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Abstract In this study adults performed numerical and

physical size judgments on a symbolic (Arabic numerals)

and non-symbolic (groups of dots) size congruity task. The

outcomes would reveal whether a size congruity effect

(SCE) can be obtained irrespective of notation. Subse-

quently, 5-year-old children performed a physical size

judgment on both tasks. The outcomes will give a better

insight in the ability of 5-year-olds to automatically process

symbolic and non-symbolic numerosities. Adult perfor-

mance on the symbolic and non-symbolic size congruity

tasks revealed a SCE for numerical and physical size

judgments, indicating that the non-symbolic size congruity

task is a valid indicator for automatic processing of non-

symbolic numerosities. Physical size judgments on both

tasks by children revealed a SCE only for non-symbolic

notation, indicating that the lack of a symbolic SCE is not

related to the mathematical or cognitive abilities required

for the task but instead to an immature association between

the number symbol and its meaning.

Keywords Numerical cognition � Numerical Stroop task �
Children � Automatic

Introduction

In the last decades, evidence has accumulated that numbers

may be presented in the mind as an ‘‘inner number line’’

(e.g., logarithmic curve, Dehaene 2003, or linear curve

with a scalar variability, Gallistel and Gelman 1992; Zorzi

and Butterworth 1999, but see Verguts et al. 2005, for a

different opinion). On this mental number line, small

numbers are represented on the left while large numbers

are represented on the right. The effect supporting this

theory is the Spatial-Numerical Association of Response

Codes (SNARC) effect, which relates to the phenomenon

that people are faster to respond to numerically small

numbers with the left hand and to numerically large

numbers with the right hand (Dehaene et al. 1993; see

Fischer et al. 2004; Gevers, Lammertyn, Notebaert,

Verguts, and Fias 2006, for recent reviews). It has been

suggested that the mapping of Arabic numerals on the

mental number line happens automatically (Dehaene

1992). Strong evidence for the automatic processing of

numbers (e.g., the meaning of the number symbol is

directly accessed although it is not part of a task require-

ment) has been derived from the size congruity task

(Algom et al. 1996; Cohen Kadosh et al. 2007a, b; Henik

and Tzelgov 1982; Kaufmann et al. 2006; Schwarz and

Heinze 1998; Szucs and Soltesz 2007; Szucs et al. 2007;

Tzelgov et al. 1992).

In the size congruity task participants perceive two

stimuli that are varied in their numerical value and physical

size throughout the trials. In the size comparison task,

participants have to decide which number is physically
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larger while ignoring the numerical value. In the numerical

comparison task they have to decide which number is

numerically larger while ignoring the physical size. Due to

the different sizes and numbers used, three conditions can

be distinguished: (1) a congruent condition where the

numerically larger number is also physically larger

(e.g., 1−4), (2) an incongruent condition where the

numerically larger number is physically smaller (e.g., 1−4)

and (3) a neutral condition where, in the size comparison

task, the same numbers are presented in distinct sizes

(e.g., 4−4) or where, in the numerical comparison task,

different numbers are presented in the same size (e.g., 1–4).

Performance on the task is influenced by the ability to

ignore the irrelevant dimension which is reflected in the

reaction times. The reaction times in the congruent con-

dition are shorter (facilitation effect), whereas the reaction

times in the incongruent condition are longer (interference

effect) when compared to the neutral condition. The dif-

ference between the incongruent and congruent condition

is called the size congruity effect (SCE) and reflects the

integration of both dimensions.

At which age can we process numerical magnitude

automatically? Girelli et al. (2000) used the size congruity

task to get more insight into the development of automatic

number processing in children. When children have to

judge physical size, a SCE emerged in third grade children

(mean age 8.3 years). This finding is comparable with the

results of Rubinsten et al. (2002) who found a SCE in first

grade children (mean age 7.32 years). But a recent study of

Zhou et al. (2007) revealed a SCE already in Chinese

kindergartners (mean age 5.8 years) and suggested that this

was related to cross-cultural differences. Importantly, the

children of the youngest age groups in the studies of Ru-

binsten et al. (2002) and Girelli et al. (2000) did not reveal

automatic mapping of numbers, but could still perfectly

decide which number was numerically larger (Girelli et al.

2000; Rubinsten et al. 2002), indicating that these children

did have knowledge of the number symbols. Therefore,

these studies nicely demonstrate the distinction between

intentional processing of numbers and automatic access to

them.

