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ABSTRACT

In this study we conducted an analysis of a project based, space science curriculum designed to support
elementary school students in understanding complex, inter-related astronomy concepts. The curriculum,
rather than directly addressing students' alternative frameworks, focused on supporting students in identi-
fying their own existing understanding and reflecting on how their understanding evolves over time. To
assess student conceptual change, we conducted pre and post interviews, examined student work, and had
students complete a pre and post astronomy conceptua survey. Our results suggest that elementary school
students can develop sophisticated understandings of astronomy concepts. In addition, our results also
suggest that the direct engagement of students' alternative frameworks may not be necessary if the stu-
dents are immersed in learning activities that afford students opportunities to examine and reflect on their
understanding. These findings point out the need that instruction respect students' pre-existing ideas and
supports their reflection and discussion of their ideas.
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INTRODUCTION

In this study we conducted an analysis of a
space science curriculum designed to engage
students in activities that support them in devel-
oping scientificaly a sophisticated understand-
ing of the relationship between the Moon's
phases and eclipses. The intervention featured in
this study was an eclectic instructional approach
blending bgether class discussions, whole and
small group attivities, individua activities, and
three-dimensional (3-D) dynamic computer
models. These ativities were designed to er
gage students in reflective thinking on and about
their existing understandings. In the following
sections we first present a summary of the litera-
ture, second provide a description of the instruc-
tional context, third give brief descriptions of the
students that participated in this experimental
course and our research methodology, and
fourth, discuss the students conceptual growth
in relation to the astronomy concepts regarding
the phases of the Moon and Lunar and Solar
Eclipses. We conclude with implications for the
design of science instruction.

BACKGROUND

According to the National Science Educa-
tion Content Standards (National Research
Council, 1996) students in grades five through
eight should have a clear notion about the direc-
tion of gravity when standing on the Earth, the
shape of the Earth, and relative sizes and dis-
tances between the Earth, Sun and Moon. How-
ever, several studies have shown that most stu-
dents are far from such a robust understanding
(Baxter, 1989; Stahly, Krockover, & Shepard-
son, 1999; Sneider & Ohadi, 1998; Treagust &
Smith, 1989). In fact, according to the Pfundt
and Duit (1998) bibliography there have been
over 116 studies reporting that students enter
science classrooms with mpoverished or con-
trary explanations of astronomical phenomenon
that are in conflict with the explanation accepted
by the scientific community. These understand-
ings have been described by many terms includ-
ing misconceptions, pre-conceptions, alternative
conceptions, and dternative frameworks
(Wandersee, Mintzes, & Novak, 1994). In this

manuscript we will refer to these views as dter-
native frameworks, because understanding of
many astronomy concepts are frequently em-
bedded within alarger structure (Smith, diSessa,
& Roschelle, 1993).

During the past two decades there has been a
growing interest in student understanding of sci-
entific concepts and how their conceptions can
be used to design instructional interventions
(Baxter, 1989, Driver & Oldham, 1986; Vos-
niadou, 1991). In anay zing the results of these
interventions, severa researchers have con-
cluded that these aternative frameworks are re-
sistant to change. For example, a 1988 survey
conducted by the Public Opinion Laboratory at
Northern Illinois University determined that
only 45% of United States adults could correctly
state that the Earth orbited the Sun and that it
took one year to complete the trip (as cited in
Fraknoi, 1996). Another dramatic example of
the persistence of students aternative frame-
works can been seen in the film A Private Uni-
verse (1988), in which Harvard graduates were
found to hold severa dternative frameworks
about the cause of the seasons (i.e. the reason the
Earth has seasons is primarily due to its chang-
ing distance from the Sun).

In response to these and other findings, edu-
cational researchers have focused on developing
instructional strategies that directly address &
ternative frameworks during nstruction. By d-
rectly addressing dternative frameworks re-
searchers believe that students will be forced
into a state of cognitive conflict and recognize
the inadequacies of their prior understanding and
replace their incorrect concept(s) with the cor-
rect scientific perspective(s) (Gilbert & Watts,
1983). However, in recent years this replace-
ment view of conceptua change has been chal-
lenged. That is, there is a growing body of litera-
ture which claims that instructional interventions
designed to drectly confront students alterna-
tive frameworks may not be very successful in
accomplishing conceptual change (diSissa &
Mingrell, 1998; Hewson & Hewson, 1988;
Muthukrisna, Carnine, Grossen, & Miller,
1993). This research base suggests that concep-
tual understanding is an evolutionary process
that emerges from a complex interplay between
prior understanding and the context in which
learning occurs (Smith, diSessa, & Roschelle,
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1993). In this evolutionary view, students' alter-
native frameworks are a starting position to the
construction of robust scientific understandings
(Demastes, Good, & Peebles, 1995). This proc-
ess is facilitated when students are exposed to a
curriculum that provides an experiential base in
which students are &forded the opportunity to
test and investigate their existing understanding
through scientific discourse and meaningful ac-
tivities (Muthukrishna, et a., 1993; Penner,
Lehrer, Schauble, 1998). Therefore, from this
perspective, instruction should focus on support-
ing students to participate in activities designed
to foster student questioning and reflecting on
their evolving understanding. Therefore, rather
than designing instruction that characterizes stu-
dent aternative frameworks as impediments to
conceptual change, science ingtruction should
use students' exigting alternative frameworks to
scaffold and provide opportunities for students
to evaluate and reflect on their evolving under-
standing as they learn science (diSessa & Min-
strell, 1998)

INSTRUCTIONAL CONTEXT

Our ingtructional intervention was derived
from two sources. The first source was the exist-
ing research on the teaching and learning of as-
tronomical concepts (Sadler, 1996). For exam-
ple, Nussbaum & Novick (1985), and Vosniadou
(1991) showed that students understanding of
gravity was closdly tied to their understanding of
the shape of the Earth. These studies suggest that
the concepts of a spherica Earth, space, and
gravity were closely connected. That is, students
find it difficult to understand that gravity is d-
rected toward the center of the Earth if they do
not understand that the Earth is spherical (Nuss-
baum & Sharoni, 1983). Further, if students are
to develop an understanding of the reasons for
the phases of the Moon, they first should under-
stand the concept of how light reflects and that
the Moon shines by reflecting light from the Sun
(Vosniadou, 1991). It has aso been speculated
that students may not be able to articulate under-
standings of the above atronomical phenome-
non before they have a reasonable understanding
of the relative size, motion, and distances le-
tween the Sun, the Moon, and the Earth

(Treagust & Smith, 1989; Vosniadou, 1991). In
other words, it is important for the teacher to
consider what concepts are precursors for under-
standing more complex concepts rather than just
selecting important astronomical concepts to
teach (Ahlgren, 1996).

