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Abstract

Introduction. This research addresses preschoolers intuitive understanding of  rectilinear
movement and some variables which affect it, and the type of arguments used when related
knowledge dates are judified. A first working hypothess is that the resolution of practicd,
functiond dtuations would be based on odf-regulation processess A second working
hypothesis is that feedback provided by the dgtuations would modify their levels of
epigemologica understanding.

Method. The sample is composed of 40 boys and girls between the ages of 5.0 and 5.5 years,
sdected randomly from three private preschool educationd inditutions in Cai (Colombia),
and subsequently assgned to two groups. The experimenta materid condsts of four
isomorphic Situations based on atask by Chen and Klahr (1999).

Results. Data support the firg hypothess  the average number of actions increased
sgnificantly between sessons, draegies undeteken by the children are organized in more
complex series and with greater effectiveness.  Empirica support for the second hypothess is
not supported, most arguments which the children use to describe the knowledge of characters
in the Stuation remain stable,

Discussion. A df-regulation process was identified in the children's verbdizations, which
moved from mentioning actions undertaken on the materid to controlling actions in advance,
Positions such as that of Schauble (1996) are discussed, Stating that preeschoolers are hesitant
to abandon drategies despite their usdessness  The activity was ineffective in transforming
the arguments they use and by implication their levels of episemologica understanding.

Keywords: Sdf-regulation, Episgemologicd Understanding, Implicit Conceptions, Physics in
Early Childhood Education, Preschool, Inductive Inference.
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Introduction

Research on Cognitive Development and Scientific Reasoning has inquired into the
nature of intuitive conceptions that children have about certain domans of knowledge, and
physcs in paticular (Vosniadou, 2002; Pauen, 1996). These implicit conceptions have
proven to be quite solid when children are led to make causa judgments about physica facts.
These causd ideas about the physicd world generate predictions that continue to be
consgent despite recalving contradictory information, this predictive capacity and its
conddency over time are the didintive traits which they share with scientific theories in the
drict sense (Pozo, Sanz & Limdn, 1992).

This takes on greet importance in the educational setting since these conceptions are
drawn from the red world and hold a certain degree of veracity for those who maintain them,
besdes beng generdized in an implicit manner, replacing or linking to knowledge which is
imparted in educationd inditutions. In this way a hybrid is generated, ahbitrarily and
erroneoudy joining both types of knowledge.

A functiona relationship is then created between the way we perceive the world, the
generdizaion we give to such knowledge, and the way we perform in our world.  Thus the
trandformation of such conceptions is a highly useful, practicd objective in the educaiond
environment; however, research in this subject has approached the problem from different

postions.

One pogtion gpproaches children's intuitive knowledge about physics from scientific
reasoning (Penner & Kilahr, 1996; Schauble, 1996), showing the solidity of certain intuitive
conceptions and their significant relationship to cognitive development.

A second position, based on the need to produce learning methods for educetion in the
siences, seeks to modify implicit conceptions through problemsolving  Stuaions and
contexts of scientific invedtigation.  Congdered to be vdid draegies for usng with
adolescents, they should be used for drawing students conceptions closer to those accepted by
socidly vaid scientific knowledge (Chen & Klahr, 1999; Niaz, 1995; Pozo, 1993).
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These podtions vary in the importance assgned to formd indruction and to
knowledge prior to completing the activity, but they agree in that in the classsoom we should
promote domain-specific knowledge and the scientific method (having a non-specific view of
"scientific method”, congdering that the proliferation of different methods is an opportunity

for the advance of science.)

It is then sudained that learning in the sciences should go beyond memorizing facts
and formulas, less scientific content and more research processes, synthesizing of new
information, and eaboration of hypotheses. It is then evident that these conceptions, though
exiging from an early age, are approached from a pedagogicad perspective in adolescence,
thus overlooking the childnood population which is generdly resarved for Sudies of a

representationa nature.

