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Summary Points

What are naive theories?

?Children actively make sense of the world.
?Their notions tend to be based on what they
can perceive.
?They construct intuitive understandings.
?These understandings may be at odds with
science and math knowledge resulting in
misconceptions or "naive theories." 

How do naive theories create challenges for
learning?

?Some misconceptions are shared, others are
highly individual.
?Naive theories are resistant to change.  
?Unaddressed misconceptions may be carried
into adulthood.

Why are naive theories so problematic for
math and science learning?

?Math and science concepts are often counter-
intuitive.  
?Historically, math and science were taught as
a set of rules.  Ritualistically applying
algorithms masks misconceptions.
?Misconceptions have been identified in many
areas of math and science.

What lessons does this research provide for
educators?

?We must attend to how children construct
knowledge and the difficulties this creates for
learning math and science.  
?We need to both reveal and address children's
naive theories.
?We need to identify, not pass on our own
misconceptions. 
?We must help children see how the scientific
theories lead to more powerful explanations
than their naive constructions.  
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What are naive conceptions?  How can a learner's naive
conceptions  be addressed?  How does this affect learning in
math and science?

A child tells you that the earth is round, but when asked for an
explanation, describes the earth's surface as flat with a round
ball of sky hovering over it.1  Graduating college seniors are
unable to explain what creates the seasons.  They express the
belief that it has to do with the shape of the earth's orbit and
find themselves at a loss to explain why it is summer in the
southern hemisphere while it is winter in the north.2  What is
happening here?  Why are the students' understandings
different from that which they presumably learned in school?
For the past two decades, educational researchers have
explored these questions, shedding light on what is going on
and what should be done about it.

Research shows that children actively attempt to make sense of
the world around them.3  Children construct notions of how
things work based upon their observations and their limited
understandings.  This may be especially obvious to parents
when a young child attempts to explain a newly observed
phenomenon.  A four-year-old child upon observing the moon
low in the horizon during the day time remarked to herself,
"There's that moon again.  I wonder what it's doing there.  It
must be taking off."  The child created an explanation to make
sense of the information she had amassed.  

By school age, children have managed to make a great deal of
sense out of their world.  They have evolved a "robust and
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serviceable  set of theories: about mind, about matter, about life,
about self."4  While much of what children figure out about
their world is accurate, some of it is not.  Some of their theories
are nonscientific.  These theories have been referred to as
"naive" or "intuitive" theories and as misconceptions. 
  
How do naive theories create difficulties for school learning,
particularly in math and science?  

Children's theories often collide with the math and science of
school learning.  They may result in theories about scientific
phenomena that are very different from what scientists believe
-- misconceptions about the shape of the earth or why objects
in motion eventually stop, for instance.  Children's naive
theories in mathematics can result in confusions about how to
apply algorithms and about what they really mean.5  Students
may evolve a notion of mathematics as a set of rules to be
applied6 and end up applying formulas without understanding
what they mean -- resulting in nonsensical solutions.   

This may create a confusing scenario for teachers and parents.
We often encourage children to use their common sense.  We
expect them to try to make sense of information in the world
around them -- to reason about it and come up with new
understandings.  After all, actively attempting to make sense
out of one's world is an important characteristic of a good
learner.  As discussed in other essays in this series, active
sense-making is important to constructing knowledge that is
connected and provides deep understanding.7
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Research into this issue shows that it is not the "sense-making"
behavior in itself that is problematic.  Instead, the problem
seems to generate from three distinct areas and how they
interrelate: 1) the type of sense-making children engage in and
the nature of the resulting naive theories; 2) the nature of
science and math as scientists and mathematicians know it; and
3) the way that intuitive conceptions have often been dealt with
in school.  Each of these issues will be considered in turn.

What does children's sense-making look like?  What is the
nature of the resulting theories?  

Researchers have identified some key characteristics of naive
theories.8 

Characteristic  #1: Naive theories can be personal and
idiosyncratic.  The theories represent how children
internalize their experience and construct understanding of
it.  Each child is the keeper of a unique set of experiences.
As children learn and make sense of their world, they
evolve their own personal lens for interpreting events, thus
different aspects of the same event may seem important to
different children. 