The second source from which we cerived
our instructional intervention was the Challenger
Center’s existing space science curriculum (see
http://www.challenger.org/). The Challenger
Center’s curriculum, which is used by nearly a
quarter million students each year, consists of
severa inquiry and hands-on science ativities
ranging from constructing a scale modd of the
solar system to examining the motion of the
Moon and the Sun across the sky. By drawing
from both sources we aveloped a curriculum
consisting of scaffolding activities that guide the
students from simpler concepts (the Earth is a
sphere) to nore complex and interrelated con-
cepts (eclipses).

Instructional Activities

We developed a set of projects consistent
with the existing research that suggests that stu-
dents need to understand certain astronomical
concepts before progressing to more complex
concepts (Ahlgren, 1996; Sadler, 1996). To this
end, we sequenced the projects in the following
manner: 1) the Earth as a sphere and gravity, 2)
construct a scale model of the solar system, 3)
light reflection and the cause of the Moon's
phases, 4) the notion of the Earth and Moon, 5)
the position of the Moon relative to the Earth
during its different phases, 6) the Moon’s phases
and lunar and solar eclipses. For the purposes of
this manuscript we focus on the project five and
SX.

Eclipses and Phases | nstructional Projects:

The eclipses and phases portion of our in-
struction took three weeks (nine class periods) to
complete and were the last four projects in our
curriculum. In the first of these two projects, the
students investigated the orbital motion of the
Earth and the Moon and the spatial location of
the Moon rektive to the Earth as the Moon goes
through its different phases. The second project
involved students inquiring into the causes of
lunar and solar eclipses and their relationship to
the position of the Moon relative to the Earth.




Running Head: Addressing Children’ Alternative Frameworks 3

At the beginning of every project each student
was asked to write down his or her initial beliefs
about the Earth-Moon-Sun system in their learn-
ing journa (a notebook in which students keep a
record of their ideas and how ther ideas
changed over time). Then, as a whole class, the
students were asked to brainstorm and develop a
list of facts and teliefs they had regarding the
Earth-Moon-Sun system. At the conclusion of
each class, the students were asked to compare
and contrast their initial understanding about the
Earth-Moon-Sun system with their post-class
understanding either through their learning jour-
nal or through whole class discussions.

Project #1:. Motion of the Moon and the Earth
and Phases of the Moon: During these projects
project, students worked in teams of three to
four to research the orbital motions of the Earth
and the Moon and how their motion influences
the phases of the Moon. In this project students
research and gather information concerning the
orbital motions of both the Earth and the Moon.
While conducting their research the students
were encouraged to develop ideas and hypothe-
ses about how the position of the Moon relative
to both the Earth and the Sun can determine the
Moon’s phase. In addition, this project required
each student to make observations of the Moon's
position and phase each night and to share and
discuss their observations with their peers. To
complement the students' real-world observa-
tions they also explored a 3D interactive com-
puter model (see Figure 1) of the Earth-Moon-
Sun system in which the students could view the
Earth-Moon-Sun from different points in space
(i.e. viewing the Earth from the Moon) and ex-
amine the shadows of the Earth and the Moon.
At the beginning of this project, the students
were provided with a few guiding questions to
scaffold their exploration such as, “Where is the
Moon relative to the Earth and the Sun when it
isin its new phase?’ and “Where is the Moon
when a solar eclipse is occurring?’ The students
research these questions and try to develop ques-
tions of their own using either the 3D model or
the other available resources with the teacher
providing guidance and assistance when neces-
sary (i.e. helping the students locate information
or defining and explaining unfamiliar astro-
nomical terms). The concluding activity of this

project was a brief presentation in which the
students described what they learned and how
believed their understanding changed during the
course of the project.

Figure 1: Screenshot of the computer model
students used to investigate the phases
of the Moon and Eclipses

(- v ot b ed imiete e Lig

Project #2: Eclipses and Phases of the Moon:
This project builds on the previous project as
students conduct additional research into the re-
lationship between the Moon’s phases and lunar
and solar eclipses. Like to the first project, stu-
dents work in small teams and use similar re-
sources to conduct their research. A difficult
concept for students to grasp is the difference
between a full Moon and a lunar eclipse. This
difficulty arises from the fact that the Moon is
“behind” the Earth relative to the Sun for both
events. Therefore, the students were given initial
questions that would support them in determin-
ing the differences between these two events
(i.e. “What does the shape of the Earth’ s shadow
look like?’). Additionally, students made
observations of the Moon noting the time,
position in the sky, and phase of the Moon. Then
using the data from their observations, coupled
with the computer model and their research the
students investigated the position of the Moon
relative to the Earth during its different phases
and during lunar and solar eclipses. At the
concluson of the project, the students were
expected to describe how their understanding of
the Moon’s phases and eclipses changed from
the beginning of the project.
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THISSTUDY

This study was conducted in a medium-
sized rurd eementary school during the fall
term of 1999 over a ten-week period. The par-
ticipants in this study were seventeen advanced
5™ grade students taking a special science course
that met three days a week for the ten weeks.
The culminating activity of the course was to at-
tend a loca Challenger Center to simulate a
NASA mission to the Moon in the year 2015.
The goa of this mission was to determine the
feasbility of developing a sdlf-sustaining off-
planet settlement. To successfully complete the
mission the students needed to have to a rather
sophisticated knowledge of the orbital motion of
the Earth and Moon in order to navigate their
spaceship from the Earth to the Moon. Further,
the students needed to understand that the Earth
casts a shadow and that when their ship enters
the shadow it would be more difficult to navi-
gate. If the students were to avoid the Earth’'s
shadow they first needed to understand the shape
of the Earth’s shadow so they could map a navi-
gational path that avoided it. Participation in this
project provided us with an opportunity to inves-
tigate the fallowing two questions:

1. Can students at the 8" grade level d-
velop scientifically sophisticated under-
standings of complex astronomical phe-
nomena, namely the phases of the Moon
and lunar and solar eclipses?

