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ABSTRACT

This research explored the development of childramse of multiple conceptual organizations
(thematic, taxonomic) in sorting sets of picturégperiment 1 revealed that between 5 and 9 years,
two forms of categorical flexibility can be distinghed: Response and conceptual flexibility. It
appeared that children’s multiple sorts do not ssagly reflect the use of different conceptual
organizations. Such lag was mainly due to a diffjcwf access to taxonomic representations,
specifically in the younger age groups. Theref@eperiment 2 investigated the development of
taxonomic representations using an original apgraaquiring participants to decide whether new
items could be included into an existing taxonomsdct. This approach showed that taxonomic
representations were only gradually differentiaretn thematic- and perceptual ones over the 5 to
10 years period. The discussion raises new hypeshegbout the interaction between developing
executive control (specifically, increasing resista to interference of irrelevant information) and
increasing conceptual knowledge in accountingherdevelopment of conceptual flexibility.
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Categorization is considered as a fundamental caergoof cognition and as a highly
powerful tool to organize the otherwise chaotic lvavith limited processing capacities; it is often
restricted to taxonomic categorization. Yet, ottoems (perceptual or thematic) of categorization do
exist and adaptive categorization can imply switghbetween these different forms depending on
one’s current goal. A ball has to be considere@ asund thing if the point is to pack everything
before moving to a new house, but as a thing thaées with” a tee shirt and sport shoes (thematic
grouping) if the goal is to play a football game(8alou, 1983). Although, recent empirical research
(see below) suggests that early on, children carnofgects on a thematic or taxonomic basis, lile
known about the development of categorical flekipiper se ,i.e. the ability to switch between
different categorical groupings of the same seatlements. Moreover, the extent to which switching
between categorical responses (i.e. sorts) refteetaictual activation of diverse types of categgri
representations is an entirely open question.

According to recent empirical studies, several wafysategorizing objects are available from
the preschool period and even in infancy (Bauer &hller, 1989; Fenson, Vella & Kennedy, 1989;
Walsh, Richardson & Faulkner, 1993; Dunham & Dunh&@95; Houdé & Milhet, 1997; Waxman
& Namy, 1997, Nguyen & Murphy, 2003) to adulthoddn(& Murphy, 2001; Murphy, 2001; Ross
& Murphy, 1999; Vallée-Tourangeau, Anthony & Austir®98). We will focus here on two forms of
conceptual categorization: thematic and taxononiiftematic categories involve heterogeneous
members belonging to a common event or scene, laml drganized in spatial and/or temporal
relations of contiguity (Mandler, 1984; Nelson, 398986). In taxonomic categories, elements are
linked together because they share common propgttiey are the “same sort” of thing (Mandler,

1993).
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Categorical flexibility

The tendency to organize objects thematically otonamically depends on various
contextual variables such as labeling of the taigethe match-to-sample task (Markman &
Hutchinson, 1984), type of task (verbal vs. nonakrtiNelson, 1988), instructions, or stimulus
medium (Waxman & Namy, 1997). Although such datggest that children do have several ways
of categorizing objects, they do not address caiegjdlexibility per se because the availability o
thematic and taxonomic organizations is inferremmfrthe comparison of independent groups of
participants. (Deak, 2003; Deak, Ray & Pick, 20Rguyen & Murphy, 2003, exp. 3). Categorical
flexibility is a within-subject variable correspand to the ability to switch successively between
different representations of a given object (orafebbjects). Thus, the same target object (emg., a
apple) must be cross-classified, being considesemi member of a taxonomic category (e.g., a fruit),
a perceptual category (e.g., a round thing) arftematic category (e.g., a thing that goes in aacho
bag with school books; Blaye & Bonthoux, 2001; De2(03).

The little amount of research that exists on theeltgmment of categorical flexibility has
mainly used variants of the match-to-sample tagk @laye & Bonthoux, 2001; Deak, 2000; Deak,
Ray & Pick, 2004, Nguyen & Murphy, 2003). Partigipafirst must choose among several pictures
the best match to a target picture and then thest khoose other possible matches, each having a
specific relation to the target (either thematiergeptual, taxonomic, or no relation). At about 4
years, children are able to associate differentchest to the same picture when given contrasted
instructions (same shape, same material, same Peatk, 2000) or without any hints when each
associate is paired with a non associate (Nguyeviugphy, 2003). Two successive matches have
also been produced to a certain extent by preselsowlhen a taxonomic choice was contrasted with
a thematic choice (Smiley & Brown, 1979; Blaye & rBlooux, 2001) or with a perceptual one
(Melot & Houdé, 1998).

From multiple matching to conceptual flexibility
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An issue that has not yet been addressed condeenextent to which multiple matchings
correspond to “conceptual” flexibility involving @tren’s knowledge of the different types of
relations underlying their responses. Although thtand taxonomic organizations can easily be
distinguished on the basis of children’s overtisgrtesponses, one might wonder whether they are
conceived as truly different in children's mind.féct, children can produce a taxonomic match on
the basis of spatial and/or temporal contiguiteeg.( grouping of a tiger and a fish may be done on
the basis of the taxonomic category "animal”, butay also be done by children on the basis that "a
tiger can eat a fish"; Blaye & Bonthoux, 2001). Mover, Nelson (1986) has established that an
intermediate level of categorization between sdrgded categories and superordinate taxonomic
ones, - namely "slot-filler" categories - corresp®rio groupings of the same sort of objects (thus,
looking like taxonomic categories) but still contigalized in a given schema (e.g., animals of the
zoo, Lucariello & Nelson, 1985). Hence, what appearbe a taxonomic grouping may well be a
grouping organized by reference to event-basecdeseptations. In the matching task, when verbal
justifications are required, most children youngjigan 4 years of age are unable to justify two
matchings of the same target (Greenfield & Scd@86l Lucariello , Kyratzis, & Nelson, 1992;
Smiley & Brown, 1979; Tversky, 1985).

