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Abstract

A pluralistic approach to concept formation conssdéhat object concepts can derive
from perceptual similarity and contextual relatiptfseir involvement varying according to
individuals and object domain. Three experiment$ whildren provided convergent results
supporting this view. First, a longitudinal studgvealed that for children between 3 and 4
years, visual similarity is increasingly more helpfn categorizing natural objects at the
superordinate level, while contextual similaritycifdates specifically the categorization of
artifacts. Second, 3-year-old children’s individpaéference for either basic level taxonomic
(perceptually-based) or thematic (contextually-daserelations differently affected
superordinate categorization of objects in both @oas Third, training 5-year-old-children to
look for either common visual properties or commfunctions differently modified
superordinate categorization of natural objectsatithcts. Altogether, the data revealed that
different cues are involved in the formation ofurat and artifact concepts. However, further

studies should consider finer distinctions betwelgjects, such as manipulability.



Preschoolers’ superordinate taxonomic categorigatsa function of individual processing

of visual vs. contextual/functional information aoldject domain

The world includes thousands of different objectet, young children and even
babies are able to categorize objects of the santk(ke., taxonomically) and therefore to
respond adaptively to their environment. This pdpeuses on children’s ability to rely on
contextual/functional and perceptual/visual cuegoton superordinate taxonomic concepts.
Two alternative developmental models of concepintdion are briefly reviewed. The first
one claims that these concepts are rooted in hewlbfects are used, whereas the second one
underlines that concepts originate in how objeat&k| We then present an original pluralistic
approach in which developmental paths are thoughtaty both as a function of objects
(natural objects vs. artifacts) and children’s erehtial mode of processing. Three
experiments involving children aged 3 to 5 yeargvjgle convergent data supporting this

view.

Unitary models of concept formation

This section aims to present two alternative p&hding to mature object concepts,
one originating in contextual/functional similarifye., how objects are used), the other in
perceptual/visual similarity (i.e., how objects kpoWe refer to them as unitary views since
they claim that one single path leads to matureepis for all children whatever the objects

involved.

The contextual/functional origin of concepts

According to Nelson (e.g., 1983, 1985), infantsenperceptual and motor experiences
that lead them to detect some commonalities ambpects that look alike or entail similar
actions. However, this early detection of commoopprties cannot result in elaborated
concepts but instead in relatively specific basiel concepts like cows or cars. At the end of
the sensori-motor period, the child’s conceptuptesentations of daily experiences would be
in the form of event schemas or scripts, that isegalized representations involving the roles
that people play and the objects that they intensitt (e.g., going to bed). Objects, whatever
their kind, would be linked by temporal or spafwebximity relations resulting in script or

thematic categories (e.g., pajamas, teddy bear, pafalv). With increasing experience,



scripts are enriched in such a way that the objbish play the same role in a script can be
substituted (e.g., what they wear to go to bedis &bstraction mechanism would lead to slot-
filler categories, the first superordinate taxononwategories to be acquired. In such
categories, objects of the same kind share furatifgatures and occur in a similar context.
Later on, a generalization mechanism would allow thild to build decontextualized
superordinate categories (e.g. clothes). The padldihg from scripts to slot-fillers and
superordinate categories in children between 2 7amd 8 years of age has received some
empirical support (e.g., Lucariello, Kyratzis, & Nen, 1992; Lucariello & Nelson, 1985).
Mandler (1992, 2000) also claims that concept fdimnais driven by the role objects
play in events. Infants might consider “the patiet bbjects take, their onsets and end points,
as well as various containment, contact, suppord, @ntingent relations among objects”
(Mandler, 2000, p. 19). However, according to yéwbal conceptual categories (e.g., animals
or vehicles) close to Nelson’s decontextualizedsom®uld be already acquired by 7-9
months. Later on, more precise distinctions (d&asjc level concepts) would be noticed.
Some results collected by Mandler to support glaoalceptual categories at this age
(Mandler & McDonough, 1993, 1998a) have been rerpreted as being similarity-based
(Mareschal, Powell, & Volein, 2003). Nevertheleddandler has provided compelling
evidence concerning infants as young as 14 mosecific functional properties, such as
drinking from a cup, are more often generalizednfra dog to animals than to vehicles, but
non specific functional properties, such as engeaimuilding, are generalized equally often to
both animals and vehicles (Mandler & McDonough, 8®9 Therefore, at the end of the first
year of life, some properties can be generalize@pendently of the visual appearance of
objects. Furthermore, these results suggest thattifunal similarity might originate from
event schemas. Other studies have pointed out tiporiance of schemas in adults’
conceptual organization also (Lin & Murphy, 2001psR & Murphy, 1999). Hence
contextual/functional information extracted fromeav schemas might be a basis first for
superordinate taxonomic concepts, then for bas® leoncepts, and might remain a valid cue
later in life. It is worth noting that neither Nels nor Mandler assume that different concepts
might be built differently. The proposed mechanisrthought to apply to all object concepts