Characteristic #2: Naive theories may be customized for
each event explained.  While scientists seek coherency in
their explanations and hold this as a criterion for whether an
explanation is plausible, the need for coherence may not be
perceived by children.9  Children often hold "customized"
explanations for the events that they can observe, may be
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accepting of more than one explanation for an event, and
may be unconcerned if these explanations are
contradictory.10  This adds to the difficulty of knowing what
they know.  

Characteristic  #3: Naive theories can be very stable and
resistant to change.  These theories represent a child's way
of making sense and the child will attempt to fit new
information into an existing set of understandings rather
than dispose of a theory that he or she finds sensible.
Children tend to compartmentalize their personal learning
from the formal instruction they receive at school.  They are
often quite comfortable with the sense that they have made
and have no reason to discard their own serviceable theory.
Therefore, they often revert to their original, naive theories
when asked to apply their school learning to new areas.  In
the example above about the shape of the earth, the child
repeats what was learned as the "right answer" in school, yet
continues to use his own model of a flat earth with a sphere
of sky to make sense of cosmic events.

Despite the idiosyncratic nature of the theories youngsters
come up with, children do share certain tendencies that define
the nature of their sense-making.  These tendencies help to
create some parameters for the kinds of theories that children
are likely to evolve.11  What are some of these tendencies?

Tendency #1: Children's thinking tends to be perceptually
dominated or based upon what they can observe.12  They
learn most easily from the information that they can readily
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gather through their senses -- auditory, visual, kinesthetic,
and tactile.  However, what appears to be so is not always
what is so.  This phenomenon is referred to as the
appearance/reality distinction.  For example, the earth
appears to be a flat plane with the sky above it rather than
an oblate spheroid.  Children often interpret what appears to
be so as though it is so.  For example, they believe that
sugar disappears when it dissolves instead of existing in a
particle  form too small to see.13  Or if five stones are placed
in a line and another set of five stones is placed near by but
stretched out so that the line appears longer, young children
may report that the second line has more.14  While adults
can also be influenced by appearance and context, they
have a greater ability to reason logically15 and a greater
information base to draw from so they don't make the same
errors that children do.  

Tendency #2: Children tend to consider absolute properties
or qualities before those that involve an interaction between
the elements of a system.  For example, when an object
burns, a child may see it as a property of the substance that
is burning while a scientist views it as an interaction
between the burning substance and oxygen. 1 6

Understanding an interaction involves greater levels of
abstraction so this tendency makes developmental sense.  

Tendency #3: Children are inclined to assume a linear,
unidirectional relationship  between events and effects that
they observe.  Therefore, children, upon noticing that a lot
of frogs have appeared in a pond and then shortly after that
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many birds have arrived, might assume that the first event
caused the second.  They would be less likely to consider
other possible relationships between the arrival of the frogs
and the birds -- such as the possibility that both were caused
by a snail population explosion.  Children are also less
inclined to explore extended effects.  Therefore, they might
consider the effects of air pollution on breathing but would
be less likely to consider extended effects, such as the
contribution of air pollution to acid rain and subsequently,
to the deterioration of marble or bronze statues.

Common tendencies such as these can lead to certain common
misconceptions.  Thus, while some naive theories can be
personal and unique, others are shared.  Research into shared,
common misconceptions promises to provide support to
educators in attempting to reveal and address children's
misunderstandings.     

The majority of the research on particular misconceptions
exists in the sciences, particularly physics, perhaps because for
so many people it is the most counter-intuitive discipline.
However, there is a rapidly growing body of research in other
areas of science and math as well as early work in other
disciplines such as the social sciences.17

Why are naive theories of particular concern for math and
science learning?  

