
meaning out of their everyday encounters with 
the natural world and concepts presented to 

them in school. Every student has their own 
unique approach to creating meaning in a 
learning situation. Whether or not a student’s 
ideas change depends on the willingness of the 
student to accept new ways of looking at their 
natural world. 

In other words, you cannot “fi x” your 
students’ misconceptions, but by using these 
probes to formatively assess your students’ 
current thinking, you will be in a much better 
position to create a path that moves students 
from where they are to where they need to be 
scientifi cally. We hope the probes in this book, 
along with the information in the Teacher 
Notes, will help you create a classroom envi-
ronment that makes it safe and interesting to 
surface and discuss all students’ ideas, so that 
they can reach for the next stepping-stone in 
their understanding of astronomy.
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Is Earth Really “Round”?
Teacher Notes

Purpose
Th e purpose of this assessment probe is to elicit 
students’ ideas about the shape of the Earth. 
Th e probe is designed to fi nd out how students 
reconcile the idea that the Earth is round, 
represented by the globe that they are taught 
about in school, with the fl at Earth of their 
everyday experience.

Related Concepts
Earth: shape

Explanation
Linh has the best answer: “‘Round’ means that 
the whole Earth is shaped like a ball. It just 
looks fl at because we can only see a small part 
of the ball.” Th e size of the Earth in relation to 
where a person stands on the surface accounts 
for why we cannot see the Earth’s curvature. 
From any point on the ground, you can only 
see a very small portion of the Earth in all 
directions; therefore, the portion you do see 
appears to be fl at (uncurved). Th e higher you 
go beyond the surface of the Earth, the more 

you begin to see the curvature. As astronauts 
travel in a rocket or the Space Shuttle, away 
from Earth, they see the curved surface. Astro-
nauts on the Moon, far from Earth, viewed 
Earth as a sphere. Many of the satellite images 
we have of the Earth from space shows the 
Earth to be shaped like a sphere. 

Administering the Probe
Th is probe is best used with upper primary 
and middle years students, since that is the age 
range when most students will have developed 
the spatial reasoning skills that will enable 
them to fully understand Linh’s argument. 
Students as early as Year 1 or Year 2 will likely 
fi nd the probe engaging and thought-provok-
ing. Note that this probe asks students to sup-
port their thinking with a drawing. Consider 
having students share their drawings with the 
class to support their ideas about a “round 
Earth”. Listen carefully as they explain their 
drawings. Some students might reveal their 
thinking that there are actually two Earths – 
the one we live on and the one that is repre-
sented by a globe.

1
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Related Ideas in the Australian 
Curriculum: Science

Year 2 Physical Sciences

• A push or a pull aff ects how an object 
moves or changes shape (ACSSU033)

Year 4 Physical Sciences

• Forces can be exerted by one object on 
another through direct contact or from a 
distance (ACSSU076)

Year 7 Physical Sciences

• Earth’s gravity pulls objects towards the 
centre of the Earth (ACSSU118)

Related Research
• In a series of studies in the United States 

and Israel, Joseph Nussbaum and his col-
leagues (Nussbaum, 1979; Nussbaum and 
Novak, 1976; Nussbaum and Sharoni-
Dagan, 1983) found that primary students 
had great diffi  culty understanding the idea 
that the apparently fl at ground beneath 
their feet is part of a huge ball in space, 
with no absolute “down” direction, except 
toward the centre of Earth. Furthermore, 
to make sense of science lessons in which 
they are told that the Earth is “round”, 
many students create their own explana-
tions for what a “round Earth” means. 
Some of those alternative conceptions are 
expressed by Linh’s friends in this probe. 

• A review of research studies (Agan and 
Sneider, 2003) showed that Nussbaum 
and Novak’s fi ndings have been replicated 
many times and that students in many dif-
ferent countries share some of the same mis-
conceptions, as do many teachers. While 
older students tend to give more scientifi -
cally accurate explanations to reconcile the 
spherical Earth concept with the appar-
ently fl at view that they can see every day, 
a signifi cant number of students express 
alternative views as late as the middle years. 
Fortunately, various teaching approaches 

have been found to be successful. Th e 
review recommended that a full presenta-
tion of these ideas should be delayed until 
at least Year 4, when students have the 
capacity to understand the complex spatial 
thinking needed to reconcile the spheri-
cal Earth concept with the apparently fl at 
ground of their everyday experience.