and to be used in the same way by all children.

The perceptuall/visual origin of concepts



In contrast to Mandler's approach, some researchake suggested that object
concepts develop through the continual enrichmérmgeoceptual categories (e.g., Quinn &
Eimas, 1996, 2000; Rakison & Poulin-Dubois, 20@yring the first 3 to 4 months of life,
infants can form categorical representations ah dmdsic and superordinate levels (e.qg.,
Arterberry & Bornstein, 2001; Behl-Chadha, 1996;ru& Eimas, 1996) for certain natural
objects (e.g., dogs, mammals) and certain artif@cts, tables, furniture). Quinn and Johnson
(2000) further showed that global perceptual caieggorecede basic level categories. It is
generally agreed that categorization in early inojars fundamentally perceptual because
modifications of the visual appearance of exemptdnange infants’ categorical responses,
and connectionist networks which receive physidaiibaites as input reproduce infants’
behavior (French, Mareschal, Mermillod, & Quinn,029 Quinn, Eimas, & Rosenkrantz,
1993; Quinn & Johnson, 2000). Quinn and Eimas (12960) suggest that with increasing
age, additional knowledge is acquired in severalsatrough action with objects, language,
and social interaction, and is associated withettessly categorical representations. As in the
former approach, object concepts are seen as havanggle origin in all children, namely a
perceptual/visual origin that is thought to be etifiee for all types of object. It is worth noting
that visual information continue to influence piesalers’ categorization behavior, as for
instance in novel noun generalization tasks — ekibgna novel name to a novel object - and
in inductive generalization tasks — extending aeh@voperty to a novel object (e.g., Baldwin,
1992; Fisher & Sloutsky, 2005; Jones & Smith, 208Rjutsky & Fisher, 2004; Yoshida &
Smith, 2005).

To sum up, two alternative developmental paths itgpdirst to superordinate
taxonomic concepts and then to basic level concapsput forward, one with a primary
contextual/functional origin (Nelson, 1985; Mandl&B92; 2000), the other with a primary
perceptual/visual origin (Quinn & Eimas, 1996; 20@uinn & Johnson, 2000). In both
views, all infants are assumed to follow one pathatever the objects involved. The
following section focuses on a pluralistic view (Booux, 2001; Lautrey, 1993; 2003)
considering that if both perceptual/visual and eaghial/functional information can lead to
taxonomic categories, the different types of infation might not be similarly used by all
children and might not be equally efficient for @bject concepts, resulting in several
developmental paths to concept formation.



A pluralistic approach of concept formation

A general pluralistic approach to development psaploby Lautrey (2003) claims that
in many cases, several processes can fulfill treesaognitive function. This point has
already been demonstrated in the field of concéplenelopment. Both functional/contextual
and perceptual/visual similarities appear to playoke in infants’ and children’s concept
formation (Diesendruck, Hammer, & Catz, 2003; Kamelson, 1995). Indeed, when both
similarities are contrasted, children rely either foinctional similarity (i.e., Diesendruck,
Markson, & Bloom, 2003; Kemler Nelson, Russell, Bul& Jones, 2000), or on physical
similarity (i.e., Graham, Williams, & Huber, 1998andau, Smith, & Jones, 1998) as a
function of situations. In such cases, the plutialisiew predicts furthermore that each
process, being more or less fitted to a given 8doawould be more or less utilized by a
given individual. Thus, we further assume that estual and visual cues are 1) differently
weighted by individuals according to their own exgece with objects and 2) are differently
useful in the formation of different concepts sashfor instance natural objects and artifacts
(Bonthoux, Berger, & Blaye, 2004 ; Bonthoux & Blayg907; Bonthoux, Scheuner, & Roll,
2003).