While children do hold intuitive theories in other subject
areas,18 the theories are especially problematic for math and
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science learning.  This is because math and science: 1) tend to
be counter-intuitive; and19 2) lend to the rigid and ritualistic
application of algorithms if conceptual understanding is not a
teaching goal.20 

Science and math asks us to construct mental models of things
that cannot be directly perceived21 and in fact may be counter-
intuitive to what is perceived.  This is at odds with children's
perceptual biases for interpreting phenomenon.  Indeed,
exercising our "common sense" often leads to Aristotelian
models of how the world works -- those that were believed
prior to the mid-seventeen hundreds -- not those that present-
day physicists use to explain the world.  Research demonstrates
that even adults, including advanced level students in physics,
hold "common-sense" conceptions that are at odds with the
thinking of present-day scientists and mathematicians.22  For
example, when a ball is thrown into the air, many adults
intuitively believe that there is a force acting upon the ball in
the direction of the motion.2 3   According to Newtonian physics,
once the ball leaves the hand of the person who threw it, the
only force besides a bit of drag provided by air resistance is
that of gravity.  Even college physics students can get caught
up in what they observe rather than the principles of movement
and force that they have been taught.24  The counter-intuitive
notion of much of present-day science has been referred to as
the "uncommon common sense of science."25

Compounding the counter-intuitive nature of science and math
is the issue of how we talk about our worlds.  Our everyday
language reflects our perceptual and intuitive understandings
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of the world rather than our scientific or mathematical
understandings.26  For example, we tell children to put their
coat on because it will make them warm, instead of telling them
that it will reduce their heat loss -- thus reinforcing
misconceptions about how insulation works.  Everyday
language tends to reinforce confusion about particular terms
and the notion that math and science speak a foreign language.
  

A heavy focus on the application of algorithms may compound
the problem of persistent misconceptions in math and science
learning.27  It is widely held that mathematics consists of rule-
governed knowledge mastered through memorization of
formulas and facts.28  If students can apply the correct
algorithm in the correct instance, teachers may assume that
they understand what they are doing.  When questions are
posed in slightly different ways, students may reveal that they
are rigidly and ritualistically applying such algorithms without
a deep understanding of the processes symbolized by the
formula.  For example, students may be able to demonstrate
that 7 minus 3 is equal to 4.  However, when asked a question
such as, "If Sue has 7 apples and Tom has 3, how many more
does Sue have?" students may trip up because the minus sign
asks students to compare in this instance -- not to take away.29

Students need a flexible and deep understanding of the process
of subtraction to succeed with the problem.
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What role has schooling played in relation to intuitive
theories?  

In the past, schooling attempted to teach new concepts to take
the place of the child's naive theories.  It was assumed that the
school taught concepts would supplant the child's naive
theories.  We now understand that this underestimates the
power of children's naive theories.30  Learners often cling to
"naive conceptions" despite formal instruction.  Children are
able to parrot back what they were expected to learn, yet then
revert back to their own models in explaining related concepts.

1. From an early age, children develop ideas related to how the
world works and what different science words mean.

2. These ideas are usually strongly held.

3.  These ideas may be significantly different from how
scientists view the world.

4.  These ideas are sensible and coherent from a child's point
of view.  

5.  Traditional teaching often does little  to influence or change
these ideas.

Prior to this research, educators may have been unaware not
only of the misconceptions held by their students, but of those
that they themselves held.  One can assume that those who
taught our current teachers were equally unaware of such
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misconceptions and how resistant they can be.  Thus, it is not
surprising that many adults hold naive conceptions similar to
those held by school age children. 3 1   For example, a teacher
may present the concept of heat as energy transfer between two
systems -- as in the scientific language of the curriculum, yet
may use a model of heat as entity-like in discussing particular
phenomena with children.

How can we use the research information on naive theories
to become better teachers and supporters of math and
science learning?  

This research alerts us to the need to be aware of students'
naive theories and how they influence learning and alerts us to
particular common misconceptions to look for.  It provides
some tools for becoming aware of and addressing children's
misconceptions.