We consider that it might be worth distinguishingot forms of categorical flexibility:
multiple categorical responses corresponding tpaese flexibility (estimated through children’s
sorts) and conceptual flexibility correspondingatewitch between two differentiated representations
of the organizations (thematic or taxonomic) ungled the same set of pictures. This last form is
expected to develop later than the first one.

Match-to-sample task vs. free sorting

The use of the match-to-sample task to study theldpment of multiple categorizations
might not be the most appropriate for at least teasons. Matching performance might be a poor

indicator of true taxonomic categorization becaasealready suggested, pairs of elements of a same
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kind could be sorted on the basis of other reptesens. Moreover, in requiring that children reaso
about pairs of pictures instead of larger samptles, match-to-sample task might underestimate
taxonomical performance (Blaye, Bernard-Peyron, &tBoux, 2000). For example, studies on
category-based inductions (Gutheil & Gelman, 198a@ye shown that children make use of
information concerning sample size (larger samplesa stronger basis of inference than smaller
samples) and sample diversity (more diverse sangpiebetter than more homogeneous samples) in
their inferences. Restricting the number of elemdnttwo as in the match-to-sample task might
prompt a process of research for thematic linkostnof which involve functional relations between
precisely two elements (e.g., dog (eats) bone;athr@goes through) needle) unlike taxonomic
relations. Recent research has clearly establishedcritical role of comparison in abstracting
common properties between elements (Gentner & Nd®99; Namy & Gentner, 2002). Blaye et
al., (2000) have provided data supporting this llypsis, suggesting that free sorting of? numerous
pictures is a better context for revealing taxorwabilities in younger children than the match-to-
sample task.

Hence, categorical flexibility was investigatedthe present research using a free sorting
task. A large set of pictures (18), which coulddoeted taxonomically, thematically, or using slot-
filler categories, was used. The participants wWiese required to sort this set in successive défg
ways. Then, underlying representations were assesseg children’s labels for the different subsets
resulting after each free sort in Experiment 1.aDatealed that taxonomic representations were less
differentiated in young children. Thus, Experimehtwas conducted to further examine the
development of these representations and theirrgseiye differentiation from perceptual and
thematic representations. After having producedxartomic sort, participants were presented with
additional pictures, half of which were perceptyaiimilar to members of the sort already achieved,
and half were actual members of the two schemaanaigg the set of pictures already sorted.

Participants had to decide whether these new itemlsl be inserted into the taxonomic sortings they
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had just produced. Half of these pictures weree‘iniruders” and should therefore not be accepted

while the other half were “potential members”.

EXPERIMENT 1

The first objective of Experiment 1 was to sketble developmental path of categorical
flexibility across childhood using a free sortiragk in which children were asked to re-categorize
items. A group of adults was also included in thelg to determine how they do on this task. The
second objective was to determine whether resptiagibility, assessed through the number of
different sorts performed on a same set of eleméltswed the same developmental time course as
conceptual flexibility, purported to underlie chidsh’'s overt responses. It was hypothesized that
conceptual flexibility develops later than resporikxibility because superordinate taxonomic
representations appear to be partly organized gir@ontextual similarities during early childhood
(e.g. Lucariello & Nelson, 1985; Sell, 1992) andhé® remain largely thematic. Labels provided by
participants to qualify their sorts were taken @adidators of the representations underlying their
responses. Our expectation was that discrepaneiwgeen the two forms of flexibility might be
highest during the preschool years and then grhdd#appear with the development of more

decontextualized taxonomic representations latehilalhood.

Method
Participants

One hundred and twenty children of average socim@mic level participated in the
experiment. They were assigned to four groups ef #yrty 4-year-old children (mean age = 4,6,
range = 4;4 - 5;1), thirty 5-year-old children (mezge = 5,8, range = 5;5 — 6,2), thirty 6-year-old
children (mean age = 6;11, range = 6;7 — 7;1) himty/t9-year-old children (mean age = 9;8, range =

9;5 - 10;2). A sample of 15 adults (first year pgyjogy students) also took part in this experiment.
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Material

The material was composed of two sets (M1 and ®12)8 colored drawings (each one on a
square cardboard of 5.5 cm by 5.5 cm). Each setcaastructed so that it could be sorted on the
basis of three different organizations: (a) themati each set, objects could be distributed into t
situational schemas (e.g., farm and beach in Mtusiand forest in M2; see Appendix A for a list of
the specific items), (b) taxonomic: three supermatk categories could be contrasted in each set
(e.g., animals, vehicles, and people for M1; angntdols, and people for M2), and (c) slot-filler:
each schema involved three slots correspondingedhree taxonomic categories (e.g., animals of
the farm). The participants were given A4 sheetsapfer that could be used as support for sorting.

Familiarity with the schemas presented was tebtedsking a separate group of twenty 5-
year-olds (mean age = 5;3, range = 4;11 — 5;8ptoenthe different thematic groupings of pictures.
The schemas “beach”, “farm”, “circus” and “forestére retained because they were recognized by
at least 75% of the children. The taxonomic catiegomvolved (people, vehicles, animals, and
tools) are those traditionally used in this agegean
Procedure

Participants received only one set of items (MM@). They first had to name the drawings
which were successively presented to them. Whenftiked to do so, they were told the name used
by the majority of their peers. The experiment@ntiplaced the drawings on the table one at a time
and asked patrticipants to sort thefifou see these drawing@he experimenter showed the 18
drawingg, they are all mixed up. | want you to put togette drawings that go well together. In
order to do this, you can take the number of shgamisvant. On each sheet, you will put together the
drawings that go well together. There are severaysvof putting together the drawings that go well
together.”

Participants were then asked to label each subbgattares “How do you name this groupi?
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The experimenter repeated the question for eackesul children did not answer or only labelled
one or more drawings, the question was asked difthr. “Why did you put all these drawings
together?”