The 3 following experiments were aimed at testimgse hypotheses. The first study
focuses on the relative efficiency of visual andchteatual cues for natural objects and
artifacts. The 2 subsequent studies combine tipecaswith individual differences. For the
first one, the individual differences were obtain®d spontaneous preference for thematic
(contextually-based) or basic level taxonomic (pptaally-based) relations between objects.
For the second one, they were induced via a legus@ssion requiring the children to process

either functional or visual similarities.

Experiment 1. The relative importance of visual and contextual cues for the

superordinate categorization of natural objects andartifacts

Several strands of empirical enquiry led to theaidbat visual and contextual
similarities might be differently helpful in the tegorization of natural objects and artifacts.
Neuropsychological studies have revealed a doubtodation between natural objects (e.g.,
animals) andartifacts (e.g.fools and vehicledfor a review, see Capitani, Laiacona, Mahon,

& Caramazza, 2003). These category-specific defanié frequently explained by the unequal



distribution of features across semantic categopesceptual/visual featureshape, motion,
or colour - are more important for natural objecntextual/functional features - an object’s
use, where it is typically found, its social sigogince - are more important for artifacts.
Property generation and property verification stégdn healthy adults (e.g., Cree & McRae,
2003; Garrard, Lambon Ralph, Hodges, & Patters@@12 Laws, Humber, Ramsey, &
McCarthy, 1995; Roll-Carpentier, Bonthoux, & Kaléej 2006) and in children (Hughes,
Woodcock, & Funnel, 2005) lend support to this axpkion. For instance adults judged
visual attributes for natural objects more quickiyan for artifacts but judged functional
attributes more quickly for artifacts (Laws et &995). Results from 3- to 11-year-old
children asked to define an object (“what is an )X&'e consistent with research on adults
(Hughes et al.,, 2005). These authors observed pkateptual responses outnumbered
functional responses to natural objects by a rafio7:1 whereas functional responses
outnumbered perceptual responses to artifacts fayi@of about 2:1. Finally, neuroimagery
data (for a recent review, see Martin, 2007) retleal perceptual and semantic processes of
animate objects and common tools rely on partiditinct sensorial and motor property-
based neural networks. Hence, domain differencesilaly to result from the way and the

frequency people interact with objects.

The relative efficiency of visual and contextuaksun both domains was tested in a
longitudinal study of children aged 3 to 4 yeargh@iner & Bonthoux, 2004). It was
designed to improve understanding of the mechanisn@ved in the formation of global
concepts. Children's ability to identify superoats taxonomic relations was assessed
according to a) object domain and b) the type @& itwolved in superordinate taxonomic
relations. Various superordinate taxonomic relaioere therefore designed by decorrelating
visual and contextual similarity. We hypothesizkdttchildren would better identify visually
similar taxonomic relations (e.g., goat-antelop)rfatural objects whereas they would better
identify contextually similar taxonomic relatiore.g., car-motorcycle) for artifacts.
Participants

Twenty-one children participated in 3 identicalssess, each separated by 6-months.
Their mean age was 3 years 5 months at the fisstia® Two control groups were tested,
matched for age either at the second or the teisdien.

Materials and procedure
The items consisted of 144 black and white drawin§damiliar objects which

constituted 16 sets of 9 pictures. Each set comgbres target picture (e.g. a goat) and 8



pictures related to it: 4 superordinate taxonorsgoaiates (i.e., other animals) and 4 thematic
associates (i.e., objects - non animals - from game farm schema, e.g., a shepherd, a
meadow, a farm, and a stool). Half of the targetsewnatural objects and half were artifacts.
Each of the taxonomic associates was a) visuaitylai to the target or not and b) belonged
to the same context or schema as the target ofFigire 1). The visual and contextual
similarities between each target and its associaégs rated by adults. These ratings differed
significantly between similar and dissimilar taxamo associates in each domain. They did

not differ between domains, neither for similar f@mrdissimilar associates.

Insert Figure 1 about here

The same procedure was used in the 3 sessionsaadriral, the child was presented
with the target picture along with 6 related pietiincluding the 4 taxonomic associates and
2 thematic associates. The selection of 2 themaggociates from the 4 available was
counterbalanced among children. From these 6 pgistuhe child was asked to find “two
objects of the same kind, the same family” as theget. Given the instruction, only
taxonomic choices were correct responses.