The wealth of research on misconceptions provides an
important resource to teachers about common misconceptions
on particular topics.32  Misunderstandings have been identified
as well as stages students progress through as they are helped
to see the inadequacies of their current view.  This work alerts
teachers to common misconceptions that arise as they try to
teach particular concepts -- making the task of addressing
misconceptions a bit less daunting.  It also helps teachers get a
sense of the many different types of theories a child might
construct and how these relate to the views held by scientists
and mathematicians.  Teachers and parents may identify some
of their own misconceptions through this research! 
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It is important to stress that intuitive theories should not be
discouraged.  Instead, they should be viewed as the modeling
clay from which the child and teacher together work to shape
new understandings.  We need to listen to how students are
making sense of concepts.  Engaging children in dialogue
helps reveal idiosyncratic conceptions.  Socratic discussion and
questioning may help students to identify inconsistencies in
their thinking through the questions of others.33  Encouraging
children to apply their ideas in a variety of different ways can
help them to identify inconsistencies as well as discover new
applications and connections.  

How can Children be Taught Scientific Views of the World?

1.  Lessons need to start with the ideas that children hold.  The
current understandings must be revealed.

2.  These ideas need to be explored as possible solutions.

3.  Children need to be confronted with ideas that are
discrepant with their ideas.  It is important to provide evidence
that is contrary to their expectations on something that they
care about.  

4.  Children need opportunities to compare the differences
between the ideas.

5.  Children need opportunities to connect the new idea broadly
to the world.  Otherwise they may see it as an isolated case.
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Teachers who are alert to the nature of intuitive theories
recognize the importance of becoming better listeners to
children's "science and math talk."  They attempt to reveal a
child's understanding so that they know what types of
interactions further the growth of the particular learner.  They
understand the necessity of asking questions to see how
children construe terms rather than assuming that a certain term
is intended as scientists would use it.  They listen for the
children's sense-making, consider how it relates to scientific
and mathematic sense, and help students on a path to new
understandings.

Children must see how scientific and mathematical theories
make better sense than their naive constructions.34  They must
see that their present ideas are unsatisfactory in order to adopt
new ones presented by the teacher.35  Helping the child
discover evidence that is discrepant with what a child's naive
theory would predict, can help to introduce dissonance36 in the
child's mind.  Immediate feedback as to the efficacy of a child's
prediction helps to emphasize the discrepancy.37  Helping the
learner recognize that the information actually is discrepant can
sometimes be a challenge -- particularly given children's
tendency towards customized explanations as discussed earlier.
Modeling abstract phenomena in concrete ways and helping
children model it makes it more accessible.  Beyond
recognizing the discrepancy, the child must minimally
understand the new theory, must see it as plausible, and must
view it as suggesting the promise for greater explanatory
power.38    
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Some researchers suggest39 that computer simulated
microworlds40 are a promising way of addressing
misconceptions -- providing discrepant results immediately.
For instance, one program presents a set of computer simu-
lations designed to help students learn the laws of motion
providing a concrete means for a student to construct a model
of an abstract concept.  It encourages students to "ask"
questions based upon their predictions because they are able to
try out their theories.  However, researchers warn students must
see the connections between the microworlds and the real
world.  In some cases, students have revealed that they don't
understand the abstract notion of a model well enough for the
simulation to be useful.41

This body of research suggests changes in the format of
textbooks and "teacher's editions" as well.  Instead of com-
municating information in one direction, these resources need
to encourage dialogue.  Language and models in textbooks
need careful review for possible misunderstandings that they
can foster.42  Increasingly, teacher editions and resource
manuals contain information about misconceptions and how to
address them.  They may include examples of children's
science or math talk and give a sense of questions teachers
might ask in response43 or how to interpret a child's
understanding.   

In summary, revealing children's intuitive theories and helping
children build new understanding requires a different way of
thinking about teaching and learning.  The message here goes
beyond focusing on the theories that children are creating in

14

1.  e.g. Nussbaum, J. (1985). The earth as a cosmic body. In
R. Driver, E. Guesne, & A. Tiberghien (Eds.), Children's ideas
in science (pp. 170-192). Philadelphia: Open University
Press.
Vosniadou, S. & Brewer, W. F. (1992). Mental models of the
earth: A study of conceptual change in childhood. Cognitive
Psychology, 24(4), 535-585.