2. Canstudents alternative frameworks be
ameliorated when exposed to instruction
that does not directly address their exist-
ing aternative frameworks?

Lincoln and Guba (1986) recommended tri-
angulation as one means of increasing the credi-
bility of researcher interpretations. Data were
triangulated through multiple sources, including
direct observation, interviews, field notes, semi
openended questionnaires, and student created
inscriptions describing their understanding (see
appendix A). The seventeen students that par-
ticipated in the course were interviewed twice,
once at the beginning of the course and once
immediately following the completion of the
course. However, only fourteen students com-
pleted both the pre and post interviews, and it is

their data that we present in this manuscript.

The interview questions (see appendix B) were
semi-structured, consisting of seven questions
that covered awide range of astronomy concepts
with an emphasis on the concepts that relate to
the Earth-Sun-Moon system. The questions were
derived from the existing dternative conception
literature and from our previous work (Barab,
Hay, Barnett, & Keating, 2000; Barnett,
Kedting, Barab, & Hay, 2000; Sadler, 1987,

Sneider & Ohadi, 1998; Treagust & Smith,
1989). In this manuscript, we focus on the fa-
lowing subset of interview questions with a par-
ticular emphasis placed on whether students
could articulate the similarities and differences
between the phases of the Moon and lunar and
solar eclipses:

1. Where is the Moon during the
different phases (i.e. new Maoon,
full Moon...)?

2. Can you tell me the positions of
the Sun, the Earth, and the Moon
for asolar eclipse?

3. What are the differences between
eclipses and phases of the Moon?

The pre-interviews were videotaped and
conducted during the first two days of the course
to determine students' conceptua understanding
prior to instruction. The pre-interviews exam-
ined the ability of students to articulate and ex-
plain their understanding of astronomy and to
identify the prevalence of aternative frame-
works. The pre-interviews typicaly lasted
twenty to thirty minutes. During the interviews
the students were provided with a set of spheres
for manipulation and paper for drawing to dem-
ondtrate and expand on their verbal explanations.
The interviewer also asked probing questions to
establish the depth of students conceptual un-
derstanding. The post-interviews were aso
videotaped and conducted during the last week
of the course. The post-interviews typicaly
lasted thirty to forty minutes. Again, the students
were asked to express their understandings é-
ther verbally, as they manipulated spheres, or by
drawing on the provided paper.
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DATA ANALYSIS

We evaluated student conceptual under-
standing by extensive viewing of the videotapes,
analysis and coding of the transcribed pre-post
interviews, scoring the student responses by a
rubric (see Table 1), and by analyzing the stu-
dent responses to the operntended questionnaires.
The rubric is based upon the categorization
scheme used by Barnett, Keating, Barab, & Hay
(2000), where a score of one means the students
were confused and tried to piece together their

fragmented understandings into a coherent
whole. A score of four represents a complete
understanding of astronomical concepts. For the
purposes of this paper we will concentrate on
whether 5" grade students can develop an under-
standing of the complex relationships between
the Moon's phases and eclipses, and whether
science instruction needs to directly address stu-
dent aternative frameworks to promote concep-
tual change.

Table 1: Rubric for Lunar and Solar Eclipses Question

(0) No conception:

(1) Confused:

Students are unable to articul ate a response to the question.

Students confuse the positions of a full moon, new moon, and lunar eclipse. Stu-

dents have one or more aternative frameworks. Students lack knowledge of basic
concepts (Moon's orbitd tilt, rotation and revolution rates), and proper terminol-

ogy.

(2) Incom-
plete/lnaccurate
Understanding

Students have an aternative framework concerning either the positions of objects
for eclipses and have hybridized their understanding with the correct scientific
perspective. That is, in the students explanation there are fragments of their prior

understanding blended with aspects of the correct scientific perspective (i.e. astu-
dent explains that it is warmer during the summer in the northern hemisphere be-
cause the Earth is tilted toward the Sun and hence closer to the Sun). Students are
a so unable to articulate the difference between a full moon and a lunar eclipse

(3) Partid
Understanding

(4) Complete Un-
derstanding

and how the role the Earth plays in the occurrence of alunar eclipse.

Students know the basic concept that an eclipse occurs when the Earth, Sun and
Moon are lined up in astraight line. That is, students can point out the positions of
alunar eclipse and solar eclipse, but struggle to articulate the difference between a
full moon and lunar eclipse. Students recognize the Earth’s shadow playsarolein
the occurrence of eclipses, but are unable to clarify their response.

Students understand that an eclipse occurs when the Moon fals into the Earth’'s
shadow. The students aso recognize that the Earth, Sun, and Moon have to be d-
rectly aligned in order for the either the Moon to be in the Earth’s shadow or the
Earth to be in the Moon’ s shadow. The students can point out the positions of alu-
nar eclipse and a solar eclipse, and can articulate the difference between the phases
of the Moon and eclipses of the Moon.




Running Head: Addressing Children’ Alternative Frameworks 6

RESULTS

Student Conceptua Growth

The similarities and differences ketween a full
Moon and a lunar eclipse are difficult concepts
for students to understand (Parker & Heywood,
1998). Thus, we set out to develop a curiculum
congisting of activities that would support stu-
dents in deveoping a complete under
standing of these complex astronomical con
cepts. When averaging, across students these ac-
tivities seemed to facilitate conceptua growth as
the students increased their average score from
M = 1.14 (8D = 0.86) on the pre-testto M =
2.92 (SD = 0.83) on the post-test. (c*= 154, p <
.05) (see Table 2).

