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Abstract Figure 1C stimuli which define two experimental

conditions. In the two conditions, the stimwome from

When subjects learn to categorinew stimuli adequately, two categorieglefined bythe samerelevant featuresEach
they have to segment these stimuli into relevant features stimulus has four "legs", with one category being defined as

for categorization. Inthe experiments reportedhere, "1 isolated legand 3 connectedegs” (1+3), theother

children had to discover arule for categorization. catagorybeing defined as'two sets of twoconnectedegs”
Preliminary experiments have shown that depending on the (2+2). In Figure 1C the length, shape, size of the ¥
nature of theirrelevant features, childrerould find the ‘ . A ’ e

made more variablthan in Figure 1A. Preliminary results

relevant features from age four or could not find tHeefiore . . .
the age of eleven or twelve. A central questionvisether obtained byThibaut (1999)indicatethat the rule (1+3 vs.

children aged four or six who have discovered fille in a 2+2) could be discovered from the age of four in dase of
simplified version of the relevant featuresuld generalize Figure 1A stimuli whereas children under thirtesauld not
to a "complex" version (i.e., inwhich there is more find the equivalentrule for Figure 1Cstimuli. Figure 1B
background noise) of the relevant featuries,, aversion stimuli elicited intermediary results: moshildrenaged ten
that theywould be unable to learn before twelvwithout discovered the rule.

pre-training. Conditions promotingthe generalization Thibaut (1999) suggestedthat young children had
from the simpleversion to the complex versiowerealso problems either inscreeningthe stimuli, or inhibiting

investigated. Two conditions were compared:relearning
with or without feedback. Results showed that children aged
4 and 6 could generalize tlisimple" version of thetarget

irrelevant features, or plan systematic comparismtaeen
stimuli. The purpose of the present contribution is to assess
concept to a more compleversion of thesameconcept, tq what extent younghildren (four- or six—ygar_olds) who
either with and without feedback in thegeneralization d'scqveredh? relfa_\/ant fea}tures_for categorizatida3 vs.
phase. 2+2 in the simplified version (Figure 1Ajould be able to
generalize tanore complex versions of the sarfeatures
Introduction (Figure 1B and 1C). In other words, once he/sheldased
to apply a classification rule in a low variabiligontext

Children have to learn to categorigémuli according to . o . o
adults' standards. In order to achieve this correctly, they havg'UCh as Figure 1A stimuli), is a child able to apply it in a

-~ "
to find the relevant features for categorization. If the fiigh variability contex.t T .

) . . T It has beeremphasized inthe developmental literature
particular task is to learn tcategorize aet of newstimuli

. . ) that there are differencedbetween adultsand children's in
into two new categories, they witlave to findthe features . - . .

. L processing abilitiesAccording to Kemler (1989),children
that characterize stimuli of each categoryand that are more holistic processors than adults. Siggested that
distinguish them from stimuli of the other category. P ;

) . . . ! . holistic processors wouldun into moredifficulties when
Imagine a traditional concept learning experiment in which

h ) only one of many attributes iglevant for categorization
participants have to discover one relevant feature that allow, . ) AU
L o . an when categoriesare defined by overall similarity
for perfect categorization.Stimuli are constituted of a

. . . : relationships, i.e.when stimuli sharemany characteristic

number of dimensions, eitherelevant or irrelevant. : "

. . features. Other authorsonsider that property-specific
Subjects are presumed toformulate and test simple

hypotheses concerninthe rule that define membership information is accessible to young children, even thanmgs

(Nosofsky, Palmeri, & McKinley, 1994). This means that.4 or 5 years. This means trttildren can analyzstimuli

participants willanalyzestimuli into theirdimensions and In terms of their consituent featurasven if they do not

; . o PR analyzethe stimuli in the samavay older children and
test whether each d!mp nsion partlltlon.s the sgtmﬁuh. A adults do. Ward1989), Ward and Scott (1987)haveargued
number ofcharacteristics othe stimuli contribute to the

e ) . o . that the difference between young learreard older learners
task difficulty. Thesalience of dimensions: mon salient . - .
. . . . . . is that younger learners may have rigid attribute preferences.
relevant dimensionamong salient irrelevant dimensions

presumably requires more systematic analyses of the stimulj Followmg the hol|s_t|c VIEw, _onez.anlhypothesae that if
than a salientrelevant dimensionamong non salient young children perceive stimuli holistically, they should be

) . i unable to analyze the complex stimuli into their
irrelevant dimensions.