2.  Schneps, M. N. (1989). A private universe. Santa Monica,
CA: Pyramid Film & Video.

3.  e.g. Gardner, H. (1991). The unschooled mind: How
children think & how schools should teach. New York: Basic
Books.
Kelly, G. A. (1969). Ontological acceleration. In B. Maher
(Ed.), Clinical psychology and personality: The selected
papers of George Kelly. New York: Wiley.
Osborne, R., & Freyberg, P. (1985). Learning in science: The
implications of children's science. Auckland: Heinemann.

4.  Gardner, 1991. p. 145.

5.  e.g. Behr, M., Lesh, R., Post, T., & Silver, E. (1983).
Rational number concepts. In R. Lesh & M. Lindau (Eds.),
Acquisition of mathematical concepts and processes (pp. 91-

their heads and encouraging children to talk about the sense
that they are making.  It points to a very basic need to help
children see school learning as something that has to connect
to their private learning.  We need to take down the barriers by
starting with what makes sense to them -- their evolving,
personal understandings -- and building scientific and
mathematical understandings from these.  

For Further Information



15

126). New York: Academic Press.
Resnick, L. B. (1987). Constructing knowledge in school. In
L. Liben (Ed.), Development and learning: Conflict or
congruence? (pp. 19-50). Hillsdale, NJ: LEA.
Resnick, L. (1992). From protoquantities to operators:
Building mathematical competence on a foundation of
everyday knowledge.  In G. Leinhardt, R. Putnam, & R. A.
Hattrup (Eds.), Analysis of arithmetic for mathematics
teaching (pp. 373-429). Hillsdale, NJ: LEA.

6.  Merseth, K. K. (1992). How old is the shepherd? Harvard
Graduate School of Education Alumni Bulletin, 37(1), 6-7.

7.  Perkins, D. N., (1992). Smart schools: From training
memories to educating minds. New York: Free Press.

8. Driver, Guesne, & Tiberghien, 1985

9.  Driver, R., Guesne, E., & Tiberghien, A. (1985). Children's
ideas in science. Philadelphia: Open University Press.

10. Schollum, B., & Osborne R. (1985). Relating the new to
the familiar. In R., Osborne & P. Freyberg (Eds.), Learning in
science: The implications of children's science. (pp. 51-65).
Auckland: Heinemann.

11.  Driver, Guesne, & Tiberghien, 1985.

12. Carey, S. (1985). Conceptual change in childhood.
Cambridge, MA: Bradford.

13. e.g. Clough, E. E., & Driver, R. (1985). What do children
understand about pressure in fluids? Research in Science and
Technological Education, 3(2), 133-144.
Driver, Guesne, & Tiberghien, 1985.

14. e.g. Ginsburg, H. (1977). Children's arithmetic: How they
learn it and how you teach it. Austin, TX: Pro-Ed.
Piaget, J. (1952). The child's conception of number. London:
Routledge & Kegan Paul.

16

15. Linn, M. C., & Siegel, H. (1984). Postformal reasoning: A
philosophical model. In M. L. Commons, F. A. Richards, & C.
A. Armon (Eds.), Beyond formal operations: Later adolescent
and adult cognitive development (pp. 239-257). New York:
Praeger.

16. Driver, Guesne, & Tiberghien, 1985.

17. The interested reader is referred to an excellent and
extensive review in AAAS (American Association for the
Advancement of Science), (1993). Benchmarks for Science
Literacy: Project 2061. New York: Oxford University Press.

18. See Gardner, 1991.

19. Rowe, M. B. & Holland, C. (1990). The uncommon
common sense of science. In M. B. Rowe (Ed.), The process of
knowing: What research says to the science teacher: Vol. 6 ,
(pp. 87-97). Washington D.C.: NSTA.

20. Gardner, 1991; Merseth, 1992; Perkins, 1992.

21. Osborne, R. (1985). Building on children's intuitive
ideas. In R. Osborne, & P. Freyberg, (Eds.),. Learning in
science: The implications of children's science (pp. 41-50).
Auckland: Heinemann.