Participants were then given 18 new copies ofstimae set of pictures and were askéchrf
you find a new way to sort these drawings, anoti@y of putting together the drawings which go
well together?”If a new way was found, a third request for a défe way to sort was made. A label
for each produced groups was also asked for thesadw sorts.

Two measures were used: (a) the number of cdrseds produced on the same set of pictures
and (b) the number of correct sorts correctly ledoel(i.e., labels produced were congruent with the
observable organization; (e.g., taxonomic labels faxonomic sorts). Response flexibility
corresponds to the production of more than oneecbsort on a given set of items (maximum being
3). Conceptual flexibility requires moreover atdetwo of the correct sorts being correctly lattlle
Coding of labels

Participants had to name the different subsets d¢bastituted their sort (3 groups for the
taxonomic sort for instance). A first criterion ds® consider a sort as correctly labelled wasttiat
same kind of relation (thematic, taxonomic, or $ik¢r) was used to describe the different
constitutive groups; this criterion was respectgdlh the participants. Labels were coded into ¢hre
categories: thematic, taxonomic, and slot-filler.

A sample of 20% of participants’ labels of theirtsovas coded independently by two coders
who had agreed beforehand on the following critefiger-coder agreement reached 92%.
Disagreements were solved through discussion. kamgepted for the thematic sort were the names
of the schemas. Several utterances were accemad(deach, farm or countryside, for M1; circus
or spectacle, forest or wood, for M2). For the-§iligr sorts, the accepted labels were the nanfies o
the subcategories. Here too, several utterances aerepted (e.g., animals of the sea or fishes,

vehicles that go on the sea or boats, sailors,ds)nSome ambiguous cases appeared like “animals
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of the ground” for “animals of the farm”; they weaecepted if the other categories of the sort were
correctly and unambiguously labeled. For the taxwsicocategories, two kinds of labels were
accepted: a generic term (animals, people, vehiztemeans of transport) or labels referring to

potentially defining properties (example: “thinghieh advance” for the vehicles).

Results

The development of flexibility was studied from age (4 years) at which children are
generally able to accept different matches in achtd-sample task (see Introduction). However,
43% of the 4-year-old children did not manage toycaut a sort with an identifiable underlying
organization and all the others (except two) preduonly one grouping. Consequently, this age
group was not further considered in the analysesebver, in none of the analyses did the type of
material (M1 vs M2) significantly affect performancor interact with other factors. Hence,
performances on the two sets were not distinguished

Results of the first sort revealed that, at allsaghe three expected kinds of organizations
(thematic, superordinate taxonomic, and slot-filleeere produced (see Table 1); incomplete or
mixed sorts never exceeded 30% of the productibrs @ge group. This confirms the coexistence
of several organizations, at least at a group Jeivem 5 years onwards. No significant changes
associated with age were found in the ord&r 21° or 3¢ sort) and distribution of the different sorts.

INSERT TABLE 1 ABOUT HERE

Measures of categorical flexibility

Two different analyses were done focusing respelstion sorting responses and labeling of the
correct sorts achieved. In order to discuss theldpment of both forms of flexibility, the analyses
focused on the number of participants producingentikan one sort on a given set of items.

INSERT TABLE 2 ABOUT HERE
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Let us consider first response flexibility (see [E&a). Adults showed response flexibility:
All but one sorted the material according to the tlegeected organizations and the last one
produced two sorts. Among children, as expected,niimber of participants using two or three
categorical organizations increased with age. €kdution fell short from significance with 37%,
53% and 67% in 5-, 6-, and 9-year-olds respectigfy=5.43 p=.066). Pairwise comparisons
revealed that 9 year-olds significantly outperfodnieyear-oldsy?, =5.41; p = .02).

Turning now to theercentage of participants who produced at leastdarectly labelled
sorts and hence revealed what we called concefiexdbility (Table 2b):, data showed that it was
optimal in adults, all but one correctly labelifgde sorts. Among children, a significant increase
was observed between 5 and 9 years £ 19.38; p < .001). At age 5, only two children (7%
correctly labelled more than one sort. This waschse of 37% of 6-year-olds, and 60% of 9-year-
olds. Whereas such results reveal a clear-cut derednt of conceptual flexibility during childhood,
further analysis is required to address the questia potential lag between response flexibilitg a
conceptual flexibility. Our hypothesis was that ceptual flexibility should develop later during
childhood. As expected, no lag at all was obseleddults who correctly labelled all their sorts.
Our measures were such that correct labels wergdsmed only for corredorts; hence conceptual
flexibility assessed through labels necessarily limspresponse flexibility. Response flexibility
however can be observed (more than one corre®)sdne, that is with no conceptual flexibility
(i.e. no more than one correctly labelled sort).ofap children, there was a significant effect of age
group on the distribution of children in these theategories: no flexibility (no more than one sort
produced), response flexibility only (more than awerect sort but no more than one correctly
labelled sort) and conceptual flexibility (more thane correctly labelled sorty% = 19.91; p < .001,
(see Figure 1).

INSERT FIGURE 1 ABOUT HERE

This evolution however is partly due to the incee@s response flexibility. Therefore, we
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now focus on the subset of children who showedaresp flexibility and assessed the potential
increase with age of the proportion of those eximbiconceptual flexibility. As shown in Figure 1,
this proportion increase significantly from 18% amgdb year-olds to 69% among 6 year-olds and
90% in 9-year-olds thus revealing the expected aialu of the lag between the two forms of
flexibility across childhood ¥% = 16.38; p < .001). Pairwise comparisons revealesigaificant
increase between the two younger groyds< 6.68; p < .01) and between 5- and 9-year-olds<
15.99; p < .001).

Differences between sorting responses and undgrlyapresentations assessed through
labeling varied as a function of the type of s@hile thematic organizations were correctly labeled
at all ages (> 90%), as expected, the percentaggxohomic sorts correctly labeled increased with
age (48%, 67%, and 92% in 5-, 6-, and 9-year-atespectively;x? = 10.65; p = .01). Moreover,
among 5 year-olds, 57% of incorrect labels for teomic sorts referred to schemas, thus revealing

an underlying thematic representafi¢ihis percentage dropped to 40% in 6-year-olds).