P . . constituentsand, thus, should also be unable to isolate
Variability in the perceptualmanifestation of aelevant specific aspects of the legs in ordergeneralizethe simple
feature can hindethis relevant featureand impede its b P 9 P

discovery.For example,compareFigure 1A stimuli with version of the rule to the complex version. In thame



way, if young children have rigidattribute preferences it
might be that,when confronted tothe complexstimuli,
they will focus their attention on the salientelevant

6.11-year-olds participated ithe complextransferitems
with NO-feedback condition, fourteen 6-6.11-year-olds
participated in the semi-complextransfer items with

properties and be unable to analyze the legs in terms of ledsedbackcondition, fifteen6-6.11-year-olds participated in

salient properties.
Studies on generalization generally take ddferent
perspective fronthe onefollowed here.Usually, children

the semi-complextransfer items with NO feedback
condition, eleven 4-4.11-year-olds participated in the
complextransferitems with feedbackcondition, twelve 4-

first learn a given concept, then they are presented with a sdt11-year-olds participated ithe semi-complextransfer

of new stimuli, the purpose being toanalyze to which
among these new stimuli theyeneralizethe conceptHere
the issue is toanalyze towhat extent children who
discovered aule for categorization in a simplified context
will be able togeneralize it tomore complex objects for

items with feedbackcondition and nine 4-4.1- year-olds
participated in the complex transfer items with é&@dback
condition. All children were tested individually.

Table 1 : design of the experiment.

which they would be unable to discover the rule if they had

to discover it without being firgbresentedvith the simple
version. This is important because a positwvswerwould
mean that amppropriate learningequencecan lead to an
understanding ofoncepts which, otherwiseyould remain
out of the conceptual world of the child. Tweneralization
conditions will becompared. Irthe first one,childrenwill
be given feedback when they will learn apply the simple
rule to the complestimuli. In thesecondcondition, there
will be no suchfeedback. It is believethat feedbackwill
promote theunderstanding othe equivalence between the
known simple version of the rukndits complex version.
This is because, ifyoung children donot perceivethis
equivalence atfirst glance, they can test different
translations of the simple rule in terms of the compld&
and get feedback at eatial. In the nofeedbackcondition,
successive trials dmot bring any informationabout
children's successive hypotheses. If a child dudind the
correct way to generalize the simple version of the afit
a limited number of trials, the absencefeédbackincreases
the probability that his/her attention will be caught by
salient irrelevant features.

Experimental Design

Preliminary results (Thibaut, 1997have shown that
children undetthirteen could not parseFigure 1C stimuli
adequately. Inthe same way, most ahildren undereight
could not find the relevant featurdéor categorization in the
stimuli displayed onFigure 1B. On the othehand, the
majority of children aged four could find the relevant
features 1+3 and 2+2 istimuli such as the onedisplayed
in Figure 1A. The purpose of the experiment wasigeess
whether children agefbur andsix who areable tofind the
relevant features for categorization fiie simplestimuli
(Figure 1A) would be able to generalize them to gtimuli
displayed in Figures 1B or 1C.
The design of the experiment is summarized in Table 1.

Methods

Age Aged 4| Aged 6
Conditions
Training condition and transfer with X

complex stimuli, NO feedback

Training condition and transfer wit
complex stimuli, with feedback

-

Training condition and transfer wit
semi-complex stimuli, with feedbalck

-

Training condition and transfer wit
semi-complex stimuli, NO feedbad

Note Cell marked "x" was not run.