This aticle presents a drategy for transforming younger children's knowledge about
physics based on presenting problem-solving Stuations that differ in content, but contan the
same logicd dructure (isomorphic dtuations). The consstency of childhood knowledge is
cdosdy reated to the epistemologicd datus of intuitive knowledge (see Oliva, 1999) and the
conceptualization attained about such actions.

We then discover that the ability to have conscious control over drategies used in a
problem-solving sStuation, and the way children relate to their own knowledge as a function
of arguments used, are variables that become dgnificant. There exist several concepts in
cognitive psychology and paticulaly in scientific reasoning that are useful for analyzing
such variables --sdf-regulation based on  metacognitive processes and  epistemologica
understanding. These alow for desper analyses of the child's activity.

Self-regulation and Epistemological Understanding

Sdf-regulation activities can be consdered god-oriented drategies that dlow the
child to sdect information, putting himsdf a different leves of abdraction, and involving an
ability to control his own activity (Lacasa, Martin, & Herranz, 1995). Sdf-regulaion can
then be consdered an operationdization of metacognition, since this is characterized by
reflecting on, monitoring and regulating processes of afirgt order (Kuhn, 2002).
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It is then proposed that action upon the materid produces different levels of
abdraction in children as they draw out information that goes beyond the information given;
this is an ability arisng from a cognitive process which has been gudied widdy in recent
years, that is, inference. We specificaly propose inductive, functiona inference in this study,
gnce it is linked to direct manipulation of mechanisms, and ggnificant problem-solving
information arises, to the extent that the eements function is understood (Ordbéfiez, 2000).

The inductive emerges from the identification of regularity in a pattern of data or set
of evidence, and then shaping it into a hypothess or rule which explains variaion in such
data (Florian, 1994). Children's performance in sStudions involving inductive inference has
been characterized from severa perspectives, and it has been sad tha inductive inference is
probably the only process that generates realy new knowledge (Johnson-Laird, 1994).

Studies about inductive inference cover the prediction of movement vectors generated
by a least two forces (Pauen, 1996), the causd explanaions of animae and inanimate
movement (Gelman & Gottfried, 1996), and generdization of knowledge of nonvishle
properties in exploratory play (Badwin, Markman, & Médartin, 1993). These dtudies have
shown children's growing &bility to generate knowledge through experimentation which is
inherent in problem: solving Stuations.

Nonethdess, dthough children's performance improves with reaion to the activity
peformed and to &bilities ganed from cognitive development, the argumerts children use
about knowledge show a peculiar relationship with the characteristics of the dtuations they
ae solving.  Havel, Mumme, Green and Havell (1992) put forward that children create a
trandformation on their own knowledge inasmuch as they manage to differentiate it from
outside knowledge.

These arguments reved how children find the difference between ther own thought
and outsde thought, and their different knowledge dates (Kuhn, Cheney & Weinstock,
20008), smultaneoudy andyzing their vdidity (Pillow, Hill, Boyce & Sein, 2000). This
ability to think about knowledge and how it is acquired is what Hofer and Pintrich (1997) cdl
epigemological  theories, taking on relevance snce they include children's argumentation
about different knowledge States.

Electronic Journal of Research in Educational Psychology, 2 (1), 63-80. ISSN: 1696-2095 (2004). -67-



Epistemol ogic Understanding and Inductive Inference: A study of physicsin Early Childhood Education

These theories are what has been caled episemologica undergtanding, the ability to
coordinate subjective and objective dimensions of knowledge (Kuhn et a., 2000a). It is sad
that knowledge is in the objective dimenson inasmuch as the cognoscent subject considers
specific knowledge about a certain topic to be an entity found in the red world and therefore
knowable with certainty, independent of the observer who accesses such knowledge.

A subjective dimenson of knowledge is that where weighing the knowledge's vdidity
goes beyond an object cogniscible to a cognoscent subject.  This generates an awareness of
the knowledges uncertainty, having originated in human minds.  This sep has pogtive
consequences for education since it introduces the ability to compare diverging opinions

about the same matter, opening the door to critica thought about different arguments.