Discussion

The procedure used in this experiment requiredigg@eints to produce several successive
sorts of the same set of pictures, using diffekemdls of categorical organizations, and then tellab
each subset of their sorts. Results support thimcli®n between two forms of flexibilityresponse
flexibility measured through the number of different sortslyggced on a given set of pictures and
conceptualflexibility which involves the activation of alternative reggatations based on different
categorical organizations (these representation® \@esessed using participants’ labels for their
sorts). Although both forms improve throughout dhdod to reach ceiling levels in adults, they
developed at different rates. As expected, the ldpugental lag between the two forms was highest
among 5- and 6-year-olds (4-year-olds were at ftooboth tasks) and tended to disappear in 9-year-

olds.
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Further analysis of labels revealed that the lagpoved in 5- and 6-year-olds between the two
forms of flexibility might largely be due to a detiin representation of superordinate taxonomic
categories specifically, whereas thematic groupiwgse correctly labelled from 5 years onwards.
This is congruent with Sell's results (1992) shagvthat young children asked to explain different
matches tended to offer event-based explanationssfonomic pairs (see also Lucariello, Nelson &
Kyratsis, 1992, exp. 3).

Hence, Experiment 2 was conducted to further ingatt the development of taxonomic
representations across childhood. After having pced a taxonomic sort, participants were
presented with additional pictures. They had toidéegvhether these new items could be inserted
into the taxonomic categories of the sort they hestl produced. Half of these pictures were “true
intruders” (T1) and should therefore not be acceéptdile the other half were “potential members”
(PM). The goal of this manipulation was to hightighe progressive differentiation of taxonomic
representations from representations based on giaetesimilarity and/or thematic relatedness.
Conflicts between categorical organizations geheraljarded as preferred by young children (i.e.,
thematic and perceptual) and the taxonomic orgéioizavere thus created. It is worth noting that
this new procedure allowed us to assess whethddrehi might rely on implicit taxonomic
representations, in an age range in which taxonospiesentations are not always explicit enough to
be verbally told.

EXPERIMENT 2

Experiment 2 assessed children's representatidnsaxamnomic categories by giving
participants new candidates (new drawings) to amdatset of stimuli previously sorted into
taxonomic categories. Half of these new drawingsevp®tential members (PM) that could correctly
be integrated into the existing sort and thus, Ehbe accepted, whereas the other half were true
intruders (TI) and should be refused. Moreovercegtual similarity and schematic membership

were conjointly manipulated for both types of caladés. Half of the candidates of each type had
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low perceptual resemblance with all the memberthefalready-built categories, whereas the other
half were highly similar to at least some membethef target categories (see Appendix 2 and the
“stimuli selection” section). Finally, for the lownd high perceptually similar items, half were
selected to be members of one of the two schemaditdgive of the material (cf. Exp.1) while the
other half were nonmembers. Manipulation of thes® telations (perceptual similarity and
schematic membership) allowed a specific examinaticchildren's developing understanding of the
intension of taxonomic categories. The rationaletlics manipulation was based on the hypothesis
that these two relations might interfere with tte®onomic decisions in younger children. This is a
particularly critical issue because stimuli usedmany empirical studies do not control for their
influence. Many examples suggest a potential cordmg of perceptual and/or thematic and
taxonomic relatednessarrot andtomatoare often considered superordinate taxonomic &ges¢
they can however be considered as being perceptualated because both are red or/and
thematically related because they are both bougatgiven store.

Membership to a common schema and perceptual sityilwere expected to influence
younger participants' decisions through increasireg proportion of acceptances of both intruders
and true exemplars into the taxonomic categoriesth® one hand, the early work of Rosch, Mervis,
Gray, Johnson, and Boyes-Braem (1976) and reseanchnfant categorization have clearly
established the perceptual basis of early taxonarategorization (e.g., Baldwin 1992; Fenson,
Cameron, & Kennedy, 1988; Mareschal, French, & Qu#000; Quinn & Eimas, 1996)lelkman,
Tversky, and Baratz (1981) have demonstrated tlsive importance of shape similarity over
superordinate taxonomic membership in a match#topsa task in 4 and 5-year-olds, but not in 9-
year-olds. On the other hand, Nelson's theory stgdkat taxonomic representations very gradually
emerge from event-based and highly contextualizettgories (Nelson, 1983, 1986; see also
Mandler, 2000, 2003). Lucariello et al. (1992) skavior instance that 4-year-old children who were

instructed to produce all the instances of a sugderate taxonomic category that they could think of
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tended to produce one developed slot-filler catgguoithin each superordinate one, that is, they
produced clusters of items that could be substtiutethe same slot as a given schema. This
tendency decreased in 7-year-olds. Such data dutfggscommon schematic membership can be
used in certain conditions as a support in actigatir using taxonomically-organized knowledge. It
does not, however, address the extent to whicklremland adults can ignore a thematic organization
when it interferes with accurate taxonomic decision

In the present experimental settinmgrceptual similarity and schematic membership acoul
either help a true taxonomic decision (when thegspnce reinforced a decision of taxonomic
acceptance or when their absence facilitated rejeatf true intruders), or conflict with these
decisions when their consideration suggested sonsgpthat was different from a true taxonomic
decision. In other words, correct rejection of tirouders was expected to be optimized when no
other default criteria of relatedness could beetklupon, that is in the case of low perceptual
similarity and no schematic membership of the ishéing. For potential members, candidates with low
perceptual similarity and no schematic membershgpevwexpected to be the least helpful because
correct acceptance could only be done on the lofigaxonomic membership. In contrast, potential
members with high perceptual similarity and schémaembership of candidates were expected to
be the most favorable in enhancing acceptance tinéo correct taxonomic category because
participants could rely interchangeably on thre&ea to support this correct response. However,
this configuration was supposed to be the mostrdefital to correct rejection of true intruders
because participants had to resist responding @ogprto these two interfering pseudo “good
reasons” to insert the new candidate into the cayedNo specific predictions were made concerning
intermediate conditions involving only one of theot extra-taxonomic criteria, except that they
should both induce more acceptances than the &txichomic condition.