Table 2: Student Scores on Eclipses and Phases

Student Pre Post Score  Change

Score
SAly 0

A DA WODN WODN WP PP DN ONDN

2
0
2
2
Karen 2
0
0
2
2

R N N N DN DNDNMNPEFEPDNMNDNMNDNDDNDEDN

2

14 2.95
SD=0.86 SD=0.83

1
1
1
1
1

PRE-POST INTERVIEWS

In the pre-interviews the students could state
what the different phases of the Moon were, but
struggled to explain why the Moon had those
different phases. In looking across students most

held incomplete or confused understandings of
the causes of the Moon's phases. On deeper
probing, the students had difficulty in explaining
the more complex relationships regarding the
position of the Moon relative to the Earth as the
Moon progressed through its different phases.
In addition, the students aso struggled to articu-
late the difference between the phases of the
Moon and solar eclipses. The fdlowing excerpt
from John’s interview is quite representative of
the students' reasoning:

Interviewer:  Can you explain to me what

causes the phases of the Moon?

John: We have a full Moon when, ah
..., when we can see dl of the
Moon. When, ah, um, the
Moon is getting brighter it is
caled waxing, and when it is
getting smaller it is called wan-
ing.

Interviewer: Ok, so where isthe full Moon.

John: Hmm [laughing], that is an i+

teresting question [laughs, and

moves the spheres around each

other].

Please fed free to tell me what

you are thinking.

John: Ok, well, I think a full Moon
will have to be back here
[places the Moon sphere behind
the Earth relative to the Sun],
but | am not certain.

Interviewer: Ok, so whereis asolar eclipse?

John: Ok, let me think [moving the
spheres around]. The Sun is
there [pointing to the ball that
represents the Sun], and the
Earth is here [in front of the
Sun], so for a solar eclipse the
Moon must be here [puts the

Interviewer:

Moon behind the Earth]
Interviewer:  Why is the Moon there?
John: Well, because, well, the Earth
can't see the light from the Sun?
Interviewer:  Why not?
John: Because the Sun’s light is being

reflected away from the Earth
by the Moon. | think, but |
don’t know.
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Throughout the interview, it was evident that

John had developed a understanding that con-

sisted of conceptua fragments and struggled to

blend these different fragments into a coherent
whole. For example, he was able to state the
different phases of the Moon, but had difficulty

in explaining the location of the Moon during a

solar eclipse. In addition, John had difficulty ex-

plaining the relative position of the Moon to the

Earth when the Moon was full. Likewise, the

pre-interviews reveadled that six of the fourteen

students had similar fragmented understandings
and hence were categorized as having incom-
plete understandings according to our rubric.

The eight remaining students either could not ar-

ticulate a response to the question or were con-

fused in their response (see Table 2).

These six students that had an ncomplete
understanding typically attributed the reasons for
lunar eclipses to be due to the blocking of the
Sun’s light by the Earth, and the reasons for o
lar eclipses to the blocking of the Sun’s light by
the Moon. However, they were unable to articu-
late a cescription of the shape of the Earth’'s
shadow or the role that the Earth’s shadow
played during the occurrence of a lunar eclipse.
Hence, these students also experienced difficul-
ties in blending their fragmented understandings
into a form that allowed them to explan the rela-
tive positions of the Earth, the Moon, and the
Sun during the Moon’s full and new phases as
demonstrated by Bob’s pre-interview response
below:
Interviewer:  Could you show me where afull
Moon is located?

Bob: | have no idea, but | will guess.
[Holding the Moon sphere to the
side of the Earth.] A full Moon
would be when the Moon is be-
tween the Earth and Sun, it is
shining on the full Moon, off to
the side here the Sun is shining

only on half.
Interviewer:  Where would a new Moon be?
Bob: It would be over here. [Holds

the Moon off to the other side of
the Earth.] | think kecause the
Sun can't hit it over here, but not
sure?

Three students recognized that the Earth, the
Moon, and the Sun have to line up to produce a
lunar eclipse, but they could not adequately ex-
plain why a lunar eclipse does not acur every
month. They aso had other aternative frame-
works such as the Moon’s phases keing caused
by the Earth’'s rotation as is demonstrated by
Raphael's pre-interview responses:

Interviewer:  So how do we get to see a full
Moon from Chicago?

| think it is because the Earth is
spinning, and as the Earth spins
we get to see different sides of
the Moon.

So how do we get a lunar
eclipse?

| don’'t remember what a lunar
eclipseis?

A lunar eclipse is when the
moon kecomes dark and bright
agan.

Okay, we would need to get
[the] Sun'sray's dl blocked. As
the moon circles behind the
Earth, the Moon moves into the
Earth's shadow. So the full
Moon is when we can see al of
the Moon and an eclipse is
when the Moon is dark so we
can't see it. | dso think they
have to be lined up exactly.

Raphad!:

Interviewer:
Raphad!:

Interviewer:

Raphad!:

Severa students also had difficulty in articu-
lating the position of the Moon during a lunar
eclipse and why we see the phases of the Moon.
This is evidenced by Karen's confusion with the
cause of lunar eclipses and phases in the follow-
ing sequence:

Interviewer:  When do we get a lunar eclipse?

Karen: | think the Moon needs to be
here [places the Moon sphere
between the Earth and the Sun].

Interviewer: Ok, why did you place it there?

Karen: Well, because the Moon blocks
the Sun’s rays so we can’t see
the Moon.

Interviewer: Ok, before you said that was

where a new Moon is? So are
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lunar eclipses and new Moons
the same?

Karen: Um, | don't think so. | think it
has to do with something on
how the Earth spins and the
shadow the Earth casts. | think
it depends on how the shadow
of the Earth hitsthe Moon. | am
kind of guessing here, but I
think that is how it [a lunar
eclipse] happens.

During the interview it became clear that
Karen already had developed a tentative mental
model of the Earth-Moon-Sun system. However,
Karen had not previously been asked to explain
her persona modd. That is, during the pre-
interview Karen had to make her model public
and through this process began to re-evaluate her
thinking concerning when lunar eclipses occur.
It was during these ingtances that the interview-
ing process provided the most vauable insights
into how students construct and re-construct
their understandings. For example, Karen began
with a particular mental model but through re-
flection during the interview, tried to fit her ex-
isting understanding into a new and evolving
model that bettered explained the phenomena
being discussed.

