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The progressive 6-year-old conserver: numerical saliency and sensitivity as core

mechanisms of numerical abstraction in a Piaget-like estimation task

Abstract

In Piaget’s theory of number development, childlemot possess a true concept of number
until they are able to reason on numerical quanéigardless of changes in other
nonnumerical magnitudes, such as length. Recediesthave echoed this result by arguing
that abstracting number from nonnumerical dimersmimagnitude is a developmental
milestone and a strong predictor of mathematicgeaeiment. However, the mechanisms
supporting such abstraction remain largely undeifpd. We aimed to study how
identification of the numerical equivalence in adgdt-like estimation task by 6-year-old
children is affected by (a) the degree of interfieeebetween number and nonnumerical
magnitudes and (b) children’s spontaneous oriemtat numerosity. Six-year-old children
first performed a card sorting task assessing gp@ntaneous orientation towards
numerosity, spacing, or item size in a set of dbiteen, they completed a Piaget-like
same/different numerical estimation task using tewws of dots in which the length ratio
between the two rows varied systematically. Childrere less likely to accept the numerical
equivalence in the Piaget-like estimation taskaghe difference in spacing between the dots
increased and (b) as the children were more speatesty oriented towards spacing over
number in the card sorting task. Our results sugges abstracting number depends on its
saliency, which varies both as a function of thetest (i.e., length ratio between the two
rows) and of individual differences in childrenansitivity to the numerical aspects of their
environment. These factors could be at the roth@bbserved development of performance
in the seminal number-conservation task, which apgpas a progressive abstraction of

number rather than a conceptual shift, as Piagetthgsized.
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1. Introduction

In Piaget’s theory of numerical development, cldtddo not reach a proper understanding of
the concept of number until they are able to pgectie conservation of the numerical
properties of an array of objects despite visuigformations (Piaget, 1952). Indeed, in the
seminal number-conservation task, until approxitgaieor 7 years of age, children fail to
perceive the numerical equivalence between two aiviskens after the length of one row is
transformed (i.e., by spreading the tokens apaltt)pugh they are able to do so when the two
rows of tokens have the same length (i.e., befagdransformation). Several studies provided
converging evidence that success in the numbereceaison task in children and adults relies
in part on the executive ability to solve the ifdeence between irrelevant nonnumerical
dimensions of magnitude (the length or densityhefrows of tokens) and the pertinent
numerical dimension (Houdé & Guichart, 2001, Hoatél., 2011). The authors suggest that
the participants do so by inhibiting an automatit misleading ‘length equals number’
strategy.

Since Piaget’s work, research in the field of nunarognition has revealed the existence of
numerical abilities long before children’s succesRiaget’'s number-conservation task.
Children’s development of the concept of numbehaight to build, at least partly, upon
preverbal representations of quantities that agegt very early in infancy (Dehaene, 2001;
Izard, Sann, Spelke, & Streri, 2009). One of thasmerical intuitions consists in the ability

to perceive the approximate quantity represented $st of objects (e.g., an array of dots).
Echoing Piaget’s work, many studies investigatimgse nonsymbolic numerical
representations have reported the impact of visate@dgues on numerical estimation (Gebuis
& Reynvoet, 2012). For instance, congruency effaatge been observed throughout
development in the context of numerical estimatasks, showing that the participants’

performances are influenced by irrelevant spatrakdsions of the stimuli, such as the size of
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the dots, or the extent of the space occupied &wthay (i.e., field area, often measured by
the convex hull surrounding the dot array). In jgatar, field area has been shown to
influence numerosity judgments in preschool anebsthged children (e.g., Gilmore, Cragg,
Hogan, & Inglis, 2016). In numerical comparisorkgswumber/field area incongruent trials
(i.e., where the most numerous array of dots iotieeoccupying less field area) are
performed less accurately and more slowly than eang trials (i.e., where the most
numerous array is also the one occupying more &etd). Recent studies have observed that
the developmental trajectories of these congruefiegts can differ depending on the
interfering spatial dimension (Gilmore et al., 216 the case of field area, its impact on
numerical representation can be observed all theinta adulthood (Clayton, Gilmore, &
Inglis, 2015; Gilmore et al., 2016). As in the nierdsonservation task (whereby field area is
equivalent to the length of the rows of tokenshjhition seems to play a critical role in
blocking the influence of irrelevant spatial infation to make judgments based on the
numerical aspects of the stimuli in numerical eation tasks (Leibovich, Katzin, Harel, &
Henik, 2017). These observations support the idaia beyond children’s precision of their
numerical representations, their ability to abstragnber from other nonnumerical
dimensions of magnitude is a strong predictor oftmaahievement (Gilmore et al., 2013; but
see Keller & Libertus, 2015). This is further sugpd by studies demonstrating that
conservation abilities in pre- and early-schoolrgese related to children’s mathematical
abilities such as math fluency (Cooper & Schle2ef6; Ramos Christian, Schleser, & Varn,
2008).

