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ABSTRACT
IDENTIFYING AND CORRECTING MISCONCEPTIONS ABOUT THE SOLAR
SYSTEM THROUGH A CONSTRUCTIVIST TEACHING APPROACH
SHARRON F. ACKER
DECEMBER 1996
The purpose of this study was to help students
identify and correct, through the constructivist approach,
naive conceptions and misconceptions that interfere or
prevent learning from taking place.

The question was, can

naive conceptions and misconceptions be identified and
corrected with the constructivist approach to education.
Five classes of 114 fifth graders participated in this
study.

Their naive conceptions and misconceptions were

identified through individual and group responses.

After

the misconceptions were identified, correcting them through
the constructivist approach began.

Students were given a

scenario to perform, and through project based activities
and a variety of different resources, the students were
able to correct their misconceptions and construct their
knowledge about the solar system.

Overall, the results

from the data collected indicated the constructivist
approach to education is effective in identifying and
correcting naive conceptions and misconceptions.
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CHAPTER I
INTRODUCTION
In the constructive approach to education, students
learn by building on a foundation of existing knowledge.
Sometimes this existing knowledge is not always correct,
and as a result new information cannot be processed
correctly, or if it is processed, the information is
distorted in order to be compatible with the existing
knowledge.

These misconceptions not only affect the

integration of new information into a student's schemata,
but also affects the student's ability to build on that
schemata in order to understand other connected concepts
correctly.

Identifying and correcting these misconceptions

is an important role of the educator.
Conceptual Framework
In Piaget's theory of intellectual development he
states that the learner is constantly striving to define
the world around him/herself in order to reach a sense of
equilibrium (Eggen, 1994).

When one is able to understand

and explain the events that occur, then the individual has
reached this state of equilibrium.
based on this drive for equilibrium.

Piaget's theory is
When a learner comes

across an experience that he or she cannot explain, then
1
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disequilibrium occurs and the learner is uneasy.

A desire

to understand motivates a learner to try to fit new
experiences into knowledge that he or she already has.
This preexisting knowledge is coherently grouped into what
Piaget calls schemata (Eggen, 1994).
When a learner comes across a new experience or new
information, he or she tries then to understand it by
relating it to existing schemata.
are two things that can happen.

When this occurs, there
New information is added

to the existing schemata; or the existing schemata is
inadequate and must be adjusted in order to accommodate the
new information.

Once this takes place, equilibrium

returns and the learner is ready to go on to other things
(Eggen, 1994).
It is at this time that naive conceptions can develop
or misconceptions can take place.

The learner may try to

understand the new information from a very limited
schemata, thus forming some very naive conceptions (Leyden,
1993).

The learner can also form some misconceptions

(Eggen, 1994).

One type of misconception that can take

place is when the learner does not have a prior experience
or schemata to link to the new experience, so the learner
adapts a similar schemata to fit the new information, thus
creating a misconception (Eggen, 1994).

Another
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misconception that can develop is when a student connects
false information to an existing schemata.

These

misconceptions are difficult and sometimes impossible to
change using traditional instructional methods (Brown,
1992).

Sometimes even when the learner is confronted with

his or her misconception, and it is corrected, the learner
will revert back to the misconception when new information
is introduced.

As a result, if the misconception or the

naive conception is not corrected, new learning can be
encumbered or it might not take place at all.
Constructivists believe that a learner constructs his
or her own learning (Wheatley, 1991).

Learning is not

something that one can impart to another; it is a process
in which the learner connects and builds on his or her
prior experiences.

It is also readily accepted that

learning does not take place in a vacuum, but that it is a
social process.

A learner needs the opportunity to

exchange ideas, have the ideas evaluated and sometimes
challenged.

When this occurs, the learner has to step back

and look at what he or she believes and decide whether to
throw out those beliefs and construct new ones, modify the
existing ones or continue to support their original belief
(Wheatley, 1991).
It is at this time that the role of the educator is to
allow the student to take the initiative to construct his
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or her learning.

The learner is not alone in this

endeavor, but looks to the educator as a facilitator to be
close by to assist when needed.

The educator's

responsibility is to help guide the learner through the
learning process.

The educator is to help the learner

identify any naive conceptions or misconceptions that he or
she might embrace.

The educator is to provide the learner

with the necessary environment, i.e., resources,
information, social setting.

The mode of instruction

changes from the traditional teacher centered, transmission
of information, to the student being guided and aided in
constructing and reconstructing his or her own knowledge.
Purpose of the Study
The purpose of this study was to help the students
identify and correct, through the constructivist approach,
naive conceptions and misconceptions that interfere or
prevent learning from taking place.
Research Question
Can naive conceptions and misconceptions be identified
and corrected with the constructivist approach to
education?
Definitions
Constructivism is a view of learning that says
learners use their experiences to actively construct
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understanding that makes sense to them, rather than
acquiring understanding by having it presented in an
already organized form (Eggen, 1994).
Schemata is the cognitive structure containing the
knowledge, procedures, and relationships with which we
attempt to understand and function in the world; sets of
interconnected ideas, relationships, and procedures (Eggen,
1994) .
Misconceptions are preexisting ideas, based on
previous experiences, that students bring with them to
class, and that interferes with learning (Eggen, 1994).
Assumptions
Students bring to the classroom misconceptions about
the distance between planets, the temperature of some
planets, what is meant about solid and gaseous planets, and
other conceptions that are naive or incorrect.

Some of

these misconceptions are based on prior experiences and/or
knowledge that was misunderstood when the information was
learned.
Limitations
This study is limited only to one grade level and is
addressing only misconceptions related to this study and
not to all of the student's misconceptions.

CHAPTER II
REVIEW OF LITERATURE
One of the understood goals of our educational system
is for all students to become life long learners.

In order

for this to happen, both the educator and the student must
work together.