Coordination of dimendons confirms the objective aspect of knowledge and
recognizes the uncertainty brought about by the human mind. Thus two opinions may be
legitimate and vaid but one of the two must be more so, according to evidence that supports
one argument or ancother. Coordination between dimensions is reached when one recognizes
that redity is not directly cogniscible, but can be evauated according to criteria of arguments

and evidence. Thisiswhere evauation of evidence becomes an essential process.

This conceptudization about the subject—object—knowledge reationship is found in
processes which underlie the child's creation of a world where the origin determines whether
given knowledge is rdevant. As cognitive development takes effect, knowledge becomes an
object of evduation through the process that shapes it and through the evidence that sustains
it.

This is where the knowing subject has a credtive, active role, injecting meaning and
validity into percaived redlity, both in himsdf and in others.  This conceptudization about the
world gives rise to the idea that epigemological conceptudizations will aways depend on
metacognitive processes that a knowing subject possesses at a given moment. Kuhn and
Pearsdl (2000) have tried to show that the person's episgemologica leve, dong with the
inherent demands of each experimenta Stuation, exercises an influence on the way we use

our intellectud skills, and even influences acquisition of new knowledge.
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| therefore propose that the resolution of practica, functiona Stuations would be
based on processes of sdf-regulation, snce actions dem from a largdy implicit knowledge,
though susceptible to the impact they have upon the materid. Hence they become explicit to
the extent that they interact with the Stuation. Thisisafirst working hypothess.

Epigemologicd underdanding is closdy related to how persons are able to distance
themsdves from their own knowledge and evauate a given phenomenon from the perspective
of someone else. Feedback provided by such stuations would modify their arguments as it
dlows them to evduate others beiefs. This is a second working hypothess, andyzing the
corrdaion that exists between sdf-regulation and epigemologicd understanding is left for
the future.

In order to address these hypotheses, we set a generd objective of determining
transformations in implicit conceptions about physics in children between 5.0 and 5.5 years of
age, as they solve isomorphic problems of an inferentid, inductive nature.  From the various
levels which the Stuation entalls integrating actions for problem-solving and verbdizations
for evaluating a knowledge state, two specific objectives are derived:

a) Andyze children's ability to solve problem gStuations and evauate the evidence that
these Stuations provide, their Srategies being an index of sdlf-regulation, and

b) Examine leves of epigemologica underganding in arguments used for describing the
knowledge state of the charactersin the Situation.

Method

Subjects

The population comprises 120 boys and girls from three private preschool inditutions,
belonging to socioeconomic dratum 6 in the city of Santiago de Cdi, this being the highest
dratum in a cdassfication made by the city's Public Services. The find sample comprises 40
boys and girls between the ages of 5.0 and 5.5 years, having been sdected randomly through
a computer program (SPSS). Only those children whose parents gave written authorization

participated.
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Experimental Situations and Material

The experimentad materid is based on a dtuation from Chen and Klahr (1999). It
conssts of two movable ramps that produce four different degrees of indinaion (15°, 30°,
45°, 60°. One third of the surface of one ramp is covered by a non-tranducent plagtic; the
hidden surface has speed reducers, causing a greater acceleration to produce jumps aong the
way, and so ddaying arival. Only a person who produces a constant acceleration from the
beginning of the one ramp will be able to solve the Situation.

The dtuations are related to empiricd verification of beliefs offered by two characters
who are like F1 automobile mechanics. The action performed on the materid generates
evidence reporting to the veracity of the characters propositions of a mechanical nature. This
is where sdf-regulation comes in: the veracity is based on empiricd verification performed by
the child when solving the Stuaion. These beliefs are a control measure since they redrict
formulation of a hypothess that would arise if the phenomenon which causes the vehicles
functioning were sought for.

One main dtuation and three isomorphic Stuations were presented; the latter used the
sane materid but with different settings  The assumption is that since they contan a
common dructure, they would require the problemsolvers to creste and use inductive,
functional inferences.  This way we can evauate the understanding reached for each dtuation

by controlling traces of learning brought about by the first resolution.