The pre-interviews also revealed an interest-
ing aternative conception concerning the spatial
location of the Moon in its full phase held by
three of the students. These students explained
that the Moon needed to be located to the side of
the Earth in order for the Moon to flect the
Sun’s light back toward the Earth. This finding
was consistent with students' understanding of
the relative position of the Earth and the Moon
during the Moon'’s different phases. Mary’s pre-
interview responses are Smilar in nature to
Bob's and are representative of this line of rea-
soning:

So where does the Moon have
to beto get afull Moon?

Susan: [Moving her spheres around]
I'm not sure where it would be.
Isn't that when the Earth can't
cover any part of the reflection?
I know it has do with the reflec-
tion of the light, and that we see

Interviewer:

al the near side, but | can't re-
member. When you see the
shadow on the Moon isn't that
the reflection of the shadow of
the Earth? | don't know where it

would be.

Interviewer:  Where would place the Moon
sphere?

Susan: Probably off to the side. So
sunlight can hit it.

Interviewer:  So what does the Earth's
shadow look like?

Susan: It sort of looks like, wdl, |
guess it just is dark and round
behind the Earth.

Interviewer:  What would happen to the

Moon if it passes into the
Earth’s shadow?

Susan: | guess it would be hard to see.
Maybe that is the new Moon
then. Yes, that must be when a
new Moon occurs.

Through the interview process it was evident
that the students were constructing their under-
standing of the concepts in situ and that the in-
terviewer’s questions were cataysts that encour-
aged the students to re-evaluate their under-
standing. That is, during the interviews the stu-
dents were wrestling with the complexity of the
guestion and atempting to formulate responses
that fit within their existing conceptua frame-
work. Therefore, interviewing students provided
valuable insights concerning not only the mental
models that students had developed to explain
astronomical phenomena, but also reveaded the
thinking processes behind the formation of their
personal constructions. The interviews aso re-
veded that the students had fragmentary under-
standings, and during the interviews, the stu-
dents attempted to meld these fragments into a
larger conceptua structure that was consistent
with each of their fragments and still explained
the phenomena under discussion (i.e. what afull
Moon is and the position of the Moon during a
solar eclipse and when the Moon was full). For
example, in Susan’s pre-interview she bedieved
that the phases of the Moon were caused by the
shadow of the Earth. That is, she understood that
the Earth casts a shadow and that the Moon goes
through varying degrees of krightness and dark-
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ness, which results in the Moon's phases. Yet,
when Susan was asked to draw what she thought
the Earth’s shadow looked like when the Moon
was in its full phase, she drew a shadow extend-
ing away from the Earth but not quite extending
to the Moon's location (see figure 2). In her
drawing, the Earth’s shadow doesn’t reach the
Moon so it cannot be responsible for the Moon's
phase, which disagrees with her interview state-
ments. Hence, similar to the other students,
Susan had previously developed a mental model
of the Earth-Moon-Sun system but had not had
opportunities to reflect and evaluate her mental
model and so was continuously amending and
evolving her model to fit what she believed was
acorrect explanation.

Figure 2: Depiction of Karen's understanding of
the shadow of the Earth

Post-Interviews

The post-interview results indicate that sev-
eral students developed a solid understanding of
the similarities and differences between eclipses
and phases of the Moon. Five of the students de-
veloped a sound understanding, while four stu-
dents developed a partiad understanding.
Wheress, five students still had an incomplete
understanding at the conclusion of the course
(see Table 2).

Generally, students could articulate their un-
derstandings more concisely and understood
causes of the Moon's phases and could explain
the difference between an eclipse and full Moon.
That is, the students had moved from a set of
unconnected and fragmented understandings to
having a firmer grasp of how the different &-
pects of the Earth-Moon-Sun system fit together.
This shift is demonstrated in John's statement:
Interviewer:  Now can you show me where
the Moon is during a solar
eclipse?

John: A solar eclipse is where you
cannot see the Sun. So you
would have to put it right there
[between the Earth and the
Sun].
Why did you put the Moon
there?
John: Because the Moon, Sun, and
Earth have to be drectly aigned
to block the Sun's light from hit-
ting the Earth.
Ok, so where is the Moon dur-
ing a lunar eclipse?
John: A lunar eclipse is when we can't
see the Moon. So it would be
here [puts the Moon behind the
Earth].
Why is the Moon there? |s that
different from afull Moon?
John: The Moon is there kecause the
Earth blocks the light from get-
ting to the Moon, so we have a
lunar eclipse. A full moon
would have to be up here
somewhere [holds the Moon
above the Earth in view of the
Sun]. Because if it was down
here [lunar eclipse position], it
would be [a] lunar eclipse. The
Moon has to see the Sun for a

Interviewer:

Interviewer:

Interviewer:

full Moon.

Interviewer: Where would the Moon be for a
new Moon?

John: It would be here between the
Sun and the Earth.

Interviewer:  Why is that different than a so-
lar eclipse?

John: It is because they are aligned up
exactly right. Because the

Moon’'s shadow is hitting the
Earth right here [points to the
Earth]. Then as the Moon
moves, the shadow will move,
until the Moon is over here
[away from the Sun] and then
there will not be any more
eclipse.

Hence, John developed a partial understand-
ing of the relationships between the phases of
the Moon. However, the spatid relationships be-
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tween the Earth, the Moon, and the Sun and how
their relationships affect eclipses continued to be
difficult for John to understand. Further, John
had difficulty in articulating the role that the
Earth’'s and Moon’'s shadows play in lunar and
solar eclipses. Hence John had amended hisini-
tial mental mode of the Earth-Moon-Sun system
to a more sophisticated model, which can pro-
vide a richer foundation upon which future in-
struction can continue to assist him in refining
and evolving his understanding.