22. e.g. Clement, J. (1982). Student preconceptions of
introductory mechanics. American Journal of Physics, 50, 66-
71.
diSessa, A. (1983). Phenomenology and the evolution of
intuition. In D. Gentner, &  A. L. Stevens (Eds.), Mental
models. Hillsdale, NJ: LEA.
Halloun, I. A. & Hestenes, D. (1985). Initial knowledge state
of college physics students. American Journal of Physics,
53(11), 1043-1055.
McCloskey, M., Caramazza, A., & Green, B. (1980).
Curvilinear motion in the absence of external forces: Naive
beliefs about the motion of objects. Science, 210, 1139-1141.



17

23. Gunstone, R., & Watts, M. (1985). Force and motion. In
R. Driver, E. Guesne, & A. Tiberghien (Eds.), Children's ideas
in science (pp. 85-104). Philadelphia: Open University Press.

24. For a list of research studies outlining adult
misconceptions, the interested reader is referred to Linn &
Siegel, 1984.  

25. Rowe, M. B. & Holland, C., 1990. 

26. e.g. Bell, B., & Freyberg, P. (1985). Language in the
science classroom. In R. Osborne & P. Freyberg (Eds.),
Learning in science: The implications of children's science
(pp. 30-40). Auckland: Heinemann.
Erickson & Tiberghien, 1985.
Nesher, P. (1989). Microworlds in mathematical education: A
pedagogical realism. In L. Resnick (Ed.), Knowing, learning,
and instruction (pp. 197-216). Hillsdale, NJ: LEA.
Orr, E. W. (1987). Twice as less. New York: Norton.

27. See Gardner, 1991; Perkins, 1992.

28. Merseth, 1992.

29. Fuson, K. (1992). Research on whole number addition
and subtraction. In D. A. Grouws (Ed.), Handbook of research
on mathematics teaching and learning (pp. 243-275). New
York: MacMillan. 

30. e.g., Driver, Guesne, & Tiberghien, 1985; Osborne &
Freyberg, 1985.
West, L. H. T., & Pines, A. L. (Eds.). (1985). Cognitive
structure and conceptual change. Orlando, FL: Academic
Press.

31. Lawrenz, F. (1986). Misconceptions of physical science
concepts among elementary school teachers. School Science
and Mathematics, 86(8), p. 653.

32. The interested reader is referred to Guesne, 1985;
Erickson & Tiberghien, 1985; and Osborne & Freyberg, 1985. 

18

A summary list of topics researched can be found in Osborne
& Freyberg, 1985.  

33. Driver, Guesne, & Tiberghien, 1985.

34. Gardner, 1991.

35. Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W.
A. (1992). Accommodation of a scientific conception:
Toward a theory of conceptual change. In M. K. Pearsall (Ed.),
Scope, sequence, and coordination of secondary school
science: Relevant research: Vol. II (pp. 253-270). (reprinted
from Science Education, 1982, 66(2), 211-227).

36. Driver, Guesne & Tiberghien, 1985.

37. Connor, J. V. (1990). Naive conceptions and the school
science curriculum. In M. B. Rowe (Ed.), The process of
knowing: What research says to the science teacher: Vol. 6 .
(pp. 5-18). Washington D.C.: NSTA.

38. Strike, K. A., & Posner, G. J. (1985). A conceptual change
view of learning and understanding. In L. H. T. West & A. L.
Pines (Eds.), Cognitive structure and conceptual change (pp.
211-231). New York: Academic Press. 

39. Connor, 1990; Perkins, 1992; Rowe & Holland, 1990.

40. e.g. Horwitz, P. & White, B. (1986). Thinkertools annual
progress report. Cambridge, MA: Bolt, Beranek, and Newman,
Inc.

41. Rowe & Holland, 1990.

42. e.g. Gunstone & Watts, 1985.

43. Friel, S. N., Russell, S. J., & Corwin, R. B. (1992).
Statistics: Means, middles, and in-betweens. Palo Alto: Dale
Seymour. 