The specific domain to which this dtuation belongs is the physica, understood as a st
of representations that a given knowledge sustains (Karmiloff-Smith, 1992). An early basc
understanding of dynamic properties exists and does not require the subject's insertion in a
formal and/or advanced school setting.  The thrust-velocity relationship approached in the
expeimenta Studtion is verified in afamiliarization Stuation.

Experimental Design and Plan

The design included an experimental group and a control group (named groups 1 and 2
repectively). The independent varigble is the number of Stuations, four for the experimentd
group and two for the control group. The Stuations were presented in a corresponding
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number of sessons with an hour-long interva between sessions, age of participants was dso
controlled.  The indructions for the Stuation were: “Something happened, the cars should
have arrived a the same time. The fird mechanic thinks it is a problem with the track and he
wants to change it. A second mechanic thinks it is a problem with the sart-up, and he wants
to push it harder, could this be right? Y ou must help them know whether it isright or not”.

Immediately afterward, the child performed the activity by modifying characteristics
of the tracks a will. Then he was aked the control question in order to determine
comprehenson of the task: “Do you remember what this mechanic thought? Was he right or
not?” The data presented here includes only those subjects who responded affirmatively and
correctly to the first question.

Subjects were divided into two groups, the four Stuations were presented to the first
group and only two to the second group, considered the control group. Comparisons between

the two groups creete a possibility of identifying and measuring variaions due to learning.

Categories of analysis

Analysis categories for the problemsolving activity are rdated to the ability to
geneae and work with information that arises from interacting with the experimenta
materia (Orddfiez, 2000) and they edtablish a hierarchy with respect to sdf-regulaion

attained over the course of the sessions

Category A: Edablishing relationships between condituting dements.  This criterion
refers to relaionships of a physica type that are established when teking action upon the
dements of the expeimentd materid, cdled condituting dements.  Edablishing these
relationships  entals  identifying  directly  proportiond  relaionships between  physicd
vaiables, for example lessr angle means lesser velocity, grester force means greater
vdodty. Initidly this implies an exploratory, inductive activity upon the materid, but later
anticipation necessarily limits the type of actions on the ramps, once it is understood that a
certain type of action generates specific results.

Category B: Use of rdevant information. This category recognizes the ability to get
the cars to achieve desired performance on the ramp that has speed reducers, by manipulating
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edements present in the dtudion. It implies an &bility that refers to inductive, functiond
inferences, but precedes the belief-evidence rdationship.

Category C:. Evduation of evidence. This is a higher-level category and contains the
It is conddered sufficient indication of the ability to evauate actions and ther
impect if the child: (1) first observes differences between the two cars behavior, (2) afterward
manages to get the results required by the Stuation, and (3) accurately evaluates the veracity
of posshle answers to the origind problem (the mechanics bdliefs), sdecting the correct
answe.

previous ones.

The classfication of episemologicd understanding is based on proposds from Hofer
and Pintrich (1997), and aises from the children's judifications and arguments about the
mechanics bdliefs, generding three levels @ At the absolute level, subjects recognize, based
on their prior knowledge, that it is possble for a fase bdief about a cetan event to be
formed in someones mind, b) At the multiple leve, redity is not directly cognoscible, rather
the bdiefs and knowledge of human minds intervene, making the resulting knowledge
uncertain and ¢) At the evaudive level, one recognizes tha redity is not directly cognoscible

but can be evauated according to criteria of arguments and evidence.

Results

Only data from sessons 1 and 4 are presented, shown as a function of the two
proposed hypotheses. For the former, we present the average of successful actions per
category, namely, those that produce suitable results for solving the task; these are considered
an index of sHf-regulaion.
on levels of epigemological understanding. After checking homocedadticity, we approached

Concerning the second hypothesis, the data are presented based

the normd variable, and a X? Chi square was performed using the Yates correction for
continuity.