Three types of correct response were recordedcépémal sorting” when children
chose the 2 taxonomic associates that were vissatijar to the target, “contextual sorting”
when they picked the 2 taxonomic associates whalbnged to the same schema as the
target, and “other taxonomic sorting” when theysm@ other taxonomically related pictures.
Visual similarity and contextual similarity were pected to be differently helpful for
grouping objects at the superordinate level in loiimains. More precisely, visual similarity
was expected to be especially efficient for natwdajects, resulting in more “perceptual
sorting” for these objects than for artifacts. Cersely, we predicted that contextual
similarity would be more helpful for artifacts réisg in more “contextual sorting” for these
objects than for natural objects.

Results

Mean results over the 3 sessions were analyzed@ierall, 74% of the sortings were
correct (i.e., taxonomic). “Perceptual sorting” negented almost half of them (35% of all the
sortings) whereas the level of “contextual sortingdis quite low (only 14%). However the
number of “perceptual’, “contextual” and “other taomic sorting” differed between
domains. As expected, “perceptual sorting” was mioeguent for natural objects than

artifacts whereas “contextual sorting” was moregfient for artifacts than natural objects.



“Other taxonomic sorting” did not differ betweenndains. More interesting, developmental
patterns over sessions also interacted with domd@entextual sorting” did not differ
between domains in the first session but was mm@guént for aretifacts in the second and
third sessions. In contrast, “perceptual sortingtdme more frequent for natural objects than
artifacts in the third session only. These pattears not be attributed to the repetition of the
test because experimental and control groups’ teedid not differ either at the first session or
at the second session.

Discussion

These data clearly reveal the relative importarfoasmal and contextual cues for the
superordinate categorization of natural objects antifiacts. Both perceptual and contextual
similarities facilitated taxonomic grouping. Conteal cues remained overall less efficient
than perceptual cues but became more efficientdtggorizing artifacts than natural objects
from the second session (beginning with the ag#).oMoreover, the influence of perceptual
similarity increased over sessions facilitating engpdinate taxonomic grouping of natural
objects more importantly than that of artifactshet third session (4 %2 years).

Several previous studies have shown that contékinational and perceptual/visual features
are unequally weighted in adults and children’scemts of natural objects and artifacts (Cree
& McRae, 2003; Garrard et al., 2001; Hughes et 2005). Our experiment goes further
because the independent manipulation of visual @rdextual similarities helps to better
understand the mechanisms underlying the formatibrsuperordinate concepts in both
domains. During the fourth year, contextual sinitfjabecomes a more efficient cue to group
artifacts than natural objects, while visual similabecomes more helpful for natural object
categorization. These results suggest that diftareathanisms of concept formation might be
at work as a function of the objects involved, reesapporting a pluralistic (Bonthoux, 2001;
Lautrey, 2003) rather than a unitary view (Mand000; Nelson, 1985; Quinn & Eimas,
2000) of the development of superordinate concepts.

Neuroimagery data in adults (Martin, 2007) sugdiest these results might stem from
the fact that artifacts are more often used diectlcontext by young children than natural
objects with which they rarely interact (they se@rals in zoos and books or on television).
It is likely that the acquisition context plays anflamental role in the construction of
taxonomic knowledge. As for the rather low efficaxfycontextual cues observed in 3- to 4-
year-old children, it might be attributed to ingciént experience with objects. Indeed the
derivation of taxonomic grouping from event schenflglson, 1983) requires repeated

experiences with events.



Beyond differences between objects, the pluralisiew also claims that
developmental paths would be differently implicatéedording to children’s own preferences.
This aspect was evaluated in the subsequent exgetim

Experiment 2. Individual sensitivity to basic leveltaxonomic and thematic relations

affects the superordinate categorization of naturabbjects and artifacts differently

Few studies concern individual preferences in yoohiddren’s categorization. Yet,
Dunham & Dunham specifically addressed this issue-year-old children (Dunham &
Dunham, 1995, Exp. 1). Presented with a matchirgptaple task with 3 alternatives, a basic
level taxonomic choice, a thematic choice, and ik foost children showed a taxonomic
tendency (their choices were predominantly taxowdniut some children exhibited a
thematic tendency (their choices were predominatitgmatic). Hence young children’s
categorical choices depend on individual sensjtitoteach type of relation. These tendencies
were relatively stable over time (Exp. 2). Furtherey the longitudinal study (Dunham &
Dunham, 1995, Exp. 3) showed that a selective @stein object identity as assessed by
pointing gestures at 1 year and the use of nouwks aaljectives at 2 years were both
antecedents of the basic level taxonomic tendeh8yyaars. Alternatively, a selective interest
in relations among objects as assessed by eantyidmal-relational play at 1 year and the use
of relational terms at 2 years were both antecadafiithe thematic tendency at 3 years.