Children’s numerical estimation is not only relatedheir ability to inhibit irrelevant spatial
information. For instance, individual differenceschildren’s spontaneous orientation to
number are predictive of math achievement (e.gandia-Sormunen, Lehtinen, & Raséanen,

2015). Moreover, children’s spontaneous orientattovards numerosity is related to their
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ability to perform number/size incongruent trialsai nonsymbolic numerical comparison task
(Viarouge et al., 2018). In the study of Viarougele (2018), the authors assessed children’s
relative spontaneous orientation towards three dgio@s of magnitude by asking them to
sort cards representing arrays of dots. No furtingruction was provided on the sorting
criterion the children should use. The cards ct@ldorted on the basis of three dimensions
of magnitude: number, size, or spacing. Children atrted the cards more frequently by
number in the card sorting task (hereafter refetoess the SOMAG task for “Spontaneous
Orientation to MAGnitudes”) performed better on rherisize incongruent trials in a
numerical comparison task. This indicated thatdrkih’'s spontaneous orientation towards
different dimensions of magnitude is related tarthbility to solve interferences due to
irrelevant visual cues in numerical estimation. slstent with these results, a study
demonstrated that kindergarteners who succeecinumber-conservation task focus more
spontaneously on number than kindergarteners whihvéanumber-conservation task, and
vice versa for length (Miller & Heller, 1976).

Taken together, these findings suggested thatdfielobment of children’s numerical
representations relies on a variety of mechanislowiag them to abstract the numerical
aspects of their environment from other nonnumeédsaensions of magnitude. Hence, what
had been described by Piaget as a shift betweestages of numerical development, from a
nonconserving to a conserving response in congexdls as the number conservation task now
appears as a progressive ability to focus on tineemigal aspects of one’s environment.
However, so far, the mechanisms behind this pregresbstraction remain underspecified.
Our study is thus aimed to better characterizertaehanisms involved in numerical
abstraction, which is crucial to understand theljoteve value of early numerical

representations for math achievement.
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105  Both the ability to inhibit irrelevant dimensionsdathe spontaneous orientation to these
106  dimensions are likely to contribute to this devehgmt. From this perspective, children’s
107  performance in the seminal number conservationghskld depend both on the strength of
108 the interference between the numerical and nonnaalelimensions and on children’s

109  sensitivity to the numerical dimension of the tdskclassic nonsymbolic numerical

110 comparison tasks using arrays of dots, isolatingmerical dimensions of magnitude to
111  study their impact on performance is particulaggious. Indeed, all the dimensions of

112 magnitude cannot be controlled for simultaneouBhys is why we will use a Piaget-like

113 number conservation task, whereby a same-differemterical judgement is performed on
114  two horizontally arranged rows of tokens. This eomallows investigating the impact of
115 length/field area on numerical representation, @kéeping other dimensions of magnitude
116  such as size and total surface area constant. f€pmastudy has manipulated this level of
117  saliency in a systematic manner, while conjoirglkimg into account individual measures of
118  spontaneous orientation towards magnitudes.