The responsibility of the student is to

construct their knowledge and the educator's responsibility
is to provide the student with skills and the environment
necessary for the student to become a life long learner.
In helping a student construct their knowledge, an educator
needs to understand how a student learns, misconceptions
that they bring to the classroom and the constructivist
epistemology in correcting misconceptions and building
their knowledge.

In this literature review, specific

topics of student learning, misconceptions, and
constructivist epistemology are addressed and discussed.
Student Learning
Intellectual development, according to Piaget (Eggen &
Kauchak, 1994), is the learner striving to explain the
world around themselves in order to reach a sense of
equilibrium.

A learner comes to a learning situation with

some preexisting knowledge or experience in place.

This

information is coherently grouped in what Piaget calls
6
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schemata (Eggen

&

Kauchak, 1994).

When one is able to

explain and understand the events that occur with the
existing schemata in place, then the student is said to
have reached a sense of equilibrium.

When a learner comes

across an experience that he or she cannot explain, they
become uneasy and disequilibrium occurs (Eggen
1994).

&

Kauchak,

The learner then tries to explain this new

experience or information with the schemata that is in
place in order to again reach this sense of equilibrium.
When new experiences take place, the existing schemata is
usually not adequate and the learner must adapt in order to
return to an equilibrium state.

This is called adaptation,

the process of adjusting the existing schemata to fit with
the new information.

If the schemata that is already in

place is adequate enough to incorporate the new experience
or information, then it is assimilated into the existing
schemata and this is called assimilation.

Accommodation is

when the existing schemata must be changed in order to
accommodate the new information or experience.

If this

adaptation takes place either through assimilation or
accommodation, then equilibrium has returned and the
learner is comfortable enough to go on to other things
(Eggen & Kauchak, 1994).

Whether a student assimilates or

accommodates new information, students must be engaged in
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experiences that challenge their initial explanations and
interpretations (Yager & Lutz, 1994).
Appleton (1993) took several aspects of Piaget's
theory and combined it with his own theory to come up with
his interpretation of how students learn.

Much like

Piaget, he believes a student comes to the classroom with
previous experiences that are arranged into schemata.

Like

Piaget, Appleton believes that the learning experience
begins when the student comes in contact with some new
information.

The student must interpret and make sense of

the information based on the schemata already in place.
The student analyzes the information and determines which
schemata is most appropriate to adequately explain the
experience.

Appleton describes the four alternatives that

the student might pursue.

The student may believe the

existing schemata provides adequate explanation for the
experience and exit the learning situation even th_ough the
explanation is incorrect (Appleton, 1993).

This is the

point at which a misconception or a naive conception is
formed.
Another choice the learner may select is that they
find that the existing schemes do not satisfactorily
accommodate the new experience or information.

This is

when, as Piaget calls it, disequilibrium or dissonance
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occurs (Appleton, 1993).

The student must then adjust

their schemata in order to resolve the conflict.

This is

the preferred educational outcome because the correct
learning has become meaningful to the student as he exits
the learning situation (Appleton, 1993).
A less desirable outcome is when the student waits for
the correct information from the teacher or other sources
and temporarily memorizes it, only to forget it after the
purpose of knowing the information has been met.

No

schemata has been adapted or changed to accommodate the new
learning.

As a result, the information becomes useless or

nonexistent to aid in constructing new knowledge later
(Appleton, 1993).
The worst choice a student can make is to opt out of
the learning experience when faced with disequilibrium.
This occurs when the student has had little or no success
in effectively constructing their knowledge in the past and
to avoid encountering the possibility of failure again,
they choose to do nothing (Appleton, 1993).
O'Loughlin (1992) recognizes Piagetian constructivism
as being a widely accepted pedagogy in the teaching of
science.

He is concerned that pure Piagetian

constructivism of building their own knowledge does not
take into consideration the students' historical
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background, attitudes brought to the classroom, and social
interaction needed for a student's knowledge to be
constructed.

He believes that Piagetian constructivism

needs to be taken a step further to recognize how important
the social interaction of a student with their peers is.
This social interaction is also necessary for knowledge to
be assembled (O'Loughlin, 1992).
Vygotsky, a Russian psychologist, recognized the
importance of the social interaction of a child with other
children.

In communicating with other students, the

student is able to dialogue and share ideas that help to
facilitate their cognitive growth (Eggen

&

Kauchak, 1994).

Another idea that was conceived by Vygotsky is the Zone of
Proximal Development and the use of scaffolding to get
through this zone (Eggen

&

Kauchak, 1994).

The zone of

proximal development is where a student can benefit from
the assistance of others.

A student who is unable to solve

a problem by themselves and needs the assistance of others
is in the zone of proximal development.

With the

assistance of someone else, the student is able to build
his knowledge to the point of understanding a concept and
move to the upper limits of the zone of proximal
development.

This process is called scaffolding, building

their knowledge through social interaction and assistance
(Eggen & Kauchak, 1994).
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Learning occurs in a social context where students are
allowed to express their ideas about certain topics.
Within this setting students can exchange their ideas and
either strengthen or alter them as needed by the student.
In this type of setting the student is allowed to explore
their beliefs and to confront any misunderstandings they
may have about a concept (Sivertsen, 1993).

Research has

found that small groups allows a student to participate
with each other, in activities and discussions, acquire
leadership skills, learn from each other and to take risk
about things they believe they know.

Large groups allows

the student the opportunity to share a variety of ideas and
to draw upon each other's knowledge (Sivertsen, 1993).
Allowing the student to work in small and large groups
helps to enhance their experiential learning.

Students can

present their points of view and through discussion with
their peers develop their conceptual understanding of
various topics.

Students should be encouraged to ask

questions to their peers and teacher, as this will lead to
new paths of inquiry (Sivertsen, 1993).
Misconceptions
Research of cognitive scientists in the last decade
indicates that students have many misconceptions about the
world around them.