Using this work as a base, we tried to connecdonl’'s individual preferences with
domain differences (Kalénine & Bonthoux, 2006). Tws end, 3-year-old children’s
individual sensitivity to basic level taxonomic tr thematic relations was assessed in a first
session as in Dunham and Dunham’s first study. Nexta second session, children’s
performance on taxonomic superordinate categooizatvas evaluated as a function of a)
object domain and b) each child's sensitivity fasib level taxonomic or thematic relations
assessed in session 1.

We hypothesized that the children most sensitivieassic level taxonomic relations in
session 1 should perform better when matching abtimjects than artifacts in session 2 since
perceptual similarity seems to mostly facilitate thuperordinate categorization of natural
objects, as reported in our previous study. Orother hand, a greater sensitivity to thematic
links, from which taxonomic relations might deriydlelson, 1983), should particularly
enhance the superordinate categorization of asifiacsession 2 since contextual similarity is

more efficient in this domain (previous study). Slsiecond assumption is more speculative

10



given the age of the participants (3 years). Acomydo Nelson, children must have repeated
and rich experiences to abstract common functiool@s from event schemas. Consistent
with this proposal, the previous experiment shotired contextual similarity was overall less
efficient than visual similarity for 3- to 4-yealdochildren and became more efficient for
artifacts than natural objects from the fourth yesaly.

Participants

Sixty children aged between 3 and 4 years (mean Zagears 6 months at the first
session) participated in the longitudinal study.
Materials and procedure

Black-and-white drawings were used to constructacimto-sample tasks. They were
selected from a pretest administered to childrethefsame age to ensure that all the objects
and all the associations were correctly identified.

The first session included 20 trials. Following Dam and Dunham'’s first experiment
(Dunham & Dunham, 1995), each trial involved 4 pies: a target picture (e.g., a dog) and 3
choice pictures including a basic level taxonomatch (e.g., another dog), a thematic match
(e.g. a bone) and a foil (e.g., a cactus). Hatheftargets were natural objects and half were
artifacts.

The children were asked to choose the pictureveat “best with” the target. In this
first task, instructions were neutral to prevenewting the children to a particular response.
Thus both taxonomic and thematic choices were cbresponses.

The second session took place a month later. lpased 18 trials. Each trial involved
5 cards: two target cards taxonomically linkedhat superordinate level (e.g., two pieces of
fruit: an apple and a banana) and 3 choice cadadimg a superordinate taxonomic match
(e.g., grapes), a thematic match (e.g., a baskdtpdoil (e.g., a plug). Half of the target pairs
were natural objects and half were artifacts.

The experimenter explained that the two targeupss were put together because they
were the “same kind of things”, they belonged t® ‘thame family”. Then, the children were
asked to pick the object of the “same kind”, tharte family” as the 2 targets. Given the
instruction, the only correct response was the mugmate taxonomic associate to the target
pair. As the task was quite difficult for young Iclnen, we used two target pictures instead of
one to facilitate superordinate taxonomic cate@ian. Gentner and Namy (Gentner &
Namy, 2002; Namy & Gentner, 1999) have shown thagaging children in active
comparison of multiple instances of an object aatgdpy introducing more than one target

picture enables them to form conceptual abstrastfsee also Liu, Golinkoff, & Sak, 2001).
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Results

The results of session 1 replicated those of Dunhach Dunham (1995, Exp. 1).
Choices were predominantly taxonomic (m = 14.5 ma&xoic choices out of 20) but large
individual differences appeared. Children were aered as having a strong taxonomic or
thematic sensitivity when the number of taxonomictleematic choices differed from the
mean by more than 1 standard deviation. With thistscriterion, only 6 children (out of 37)
showed a strong thematic sensitivity and 8 showsttlosmg taxonomic sensitivity.