119

120 Inthe current study, we asked 6-year-old childeeperform the SOMAG task used in

121 Viarouge et al. (2018) to assess their relativentgpeous orientation towards different

122 magnitudes (number, size, spacing). The particgpametre also asked to perform a

123 computerized “same/different” numerical estimatiask with horizontally arranged dots (as
124  in Piaget’s number-conservation task after thetled one row is transformed). The spacing
125  of the dots in one row (and thus the length ragéitwieen the two rows) was systematically
126  varied. Using a Piaget-like same-different task allbw isolating for the first time the

127  selective impact of the field area dimension on erical equivalence perception by

128  manipulating the strength of the interference betwkeld area and number in a systematic

129 manner at a crucial age of numerical developmeRiaget’s theory. We investigated whether
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children’s ability to perceive the numerical equ@rece between the two rows of dots (a)
varies systematically with the degree of interfeeshetween the nonnumerical and numerical
dimensions of magnitude and (b) is related to céild spontaneous orientation towards the
various dimensions of magnitude present in thestaéle reasoned that, if succeeding in the
same-different numerical estimation task requingshition of irrelevant nonnumerical
dimensions, then children should make more ermthadifference in dot spacing increases.
Indeed, as the difference in dot spacing incredeesyonnumerical dimensions of magnitude
will interfere to a greater extent with numericabgessing. Additionally, children who
spontaneously focus more on number over spacitiieiSOMAG task should make less
errors in the same-different numerical estimatask} because spacing is less salient for these
children and thus interferes to a lesser extertt thieir numerical processing. Note that, since
item size is maintained constant across the toialse same-different task, children’s
performances should only correlate with their sapabus orientation towards number over

spacing, but not with their orientation towards fn@mover size.

2. Materials and Methods

2.1. Participants

We collected data on the SOMAG task and a numesemale-different task described below
in ninety-three typically developing children (4iflgy mean age = 6.1 + 0.62 years) from
kindergarten and first grade classes at three psbhools. Sensitivity analyses were
performed using G*Power 3.1.9.2 (Faul, Erdfeldemd, & Buchner, 2007), revealing that,
given our sample size, an alpha-level of .05 aleval of power of .80, minimum effect sizes
that can be significantly detected were f = .12thar repeated-measures ANOVA and r = .23

for the correlation analyses described below.



154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

MECHANISMS OF NUMERICAL ABSTRACTION

The same group of children also performed a nons¥imbumerical comparison task, and
the results were reported in (Viarouge et al., 20R&rticipation was voluntary after
obtaining signed informed consent from the chiltkgrarents. Since the SOMAG task
assesses children’s spontaneous orientation tovegids numerical or nonnumerical
dimensions of magnitude, this task was always aiteired first for all children. The
numerical same-different and comparison tasks wewaterbalanced across the participants.
The results described below remained identical wdwenrolling for the order of the two
tasks. Children were tested individually by groopshree or four in a quiet room. Apart from
encouraging comments, no feedback on accuracyeinumerical same-different task or on
the chosen sorting criteria in the SOMAG task wiaery Each child received a certificate
with stickers for their participation in the studyhe teachers and parents were instructed not
to talk with the children about the specific contand goals of the study. The study was
carried out in accordance with national and inteomal norms that govern the use of human

research participants.

2.2. Material and design

SOMAG task. In each trial of this computerized task, childreergvpresented with three
images introduced to them as cards showing arrfagsts. Two cards (targets) were
horizontally aligned at the top of the screen, etie third card (reference) was centered at
the bottom of the screen. Children were asked dotsmeously pick one target card to go
with the reference card. The instructions wereollews: “Which card goes best with that one
(pointing at the bottom card)? This one (pointibthe card on the left) or that one (pointing
at the card on the right)? Give me your answerautlthinking too much!” The
experimenters were instructed not to mention arth@idimensions of magnitude tested in

this task (number, size and spacing). Childrenaedpd using the same keys as in the
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numerical same-different task. They were instruttegress the right key (green sticker)
when they wanted to pick the top right card andeftekey (red sticker) when they wanted to
pick the top left card.

The collections of dots shown on the cards coulddsted according to the number of dots,
aspects of the dot size or of the spacing of the dbeSizeandSpacingdimensions were
defined following DeWind, Adams, Platt, & Brann@)15). The task included three
experimental conditions, depending on the two cdmgealimensions of magnitude matching
with the bottom card (see Figure 1): in one conditthe top cards matched with the bottom
card in either number @ize while Spacingwas maintained constant across the three sets of
dots (later referred to as the “NumSize” conditjan)one condition, the top cards matched
the bottom one iNumberor Spacing while Sizewas maintained constant (“NumSpace”
condition); and in one condition, the top cardsahatl the bottom one in eithBizeor

Spacing while the number of dots was maintained congt&teSpace” condition).
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e . H - -
reference cards - .