Materials. The twocategorieg1+3 and 2+2) of eight
stimuli were the ones used by Thibaut (1997). [Ehening
stimuli (simple version) are presented on Figure 1A. The 16
stimuli were composed ofour legs whichwere thin and
vertical. There were eight 1-3 stimandeight 2-2. Inthis
condition, the purpose was to remove sali@nglevant
features for categorizatiohere wergwo sets oftransfer
stimuli, complexandsemi-complex. Theomplex transfer
stimuli were outlines of unknown shapesmposed of two
parts, the upper part (tHeody) and the lower part(four
legs). The twocategoriehadthe same structure. Ifive
out of the eight stimuli, théody had a mushroom-like

Participants. Fourteen 6-6.11-year-olds participated in the shape that was slightly distorted over the stimuli in the case

complextransferitems with feedbackcondition, eleven 6-



Category 2+2 Cateqory 1+3

I

Figure 1A two "simple" stimuli used in the training phase.

Category 2+2 Category 143

:
7z

Figure 1B Four semi-complex stimuli. Both categories (2+2 and 1+3) contain an equivalent proportion of thin and large
stimuli.

o s

Category A Category B

Figure 1C Four complex stimuli from categories 1+3 and 2+2. The first stimulus has the body (upper part) characteristic o
category 1+3 and the third stimulus has the body characteristic of category 2+2. The UP1 stimuli are neutral stimuli.
of category1+3, and anangular shape in thease of they could not beonsidered asues for categorizatiofsee
category2+2 stimuli. Thesetwo shapesvere selected for Figure 1C). For each stimulus, the lower pamsisted of
their distinctivenessand perceptual saliency. Thethree  four legs which were spatiallgroupedeither as one leg on
remaining stimuli fromeach ofthe two categorieswere  the left and three legs on the right éategoryl+3, or two

constructedvith three different bodies(UP1, UP2, UP3). pairs of legs incategory2+2 (see Figure 1C). These
Since UP1, UP2andUP3 were present in botltategories



distinctive features (1-3vs. 2-2) were the only ones andthe subjecthad to guess its name. Thexperimenter
available in order to categoriadl the stimuli correctly. gave the appropriate feedback andpresentedthe second
For thesemi-complexransferstimuli, a set of 16stimuli stimulus in the same wajollowed by the otherstimuli.
was constructed. The irrelevant ctigsin” "vertical", "the ~ Feedbackwas provided after eactanswer. Theorder of
rightmost leg pointing to the right'and "large” were  presentation of the stimuli was rando@ncethe entire set
crossedwith the cues "one legplus threelegs” (1+3) and Of stimuli had been presented tothe subject, it was
"two pairs of legs" (2+2) according to four typesspimuli. ~ Ppresented a secortdne. Thelearning phase wastopped
There were four 1-3 stimuli and four 2-2 stimuli with "thin" When children made no mistake during two successive
legs and "the rightmost leg pointing to the righahd four ~ presentations of the set stimuli or if they were still
1-3 stimuli and four 2-2 stimuli composed of "broad and Mmaking errors afterthe ninth presentation of theet.
vertical legs" (see Figure 1B for examples of the 4 types ofubjects were tested individually. A session lasted for 10 to
stimuli). 25 minutes, depending on the number of trisdsessary to
complete the task.
Procedure
Familiarization phase. The entire set of training Transfer phase. Children whohad learnedhe rule for
stimuli (Figure 1A) was presented once to the subfath  categorizationhad to categorize the transfer stimuli.
stimulus was showrfor five seconds. Then, it was Children weretold that theywould have to classify new
removed andollowed by a newstimulus. Therewas no  "tipi* and"bollos" different from the ones theyad seen
feedback during this phase,and when it was over, before. In thecomplex stimuli with feedback condition,
participants were then told that thespuld have to learn to children were presentedith the complex stimuli(Figure
sort the stimuli into two categories, the name of which waslC) in the same way as in the learning phase. Teesived
provided, “bollo” for the 1-3 category, “tipi” for the 2-2 a feedbackafter eachtrial. In the semi-complex with
stimuli. feedbackcondition, children were presentedith the semi-
complex stimuli and received a feedback after each trial. In