Finally, an interaction between condition and ages wxpected: Taxonomic representations,

based on a less fragile definition of categorynstens in older children and adults should weaken
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the influence of both perceptual similarity and coom schema membership compared to younger
participants leading to fewer incorrect acceptancgdrue intruders or incorrect rejections of

potential members.

Method
Participants

Only participants having produced or accepted artaric sort in a pre-experimental session
(see procedure) were selected for this new studyckl 80 children from four age groups were
finally involved: Twenty 5-year-old (mean age = 4;*ange = 4,7 - 5;4), twenty 6-year-old (mean
age = 5;10, range = 5,6 - 6;3), twenty 7-year-ol@dn age = 6;11, range = 6,6 - 7;4) and twenty 10-
year-old children (mean age = 9;11, range = 9;8;5)1 A sample of 20 adults (first-year psychology
students) also took part in this experiment.
Material

The material was composed of the two sets of drgsv(M1 and M2) used in Experiment 1
Each set could be sorted into two schemas or hreettaxonomic categories. For each set, 24 new
drawings were added: 12 true intruders (TIs) andptfential members (PMs). Among the 12
members of each group, half had been judged higaigeptually similar to members of the target
categories and half presented low perceptual giyildsee the next section). In each of these
subsets, three candidates actually belonged tmbtiee two schemas organizing the initial set and
three did not (see Appendix 2)

Stimuli selection

The degree operceptual similarity between the additional draygirmand members of the
taxonomic categories was established using judgméoim 10 adults. For each of the three
taxonomic categories in each set, participants we¥sented successively with 24 new drawings in a

random order (12 potential members and 12 intrQd&fsey were instructed (and familiarized with
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two examples) to rate perceptual similarity betwden new drawing and members of each of the
three taxonomic categories. A 7-point scale was freen 1 (weak perceptual similarity) to 7 (strong

perceptual similarity). The highest score obtaired each drawing was used as its degree of
perceptual similarity with existing members of tbategories.Systematic comparisons between

scores for intended perceptually similar drawingsl #gheir non similar counterparts all revealed

statistically significant (t tests, ps<.001).

Another group of 10 adult judges were presentedessively with schematic sorts for each
material set (M1 and M2). For each candidate drgwadults were asked whether or not it was a
member of one of the two schemas (i.e., beach on far M1 and circus/forest for M2). No
statistical analyses were conducted because thasealnost no variance between participants’

responses, thus confirming our pre-selection.

Procedure

In a pre-experimental session, participants reckione set of drawings (either M1 or M2).
They had to sort the pictures only once (see Expr ihstructions). Then, if they had not produeed
taxonomic sort, they were presented one introd@seldaving been produced by one of their peers.
They were asked to examine each subset carefulbyder to decide whether drawings in each set
really went well together. Only participants haviranstructed or acceptethe taxonomic sort were
introduced to the new drawings. They had to dewidether each new drawing could be accepted as
a member of one of the three taxonomic categoflibe. drawings were presented in a different
random order for each participant. The instructisrese: ‘Now, | just want to know your opinion
about other drawings. | will show you drawings @te time and for each of them, you will tell me if
it can go on one of these sheets. Look at eacheothree groups we've made and tell me if the

drawing goes well in one of them. OK? What do yeian this drawing? (If the child did not know,
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he/she was given the correct name). What do yaik thibout this drawing? Does it go on one of
these sheets?
Results

Whereas the number of correct decisions botlréerintruders and potential members appear
to be the most straightforward dependent variables, irrelevant here since it would conceal the
effects of perceptual similarity and schematic mership. Note that each of these two variables is
expected to increase correct responses (i.e., @ouEgs) on potential members and simultaneously
decrease correct responses (i.e., refusals) onintugders. Hence, participants' responses were
analyzed in terms of the number of acceptanceh@fnew drawings into the target taxonomic
category. Acceptance was a correct response ioahe of potential members (henceforth PMs) and
an error in the case of true intruders (TIs).

Whatever the age, the type of material (M1 vs. M&) no significant effect on performance
and was thus not further considered in the analysesddition, in accordance with our predictions,
adults’ representations of the target taxonomiegaties correctly excluded all true intruders and
accepted all potential members. Hence, adults’opedince was maximal for both types of
candidates and revealed no influence of percepsialilarity or schematic membership;
consequently they were not included in the folloggvamalyses.

The data were subjected to a four-way analysisaobxce with age (5-, 6-, 7-, vs. 10-year-
olds) as a between subject factor and type of danteli(Tls vs. PMs), schematic membership
(schematic member vs. not) and perceptual simylghiigh vs. low) as within subject factors. Given
that participants were presented with 24 candidadsvings, the scores for each subtype (type of
candidate - schematic membershify perceptual similarity) varied between 0 and 3.

A correct representation of taxonomic categoriesikhproduce acceptances of PMs and refusals of
Tls. Hence, using acceptance as a dependent \grialsdignificant effect of the type of candidate

was expected, PMs being accepted more often thernraddition, this variable should interact with
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age. As predicted, children accepted a mean of gdbéntial members and 1.29 of true intruders,
F(1, 76) = 73.63; Mse = 3.16; p <.0001, suggegdtirat the task was at least globally adequate for
assessing taxonomic representations. There wasaafsain effect of age (F(3,76) = 2.75; Mse =

1.06; p < .05) and a significant interaction betwage and type of candidate (F(3.76) = 14.40; Mse

= 3.16; p <.0001) as illustrated in Figure 2.