Table 1. Average number of successful actions by category and group

Type of Actions upon the Materia
A B C
Session Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
1 115 13.7 10.4 11.1 2.4 1.8
4 20.8 15.4 24.6 14.7 8.1 3.7

_72-
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Table 1 presents the average of successful actions in task resolution by sessons.  For
the control group, there were only sessons as a function of the independent variable. The
average incressed significantly between sessions for the experimental group (X* =4.01, df.
1, p< 0.05 for category A, X2 =4.27, df.: 1, p< 0.05 for category B, and X? =3.98, df.: 1, p=
0.05 for category C); for the control group there is a tendency to rise, though it does not
become sgnificant in any category.

Satigicaly significant differences between both groups were not found with X? in the
firs sesson (X2 =2.90 and X? =2.78). In order to determine the significance of differences
between the two groups in the find sessons, we used the Mann-Whitney test for both groups
with independent data We found them to be sgnificantly grester than expected, due to
chance with a risk of 5% in dl three categories, particularly in category C (U= [1550.5;

130.5], p<.05) where there is a clearer possbility of the children evaduaing availdble
evidence.

Table 2. Epistemological level over the cour se of the sessions (group 1 only)

Percentage of participants showing a predominantly absolute level

Session 1

Session 2

Session 3

Session 4

90%

85%

90%

80%

Percentage of participants showing a predominantly evaluative level

Session 1

Session 2

Session 3

Session 4

10%

15%

5%

20%

Table 2 presents the percentage of subjects corresponding to the respective levels of
epigemological  understanding; expressions indicating the presence of a multiple levd were
not found. Results show that over the length of the different sessons judifications of an
absolute nature proved dable in the type of arguments used for describing the mechanics
knowledge of the dgtuation; however, judifications of an evdudive naure did undergo
fluctuations.
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Discussion

As a function of results obtained and hypotheses proposed, two themes can be
discussed: @) the rdationship between implicit conceptions and resolution of isomorphic
problems of an inferertid, functiond naure, and b) children's arguments about the
mechanics knowledge and its veracity, these being indicators of ther levds of
epigemological understanding.

Daa support the first hypothesis. In the repeated resolution of practica, functiond
Studions, actions which the children undertake in solution-seeking are organized in more
complex saries and with greater effectiveness.  Rdationships between the mechanics
verbdizations and the effectiveness of their own action sequences are made explicit for the

children, thus adding metacognitive characterigtics.

In this way <Hf-regulation processes identified were based on a change in the
children's verbdizations, moving from mentioning actions undertaken on the materid, to
controlling those actions, by means of establishing relationships between the actions to be
undertaken and those previoudy performed, and ther respective effectiveness. As Lacasa et
d. (1995) propose, children dtuate themsdaves in different levels of abdtraction in order to
control their own activity; in this sense the incorporation of planning becomes a resource of
metacognitive nature.

Recently, Kuhn (2001) has approached the study of metacognitive processes by
proposing a didinction between metacognitive knowing and metastrategic knowing: the
diginctive characterigic of the former is in its being a declarative knowledge, while the
second is based on knowledge of the task and the effectiveness of available Srategies for
reaching the solution.

From this dassficaion, one finds interesting links in sdf-regulation as developed over
the length of the sessons, since during the sessons a declarative knowledge is formed which
gradudly gives meaning to the action peformed. From a perspective based on cognitive
processes, as the number of sessons increased, the action which was an index of inductive
inference become indisputable.  During the activity relationships appeared in the materid
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which for the children were not evident a the beginning; thus they surpassed the given
information and drew out new knowledge, this being the defining attribute of inference.

But is only a successful resolution what authorizes speeking of inference? The
relationship to sdf-regulation which we discuss in this atide leads one to think that only
when the subject can use the information given from the Stuational dements, and discovers
something new in an explicit manner, only then can one spesk of a resolution through
inductive inferences, in this case the indicator being identification of the physica rdationship
proposed in the task.

Thornton (1998) proposes that children from a very early age show behaviors to which
one can dtribute an inferentid component, alowing them to depend on their own reasoning
and not on the task characterigics In this way children move to being guided by the
information that they elaborate and not by the perceptua € ements of the task.