Degspite the fact that several students devel-
oped complete or partial understandings, several
students continued to have difficulties in devel-
oping conceptua understandings of the relation-
ships between the Earth, the Moon, and the
Sun.For example, five students developed in-
complete understanding and hybridized under-
standings between their prior understandings and
the scientific explanation they learned about dur-
ing the instructional activities. For example, this
set of five students had difficulty in determining
the difference between a full Moon and lunar
eclipse even if they understood the reasons for
the phases of the Moon as demonstrated in
Sally’ s response:

Interviewer:  Can you tell me where a full
Moon is going to be?
Saly: Probably going to be about right
here, because it can get the
Sunlight. Not directly behind
the Earth, just a little off to the
sde.
Interviewer:  Where would alunar eclipse be?
Sly: Maybe it would be back here.
So the Sun would be hitting this
[the Earth], and since the Moon
is spinning, we would gradualy
see different parts of the Moon
(orbits the Moon around the
Earth).
Ok, so you held your Moon here
for afull Moon and your Moon
there for a lunar eclipse. Why
are they different?
Sly: Because, the full Moon is
caused by sunlight hitting the
Moon and bouncing toward the
Earth so we can seeit.
So what about the lunar eclipse?

Interviewer:

Interviewer:

Sly: Oh, the Moon needs to be here
[behind the Earth] because no
light can get back here. Itisdl
black back here so we can't see
anything.

Ok, now where does a new

Moon have to be?

Saly: | think it is has to be here [be-

hind the Earth] because the

Moon can't get any light so it

can't reflect any light toward the

Earth.

So how are lunar eclipses and

new Moons different?

Saly: Wéll, one is when the Moon is
in the Earth’s $iadow and the
other is when the Moon can't
bounce light back to the Earth.

Interviewer:

Interviewer:

Here we see that Sally has a developed a
good grasp on the understanding of the causes of
the phases of the Moon, why the Moon shines,
and the position of the Moon during a lunar
eclipse. However, when probed Sally had devel-
oped a hybridized understanding that the new
Moon and lunar eclipses are both caused by the
Earth’s shadow because it prevents light from
reaching the Moon. This result was not too sur-
prising considering that when Sally was asked to
draw a picture of the Earth’s shadow, Sally
clung to her dternative framework that the
Earth’s shadow encompasses everything behind
it (see Figure 3). That is, Sally attributed both
the new Moon and lunar eclipse to the Moon be-
ing in the Earth’ s shadow.

Figure 3: Saly’s post project representation of
the Earth’ s shadow

However, four students developed a com-
plete understanding of the complex rektionships
between the Earth-Moon-Sun system. These
students had developed understandings that
blended their previoudy unconnected notions
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and ideas concerning the Earth-Moon-Sun sys-

tem. Kurt’s following interview excerpt is repre-

sentative of these students' reasoning:

Interviewer:  Why is that postion a new

Moon?

Kurt: Because the light is being

bounced back to the Sun so we

can't see the Moon.

Where would the Moon be for a

Solar Eclipse?

Kurt: It would be here [pointing be-

tween the Sun and the Earth].

Why did you place the Moon

there?

Kurt: Because the Moon, Earth and

Sun need to perfectly lined up,

and then the Moon is casting a

shadow on the Earth? Like if

this was China they would be
seeing a solar eclipse.

Would you be seeing one in the

USA?

Kurt: No, because the Moon has such
a small shadow. Lunar eclipses
are very vast they cover the en-
tire night sky, they are much
more frequent than a solar
eclipse.

Interviewer:  Why are they more frequent?

Kurt: Because the Earth's shadow is

much bigger than the Earth.

The Moon has very little

shadow.

Ok, imagine you are standing on

the Moon, and you are looking

back at the Earth. Would you
see phases of the Earth?

Kurt: Yes, you would. If you would
be standing on the Moon you
would see half, new, full
Moons. It would bejust like the
phases of the Maoon.

Interviewer:

Interviewer:

Interviewer:

Interviewer:

Interviewer:  Why does the Moon have
phases?
Kurt: Because of the angle between

the Earth and the Moon. We
see the light that is reflected off
the Moon and toward the Earth.
So here we see a haf moon le-
cause the Sun is lighting up this

sde of the Moon. But we can
only see this part, but only this
part islit.

According to our rubric, Kurt was catego-
rized as having a complete understanding. Kurt's
interview also revealed that he was not only able
to articulate the reason the Moon has phases, but
also explain that the Earth has phases when
viewed from the Moon. In addition, he could
explain why there is a high likelihood of view-
ing a lunar eclipse than a solar eclipse from the
Earth. Lastly, when asked to draw what he le-
lieved the Earth’s shadow looks like and where
the Moon is during a lunar eclipse, Kurt drew
the Earth’'s shadow as a cone and placed the
Moon within the shadow of the Earth (see Fig-
ure 4).

Figure4: Kurt’'s post-ingtructional drawing
of his understanding of the
shadow of the Earth and the posi-
tion of the Moon during a lunar

eclipse.
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In summary, the majority of students began
the course with an incomplete or confused ur+
derstanding of the causes of the Moon’'s phases
and eclipses. Despite some student difficulty in
articulating the differences between a full Moon
and lunar eclipses, the post-interviews revealed
that the students did increase in their understand-
ing. However, only nine of the students devel-
oped either a partial or complete understanding
with the remaining students having an incom-
plete understanding. In addition, their initial ex-
planations included a number of common alter-
native frameworks including explaining the dif-
ference between lunar eclipses and phases of the
Moon as having to do with the Earth’s rotation.
However, by the end of the course all of the stu-
dents had developed more robust understandings
than they had prior to nstruction, and only five
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of the students till clung to their prior aterna-
tive frameworks.

Student Reflection Opportunities. Promoting
Conceptual Change

There was evidence in student learning jour-
nals as well as in class reflections and discus-
sions that students understanding of astronomy
concepts evolved as aresult of their experiences
in completing the curriculum activities. For ex-
ample, John, who showed considerable concep-
tua movement in the pre-post interviews pre-
sented above, wrote in his journa prior to in-
struction:

| know the phases of the Moon are
caused by the sunlight hitting the Moon.
| think that eclipses are when the Earth
gets in the way of the Sun. Depending
on how light hits the Earth we can see a
solar eclipse or alunar eclipse.