INSERT FIGURE 2 ABOUT HERE

Figure 2 clearly shows the lack of differentiatiogtween true intruders and potential members in the
younger group who accepted almost equally ofterh iypes of candidates. Planned comparisons
support this analysis revealing no significant effef type of candidates at 5 years (p > .75) , a
strong tendency at 6 years (F(1, 76) = 3.83; M&8el§; p < .054), and a significant effect among 7-
and 10-year-olds (respectively, F(1, 76) = 41.56eM 3.16; p< .0001 and F(1,76) = 71.35; Mse =
3.16; p < .0001). In fact, 10-year-olds’ performaneas near ceiling for both TIls and PMs
suggesting taxonomic representations similar teehaf adults.

Overall, both perceptual similarity and schematienmbership had significant effects on the
proportion of acceptances (respectively, F(1,7613.12; Mse = .68; p <.0001 and F(1,76) = 61.03;
Mse = .46; p < .0001). Candidates (be they PMslsy that belonged to one of the schemas were
accepted more often than those that did not (M1 2nd M = 1.69, respectively). At the same time,
perceptually similar candidates to members of Hrget categories were also accepted more often
than candidates with low similarity (M = 2.24 and3M1.55). Perceptual similarity and schematic
membership also interacted with one another (F§),=719.13; Mse = .55; p < .0001), each being
more influential on decisions when the other one @& or absent (cf. Figure 3). In addition, only
perceptual similarity interacted with type of catate (F(1, 76) = 5.43; Mse = .51 p < .025)

revealing a stronger influence of similarity on deans about Tls (M=1.71 vs. M=.88 between high



hal-00188551, version 1 - 18 Nov 2007

Flexibility and taxonomic representation48

and low perceptual similarity candidates) than aiMs (M=2.78 vs. M=2.22).

INSERT FIGURE 3 ABOUT HERE
As age interacted significantly with perceptual ifanity and schematic membership (respectively,
F(1, 76) = 4.16; Mse = .068; p < .008 and F(1, ¥63.88; Mse = .46 p<.0001), independent
ANOVAS for each age group were conducted to proadsearer picture of the influence of these
two variables across development. Appendix 3 pewigraphical representations of the four groups’
mean acceptance level for each type of candid@tesexpected, both perceptual similarity and
schematic membership influenced acceptance in Blyhigignificant way for the two younger
groups’ decisions (all p’s <.0001), increasing liaeel of acceptance of both potential members and
true intruders (no significant interaction with ttype of candidate). Seven- and 10-year-olds were

influenced significantly only by perceptual simitsr(both p’s <.03).

Individual patterns

The influence of nontaxonomic cues on taxonomidgi@es was confirmed through the analysis of
individual patterns of performance. A criterionsafccess based on 2 out of 3 correct responses for
both TIs and PMs was adopted. More precisely, werasted responses between the two extreme
conditions, those providing either no alternativiéecia supporting insertions of new candidatesv(lo
perceptual similarity and no schematic membership those providing both alternative criteria
(high perceptual similarity and schematic membgstitigure 4 reveals that performance in one or
the other condition supports two rather differeave&lopmental stories for taxonomic performance.
That is, when nontaxonomic criteria converged wite correct taxonomic responses, they suggest
that taxonomic representations are already wellcglted from 5 years onwards with a majority of
children succeeding in our decision task. No sigaift development occurs between 5 and 10.
However, when these criteria conflicted with pap@nts’ decisions to include new items into

taxonomic categories and children had to ignorenthe reject true taxonomic intruders or when
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perceptual or schematic relations could not be @ased basis for making decisions about potential
members, taxonomic performance was at floor ataéssyand progressed very gradually until age 10
when adult patterns of categorization were begimtinemerge)’s = 27.45; p < .0001).

Discussion

The results of this experiment were consisterth whe preceding study in that young
children’s taxonomic representations are differfeotn those of adults’. Whereas adults’ decisions
were not influenced by the two nontaxonomic cuesjng children’s representations were more
fragile and appeared to be highly susceptible toesatic and perceptual similarities. Correct
acceptances of members and correct refusals afdets in the taxonomic categories were both
significantly affected: Perceptual similarity anchematic membership increased significantly the
proportion of acceptances and, conversely, theseade produced the rejection of almost half of the
potential members for the youngest children. Therfarence of schematic membership appears
however less long-lasting than the perceptual affecting only 5- and 6-year-olds’ performances
while the influence of perceptual similarity wasl giresent in 7- and 10-year-olds’ decisions.

Such results challenge the overoptimistic view shaggests that taxonomic representations
are fully developed by the end of the preschootsieBhe reliance on match-to-sample tasks may be
responsible for this optimistic picture of taxonaminderstanding in children. We suggest that too
many studies examining the development of childréakonomic categories have not systematically
controlled for the presence of other possible nariamic sources of taxonomic decision making
that children might use to make their judgmentse Bxamination of the individual patterns of
responses in the two most extreme conditions gldaghlights how critical these nontaxonomic
criteria might be in young children’s decision nraki

In fact, the results of the current experiment gstjg possible way for reconciling findings
from recent empirical findings revealing early tagmic responses (e.g. Bauer & Mandler, 1989;

Baldwin, 1992; Fenson, Vella, & Kennedy, 1989) witlore traditional theoretical accounts of the
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development of categorization (Piaget & Inheld®59; Nelson, 1988) that have both (in their own
way) emphasized the late development of taxonomiegories. That is, young children might be
able to associate pictures in ways that look Ihkeytare using taxonomic representations to do so,

but their overt behavior may not be supported byevlying stable taxonomic representations.

GENERAL DISCUSSION

The first goal of this research was to examine diegelopmental course of categorical
flexibility in children and more specifically to lago what extent does response flexibility and
conceptual flexibility overlap. A second goal was dxplore the underlying representations that
children use to form taxonomic groupings at differages. The results of both studies revealed that
the development of stable superordinate taxonoepcesentations follows a protracted development
even when taxonomic groupings can be observedeaaty in childhood.