Through the children's activity we get a view of the strength and characterigtics of
physica conceptions they daborate. In the initid sesson, and recurringly (61.5% of typicd
actions from both groups), it was conddered that thrust and its resulting velocity was the
unique, sufficent requirement for solving the problem, this being the firg implicit conception
found in the physcd plane. The act of quickly running over the speed reducers caused jumps
which decreased veocity, only those who inferred a gradud acceeration were able to
successfully resolve the task.

Schauble (1996) analyzes the behavior and beliefs of preschoolers with regard to the
physcd doman and in paticular hydrodynamics, finding preschoolers to be reductant to
abandon invalid drategies or conceptions, despite experience proving their usdessness, in
addition ther conceptions are transformed during sessons to a greater proportion than in
adults.

This gtudy, on the other hand, found tha children gradudly inferred that acceleration
was relevant in order to overcome the speed reducers on the ramp (from 22.5% of dtemptsin
the first sesson, to 42.8% in the second). Probably mechanics and rectilinear movement are
more trangparent than hydrodynamics dnce they are more noticegble in the practica world.
These resultsillustrate children's capacity to eva uate evidence.
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Results openly contradict proposds such as those by Kuhn, Amsd and O'Loughlin
(1988) when they affirm that smdl children use evidence in favor of ther own theories or
they use evidence in order to congruct new theories, but they fal to undersand how these
new theories differ from the fird. When faced with this dtuation children were effective in
transforming their conceptions by evauating evidence.

However, it is interesting to anadyze wha datute we might assgn to physicd beiefs
as presented by the subjects can they be considered theories as severd authors clam?
(Vosniadou, 2002; Pozo et al., 1992). Firdly, one must take into account that when speaking
of theory, there is no dam tha it be so in an explicit sense. Gopnik and Wellman (2002)
propose that a five years of age one possesses generd condructs that are explanatory,
predictive and are based on beliefs and not desires, the latter being characteristic of younger

ages.

Two results dlow us to give a cetan theoretical Satus to the participants idess,
velocity turned out to be a unique variadle in rectilinear movement, which was sufficient for
performing projections on movement of the vehicle and how far it could reach up the ramp.
However, it was sendtive to change, the content of arguments alowed us to see that it is
beliefs about knowledge that explain the activity.

In contrast to the large changes obsaerved in the inferentid, sdlf-regulaing activity, no
large change was found in arguments used and ther leves of episgemologica understanding.
Therefore, empiricd support for the second hypothess was not found, the mgority of
children are located a an absolute level. Kuhn and Pearsdl (2000) propose that the
beginnings of metacognitive abilities with relation to coordinating knowledge dimensions
should be looked for in the Theory of Mind, since it is necessary to understand that another

person can have diverse bdiefs about an event and that these may differ from one's own.

Even though the participants age makes one think that a mentdigtic theory is aready
present, the children had difficulty reating information provided by the dtudion to the
mechanics origind beliefs, this result reinforces earlier research. A sudy by Kuhn et 4.
(2000) inquires into the importance of type of knowledge domain and its relation to cognitive
devdopment in epigemologica judgments, they found 75% of fifth-grade children to be
placed at the absolute level.
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Repeated resolution of isomorphic problems was not effective in trandforming ther
aguments and the reaionship of these arguments to information found in solving the task.
In this case, and as an explanatory hypothess, redtrictions of a cognitive nature prevailed and
prevented a distancing between the mechanics and the children's bdiefs. A future
corrdaiond analyss between the problem-solving activity and the children's arguments is
needed.

It has been mantained that appropriate indruction is indispensdble in order for
elementary schoolchildren to learn and transfer basic drategies when evduating experimentd
desgns (Chen & Klahr, 1999); we dso recognize that the long-term relaionship between
methodology and comprehension is not explored here.  Nonethdless, this study shows that a
Stuation where inductive andyss is peformed through resolution of isomorphic Stuations
dgnificantly improves physcd intuition of preschoolers and further enriches the ddightful
experience of early childhood education.
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