We expect that the inability of 5-year-old children to

process numbers automatically is related to an immature

link between the number symbol and its meaning and not to

the underlying mathematical or cognitive abilities required

for the task. Support for our view comes from studies that

reveal that 5-year-old children already have an under-

standing of the number symbols (Lipton and Spelke 2005)

that is comparable to that of adults (Huntley-Fenner 2001;

Temple and Posner 1998) and they can, as well as infants

can, perform basic mathematical procedures with non-

symbolic stimuli, e.g., arrays of dots (Barth et al. 2003,

2006, 2005; Lipton and Spelke 2005; Brannon 2002;

Brannon et al. 2004; Feigenson 2005; Jordan and Brannon

2006; Mix et al. 2002; Xu and Spelke 2000; Mix et al.

2002, 2005). Note however, that Rousselle et al. (2004)

disentangled the effect of each continuous variable (e.g.,

density, area, contour length) on numerosity judgment

performance in 3-year-old children and revealed that they

performed at chance level in the condition that controlled

for surface area.

In the current study we aimed to gain further insight in

the automatic processing of number symbols in 5-year-old

children. We used children of this age group because they

have understanding of the number symbols (Huntley-

Fenner 2001; Lipton and Spelke 2005; Temple and Posner

1998) but do not have automatic access to those number

symbols yet (Girelli et al. 2000; Rubinsten et al. 2002).

First, we intended to investigate whether a non-symbolic

Stroop task (see Fig. 1) leads to a size congruity effect just

like the symbolic Stroop task. Secondly, we intended to

investigate automatic processing of symbolic and non-

symbolic numerosities in 5-year-old children. To this

extent we looked at the performance of adults when they

have to make a numerical or a physical size judgment on a

symbolic and a non-symbolic size congruity task. Com-

paring the response patterns of the symbolic and non-

symbolic tasks gave us insight in the effect of continuous

variables in the non-symbolic task, which leads to a better

interpretation of the performance of the children on this

task. For the non-symbolic task, groups of dots with a large

numerosity were used to avoid the problem of differences

in individuals subitizing range (the range up to which one

can directly estimate the correct number presented). When

a SCE is obtained in the non-symbolic task, it can be

concluded that the non-symbolic task measures automatic

numerosity processing. Subsequently, we investigated the

performance of the 5-year-old children on both the sym-

bolic and non-symbolic tasks by judging only physical size.

Based on previous reports we do not expect a SCE on the

symbolic task. If a SCE is present on the non-symbolic

task, it can be concluded that children have direct access to

non-symbolic numerosities although it is not part of the

ca b

Fig. 1 Stimuli presented in the non-symbolic task. a Neutral

condition of the physical size comparison task; the number of dots

is the same but the physical size differs. b Congruent condition; more

and physically larger dots have to be compared to less and physically

smaller dots that together have a smaller total surface area (i.e.,

luminance) c Incongruent condition; more but physically smaller dots

have to be compared to less but physically larger dots that together

have a larger total surface area (i.e., luminance)

134 Cogn Process (2009) 10:133–142

123



task requirement. Moreover, the presence of a SCE on the

non-symbolic and the absence of a SCE on the symbolic

task indicate that 5-year-old children have an immature

connection between the number symbol and its meaning

and do not lack the mathematical abilities necessary to

reveal a SCE on the task (i.e., knowledge about physical

and numerical sizes, and the fact that they can be in conflict

or agreement with each other).

Methods

In the adult experiment, the symbolic (Arabic numerals)

and non-symbolic (groups of dots) tasks were performed by

university students that had to make a numerical as well as

a physical size comparison judgment. For the symbolic size

congruity task participants were presented with two Arabic

numerals that differed in their physical size and numerical

value. In the physical size comparison task, subjects had to

judge at which side the physically larger number was

presented. In the numerical comparison task, subjects had

to judge at which side the numerically larger number was

presented. Similarly, in the non-symbolic size congruity

tasks participants were presented arrays of dots and were

instructed to judge which side contained physically larger

dots (physical size comparison task) or which side con-

tained more dots (numerical comparison task).

In the child study, the symbolic and non-symbolic size

congruity tasks were performed by 5-year-old children that

only had to make a physical size judgment to investigate

whether they can process symbolic and/or non-symbolic

quantities automatically.

Participants

For the adults study, 16 students aged between 19 and

23 years (M = 20.7, SD = 1.4; 13 female, 3 male) from

the University of Utrecht participated. All participants were

native Dutch speakers and had normal or corrected-to-

normal vision. The students were paid for their participa-

tion in this experiment.