Traditional ways of teaching by using
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the textbook are not helping these students alter their
misconceptions.

Researchers are finding that even though

some students are able to score high on standard
achievement tests, they are unable to apply their memorized
facts and formulas to real life situations (Yager, 1991).
One of the dimensions of constructivism is the
uncovering of misconceptions.

These are theories that

students hold to explain various ideas and co�cepts that
are not consistent with accepted theories.

Even though the

student thinking may be believable and elaborate, it is
based on faulty assumptions, lack of information and
incorrect data.

Explaining correct information to.the

student does not always correct a child's misconception.
The teacher must explore the faulty foundation on which the
child has based his understanding and help the student to
correct the inconsistency (Betts, 1991).
Students do not come to new situations without some
experiences and preconceived ideas that are related to the
situation.

Sometimes these experiences and preconceived

ideas are naive or incorrect.

Sivertsen (1993) gives the

example of a fifth-grade student coming to class and being
asked, "What is food for a plant?"

Many of the students

replied that "water," "soil," or "plant food" bought in the
store was food for a plant.

The students believed that the

13
food for a plant was much like the food for humans rather
than the plant's need for light to make their own food
through the process of photosynthesis.

The student has

taken their experience with what people need as food and
constructed and applied that information to what they
believe plants need for food.

This information is

incorrect and for new understanding to develop, the
information needs to be addressed and corrected.

This

takes place through exploration, examination, social
interaction with knowledgeable sources, and peers.
Research has shown that the traditional lecturing method
does not alter students' misconceptions and, although they
may memorize information for a test and be successful, they
will remain loyal to their preconceived ideas without any
real understanding of the new concept (Sivertsen, 1993).
Similar to the results that Sivertsen found in his
research, Woods (1994) discovered with home schooling her
own children and in teaching science to 50 fifth- and
sixth-graders, that many of her students also came to the
classroom with preconceived ideas and theories that were
often incorrect.

Even when correct information was

presented to them, they seldom corrected their
misconceptions.

In a quest to understand and correct

misconceptions, she teamed up with Thorley, an associate
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professor of education from the University of Rochester.
Together they found that personal theories are slow to
change and sometimes need to be addressed several times and
in different ways (Woods, 1994).

One thing that they found

to be very important was to confront the student's personal
theories.

An example of one of the ways they went about

this was to have the student, before they carried out a
study, to present their theory to their small cooperative
group.

If there were some inconsistencies in the student's

theories, they would surface at this time, usually
resulting in the student changing his position.

Another

way they confronted a student's misconceptions was through
interviews, a one on one conversation with a student,
finding what misconception a student might have about their
theory.

Finally, they had the student test her or his

theory to see if it would hold up.

If not, students then

had to revise their beliefs until they discovered a theory
that would work (Woods, 1994).
As indicated in research, naive conceptions like
misconceptions, brought to the classroom, can inhibit the
learning and understanding of certain concepts (Brown,
1992).

With this in mind, Brown, in a recent study with 21

high school chemistry students, raised two questions about
correcting naive conceptions or misconceptions about a
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concept.

The first question was would students understand

a concept if given a concrete example that they could
relate to and understand and then bridge that to a target
concept with the use of analogies.

The second question

asked would giving multiple examples from a text that
illustrated the application of the same concept be adequate
enough for the student to have a valid understanding of
that concept (Brown, 1992).
Brown used the concept of Newton's third law, the law
of action and reaction as the concept he was trying to
relay to his students in order for them to have a clear
understanding of that concept.

One group received.a text

excerpt of the definition of Newton's third law and then
they were given several examples of how this concept was
applied.

One example was that when a person's finger

presses onto a stone, the stone pushes back with an equal
and opposite force.

Several other examples of this nature

were also given from the text (Brown, 1992).
The second group also used Newton's third law, but
with this group Brown used an example the students were
familiar with and had experienced.

Here Brown had the

students explain what happens when they take their hand and
push down on a mattress spring.
Newton's third law.

He then related that to

He called this an "anchor" (a
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situation that most students believe and understand)
(Brown, 1992).

He then used this anchor and built on the

explanation with other examples until he was able to ask
them the target question.

The target question for both

groups was when a book is resting on a table, does the
table exert an equal and opposite force on the book?
In his results, Brown found that despite the
explanation and examples of Newton's third law, that a
majority of his text excerpt students continued to maintain
that there was no force from the table to the book.

He

projected there could be two reasons why the students felt
this way.

One reason was that the students saw no

relationship with the examples given and the target
question.

The other reason was that the students saw the

relationship but refused to accept the conclusion (Brown,
1992).

Through interviews, he found the second postulate

to be correct.

The students, when confronted with their

misconception, were still not willing to give up their
previous constructed schemata, because the new explanation
to them did not fit and was not acceptable.

As a result,

only a few students from this group were unable to come up
with the correct answer when asked a more difficult
question that applied to Newton's third law.
The bridging students on the other hand answered the
question about the book on the table correctly.

They were
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then able to take this correctly constructed schemata and
apply it to the more difficult question and come up with
the correct answer (Brown, 1992).
Brown concluded that to correct naive conceptions or
misconception, the student must be presented with concrete
examples that the student has experienced, believes, and
accepts.

From this, the student needs to build with

progressively more difficult examples where they can apply
the concept that was established in the anchor.

Once the

student feels comfortable with this understanding, they are
able to apply it to other related and sometimes more
difficult examples.
Constructivism
von Glaserfeld, a noted Constructivist, believes that
not only did Piaget explain cognitive construction but that
this theory dates even further back to when Neapolitan
philosopher Biambatista Vico in 1710 wrote that a person
only knows something when he can explain it.

Vico believed

that an individual knows nothing except for the cognitive
structure that they themselves have constructed (Yager,
1991).
Constructivists believe that individuals are trying to
cope with the world around them in order to survive.
is tied to the concept of equilibrium, where the brain

This
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tries to take new incoming information and categorize it so
that it makes sense and can be used later to explain other
experiences.