NumSize condition SizeSpace condition

NumSpace condition

Figure 1. Examples of the stimuli used in the SOMAG task,dach of the three
experimental conditions. In each condition, oneatision (Number, Size, or Spacing) is
maintained constant. The bottom reference cardeasorted with one of the two top target
cards according to one of the two remaining dimarsi{e.g. NumSize condition pits the
Number and Size dimensions against each o

For each dimension, two levels of magnitude wesslug/hich were selected so that they
would be easily discriminable by children. A ratibl:2 was used for variations 8izeand
Spacing while a ratio of 2:3 was used for the numberatsdsets of either six or nine dots).
Across all trials, we counterbalanced the locatibthe higher level of magnitude (the larger
Size Spacingor number could either be on the two top cardsnothe bottom card), and the
location of the two competing dimensions of magieteither on the top left or top right
card). Each trial started with the presentation oéntered fixation cross for 1500 ms,
followed by the presentation of the three cardsafaraximum duration of 4500 ms. The next

trial started when the child gave his/her respoesker before or after the end of the
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presentation of the cards. There were 16 trialcpedition, resulting in 48 trials total, with a

randomized presentation, and for a total duratidh@task of approximately 4 minutes.

Numerical same-different task. In each trial of the numerical same-different tadkldren
were presented with two horizontal rows of evemlsiceed blue dots on a white background
and were asked to perform a “same/different” nuoa¢fudgment. The two rows were left
aligned with each other and were located respdgtorethe top and bottom half of the screen
(at a 1.7° visual angle from the center). The spabetween the dots of each row was varied
so that the length of the two rows differed by oh&ur possible length ratios (1:2, 2:3, 6:7,
and 9:10). The location (top or bottom) of the lengbw was counterbalanced across trials. In
24 test trials, both rows had an equal number tf (& 7 or 8). The length of the longest row
represented either 12.4°, 14.6°, or 16.7° of visuglle, depending on the number of dots
presented, and the length of the shortest row d@weording to the length ratio tested. To
prevent children from learning that the number asdvas the same in both rows while
maintaining a short duration of the experimentad@itional trials had a different number of
dots (6 vs. 7, or 7 vs. 8 dots), leading to a tota0 trials. These numerical ratios were shown
to be perceivable by 6-year-olds with an accuraggllof approximately 75% (Halberda &
Feigenson, 2008). The task started with four trgyririals to make sure that the children
understood the instructions correctly. All founmiag trials showed rows with a length ratio
of 1:2, two “equal number” trials (6 tokens in eaokv), and two “unequal number” trials (6
vs. 7 tokens), with counterbalanced location ofltimgest row. Each trial started with the
presentation of a centered fixation cross for atiom of 1500 ms, followed by the
presentation of the two rows of dots for a maxindumation of 1200 ms. This presentation
time was chosen to prevent the use of countinghduhe task. Children were asked the

following: “Do the two rows have the same numbedaofs, or a different number of dots?”



229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

12
MECHANISMS OF NUMERICAL ABSTRACTION

Children were instructed to respond using the KRreys on an AZERTY keyboard. One
green and one red sticker were placed on eacltedi keys, and children were instructed to
press the green key (“K” on the right) when theyuipht the number of dots was the same in
both rows and the red key (“D” on the left) wheeyththought the number of dots in each row
was different. Due to the tendency of some of thklen to spontaneously give their
responses verbally or by pointing at the screemeiperimenters then pressed the
corresponding response key themselves. For the®neaeaction times were not included in
the analyses reported below. When children respbtidd the number of dots in each row
was different, the experimenter followed by askiMyhich row had more?” The child gave a
verbal response, which was coded by the experimbegtpressing the up or down arrow key,
depending on the location of the chosen row orstiheen. The next trial started as soon as a
“same number” response or the location of the todged as containing more dots was
provided. The 40 trials were presented in a difierandom order for each child, and the total

duration of the task was approximately 5 minutes.