For the child study, 16 children aged 5 years and

3 months to 5 years and 10 months (M = 5 years and

7 months, 7 female, 9 male) from an elementary school in

Utrecht participated. All participants were native Dutch

speakers and had normal or corrected-to-normal vision. In

order to keep the group as homogenous as possible, we

only included children that had LVS scores (the school

education system scores) of level 1 or 2 out of 5, meaning

that their overall performance was average or well above

average. It was tested in advance whether they had

knowledge of the Arabic numerals 1–9 and their relations.

The children had to judge which number was numerically

larger for all the possible conditions that were used in the

symbolic task. Only children that gave immediate respon-

ses (excluding children counting on the fingers or reciting

the number line) and had 95% or more of the trials correct

were included the in the study. Three children were

excluded because they were unable to do so. The children

afterward received a present for participation.

Stimuli and materials

Symbolic comparison

In each trial, two numbers were displayed simultaneously

at 2.75� at the right and left side from the center of the

screen. The stimuli consisted of Arabic numbers ranging

from 1 to 9, which were presented in pairs with a small

(1–2, 2–3, 3–4, 4–5, 5–6, 6–7, 7–8, 8–9) or large (1–6, 2–7,

3–8, 4–9) numerical distance in two different font sizes:

1.7� (small) and 2.4� (large).

Non-symbolic comparison

In each trial, groups of dots ranging from 11 to 20 were

randomly distributed; this relatively large number of dots

had been used to rule out possible subitizing effects.

Again, two numerical distances were used, a small

numerical distance of four (11–15, 12–16, 13–17, 14–18,

15–19, 16–20) and a large numerical distance of seven

(11–18, 12–19, 13–20) and two dots sizes were used.

Small dots had a diameter of 0.38� and the large dots had

a diameter of 0.53�. To exclude the possibility that the

participant could derive the correct answer on the basis of

visual sensory properties, we controlled for the area sub-

tended by the group of dots presented in one array and the

total surface area of the dots (i.e., luminance of the

stimulus, similar to experiment 1 of the Hurewitz et al.

(2006) study). The area subtended by the stimulus was the

same in each condition (width and height of 3.05�). The

dots were scattered randomly over the whole surface area

and did not overlap. The total surface area of the dots was

calculated by multiplying the surface area of one dot with

the number of dots present in the stimulus. Thus, in the

congruent condition an array of dots with more and

physically larger dots (which together constitute a larger

surface area), has to be compared with an array of dots

with fewer and physically smaller dots (which together

constitute a smaller surface area). In the incongruent

condition an array with more but physically smaller dots

(which together constitute a smaller surface area) is

compared to an array with fewer but physically larger dots

(which together constitute a larger surface area). In the

neutral condition two arrays that contain the same number

of dots are presented of which one array contains physi-

cally larger dots.
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Stimuli were presented on a 17-inch computer screen.

Stimuli were presented using the Presentation software

(Neurobehavioral Systems).

Procedure

Two tasks were constructed in different blocks. In the

symbolic experiment there were two different instruction

conditions (physical size comparison and numerical com-

parison) and three congruency conditions (congruent,

incongruent and neutral). Each congruency condition

consisted of 32 trials (total of 192 trials per task). For the

non-symbolic number comparison task it was not possible

to create a neutral condition while taking into account the

additional visual-sensory properties of the stimulus. When

the number of dots varies while the physical size of the dots

remains the same, it is inevitable that the side with the

numerically more dots is darker and denser. These aspects

of the stimulus serve as a marker for the side that contains

more dots; the stimulus is not neutral. Therefore, the non-

symbolic number comparison task comprised two instruc-

tion conditions (physical size and numerical comparison)

and only two congruency conditions (congruent and

incongruent) while the non-symbolic size comparison task

consisted of two instruction conditions (physical size and

numerical comparison) and three congruency conditions

(congruent, incongruent and neutral). The order of the tasks

was counterbalanced between participants. Participants sat

at a distance of approximately 57 cm and had to respond by

pressing the button at the corresponding side of the target

(the physically or numerically larger number). Half of the

trials were presented with the correct answer on the left

side and half of the trials with the correct answer on the

right side. Before the experimental trials started, partici-

pants received instructions and performed ten practice

trials. Between each task participants could take a break.

Each trial began with a fixation point (500 ms), followed

by the stimulus (until response) and an inter-trial interval

(500 ms).

For the children only, the experimental tasks comprised

ten cartoon pictures that were randomly presented

throughout each experiment to keep them motivated. They

were told that cartoon pictures would appear on the screen,

the better and faster they performed the task.