In John’s next entry after studying the orbital
motion of the Earth and the Moon and the shape
of the Earth’ s shadow he wrote:

Looking back, | was way off! It turns
out that eclipses are caused by the Earth
shadow. When the Moon isin the Earth
shadow we see an eclipse! Cooal!

However, not all students were as verbose as

John in their writing and those students, like

Bob below, discussed their understanding in

whole class discussions:

Instructor: Ok, what did you learn today

about eclipses?

Bob: [raising his hand] | learned that
eclipses are caused by the Moon
passing into the Earth’s shadow.

Instructor: What kind of eclipseisthat?

Bob: That is alunar eclipse? Because

we can see the Moon, ‘cause no

light can hit it when it is[in] the

Earth’s shadow.

Is that different from what you

believed when you started t-

day? That is a question for

everyone, so everyone look
back to what you wrote down
about what you lelieved about

Instructor:

what you believed about
eclipses before we started to-
day? [a1-2 minute of silence]

Instructor: Ok, lets start with Bob. Do you
believe anything any different
now?

Bob: | think so [laughing a little]. |
did not know that a new Moon
and a lunar eclipse were differ-
ent. It depends on the shadow.

Instructor: What shadow?

Bob: The shadow of the Earth.

Instructor: Great! Anyone else?

Saly: | learned that the phases of the

Moon and eclipses are about the
same, but that the eclipses hap-
pen when the Sun, Earth, and
Moon are directly lined up. Be-
fore | was not sure | thought
anything, but | knew it had
something to do with light.

In these whole classroom exchanges, the fo-
cus was on developing an environment in which
students were open and comfortable in sharing
their thoughts and ideas rather than engaging in
content-related ssues. Further, the instructor
felt that Bob understood the content well
(through his other written work and comments)
and did not fed compelled to push Bab on his
understanding. However, this does point out the
necessity of having multiple means of assessing
students’ conceptual understanding because a-
cording to pre-post interviews Bob had a rather
brittle understanding of the role the Earth’'s
shadow plays in lunar eclipses.

Another student, Kurt, expressed that the
content was hard to understand, but that he
thought it was not only fun to learn but also re-
flected on his previous thinking as he was moti-
vated to learn more as shown in his following
statement:

| thought understanding the phases of
the Moon was hard, but understanding
why eclipses occur was even harder. |
didn’t know about the Earth’s shadow or
the Moon's. | dways thought eclipses
were caused by, well, [I’'m] not sure
what caused them, but | thought it had
something to do with clouds. These
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classes are cool and [I] would like to
learn more about space.

Most students wrote in their journals or dis-
cussed their understanding with either ther
peers or the instructor. This reflection not only
assisted students in keeping track of their under-
standings, but aso provided a conduit through
which students could develop an awareness d
their existing understandings and how their ur
derstandings changed during the course.

DISCUSSION

The majority of students began the course
with particular understandings of various aspects
of the Earth-Moon-Sun system. In generd, al
students had developed some sort of menta
model of the Earth-Moon-Sun system that they
used to explain natural phenomena such as the
phases of the Moon and eclipses. However,
these models typically consisted of digointed
and unconnected understandings of the relation-
ships between different events and objects. For
instance, prior to the instructional activities a
number of students could explain the different
phases of the Moon and had developed multiple
reasons concerning why the Moon has phases. It
was these prior student understandings that
served as a foundation upon which they built
their more sophisticated understanding as the
course progressed. For example, rather than
viewing the full Moon and new Moon as two
separate phenomena, the students had developed
an wderstanding that the new Moon and full
Moaoon can be explained more simply by showing
how the Moon orbits around the Earth and that
the Moon shines by reflecting sunlight. That is,
the instructional activities supported students in
bringing together their dready existing under-
standings in such away that they could begin to
view the larger system in which the Moon is
simply a part. Hence, by the end of the course, a
majority of students developed at least a partial
conceptual understanding of eclipses and phases.
The concept of the relative positions of the
Earth, the Moon, and the Sun, in combination
with the shadows cast by celestia objects (i.e.
the Earth and the Moon), emerged as important
conceptua tools to be mastered if students were

to obtain a complete understanding of the differ-
ences and similarities between phases of the
Moon and eclipses.

Conceptual change theory as posited by
Posner, Strike, Hewson, and Gertzog (1982), re-
quires that students first be dissatisfied with their
existing conceptua understanding before mean-
ingful change will accur. By engaging students
in activities that support reflection on their
evolving understanding and by having to present
their understanding to their peers (e.g. through
class discussions) the gudents are afforded the
opportunity to reevaluate their understanding.
This process is feacilitated when students are
provided meaningful activities that are related to
their persona experiences. For example, when
we asked our students the location of the Moon
during its new phase, a typical student response
involved placing the Moon on a straight line be-
tween the Earth and the Sun. However, when
asked to describe how the position of the Moon
for a new Moon is different than for a lunar
eclipse, students become puzzled over the fact
that the positions appear to be the same. They
quickly realized that the two events cannot occur
a the same position in space, and are forced to
re-evauate their understanding of the two phe-
nomena and, through this process of reflection,
re-evaluate their understanding of both phenom-
ena.