Not only is this an individual process, but

it is also very much a social process.

The individual

takes the schema that they have developed and relate it to
another. If the other person agrees with the schema, then
they are reinforced and accepted; if schema are not
reinforced, then the individual goes back and reestablishes
their schema (Yager, 1991).
The behavioristic model, in contrast, says a teacher's
goal is to provide a set of stimuli and reinforcement that
will get the student to respond correctly.

The problem

with this is that the student might respond correctly but
with no sense of understanding and usually with the
inability to apply the knowledge memorized.

As a result,

the purpose of education, that of understanding, synthesis,
and application of new knowledge, is not mastered (Yager,
1991).
Teachers need to understand that knowledge cannot be
transferred through words until those words have an
experiential meaning.

Von Glasersfeld believes that if

educators viewed education by this perspective, they would
separate the goals of teaching from the goals of learning
(Yager, 1991).
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The position of the science educator is not to
organize a student's sense-making about the natural world,
but instead to assist the student to make personal sense of
the knowledge that is generated and validated in a social
setting (Driver, Asoka, Leach, Mortimer, & Scott, 1994).
Betts (1991) states that "constructivism is a frame of
reference, based on how children learn, for interpreting
and organizing all classroom practice to enhance a child's
ability to learn in any content area" (p. 1).

Some

educators interpret constructivism as nothing more than
"hands-on science" or the use of rnanipulatives, even though
these are necessary elements of constructivism, they are
not the definition of constructivism.
Leading educators in the field of constructivism such
as von Glaserfeld, Kamii, Noelting, and Nodding profess
that knowledge is actively constructed based on the
student's prior knowledge and experiences, and this
knowledge is affected by the student's interaction with
their social and cultural environment (Betts, 1991).

These

educators also believe that learners need to create
patterns, schema, strategies, and rules in order to explain
and understand the world around them.

They do this by

experimenting, looking at models, thinking about what they
have observed, and then coming to a conclusion about what
it all means.
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To be a constructivist teacher one must allow learning
to take place through successive states of experimentation,
a time to evaluate the experience, and the tools to make
corrections to attitudes and ideas that need corrections.
They also allow the focus of the learning to be guided by
the student through student generated ideas and
interpretations.

Misconceptions are a part of the process

of constructing knowledge.

When misconceptions surface,

students cannot passively receive information to correct
the misconceptions, they must actively construct the
knowledge that will correct it.
With the traditional method of teaching, the student
studies by taking notes, memorizes what is necessary for a
test, and then proceeds to forget the information after the
test (Betts, 1991).

When children are allowed to construct

their own knowledge, it is not soon forgotten even if there
is a test.
Brook (1990) identifies in her article two opposing
traditions in education, that of the "mimetic" where the
students learn through drill, practice, and memorization
and that of the transformer whose purpose is to guide the
learner to new attitudes and interests and help the learner
to sometimes change perspectives.

In the mimetic

tradition, the teacher disseminates information.

In the
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transformative, the teacher is the guide, and the student
is the principle actor.
Some critics suggest that the constructivist approach
to education is the process of reinventing the wheel each
time something new is being learned (Brooks, 1990).

In

essence, though, this is what learning actually is.

It is

taking a concept, analyzing it, looking at it from
different perspectives until it is finally understood, and
then the learner taking ownership of it.

When a teacher

just disseminates information about a concept and the
student is expected to memorize that information, no real
learning has taken place.

Teachers must not do for their

students what the student can and must do for themselves in
order to learn.
Research in cognitive science and from science
education has found that students learn science not through
the absorption of knowledge but through constructing their
knowledge by being involved analyzing and comprehending new
material and then connecting that information to existing
knowledge in a meaningful way (Sivertsen, 1993).
Assessment of what a student has learned should
determine what knowledge the student has acquired about a
particular topic.

By using a more authentic assessment

such as portfolio and performance based activities, a more

22
accurate picture of what knowledge the student has
acquired, as well as enabling the student to learn from the
assessment, is accomplished.

With traditional assessment,

only isolated facts are assessed which leads a student to
memorize bits and pieces of information and disconnected
facts.

Assessment should allow the student to demonstrate

what a student knows through oral, written, or visual
presentations (Sivertsen, 1993).
In a study done by Simon and Schifter (1993) where
math teachers implemented a constructivist epistemology in
their classroom, three important changes took place.
These constructivist teachers abandoned rote learning of
facts, memorization, and routine drill and practice.

One

difference they found was the cognitive change that the
students went through.

The students became more

comfortable with math, they had a greater ability to
communicate mathematical concepts, and had a better
overall understanding of these concepts.

This resulted in

the students becoming better problem solvers (Simon &
Schifter, 1993).
Another change was the affective change.

After having

gone through a year of the program, the students began to
have more of an interest in math and found it to be
enjoyable.

They gained more confidence in problem solving
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and, as a result, they had a more positive attitude towards
math and themselves (Simon & Schifter, 1993).
The final change that the study noted was the social
change.

The social behavior showed many positive results.

The students began to show greater cooperation among
themselves, they were more accepting of others' opinions
and ideas, and they became more dependent on each other and
less dependent on the teacher.

Because the students were

becoming more confident in their abilities, they were
willing to share their ideas and problem solving strategies
with their peers and, consequently, participating more in
the classroom activities (Simon & Schifter, 1993).
One of the concerns in this study was that the
standardized test scores might go down, due to the new
pedagogy of math and the teachers being unfamiliar to the
procedure.
the scores.

The result was that there was no decrease in
What elevated many fears was that in the

developing of concepts, the attention to computational
skills was sacrificed and they were afraid this would cause
the test scores to go down.