3. Results

Effect of the strength of the number/length interference

Three children systematically alternated the ragid left responses throughout the task
without following the instructions. Their data wessmoved from the analyses described
below. One child’s performance fell over the averad.5 standard deviations on both
accuracy levels for numerically equal and differier@ls and was not further analyzed, which
led to a total of 89 children included in the asaly. All the results of the statistical analyses
reported below were similar when adding the daimfthis child. For each child, we

computed the average accuracy score on the 2¢igdst(same number of dots in each row)
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for each length ratio. Children judged the two r@sscontaining a different number of dots
89% of the time across all trials. However, a rép@aneasures ANOVA using length ratio as
a within-subject factor showed a significant effetthe ratio on the children’s performances,
F(3, 264) = 24.36p < .0001 ;= .22, with accuracy scores increasing with thetlematio

(1:2 =4.31%; 2:3 = 4.12%; 6:7 = 12.92%; 9:10 8B2). Post hoc Bonferroni tests
confirmed a significant difference in performan@vieen the 2:3 and 6:7 length rafpo(

.01) and between the 6:7 and 9:10 length rgtio (001) but not between the first two length

ratios o = 1, Figure 2).

0.3

0.25
0.2
0.15
0.1
S
0
1:2 2:3 6:7 9:10

Length ratio

Accuracy on the
numerically equal trials

Figure 2: Performance on the numerically equal trials eftlamerical estimation task, for
each level of length ratios between the two rowdai$. Error bars represent + one standard
error of the mean.

It is worth noting that 86 of the 89 children whamged two numerically equal rows as
different subsequently stated that there were rdotg in the longer row (significant Binomial
tests,p <.012), confirming the use of a misleading “ldngfjuals number” rather than a
“density equals number” strategy. We computedetarh participant, the slope of the linear
regression of the accuracy scores against the ¢évehgth ratio. This measure allowed us to
evaluate individual differences in the impact af tength ratio in the numerical same-

different task. We observed a significant correlatbetween this slope and the slope obtained
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from the accuracy scores on the 16 filler trialsnGerically different rows);(87) = -0.86p <
.001, showing that the ratio of length impacteddhi#dren’s performances both on the

numerically equal and different trials, and confimgthe reliability of our measure.

Effect of the spontaneous orientation to numerical and nonnumerical dimensions of
magnitude

Despite the same instructions being repeated thautghe SOMAG task, some children had
a hard time choosing sorting criteria. Of the 8Bdrhn included in the analyses of the
numerical same-different task, 13 children did fiolow the instructions of the SOMAG task
and systematically alternated between the leftregid response keys. These children might
have been confused by the absence of a clearor@dddw and decided to follow a reassuring
strategy. Their data were removed from the follgyamalyses, which were run on a total of
76 children. We verified that the effect of lengdtio on the performance in the same-
different task was still present in this sam#€3( 225) = 23.6p < .001,n; = .22), with

similar increasing accuracy scorés = 4.39%; 2:3 = 3.73%; 6:7 = 13.16%; 9:10 = 2463.
The SOMAG task provided individual scores corresiog to the total number of times each
dimension of magnitude (numerosi8ize Spacing was spontaneously chosen as a sorting
criterion by the child in the three experimentahditions (NumSize, NumSpace, and
SizeSpace). We ran correlational analyses betweeS©®MAG task scores and children’s
average performances in the numerical same-difféasik (see Table 1 for a full description
of the correlations). The average performanceeértéist trials of the numerical same-different
task (i.e., trials in which there was a conflictieeen number and length/field area) was
associated with the score in the NumSpace conditiohe SOMAG task;(74) = .30p <

.01, but not with the NumSize or the SizeSpace itiandp > .49. This correlation remained

significant after controlling for the exact agetloé participants;(74) = .35,p < .01. This
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association showed that children who chose toteertards according to their numerosity
rather than the spacing of the dots in the SOMASR tere also more likely to make correct
numerical judgments regardless of the differendd@énspacing of the dots between the two

rows in the numerical same-different task (Figure 3

0.7
0.6
0.5
0.4
0.3
0.2 .oo . R r . . . . : .
0.1 . S . L R —ee e .
0 e e e e e e . . e e e [P

Accuracy on the
numerically equivalent trials

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

Spontaneous Orientation to Spontaneous Orientation to Spontaneous Orientation to
Number over Spacing Number over Size Size over Spacing

Figure 3: Correlation between the spontaneous orientatdviagnitudes in the three
experimental conditions of the SOMAG task and tedggmance in the numerical estimation
task.