• A number of researchers have conducted 
learning studies to teach the spheri-
cal Earth concept. One of these studies 
(Sneider and Ohadi, 1998) involved 17 
teachers in 10 states in the US who used 
the GEMS (Great Explorations in Math 
and Science) unit Earth, Moon, and Stars 
(Sneider, 1986). Th e study included 539 
students in Years 4–9. Although all groups 
signifi cantly increased their test scores, the 
youngest students, in Years 4 and 5, made 
the greatest gains. Students in control 
groups, who did not engage in these activ-
ities, did not increase their understanding 
of the Earth’s shape and gravity.

Suggestions for Instruction and 
Assessment
•  Provide an opportunity for students to 

share, discuss and critique their ideas 
about the probe while refraining from giv-
ing them the scientifi c answer. At a point 
when students are ready for a scientifi c 
explanation, give your own reasons for it. 
For example, explain how astronauts have 
now fl own all the way around the Earth 
and have seen it as a ball in space. 

•  Th is probe can be combined with Probe 2, 
“Where Do People Live?”

•  With older students, this probe provides an 
opportunity for students to use evidence to 
support their ideas about a spherical Earth. 
Students can examine some of the historical 
evidence for a spherical Earth well before 
humans had images of the Earth from space, 
and they can engage in argumentation using 
this evidence. Ask students to describe what 
they think this early historical evidence was 

1

© H
awker B

ro
wnlow Educa

tio
n



U n c o v e r i n g  S t u d e n t  I d e a s  i n  A s t r o n o m y

8 NST0997 • 9781760010997 • © 2015 Hawker Brownlow Education

and to discuss the strengths and weaknesses 
of the evidence. Th e discussion should cover 
the following evidence:
o People at sea can see the tops of the 

masts of tall ships before seeing the 
hull of the ship or the whole mountain. 

o Th e Earth casts a circular shadow 
on the Moon during a lunar eclipse 
(although one may argue a fl at disc 
would do this as well).

o It is possible to circumnavigate the 
world – leaving from and returning to 
the same spot. 

o As one travels north, the Sun is lower 
in the sky, but stars such as Polaris 
(the North Star) are higher in the sky. 
Other bright stars, such as Canopus 
(visible in Egypt), disappear from the 
sky.

o Th e local time for a lunar eclipse 
is many hours later in the east (e.g. 
India) than in the west (e.g. Europe) 
even though the eclipse is seen by all 
observers simultaneously.

•  A representation that may help students 
envision why it is hard to see the Earth as 
a sphere from their perspective is to com-
pare large and small spheres. For example, 
looking at a table tennis ball or other small 
sphere close up one can clearly see that it is 
curved, but looking at a very large sphere, 
like a beach ball close up, one sees that it 
is less curved. Th e larger a sphere gets, the 
“fl atter” its surface appears. Have students 
imagine why the Earth appears fl at based 
on their observations of diff erent-size 
spheres. 

•  Have students imagine what an ant’s per-
spective would be when crawling on a beach 
ball and then make the link to the “fl at-
ness” of a spherical Earth from a human’s 
perspective (Lightman and Sadler, 1988).

•  Show children a large spherical fruit such 
as a cantaloupe. Have students describe the 
overall shape of the melon. Th en cut out a 
small square (about a 2.5 cm2) of the mel-
on’s rind and have the students describe 
the shape of that small piece of the melon’s 

surface. Th e small piece of rind will look 
fl at to them. Have them link looking at the 
part of the Earth on which they are stand-
ing (e.g. the small square of melon rind) 
to the whole Earth (the entire melon) to 
explain why a part of a sphere appears fl at 
(Hayes et al., 2003).

•  Th e zooms on this NASA website help stu-
dents see how the ground they stand on is 
part of a spherical Earth: http://svs.gsfc.nasa.
gov/search/Series/GreatZooms.html. Similar 
zooming can be done with Google Earth.
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