Instead, there was no adverse

affects on students' standardized test scores and, instead,
the pedagogy strengthened understanding of different math
concepts (Simon & Schifter, 1993).
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The purpose of learning science through discovery was
intended to encourage students to enjoy science as well as
introduce them to scientific practice.

Even though a

student's attitude about science is important, "learning by
discovery" has one very major flaw--it fails to address
content (Gil-Perez & Carrascosa-Alis, 1994).
Restructuring the learning by the discovery paradigm
though can prove to be very worthwhile.

In accepting

learning by discovery, educators moved away from the idea
of learning by reception or teaching by verbal
transmission.

Even though research by Driver and others

seriously questions the effectiveness of the
transmission/reception model, it still has a limited place
in the classroom (Gil-Perez & Carrascosa-Alis, 1994).
To enable a student to construct his own knowledge
effectively, he needs first to be presented with an open
ended problem, one that does or does not have a set
solution.

Second, the problem needs to be presented to the

student in small cooperative groups with interactions
between groups and the "scientific community" represented
by the teacher and other resources (Gil-Perez &
Carrascosa-Alis, 1994).

With the teacher being part of the

scientific community, verbal transmission of information
can be one way a student can acquire information needed to
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solve their problem and construct their knowledge.

It is

important to keep in mind that the teacher should not be
the sole source of information, but one of many different
resources a student can access in his quest for
understanding.

The teacher is a facilitator that helps to

correct and synthesize a student's ideas, add new
information, and guide them toward the next activity.

The

teacher also has the responsibility of steering that
student to their goal (Gil-Perez & Carrascosa-Alis, 1994).
In the process of constructivism, a person is
continuously checking new information against the old,
discarding information when discrepancies arise, and then
forming new understandings (Brooks, 1990).
Constructivism is a way of understanding learning that
requires students take responsibility for their learning by
accepting the fact that they are the only ones who can
change or decide to change their understanding, building
upon previous ideas, and then making connections to new
ideas in science as well as other areas of learning (Rohan,
1995; Yager & Lutz, 1994).

CHAPTER III
METHODOLOGY
The following includes a description of the subjects
that participated in this study and the role that the
researcher assumed.

An explanation of the procedure

followed, and an evaluation is also included.
Subjects
The population for this study was composed of 114
fifth-grade science students, with 56 female students and
58 male students attending one elementary school in a
suburban setting.

The ethnicity of the population-was 84%

Caucasian, 8% African American, 6% Hispanic, and less than
1% Asian.

The social-economic status of the population

ranges from upper middle class to students on free and
reduced lunches, with the majority of the students corning
from middle to low income families.

There were 6. students

that qualified for resource and 5 that have been identified
as at-risk and received content mastery assistance.

There

were 17 students that were identified as gifted and
talented who participated in that program on a pull-out
basis.

Special education consisted of 2 deaf students, 3

dyslexic, and 5 students receiving speech therapy.

The

fifth-grade population was divided into 5 classes with 22
26
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to 23 students in each class.

The students were randomly

assigned by the principal and assistant principal, using a
stratified sample of high, average, and low achieving
students for each class.

Attention was also given to

assigning equal numbers of female, male, and minority
students.
In this study, each class was divided into cooperative
teams of three to four students each.

The teams consisted

of one above average achieving student, two average
achieving, and one low achieving student.

Determining the

level of achievement was based on the Stanford Achievement
Test score from the prior school year.

For those students

where scores were not available, classroom performance was
the discerning factor.
teams.

The students established their own

This was done by assigning the low achieving

students the letter "T," average achieving students the
letters "E and A," and the high achieving students the
letter "M."

The students were then to choose their groups

of four students and they were to consist of a "T-E-A-M."
In those instances where there were only three students,
they then were to consist of a "T-E-M" or "T-A-M."

The

teams were also, when possible, to consist of an equal
number of boys and girls.

The teacher reserved the right

to change the teams based on known social and behavioral
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actions.

Care was taken to maintain the male-female and

"T-E-A-M" composition when a change was necessary.
The researcher was the teacher for all five science
classes.

Her role was to introduce the topic for the

students, provide resources and information, monitor class
and group discussions, and give instructions.

She was also

responsible for identifying naive conceptions or
misconceptions that the students brought to the class, and
providing guided discussions, activities and resources
that helped the group to identify and correct these
inconsistencies.

Finally, she assessed the performance of

each student based on the team's computer slide show
presentation, brochure, model, written report, and designed
alien (a life size replica of an alien with at least three
features consistent with the planet).

The student was

assessed individually as well as a member of the team.

The

researcher in this study did not have the role of the
traditional teacher, but instead took on the responsibility
of a facilitator and enabler, helping the students build
their own knowledge.
Procedures
Each class was introduced to a unit on the solar
system by having each student get into his or her group.
Individually the students were given a few minutes to write

29

down everything they knew, everything they thought they
knew, and something that they wanted to know about the
solar system.

Then the students discussed their findings

with their team members, eliminating any duplication that
might appear.

This information was then shared with the

class and recorded on a wall chart.

The students also

turned in to the teacher their individual responses.

From

this data, the researcher determined what course of study
needed to be taken for the class.
misconceptions were the main focus.

Naive conceptions and
What the student was

interested in learning about the solar system was also a
consideration for content to be integrated into the unit.
The students were then given the following scenario:
The National Aeronautical and Space Agency (NASA) is
to the point of scheduling an exploration mission to
one of the planets in our solar system.

The fifth

grade class at this school has been selected to help
in the research to determine which planet would be
most advantageous to explore.
The students were then told that NASA would make its
selection based on the teacher's recommendation.

Each team

was assigned a planet and in some cases two planets to
research for their project.

The project consisted of a

computer generated slide show, a brochure advertising the
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planet, a life size replica of an alien with at least three
features consistent with the planet, a model or poster of
the planet, and a written report to NASA stating why their
assigned planet should be NASA's choice.
The teams were not assigned a planet or planets until
after the students had been led on a journey through the
solar system, modified from a unit on Optical Data, Windows
On Science (Clark, 1990).