Specifically, flexibility was assessed in Experithd by asking participants to sort a given
set of pictures several times using different tymésconceptual organizations. Data revealed
significant increases in both conceptual and respdiexibility across childhood. More importantly,
a discrepancy was observed between the abilityganize the set of pictures in different ways (what
we called response flexibility) and the successigvation of different conceptual representations
(conceptual flexibility between thematic, taxonopnoc slot-filler representations) in young children
The results clearly show that conceptual flexipilags behind response flexibility. However, they
also reveal that this discrepancy decreases achidgfiood and disappears by adulthood.

The recent literature has emphasized the developwfecognitive flexibility but in such
setting conditions that it missed this importarfedentiation between these two forms of flexilgilit
The recent interest in cognitive flexibility haselpe primarily focused on debates around the
interpretation of children’s performance in an expental task designed by Frye and Zelazo (Frye,

Zelazo, & Palfai, 1995), the Dimensional ChangedC&8orting Task (DCCS). This task requires
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children to switch between two perceptual rulesdategorizing items (namely, shape and color).
Examination of this literature lets one supposé {aa preschool years are a critical period going
from perseveration to flexibility and (b) despitenmerous debates, failures in executive control
considered either as a default of inhibition oceumtional inertia are often described as criticak @ee
Jacques, Zelazo, Kirkham, & Semcesen, 1999). Qaratest serious doubts on these two points.
Using an inductive categorization task in whichildien have to generate multiple
categorization criteria, we clearly demonstrateat the path to categorical flexibility does not end
with the end of preschool years. This result ialitsuggests that executive control probably daes n
tell the entire story behind the development ofritbdge flexibility. Investigations studying the
respective contributions of executive developmemtl @onceptual understanding in explaining
flexibility between semantic representations suppbis hypothesis (Blaye, Paour, Perret, 2002;
Blaye, Jacques, Bonthoux, & Cannard, 2003). Itemting to assimilate children’s lack of
flexibility to a perseverative bias interpreted atentional inertia (Kirkham, Cruess, & Diamond,
2003) or insufficient inhibition (Bjorklund & Harshfegger, 1990). However, our data revealed that
younger children’s inability to produce several amgations of the material did correspond to a
reproduction of their first sort (i.e. perseverajimn less than one third of times, both at 5 and 6
years. Perseveration is hence not necessarily rthe manifestation of lack of flexibility (Deak,
2003). The focus on perseveration as the onlyraltere to response flexibility has led Jacqued.et a
(1999) to draw a distinction between a difficulty response control and a lack of representational
flexibility to account for such perseverative respes. In using an error-detection design that
eliminated the need for response control, theshoasitshowed that representational flexibility is
critical: young children failed to use the post#hirules in the DCCS task because of a failure in
selecting the correct pair of rules although thegw both pairs of rules. Data of our first study
suggest that in a free sorting task, older childrenable to produce flexible responses but asdyrar

able to switch between contrasted conceptual ozgions. One can wonder whether this lag could
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be interpreted as a difficulty to select a new argation (as in Jacques et al.’s study) or as audef
of knowledge of taxonomic organizations. Result&rperiment 2 support, although indirectly, the
latter hypothesis in showing that the developmérmooceptual flexibility seems to follow the same
path as the conceptual development of superordiagat@omic categories.

In the second experiment, we examined childrenedging taxonomic representations by
giving them a decision test on the membership @f aements to taxonomic categories in order to
track the progressive differentiation of taxonom@presentations from thematic and perceptual ones.
The nonverbal method had the advantage assessimgriplicit awareness of taxonomic category
membership, a technique that should surely be tabiéentify their highest level of understanding.
However, the data revealed that early taxonomicesgmtations are dependent on (and open to
interference from) perceptual similarity and schéenaommon membership. Clearly, taxonomic
representations cannot be described in an all oe riashion. We agree with Lautrey (1998) who
stressed the lack of interest for the exact straobdi taxonomic representations in most studiess Th
results in an imprecise definition of children’sdenstanding of taxonomic categorization that might
account for disagreements in the literature conogrthe age at which children master this form of
conceptual organization. A view of the developmaniaxonomic representations in terms of levels
of conceptualization seems the most adequate. \&hese and 6-year-olds’ representations seem
highly sensitive to both perceptual and schemaitailarity, older children’s ones seem only
influenced by perceptual similarity. This relianoa perceptual similarity is of course highly
adaptive because perceptual similarity often umekerideeper structural similarities between
members of a common taxonomic category.

However, one could argue that the decreasing infl@eof nontaxonomic cues on children’s
taxonomic representations may correspond more frawements in executive control, namely
resistance to interference, rather than to cone¢pdevelopment itself. Recent developmental

literature has emphasized the important developroémésistance to interference or inhibition of
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irrelevant information during the school years péri(e.g. Bjorklund & Harnishfegger, 1990;
Dempster & Brainerd, 1995; Houdé, 2000). Furtherestigation will be needed to contrast these
interpretations. In a recent experiment, howeveruged two isomorphic versions of a same task to
compare flexibility between “same shape” and “saoodour” relations and flexibility between
thematic and taxonomic relations (Blaye & PaourQ4)0 Results revealed that flexibility was
achieved by more than 80% of children at 6 yearssf@ape and colour and only at 10 years for
thematic and taxonomic relations, even though kedgeé of the associations between pictures was
controlled. As the two versions of the task wewsrisrphic, these data suggest, at the very least, th
the ability to resist to the interference of arelewant sorting criterion depends on the level of
representation of the criteria at hand (see faaimse, Karmiloff-Smith (1992) for a similar propbsa
of a link between levels of explicitness of reprédations and cognitive flexibility).