Two analyses were conducted to explore the link&éden the children’s sensitivity to
basic level taxonomic or thematic relations (sesdipand superordinate categorization as a
function of domains (session 2). First, an analggisariance was run on the number of
superordinate taxonomic responses made by the idrezh who manifested a strong
sensitivity (Figure 2). Overall, natural objectsrevenore correctly matched than artifacts and
the children most sensitive to basic level taxormomnelations made more correct
superordinate choices than those most sensitivketmatic relations. More importantly, the
expected interaction between preference and doalaiost reached significance (p = .06).
Post-hoc comparisons revealed that the childrent msesasitive to taxonomic relations
displayed a significant advantage for natural dgje¢iowever, no difference between

domains was obtained for the children most semstvthematic relations.

Insert Figure 2 about here

The second analysis involved the entire samplere@aions between the number of
basic level taxonomic choices in session 1 andrimmber of superordinate taxonomic
responses for natural objects and artifacts ini@es3 were calculated. As expected, basic
level taxonomic choices were positively linked torect superordinate responses for natural
objects (r = .38, age in months partialled out) it for artifacts. Thematic choices were not
linked to correct responses for either natural ciigjer artifacts.

Discussion

The purpose of the study was to link spontaneonsitbéty to basic level taxonomic
and thematic relations to superordinate categaeoizgierformance as a function of domains.
As in Dunham and Dunham’s first experiment (19%®me 3-year-old children displayed a
strong sensitivity to either taxonomic or themaé&tations when few constraints weighed on
the situation (i.e. “choose the picture that goest lwith the target”; Lautrey, 2003). In such a

situation, it is likely that both relations areiaated (e.g. dog-other dog and dog-bone) but not
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necessarily with the same strength in all the ceiidScheuner, Bonthoux, Cannard, & Blaye,
2004). One possibility is that a child’s favountay to deal with her/his environment during
infancy reinforces one connection more than theeroths suggested by Dunham and
Dunham’s longitudinal experiment (1995, Exp. 3).

Furthermore, those children most sensitive to bksiel taxonomic relations better
categorized natural objects at the superordinatd lghereas the performance of the children
most sensitive to thematic relations did not diffegtween domains. This result brings
empirical evidence to support a pluralistic viewcohcept formation: two processes are more
or less implicated depending on the individual #mel situation (Lautrey, 1993, 2003). We
suggest that children’s sensitivity to either bakagel taxonomic or thematic relations,
probably resulting from their own experience, mafjuience the type of cue they use to form
concepts.

A particular sensitivity to basic level taxonomaations might reflect a tendency to
compare stimuli and thus to detect common andndistie properties (Wisniewski & Bassok,
1999). Our data show that this hypothetical progsgsarticularly efficient at categorizing
natural objects at the superordinate level. Analgggq a particular sensitivity to thematic
relations is likely to reflect a tendency to intaigr objects in a context (Wisniewski & Bassok,
1999). We supposed that this tendency would fatdithe superordinate categorization of
artifacts for which contextual relations are moedpful, at least from age 4 years based on the
results of the previous experiment (Scheuner & Boux, 2004). However, our results did
not support this hypothesis. It is likely that dnén as young as 3 years cannot yet benefit
from their greater sensitivity to thematic relagan order to access superordinate concepts. It
appears that a sufficient amount of experiencerabably required for the integration of
various objects playing the same role in a givémasion. If this interpretation is correct, then
older children (4-5 year-olds) sensitive to themagiations should better categorize artifacts
than natural objects at the superordinate levelthEu studies are needed to test this
hypothesis.

A limitation of this study is that few of the chilth had a strong sensitivity to
taxonomic/thematic relations. Therefore the analisid a low statistical power. To overcome
this difficulty, we designed another experiment, vulmich we tried to orient children’s
processing toward either visual or functional samtly and assessed the influence of these
two interventions on the superordinate categoomatof natural objects and artifacts

(Kalénine, Garnier, Bouisson, & Bonthoux, 2007).
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Experiment 3. Training visual or functional similarity processing differently affects the

superordinate categorization of natural objects andartifacts

As already explained, we claim that at least 2 bgreental mechanisms play a role
in the formation of superordinate concepts, ongjimgiting from the extraction of the
perceptual/visual similarity between objects (Qu&ikimas, 1996, 2000), another based on
the emergence of functional similarity from conteattlinks (Nelson, 1983, 1985). We further
claim that each mechanism is differently weightedoading to individual and object type.
More particularly, an intervention which focuses tre processing of common visual
attributes between objects should facilitate th@esordinate categorization of natural objects,
for which perceptual/visual information is stronglyeighted. On the other hand, an
intervention focused on the processing of commaetions between objects should facilitate
the superordinate categorization of artifacts fdriolw contextual/functional information is
more important.