Note that, while there was a significant correlatietween the two SOMAG conditions
involving Size ((74) = .75 < .001) we found no significant relation betwelea two
conditions of the SOMAG involving the Number dimems(r(74) = .03,p = .77, Table 1).
Thus, choosing Number as a sorting criterion oyectg was not systematically related to a
general tendency of orienting towards numericalr oamnumerical dimensions of magnitude.
A multiple regression analysis confirmed that addime NumSize and SizeSpace conditions
to the model did not significantly change the olasdrmrelation between NumSpace and our

same-different taskAR? = .01,F(2, 72) < 1).
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Measures 1 2 3 4

1. Same-Different Task - 0.3 ** 0.06 0.08

2. SOMAG NumSpace - 0.03 0.14
(Number)

3. SOMAG NumSize - - 0.75 ***
(Number)

4. SOMAG SizeSpace (Size)
Table 1: Table of correlations between the performancehertest trials of the santkfferent

task and the different SOMAG conditions. For eatcthe SOMAG conditions, the
correlations were computed based on the dimenstwden parentheses.

314

315
316 4. Discussion

317 By conjointly taking into account the impact of tsteength of the interference between

318 numerical and nonnumerical dimensions of magniamtindividual differences in

319  spontaneous orientation to number, the currentyssbdd new light on the mechanisms

320 underlying the development of children’s abilityabstract number. We showed that both
321 factors significantly contribute to children’s atyilto handle the number/length interference
322 in a Piaget-like same-different numerical task.

323  First, we provided evidence that a systematic mdatn of the length ratio between the two
324 rows of dots in a Piaget-like same/different nucerestimation task affects children’s

325 performance. Specifically, we found that childreatslity to make a “same” judgment on two
326  rows containing an equal number of dots decreasmgtgssively as the difference in the

327 lengths of the two rows increased. Thus, childrg@egormance on this task decreased as the
328 interference between the nonnumerical and numameainitudes increased. This result adds

329 further support to the idea that the performancenled in numerical judgement tasks are
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330 impacted by nonnumerical magnitudes, even in a gdiffexent task thought to tap more

331  directly into magnitude representation (Van Opé&talerguts, 2011).

332 One of the key advantages of the Piaget-like saffexeht numerical estimation task

333 designed in the present study is it allows systemnma&nipulation of the strength of the

334 interference between number and a nonnumericalrdifoe, with a fixed level of numerical
335 difficulty. Indeed, in our test trials (where thveat rows contained the same number of

336 tokens), the evolution of the performance cannab@ained in terms of numerical difficulty
337 and can only be attributed to an influence of thenumerical aspects of the task. We argue
338 that manipulating the length ratio modified theesgith of the interference between length and
339 number, and concurrently the probability to relytbe “length equals number” misleading
340 heuristic. In turn, this manipulation varied thedeof inhibitory control required to block

341 such a misleading strategy in order to perceiventhraerical equivalence in our same-

342  different task. This is in line with previous fimdjs showing that the inhibition of the ‘length
343  equals number’ strategy is needed to overcomersgsi®errors in a Piaget-like number-
344  conservation task (Houdé & Guichart, 2001, Houdd.e2011).

345  Second, we found that children tended to make fenrers in the numerical same-different
346  task when they sorted the cards in the SOMAG tasterfrequently by number than by

347  spacing. This correlation suggests that the preggte rely on the ‘length equals number’
348 misleading strategy in the number conservation imskso dependent on individual

349 differences in children’s spontaneous orientatewatrds relevant or irrelevant dimensions of
350 the stimuli.

351 Note that the children’s performance in our nunargame-different task was not related to
352 their spontaneous orientation towards humber dzera towards size over spacing, as

353 assessed by the SOMAG task. This is consistenttivtmaterial of our same-different task,

354  whereby the size of the dots is maintained as ataahand only dimensions related to
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density and field area vary. Thus, our results sagg specificity of spontaneous orientation
towards magnitudes, with different predictive valoé orientation towards number over size
V. over spacing, depending on the experimentalestr@nd/or possibly age. This hypothesis
is further supported by the lack of correlatiorvizn the NumSize and NumSpace
conditions in the SOMAG task.