Each student kept a journal on

important data that was discussed in the class that they
felt was relevant in convincing NASA that the planet they
had been assigned was the one NASA should explore.

After

the students had been led through their journey of the
solar system by the teacher, each team was then assigned
their planet or planets.
The students then began to build on the basic
knowledge that they acquired during their journe� through
the solar system.
resources.

They had access to many different

These resources included encyclopedias (books

and CD ROM), access to NASA on the Internet, trade books,
magazines, NASA Newsletters, and any other resource the
student wanted to bring into the classroom.

Each team

member was responsible for one or more components of the
project.

After the students had completed gathering their

data, the team reviewed the information collected in order
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to determine if there were any mistakes that needed to be
discussed and corrected.

After the final review of all the

components of the project, the team then presented their
findings to the class in a formal presentation.

This

included their slide show on the computer, a copy of their
brochure, the model or poster of their planet, the life
size drawing of the alien, and the report to NASA.

The

students also were involved in an interviewing process with
the teacher on an individual basis, and as a team,
following the team's presentation.
Evaluation
In evaluating this study, the researcher referred back
to the class-generated list of information about what the
students knew and what they thought they knew about the
solar system.

A list of naive conceptions and

misconceptions were made, focusing on the most common ones
found in all five classes.

Two of these naive conceptions

or misconceptions were the emphasis of the qualitative
evaluation.

The researcher, in evaluating the

presentation, recorded whether or not the naive conceptions
or misconceptions were addressed and if they were
corrected.

Even if they were discussed and corrected or

not discussed during the presentation, they were still
addressed in the personal and team interviews.

CHAPTER IV
RESULTS AND DISCUSSION
The focus of this study was to help the students
identify and correct, through the constructivist approach,
naive conceptions and misconceptions that interfere or
prevent the students from learning.

This was based on a

unit developed about the solar system and its· planets.
This was an extensive unit that viewed the planets from
many different perspectives.
Results
The question asked in this study was whether haive
conceptions and misconceptions can be identified and
correlated with the constructivist approach to education?
At the beginning of the unit, the students were asked to
individually write down what they knew and what they
thought they knew about the solar system.

This information

was then brainstormed among groups of three to four
preassigned students to eliminate any duplications of
ideas.

After this process, each group shared this

information with the class by recording it on newsprint for
the class to see.

The purpose of this was to identify any

naive conceptions or misconceptions that the study should
be focusing on.

The author discovered that even though the
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newsprint activity was helpful in giving directions of
where the students were in their knowledge base and where
they wanted to go, individual responses were more
beneficial in identifying naive conceptions and
misconceptions.
From the individual responses, two misconceptions
continued to appear over and over.

One of the

misconceptions was that the students called some planets
gaseous that were solid and called some solid planets
gaseous.

The other misconception that appeared was whether

or not the planet was considered to be a hot or cotd planet
based on its temperature.
In determining if these misconceptions were corrected,
several areas of the project were analyzed.

There project

components included a slide show, the design of an alien, a
brochure advertising the planet, and an exit interview.
Slide Show
For the slide show students were to compose a slide
show on the computer that included important data on each
group's planet.

The teacher did not require certain

information to be included in the slide show, only that
important data were to be represented.

This information

was a result of all the data the students had collected
from many different resources.

Appendix A shows the
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tabulation of how each class correctly identified the state
of the planet, whether it was solid or gaseous, and the
temperature of the planet.

For those planets where nothing

is recorded, the state of the planet and the temperature
were not noted.

These data are synthesized across classes

in Table 1.
Table 1
Planet Characteristics Identified in Slide Show
Planets

State of Pla'net

Temperature

Mercury

solid: class 1, 2 I 3 I 4' 5

class 1, 2 I 3 I 4 ' 5

Venus

solid: class 2 I 3 I 5

class 1, 2 I 5

Mars

solid: class 1, 2 I 3 I 4' 5

Jupiter

gaseous: class 2 I 3 I 4' 5

class 1, 2, 5

Saturn

gaseous: class 1, 2 I 3 I 4 ' 5

class 2

Uranus

gaseous: class 2 I 3 I 4

class 1, 2 I 5

Pluto

solid: class 3 I 4

class 1, 2 I 3 I 5

Neptune

gaseous: class 1, 2 I 3 I 5

class 2 I 4' 5

Alien
Another element of the project that was analyzed was
the alien that the students were to design.

Requirements

for the alien were that it exhibited three characteristics
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that were a result of the conditions of the planet it
represented.

As in the slide show, no specific

characteristics were required to be addressed.

Some of the

information represented was explicit in that the
characteristic was one of the three the students wrote down
about their alien.

Other information was implicit in that

one could look at the alien and see the characteristics.
Appendix B shows by class how the design of the alien
addresses the state of the planet and temperature.

These

data are synthesized across classes in Table 2.
Table 2
Planet Characteristics Identified with Aliens
Planets

State of Planet

Mercury

solid: class 1, 2' 3' 4' 5

class 1, 3' 4' 5

Venus

solid: class 1, 2' 3' 4' 5

class 1, 3

Mars

solid: class 1, 2' 3' 4' 5

Jupiter

gaseous: class 1, 2, 3' 4' 5

class 1, 3' 5

Saturn

gaseous: class 1, 3' 4' 5

class 5

Uranus

gaseous: class 1, 2' 3' 4' 5

class 3' 4' 5

Pluto

solid: class 1, 3' 4' 5

class 1, 3' 4

Neptune

gaseous: class 1, 2' 3' 4' 5

Temperature
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Brochure
In the brochure, the students were required to
advertise their planet by using factual information, again
using the data they had constructed in their study.
Table 3 shows which planets were correctly identified by
each class as being either solid or gaseous and identified
the correct temperature of the planet.