To test these hypotheses, superordinate categonzaerformance was assessed
before and after 3 training sessions. In thesei®essthe children were trained to look for
either visual or functional features common to sétsbjects.

Participants

Thirty-two 5-year-old children (mean age 5 yearam®nths) participated in this
experiment. They were randomly assigned to eithes tfunction” or “perception”
intervention.

Materials and procedure

Eighty black and white drawings of familiar objeetgre used in the superordinate
categorization task. As in the preceding experimémdy were grouped into sets of 5 cards.
Each set included 2 target cards taxonomicallytedlaat the superordinate level (e.g., 2
vehicles: a car and a motorcycle), and 3 choicdscaa taxonomic associate (e.g., another
vehicle: a train), a thematic associate (e.g.fitrights) and a foil (e.qg., a caterpillar). Half
the target pairs were natural objects and half \aertacts.

The procedure was identical to that of the prevstugly. On each trial, the child was
presented with 2 target cards and told that thégects had been put together because they
were the “same kind of things”, they belonged te tekame family”. Then 3 choice cards
were offered and the child had to pick the onéhef‘same kind”, the “same family” as the 2

target cards.
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The materials used in the training sessions wesgtichl in both interventions. They
consisted of black and white drawings of familidijezts presented either on little cards
individually or on bigger cards in sets of 5 obgesharing a particular function or visual
feature. The objects that shared a particular fanabr visual feature did not belong to the
same category (for instance the 5 objects correlpgro the function “can light” were a fire,
a candle, sun, a light bulb, and a car on full bedm this way, the potential effect of
interventions on superordinate categorization wawdtbe due to the acquisition of specific
categories but would truly refer to an object pssteg mode. There were also boxes to sort
the cards into and exercise sheets, one per ohilttgining session.

Each intervention took place in small groups (4Bdcen) over 3 training sessions of
approximately 30 minutes each. In the “functiontenvention, children were required to look
for common functions: for example “objects whichn deght” or “objects which can roll”. In
the “perception” intervention, they were asked ¢oki for common visual features: for
example “peaked objects” or “objects which haveoarti The same 6 functions or 6 visual
features were used during the 3 training sessibims.games and exercises were of the type
children are used to doing at preschool. For itgathey were asked to find and tell what
was common to a set of objects, to sort cardsbotes, to find the add-one-out in a set of
objects, or to circle each object having the samupgrty. Most of these were performed
collectively, but the paper and pencil exerciseseva®ne individually.

The number of correct responses, namely superdeditexonomic choices, was
measured for each child before and after the gpedaitervention. Both groups were
equivalent at the pre-test (10.4 correct taxonowgtiocices out of 16 in the “function”
intervention group and 10.7 in the “perception®nvention group).

The difference between the correct responses prepast-intervention was analyzed
as a function of the type of intervention (“functioor “perception”) and the domain of
objects (natural objects or artifacts). There was main effect: the "function" and
"perception” interventions led to equivalent pragrein the whole superordinate
categorization task [F(1,30) < 1] and the globaffgrenance improved in the same way for
natural objects and artifacts [F(1,30) < 1]. Howetee expected interaction between these 2
factors was significant in both the by-subjects(1RB30) = 7,77 ; p < 0,01] and by-items
analyses [K1,14) = 6,08 ; p < 0,05]. The type of interventithhus appeared to modulate
superordinate categorization performances betwestnral objects and artifacts. More

particularly, the “function” intervention facilitatl the superordinate categorization of artifacts
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more than natural objects and conversely, the gmion” intervention facilitated the
categorization of natural objects more than artsfac
Discussion

Despite a short training period, the results wésarecut. Training the children to look
for common visual properties helped them to categamatural objects at the superordinate
level, whereas asking them to seek common functiom®oved their categorization of
artifacts. This result adds further support to itlea that developmental mechanisms of
concept formation differ according to the objecigalved. It is worth noting that the children
were trained to look for visual or contextual commalities which differed from those
involved in the superordinate categorization tabhus, the training sessions oriented the
children toward a given mode of processing objestdch helped them to better understand

some global concepts, but not others.