This specificity is interesting to put in perspeetivith the results reported in the study of
Viarouge et al. (2018) based on data collectedi®isame group of children. These results
showed that both the NumSize and the NumSpace SObARGItions explained significant
and distinct parts of the variance in the perforogaon Size/Number incongruent trials of a
nonsymbolic numerical comparison task.

The different patterns of correlation with the SO@iAeported in the current study might be
explained by differences between the numerical sdifferent and comparison tasks. As
mentioned above, one important aspect of the custady is that the same-different task
allows separating the Size and Spacing dimensians piearly than in the numerical
comparison tasks, such as the one used by Viaretugle (2018). Indeed, in the latter task,
given that the Spacing dimension is related bofietd area and sparsity (DeWind et al.,
2015), variations in these dimensions could haweiwed, which in turn might explain why
the NumSpace condition was correlated with perfoieeaon Size/number incongruent trials.
Importantly, in the numerically equal trials of aame-different task, both the size and total
surface area of the two rows of dots are maintagsecbnstant, and the impact of different
levels of dots spacing in the context of a fixedneucal difficulty is fully isolated. Another
potential explanation for this different patterncofrelations might have to do with what the
different conditions of the SOMAG are actually eaptg. The correlation between the two
conditions involvingSizesuggests that children’s choices were stronglyéniced by this

dimension. Added to the lack of correlation betwdenNumSpace and the other two
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conditions, this suggests that the NumSpace camdiiight be capturing children’s
spontaneous orientation to Number more specific@lys could then explain why this
condition relates to both tasks involving interfezes with number, regardless of the
competing nonnumerical dimension.

A limitation of our study is the lack of a separateasure of children’s inhibitory control
ability. This would have allowed us to determine taspective contribution of inhibitory
control ability and spontaneous orientation towardsiber over spacing to the performance
observed in our Piaget-like same-different taskthHar studies are needed to better
understand the relation between the ability to @gsamumber in contexts in which irrelevant
non-numerical dimensions interfere with it, thersiameous orientation towards relevant and
irrelevant magnitudes, and the ability to inhibiese irrelevant dimensions.

Finally, our study provides new insights into tlesgible mediating factors of the relation
between early numerical abilities and formal matages. In particular, these findings help
specify the mechanisms involved in the abstraaiomumber by suggesting to take into
account individual differences in spontaneous ¢aieon to numerical and nonnumerical
magnitudes. Indeed, recent studies have questibegoredictive value of numerical
intuitions for math achievement. In particular, oauthors have suggested that inhibitory
control acts as a mediating factor of this relgtwith mixed results. According to this view,
children’s capacity to grasp the invariance of nemkith regard to other dimensions of
magnitude would be crucial for their true underdtag of the concept of number, beyond the
precision of their early numerical representatiditss capacity to abstract number from other
guantities might be particularly important in easthool years, when the covariance of
number with dimensions such as length might betantionally reinforced through
education. For instance, the use of nonsymbolicesgmtations of integers via rows of evenly

spaced images might strengthen the misleading “eumdpuals length” heuristic.
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5. Conclusion

Altogether, these results indicated that the dgareknt of numerical representations in
children relies on a variety of factors contribgtiio children’s ability to abstract number
from other irrelevant, nonnumerical dimensions aigmtude. In particular, we showed that
conserving responses in a Piaget-like numericahasibn task appear progressively
dependent on the saliency of the numerical dimendibis saliency depended both on the
degree of interference with nonnumerical magnitwadeson individual differences in
spontaneous orientation towards these dimensions.

Our results also provided additional evidence toghitive development does not rely
exclusively on the acquisition of knowledge of m&sing complexity (Piaget, 1952) but also
on children’s ability to inhibit misleading strateg and previously acquired knowledge
(Bjorklund & Harnishfeger, 1990; Houdé, 2000) amdity that can be expressed more or
less easily by the children depending on the carftex, the level of interference) and their

spontaneous orientation towards different dimerssifrthe context.

In light of current debates regarding the predetralue of numerical intuitions for math
achievement, our study helps specify the factorslired in numerical development and

provides new insights regarding the possible metdjdaictors of this relation.
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