Learning phase. A first stimulus (simple version,
Figure 1A) waspresentedor approximately fiveseconds

Table 2. Number of subjects who reached the criterion in the two age groups and the various experimental conditions: with
or without training with simple stimuli and with or without feedback in the transfer phase

Four-year-olds Six-year-olds
Condition Correct Failure Correct Failure
Complex stimuli 0 10 0 10
(no training with simple stimuli)
Semi complex stimuli (no training 0 10 6 8
with simple stimuli)
Training condition and transfer X X 6 5
with complex stimuli and no feedback
Training condition and transfer 4 7 9 5
with complex stimuli and feedback
Training condition and transfer with 9 3 12 2
semi-complex stimuli and with feedbag¢k
Training condition and transfer with 8 6 11 4
semi-complex stimuli and NO feedback

Note Cells marked "x" were not run.



the complexwith NO feedbackcondition, complexstimuli
were presentedndchildren nevereceived a feedback after
their classification. In theemi-complexwith NO feedback
condition, semi-complexstimuli were presented, and
children nevereceived a feedbachfter their classification.
In all these experiments, the learning criterion wasstivae
as in the learning phase.

Results and discussion

The purpose of the experiment was to assehksther
children who had first learthe rule for categorizatiowith
simple stimuli would be able togeneralize it tosemi
complex or complex stimuli when faedbackwas provided

or not. Resultsare summarized inTable 1. Khi square
comparing data obtained in the control condition (no
training with simple stimuli, Thibaut, 1997) with the new
data (training with simple stimuli)revealed asignificant
difference inthe majority ofcases (p <.05). The only
exception was thease ofthe "generalization to complex
stimuli with feedback" condition with children aged four. In
this condition, a majority othildren failed to generalize
correctly. In sum, in a majority of conditions, training with
simple stimuli influenced generalization positively. This is
important because itsuggests that peoplean generalize
what theyhavelearned tonew situations thatwould have
been beyondheir understandingvithout this pre-training.
The resultsobtained in conditionswith feedback were
compared with the equivalentsults in conditions with no
feedback.Comparisonsrevealed nosignificant difference
(Khi square, p > .05).

A number of authors haveescribedchildren's concept
learning in terms of attentional capacities (capacitjotus
on specific dimensions) or ofsensitivity towards
dimensiongseeintroduction). The present resulisdicate
that one has tinclude other dimensions in any model of
concept learningFirst, providedthat exemplars of a given
dimensioncan behighly variable (compar¢he simple and

incorporates thénistory of categorizatiorwith a particular
category inorder to understandthether ornot children are
able togeneralize agiven dimension to new instances of
this dimension. Theresentdatashow that knowing the
history of categorization, ongan predict whether aet of
new stimuli is learnable. Complementarily, oren predict
which history of categorization is necessary to promote
generalization to subsets of highly variable stimuli. This is
particularly important given that, in a majority of cases, we
do not encounter identical instances of the same category.
The resultspresented here argnportant because the
status of thetransferstimuli is controlleda priori more

systematically than in traditionalcategory learning
experiments. In these latter studies, participants are
confronted with transfer items of which the "intrinsic

complexity" is not known. Here, the stimuli complexity in
terms of learnability wamdependently assessed before the
experiment. This is important for the control of the "paths
of generalization".Following the learning strategysed
here, onecan bypass the role of the saliemtrelevant
features that would mask the relevant features for
categorization whereastarting with the complexstimuli
would lead tothe incorrectconclusion that younghildren
are unable to abstract the rule for categorization.
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