Those classes that

are not listed did not identify the state of the planet or
the temperature.
Table 3
Planet Characteristics in Brochure
Planets

State of Planet

Mercury

solid: class 1, 2, 3, 4, 5

class 3, 4,

Venus

solid: class 2, 3, 4, 5

class 1, 3, 4, 5

Mars

solid: class 1, 2, 3, 4, 5

class 1

Jupiter

gaseous: class 1, 2, 4, 5

class 1, 2, 3, 4, 5

Saturn

gaseous: class 1, 2, 4, 5

class 1, 2, 5

Uranus

gaseous: class 1, 2, 4

class 3, 4, 5

Pluto

solid: class 2, 3, 4, 5

class 3, 4, 5

Neptune

gaseous: class 2, 3, 4

class 2, 3, 4

Temperature
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Interview
During the interview process each group was explicitly
asked whether or not their planet was gaseous or solid and
the temperature of that planet.

Table 4 shows that each

group in each class indicated correctly whether their
planet was gaseous or solid and the correct temperature.
Table 4
Planet Characteristics Identified in Interview
Planets

State of Planet

Temperature

Mercury

solid: class 1, 2 I 3 I 4, 5

class 1, 2 I 3 I 4, 5

Venus

solid: class 1, 2 I 3 I 4, 5

class 1, 2, 3 I 4, 5

Mars

solid: class 1, 2 I 3 I 4, 5

class 1, 2, 3 I 4, 5

Jupiter

gaseous: class 1, 2 I 3 I 4, 5

class 1, 2 I 3 I 4, 5

Saturn

gaseous: class 1, 2 I 3 I 4, 5

class 1, 2, 3, 4, 5

Uranus

gaseous: class 1, 2 I 3 I 4

class 1, 2 I 3 I 4, 5

Pluto

solid: class 1, 2 I 3 I 4, 5

class 1, 2 I 3 I 4, 5

Neptune

gaseous: class 1, 2 I 3 I 4, 5

class 1, 2 I 3 I 4, 5

f

5

Resolution of Misconceptions
At the beginning of the project, the students were
asked to write down what they knew and what they thought
they knew about each planet.

From these individual
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responses, the misconceptions named earlier were
identified.

At the end of the project, all students were

given a short quiz, with the two identified misconceptions
represented with a question each.

Those students that held

the named misconceptions about a particular planet were
identified and their responses were noted as either
resolved or unresolved.

The number of identified

misconceptions and their resolution are presented in
Table 5.
Table 5
Number of Students with Misconceptions and Their Resolution

Planets

Identified
Misconceptions

Resolved

Unresolved

Mercury

18

15

3

Venus

17

13

4

Mars

10

10

0

Jupiter

20

17

3

Saturn

21

17

4

Uranus

28

20

8

Pluto

12

10

2

Neptune

34

23

11
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In this study the students came to the classroom with
preconceived ideas about the solar system.

Some held

misconceptions about the temperature of a planet.

They

believed that the further away from the sun a planet was
located, the lower the temperature of that planet.

This

was based on previous schemata that the students had
constructed prior to corning to this classroom.

This

schemata was based on the closer one stands to a source
heat, the warmer they are, and the further away, the colder
they become.

The students tried to take this schemata and

adapt it to the new information about the planets.

This

supports the idea of how students learn.
When the students discovered that the gaseous planets
are actually hotter planets than Mercury and Venus that are
located nearest the sun, they had to correct their
misconceptions.

This was done in a social setting, with

the students working in groups.

The students were given

the opportunity to correct their misconceptions by
constructing the correct information.

From resources and

teacher input, most of the students discovered that as you
descend from the cloud tops of a gaseous planet, which are
very cold (minus several hundred degrees Celsius), to the
core of the planet, the temperature increases to several
thousand degrees Celsius.

This part of the project
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confirmed that misconceptions occur and can be identified
and corrected.
Using the knowledge that the students had constructed
and corrected, they had to apply this new information in
several different ways.

They had to create a slide show,

design an alien, and produce a brochure.

In doing these

activities, students gave meaning to the new and corrected
information they had acquired.

The knowledge·they

constructed was learned, not memorized, and should be with
them for a much longer period of time.

This style of

teaching embraces the constructivist approach to education.
Discussion
The results of this study support the research
hypotheses that naive conceptions and misconceptions can be
identified and corrected with the constructivist approach
to education.
In identifying naive conceptions and misconceptions,
it was found that those students that came to the classroom
with misconceptions, had taken existing schemata and had
adapted it to fit the new information that they had
acquired about planets.

Even though their thinking was

believable and elaborate, it was inconsistent with the
accepted scientific understanding.

This is also what Betts

(1991) found in his studies, that students' thinking is
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based on faulty assumptions, lack of information, and
incorrect data.

As stated earlier, the students believed,

based on prior experience, that if you stand close to a
source of heat you feel warmth, and the farther away you
stand from the source of heat, the colder you get.

The

students took this schemata and applied it to the planets
and the temperature they believed them to be based on the
distance from the sun.

As a result, their concept about

the gaseous planets' temperature was incorrect.
Woods (1994) found that in order for misconceptions to
be corrected, they needed to be addressed several times,
and in different ways.

In this study, the misconception of

the gaseous planets' temperature was addressed in several
ways.

First, in the journey through the solar system the

students discovered that gases under pressure and swirling
at an extremely high speed were two reasons that gaseous
planets generate their own heat.

The students then had to

use this information in several of their project-based
activities.

The students also had to share their findings

with their team mates and have these findings confirmed.
This method of having the students correct their
misconceptions and construct their knowledge proved to be
very successful as indicated in the results of the project.
Simon and Schifter (1993) pointed out that through
constructivist teaching, students become more confident in
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their abilities and are willing to share their ideas and
problem solving strategies with their peers.

One incident

(and there were several) took place in the computer lab,
that confirmed this assertion.