General Discussion

Overall, the experiments reported here can helmtterstand concept formation more
precisely. First of all, we have shown that supdir@te categorization is more or less
facilitated depending on the available similaritgcheuner & Bonthoux, 2004). Visual
similarity was a more efficient cue for categorgzimatural objects than artifacts, at least from
4 5 years. Next, we found that 3-year-old childneost sensitive to basic level taxonomic
relations perform better superordinate categoomatdof natural objects than artifacts
(Kalénine & Bonthoux, 2006). Finally, we have dersiwated that when older children are
trained to seek visual commonalities, they alsdebetategorize natural objects than artifacts
at superordinate level (Kalénine et al., 2007)islthus likely that basic level taxonomic
sensitivity is linked to an orientation toward a$@omparisons, which facilitates the process
of more abstract similarity relations (Gentner &g 2002; Namy & Gentner, 1999), this
process being particularly efficient for naturajeath categorization.

Regarding contextual/functional information, it more difficult to link the 3
experiments. On the one hand, contextual similatt} years (Scheuner & Bonthoux, 2004)
and functional similarity at 5 years (Kalénine ket 2007) were more helpful for categorizing
artifacts than natural objects at the superordifaatel. On the other hand however, a strong
sensitivity to thematic sensitivity at 3 years dimt favour the superordinate categorization of
artifacts (Kalénine & Bonthoux, 2006). Hence, thémsensitivity which probably reflects an

orientation toward an integration process (WisnlawsBassok, 1999) did not help children
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to find more commonalities between artifacts thabtwieen natural objects. We speculated
that these children were too young and thus hadhadtenough experience with objects to be
able to extract functional commonalities from evecthhemas as suggested by Nelson (1983,
1985). Further studies are needed to really testlven functional properties emerge from
event schemas

Nevertheless, taken together these results lenghosugo a pluralistic view of
conceptual development. We have provided convergewdence that visual and
contextual/functional similarities are unequallyi@ént in categorizing natural objects and
artifacts. Moreover, the individual’'s mode of presig objects interacts with object domain.
It is likely that at a given age children have saveneans of building object concepts at their
disposal but not all of them master the processihgvisual and contextual/functional
similarities equally, due to their different exmarces. Individual variability seems to be a
cornerstone of conceptual development as it istieroareas of cognition (e.g., Fischer &
Bidell, 2006; Lautrey, 2003; Siegler, 2007). Tmslividual variability in turn combines with
differences as a function of object type.

Prospective

Results reported till now refer to a broad disimat natural objects and artifacts, the most
classically considered. Yet some neuropsychologstaidies report more fine-grained
dissociations (e.g., animals vs. fruits and vede®htools vs. buildings and vehicles). In
addition, recent studies on both adults (e.qg., éiddach, Brett, & Patterson, 2003; Pecher,
Zeelenberg, & Barsalou, 2004) and children (e.gnitls 2005a, 2005b) reveal that
sensorimotor experience can influence cognition, gradticularly conceptual development
and processing. The growing evidence in this fisldggests that objects could be
distinguished according to the type of interactiowolved. In this perspective, object
manipulability may be a crucial factor in underslizny concept formation because
manipulable objects are most closely linked to maixperience whereas non-manipulable
objects are mainly linked to perceptual/visual eigee. Thus, perceptual/visual cues and
contextual/functional cues might refer to distiseinsori-motor experiences. Consequently,
the classical dissociation between the domainatfral objects and artifacts could have been
confounded in many studies with the distinctionobfect manipulability as suggested by
Filliter, McMullen, and Westwood (2005). Indeed, shoprevious experiments have

contrasted categories such as animals and toadsgaegories of objects that differ in terms
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of ontological domain but also of manipulabilitylthough the findings reported here showed
different categorization behaviors according toecbdomains, the manipulability factor was
not directly introduced in the experimental desifarther studies investigating conceptual
processing in children should explore such disiomst (i.e., domain and manipulability)

perhaps using finer measures (e.g., reaction tineslssess children' categorization

behaviors.
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Figure 1. Example of a target picture and its taxoic associates
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Figure 2. Mean number of correct responses in@egsas a function of sensitivity in session

1 and object domain
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