In many elementary science courses students
are not afforded the opportunity to reflect on
their learning. This state of affairs is not e
cause the average teacher does not value student
comments, but they frequently have to satisfy
certain curriculum requirements, and alowing
students time to reflect on their understanding
during class can be a time consuming task. Yet,
by reflecting on their understanding students en-
gage in conversations around and about their
understanding and how their understanding
evolves over time. That is, by articulating the
evolution of their understanding students not
only become aware of their previous concep-
tions, but aso how those conceptions can and
cannot explain particular scientific phenomena
Hence, conceptual change can be facilitated
when time is taken to alow students to take note
of their own understanding and reflect on that
understanding.
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Limitations

The findings in this study suggest that stu-
dents at the fifth grade level can cevelop a -
phisticated understanding of the phases of the
Moon and eclipses and that instruction does not
necessarily need to directly address students' al-
ternative frameworks to promote conceptua
change. However these findings need to be tem+
pered somewhat. For instance, the post-
interviews occurred immediately at the conclu-
sion of the course whereas a delayed interview
of perhaps six months to a year would yield
more conclusive evidence that students' concep-
tual understanding did indeed change. In addi-
tion, the class size was small, and the students
were taking the course by their own choice.
Therefore our instructional techniques will need
to be used with a larger group of students and
within a more tradtional science classroom if
we are to make any generalizeable claims con
cerning student learning. A possible means of
scaling this study to examine additional astron-
omy questions as well as a larger population of
students could be the development of a multiple-
choice exam focused on astronomical concepts
coupled with random interviews. For example, a
few conceptua multiple choice exams have been
developed to assess student understanding
(Sadler, 1996, Schau, Mattern, Zeilik, & Teague,
1999), yet an improvement to these would be to
have the students also justify and explain why
they chose a particular response. Then by ran-
domly interviewing a subset of students, re-
searchers could develop insights into the rature
of students existing conceptions and how these
conceptions change over time. Further, if the re-
sponses from such a multiple choice exam could
be categorized and presented in a format that
was easily accessible for a classroom teacher,
the likelihood of that teacher being able to -
velop ingructional activities that support student
conceptual change based upon their existing ur
derstanding would be enhanced.Further, This
study only focused on a small subset of astron-
omy guestions and that an investigation with a
larger set of questions could reved aricher ur
derstanding of the various mental models that
students develop and how they use those models
to explain relationships between astronomical
phenomena. Lastly, the pre-interviews could
have impacted students' performance on the post

interviews. For example, in this study we do-
served that during the pre-interviews the stu-
dents began to re-evaluate their understandings
during the pre-interview. In other words, the pre-
interviews could have sparked some students' to
think more critically about their understanding.
Hence, one avenue for future research isto begin
to untangle the rle of pre-interviews from the
curricular intervention through the performance
of controlled studies in which one group is pre
and post interviewed and another group is not
pre-interviewed but exposed to the same curricu-
lar intervention. Despite these limitations, the
findings presented here suggest that uture -
search should be conducted to further examine
whether student alternative frameworks need to
be directly addressed during science instruction
to promote conceptua change.

IMPLICATIONS

A large number of prior studies have re-
ported that students have severa alternative
frameworks concerning astronomical phenom+
ena (Baxter, 1989; Finegold & Pundak, 1990;
Schoon, 1993). These dternative frameworks
are typically the products of prior student obser-
vations and experiences. Traditionaly, science
instruction has focused on instructional tech-
niques designed to replace student aternative
frameworks with that of more “correct” frame-
works (diSessa & Mingtrell, 1998). To this end,
we developed an instructional intervention that
featured a conceptualy scaffolded curriculum
based upon our pedagogica commitment that
students learn best through projects that engage
them in discussing, reflecting on, and articulat-
ing their evolving understandings. That is, when
designing instruction curriculum developers and
teachers should focus on supporting students in
thinking about their ideas in relationship to their
existing understanding and the ideas that they
aretrying to learn (Beeth, 1998).

Developing instruction that directly ad-
dresses students' aternative frameworks requires
that teachers be aware of their students alterna-
tive frameworks, which is rarely the case (Se-
queira, Leite, & Duarte, 1993). Further, to d-
rectly chalenge all of their students alternative
frameworks requires a sizable amount of indi-
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vidualized atention per student, as each student
has experienced different situations in which to
develop their understandings (Voska & Heikki-
nen, 2000). This individualized attention and
management of each student's alternative
frameworks frequently requires more instruc-
tional time than the average teacher can provide
(Hawkins & Pea, 1987). In closing, it seems
natural that students will develop a more scien
tifically sophisticated understanding of natural
phenomena when instruction is designed to ac-
tively engage students in activities that afford

them opportunities to not only become aware of

their own understanding but also to reflect and
discuss their understanding in an environment
where discussion about ideas is valued
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Appendix A: Semi-Opened Concept Questionnaires

Pease read each of the following statements and please answer the question aswell asyou can. Again,
thereis no right or wrong answer. Please answer each question as best you can.

1. The below image represents the Earth. Please show the direction of gravity when you are standing
on the North Pole, South Pole and in Chicago.

2. Imagine that the Earth is the size below. Please draw how big you think the Moon would be rela-
tive to the Earth below.

Draw the Moon here

2a. How big do you think the Sun would be if the Earth isthe size that it is in the above? Please
explain why you believe the Sun would be that size.

3. Inthe middle ages many people were scared of solar eclipses. People would hide in caves and
even jump off cliffs because they thought the end of the world was coming.

4. How would you explain to someone today what a solar eclipseis?
5. Can you draw the positions of Moon when it is at full Moon, new Moon, and quarter Moon?

6. Inthe below diagrams we have the Sun and the Earth. Can draw what the shadow of the Earth
looks like?

() C

7. Please draw the Moon where you think it will be during a lunar eclipse in the above diagram?
Why did you place the Moon there?
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Appendix B: Interview Questions

Gravity Concepts

1. What isthe shape of the Earth and the Moon? Why does the Earth have day and night?

2. Canyou draw for me the maotion of the Earth, Sun and Moon?

a. How long does the Earth take to go around the Sun?

3. Imagine you are on the North Pole. Which way do you think gravity pulls on you? If you are on
the South Pole which way does gravity pull you? If you are in Chicago which way does gravity
pull on you? What if you are an astronaut in the space shuttle orbiting the Earth which way does

gravity pull on you?

Genera Space Science/Astronomy Concepts

4. Canyou draw ascae modd of the Earth, Sun and Moon?

5. Canyou tell me what causes the phases of the Moon?

6. Can you show me the position of the Sun, Earth and Moon for a lunar eclipse to occur?

a

b.

C.

d.

How about a solar eclipse?
Why do you think eclipses are so rare?
What is the difference between alunar eclipse and a new Moon?

What is the difference between a solar eclipse and a full Moon?

7. Imagine you are standing on the Moon, do you think the Earth will have phases? If so what do
you think they will look like?