As the students were

developing their slide show, one student discovered a
technique that enhanced one of his drawings.

He shared

this technique with a fellow student and before the end of
the period, most of the class was using his discovered
method.

By the end of the day, his method had been shared

through word of mouth and when the last class came to the
computer, they had taken his discovery and had applied
other techniques to enhance it even more.

This was a very

positive development that could have only taken place in a
social setting.
Conclusion
It is the teacher's goal to assist her/his students in
the learning process so that eventually these students will
have the skills necessary to become life long learners.
this study it has been found that naive conceptions and
misconceptions, that interfere or prevent a student from
learning, can be identified and corrected through the
constructivist approach to education, which is a very
important factor in enabling a teacher to assist her
students in becoming life long learners.

In
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Class 1 Slide Show Results
Planets
Mercury

State of Planet
solid: indicated surface
had craters

solid: indicated surface
had craters
stated temperatures

Jupiter
Saturn

indicated hot side and
cold side
stated temperature
of planet

Venus
Mars

Temperature

stated that it was a
gaseous planet

Uranus

stated temperatures

Pluto

stated temperatures

Neptune

stated that it was a
gaseous planet
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Class 2 Slide Show Results
Planets

State of Planet

Temperature

Mercury

solid: indicated surface
had craters

stated the
temperatures

Venus

solid: indicated surface
similar to earth

stated temperature

Mars

stated planet was solid

Jupiter

stated planet was gaseous

stated temperatures

Saturn

stated planet was gaseous

stated temperature at
cloud tops

·uranus

stated planet was gaseous

stated temperatures
stated temperatures

Pluto
Neptune

stated that it was a
gaseous planet

stated temperatures
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Class 3 Slide Show Results
Planets

State of Planet

Mercury

solid: indicated density
of planet

Venus

solid: indicated surface
conditions

Mars

solid: indicated surface
conditions

Jupiter

stated planet was gaseous

Saturn

indicated planet was
gaseous

Uranus

stated planet was gaseous

Pluto

indicated planet was
solid

Neptune

stated planet was gaseous

Temperature
indicated hot and
cold temperatures

stated temperatures
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Class 4 Slide Show Results
Planets
Mercury

State of Planet
solid: indicated planet
had craters

Temperature
indicated hot and
cold temperatures

Venus
Mars

stated planet was solid

Jupiter

stated planet was gaseous

Saturn

stated planet was gaseous

Uranus

stated planet was gaseous

Pluto

indicated planet was
solid

Neptune

stated temperatures
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Class 5 Slide Show Results
Planets

State of Planet

Temperature

Mercury

stated planet was solid

indicated hot and
cold temperatures

Venus

solid: indicated surface
conditions

stated temperatures

Mars

stated planet was solid

Jupiter

stated planet was
gaseo

Saturn

indicated planet was
gaseous

stated temperatures

stated temperatures

Uranus
Pluto
Neptune

stated planet was
gaseous

stated temperatures

APPENDIX B
Alien Class Results
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Class 1 Alien Results
Planets

State of Planet

Temperature

Mercury

solid: alien eats rocks
from surface

protective skin
against extreme
temperatures

Venus

solid: alien has feet
in order to walk

attached chillers to
cool alien

Mars

solid: protective skin
against dust storms

Jupiter

gaseous: wings to fly
through gases

Saturn

gaseous: rockets to
fly through gases

Uranus

gaseous: wings to fly
through gases

Pluto

solid: weighted feet due
to little gravity

hard shell around skin
to protect from heat

heaters attached to
body to keep warm
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Class 2 Alien Results
Planets

Temperature

State of Planet

Mercury

solid: suction cups on feet
due to little gravity

Venus

solid: aliens had feet in
order to walk

Mars

solid: special eye lids to
protect it from surface
sand storms

Jupiter

gaseous: propellers to
help fly, special eyes
to see

Saturn
Uranus
Pluto

gaseous: feet enable
alien to fly through
gases

thin body due to high
temperature
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Class 3 Alien Results
Planets

State of Planet

Temperature

Mercury

alien has feet in order
to walk

alien has thick skin
for extreme heat and
cold

Venus

solid: alien has feet
in order to walk

scales on alien to
protect it from the
heat

Mars

solid: drill on nose to
drill for water
underground

Jupiter

gaseous: wings to fly

Saturn

gaseous: rockets to fly
through gases

Uranus

gaseous: propeller to
navigate through gases

Pluto

alien has feet in order
to walk

Neptune

gaseous: propeller and
wings to fly through
gases

glass over eyes to
protect from extreme
heat

body covered with fur
to protect from cold
temperatures
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Class 4 Alien Results
Planets

State of Planet

Temperature

Mercury

solid: alien has feet
in order to walk

ears are large fans
for heat on sun
exposed side

Venus

solid: alien has feet
in order to walk

Mars

solid: protective skin
against dust storms

Jupiter

gaseous: wings to fly
through gases

Saturn

gaseous: wings to fly
through gases

Uranus

gaseous: wings to fly
through gases

thick skin so' body
doesn't over heat due
to temperatures

Pluto

solid: weighted feet
due to little gravity

very hairy to keep
warm

Neptune

gaseous: wings to fly
through gases

58
Class 5 Alien Results
Planets

State of Planet

Temperature

Mercury

solid: suction cups on
feet for little gravity

Venus

solid: alien has feet
in order to walk

Mars

solid: eats rocks
from surface

Jupiter

gaseous: fan attached
in order to fly
through gases

protective skin
against extreme
temperatures

Saturn

gaseous: wings to fly
through gases

skin is thick so to
protect against
extreme temperatures

Uranus

gaseous: apparatus in
order to fly

protective skin
against extreme
temperatures

Pluto

solid: suction cups on
feet for little gravity

Neptune

gaseous: webbed arms
in order to fly

protective skin
against extreme
temperatures