Altogether, the two studies suggest new paths deearch in young children’s categorical
flexibility. They point to the necessity for exarnmg the development of cognitive flexibility beyond
the 3- to 5-year-old period, which has been théodenf most investigation in the recent literature.
By examining categorical flexibility in the contexif switching between complex semantic
organizations of a variety of objects, we have thedopportunity to distinguish at least two fornfis o
flexibility: response flexibility, which might bedsed on representations not yet differentiated and
conceptual flexibility based on a representatioswitching between conceptual organizations. A
prerequisite for conceptual flexibility, howeves,that all possible forms of conceptual organizetio
(thematic, taxonomic, slot-filler) be more equakalient in the children’s mind (Scheuner,
Bonthoux, Cannard & Blaye, 2004). Our results ssgtjeat differentiated superordinate taxonomic
representations may not be fully present earlyametbpment. They correspond to representations
which are too weak when they are put in competitioth the stronger perceptual and thematic
representations (Munakata, 2001; Munakata & Y@0@§1) and hence, prevent conceptual flexibility

being achieved.
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TABLE 1
Distribution across the different kinds of sort &ach age-group {dsort)
Age Thematic  Slot-filler Taxonomic Other
5 y.0. (n=30) 11 3 10 6
6 y.0. (n=30) 8 7 9 6
9 y.o. (n=30) 13 4 4 9
Adults (n=15) 7 2 5 1
1. This category refers to sorts that involve the cosition of two categorical organizations or where arganization was
identified.
TABLE 2
Distribution of responses as a function of age
2a. Number of correct sorts 2b. Number of cdlydabelled sorts
0 1 2 3 0 1 2 3
5y.0. 1 18 6 5 5y.0. 1 27 2 0
6y.0. 0 14 13 3 6y.0. 0 19 9 2
9y.o. 1 9 11 9 9y.0. 1 11 10 8
Adults 0 0 1 14 Adults 0 0 1 14
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Figures captions.

Figure 1. Percentages of participants showing eitbdlexibility, only response flexibility or
conceptual flexibility, as a function of age.

Figure 2. Mean percentages of accepted new caedjdatential members and true intruders,
respectively) as a function of age.

Figure 3. Mean number of acceptances of candidatesfunction of perceptual similarity and
schematic membership.

Figure 4. Proportion of children producing at leagd (out of 3) correct insertions of potential

members antivo (out of 3) correct rejections of true intruglén the two extreme conditions.

Note The “lenient criterion” refers to the conditions in which participants caake the right decision for “wrong”
reasonsfor PMs, it corresponds to the presence of the mantaxonomic criteria for insertion (i.e., high peptual
similarity and schematic membership). By contrdistcorresponds to low perceptual similarity and schematic
membership for Tls. Théstringent criterion” refers to the conditions in which children’s catréecisions had to be
based exclusively on a taxonomic criterion: for PNMgvolves low perceptual similarity and no sofetic membership;
for Tls, it involves high perceptual similarity andhematic membership.
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LIST OF APPENDIXES

Appendix 1. Description of the material used in &xqment 1 and first phase of Experiment 2
Appendix 2. Description of the candidate drawintjered to be inserted into the taxonomic sort.
Appendix 3. Mean score of acceptance of candidawidgs in the taxonomic categories (max=3).
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APPENDIX 1
people animals vehicles
girl in a swimming costume crab boat
Beach _ o )
woman in a swimming costume dolphin canoe
diver fish windsurf
M1 : :
people animals vehicles
farmer cow cattle dray
Farm
woman farmer sheep tractor
boy farmer chicken hay dray
people animals tools
_ clown elephant skittle
Circus . _ :
juggler lion whip
tamer horse bike
M2 :
people animals tools
woodcutter rabbit power saw
Forest
walker owl wood saw
girl with walking shoes squirrel axe
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APPENDIX 2
Potential members
Schematic membeGchematic membemMNo schematic mb. No schematic mb.
High percept.sim. Low percept.sim. High percept.sim. Low percept.sim.
Horse Seagull Tiger Monkey
M1 Boy in a swimming Diver Dancer Clown
Animals/People/Vehicles costume
(Beach/Farm)
Milk van Pedal boat Ambulance Plane
Tiger Butterfly Cow Fish
M2
Little Red Riding Contortionist Mechanic Diver
Animals/People/Tools Hood
(Circus/Forest)
Circus bike Lions' block Shovel Stethoscope

True intruders

Schematic membeBchematic membemMNo schematic mb. No schematic mb.

High percept.sim. Low percept.sim. High percept.sim. Low percept.sim.

Scarecrow Beach pail Rocking horse  String of pearls
M1 Duck shape rubber
ring Cherry tree Doll stethoscope
Lorry shaped Beach towel Helping walk dray Banana
mould for sand pie
Puppet Tent (circus) Teddy bear City bus
M2
wild Flower Tree Scarecrow Dressing gown
Roadsign « Take Mushroom Ladle Book

care the stags »
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APPENDIX 3
5 year-olds 6 year-olds
Potential members True idéns Potential members Tnoeiders
3,5 35
3,0 3,0
5 2° \ 5 25 \
2 2
© 2,0 © 2,0
g s g s
2 1,0 E 1,0
0,5 0,5
0,0 0,0
Perc. Sim. High Low Perc. Sim. High Low PERC SIM.  high low high low
7 year-olds 10 year-olds
Potential members True idéns Potential members Tnoeiders
3,5 3,5
25 & 25
‘é’ 2,0 o 2,0
g 15 % 15
§ 1,0 2 1,0
05 05 D\E
0,0 0,0
Perc.Sim. High Low Perc.Sim. High Low PERCsim.  high low high low

——schematic membership

No schematic membership
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NOTES

! “Correct sorts” refer to sorts that could be uniayabusly identified as either taxonomic, thematisiot-filler based on
the principles of construction of the material. Wogling of sorts was made independently of the yced labels.

2 Children did so by “ignoring” some elements of taronomic group; animals were for instance lab&etimals of the
circus” or even “the circus”

% The proportions of participants having producedarepted a taxonomic sort were similar acrosfoinechildren age
groups and did not significantly relate to perfonta (p>.36 in all age groups). It was then not wared in the
analyses.