Analyses

For each participant, median reaction times of the correct

trials were calculated in each condition and used as a

dependent variable in the four-way ANOVA with notation

(symbolic and non-symbolic), order of task (physical size

or numerical comparison first), task (physical or numerical

comparison) and congruity (congruent and incongruent) as

within participant factors. The median instead of the mean

was used to deal with possible outliers. The neutral con-

dition was not included in the overall repeated measures

ANOVA, because this condition was not present in the

non-symbolic numerical comparison task. In the case of

interactions additional analyses were done. In this case, in

order to examine whether the SCE was interference and/or

facilitatory based, we compared the neutral condition to the

congruent and the incongruent condition except for the

non-symbolic numerical comparison task.

As mentioned in the methods section, the children only

performed physical size judgments. Therefore a two-way

ANOVA was conducted with notation (symbolic and non-

symbolic) and congruency (congruent, incongruent and

neutral).

Results of the adult study

The four-way ANOVA revealed significant main effects

for task [F(1, 14) = 160.33, P \ 0.001] and congruency

[F(1, 14) = 124.37, P \ 0.001]. The two-way interaction

between task and congruency [F(1, 14) = 68.60,

P \ 0.001] and task and notation [F(1, 14) = 20.29,

P \ 0.005] and notation and congruency [F(1, 14) = 8.51,

P \ 0.03] were significant. No triple or four-way interac-

tions were significant. To further our understanding

regarding the source of the two-way interactions, we con-

ducted simple effects analyses for numerical and size

comparisons separately under notation (for the interaction

between task and notation), and under congruency (for the

interaction between task and congruency) (Keppel 1991).

Numerical comparison

The simple main effect for notation was significant for

reaction time [F(1, 14) = 4.61, P \ 0.05] but not for error

rate [F \ 1]. This means that adults performed signifi-

cantly slower but equally well in the non-symbolic

(576 ms) compared to the symbolic numerical comparison

task (492 ms). In addition, a simple main effect for con-

gruency was present for both the reaction times [F(1,

14) = 173.07, P \ 0.001] and the error rate [F(1,

14) = 21.544, P \ 0.001] (see Fig. 2). Adults were sig-

nificantly slower and made more errors on the incongruent

(579 ms, 9%) compared to the congruent trials (488 ms,

3%).

In order to examine whether the SCE was interference

and/or a facilitatory based, we analyzed the congruency

effect under symbolic notation for the symbolic numerical

comparison task only because the non-symbolic condition

did not consist of a neutral condition. A significant facili-

tation effect of 47 ms [F(1, 14) = 42.71, P \ 0.001] as
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well as a significant interference effect of 64 ms [F(1,

14) = 80.29, P \ 0.001] was present. In addition, the

participants made only significantly more errors in the

incongruent (4%) [F(1, 14) = 8.66, P \ 0.02] compared to

the neutral condition.

Size comparison

The simple main effect for notation did not reveal a sig-

nificant difference for reaction times [F \ 1] or error rates

[F \ 1] indicating that both size comparison tasks were of

similar difficulty. In addition, the simple main effect for

congruency revealed a significant effect for both reaction

time [F(1, 14) = 23.62, P \ 0.001] and error rate [F(1,

14) = 19.82, P \ 0.001]. The adults responded slower and

made more errors in the incongruent (376 ms, 4%) com-

pared to the congruent condition (341 ms, 1% errors).

The SCE was further analyzed with a one-way ANOVA

in order to examine the facilitation and interference com-

ponents. The results showed that only the main effect for

congruency was significant for reaction time [F(2, 26) =

20.90, P \ 0.001] and error rate [F(2, 26) = 17.34,

P \ 0.001] (see Fig. 2b, d). When both congruency con-

ditions were compared to the neutral condition it appeared

that the facilitation (11 ms) effect [F(1, 14) = 22.87,

P \ 0.001] and the interference (25 ms) effect [F(1, 14) =

16.70, P = 0.001] were significant. In addition, the

participants made significantly fewer errors (1%) in the

congruent [F(1, 14) = 4.78, P \ 0.05] and more errors

(3%) in the incongruent condition [F(1, 14) = 17.57,

P = 0.001] when compared to the neutral condition.

Overall, it can be concluded that the symbolic and non-

symbolic comparison task were of equal difficulty in the

size comparison condition. In addition, the results of the
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Fig. 2 The performance of the

adults on the symbolic and non-

symbolic size congruity tasks.

a Mean reaction time on the

symbolic and non-symbolic

numerical comparison task,

b mean reaction time on the

symbolic and non-symbolic

physical size comparison task,

c error rates on the symbolic and

non-symbolic numerical

comparison task, d error rates

on the symbolic and non-

symbolic physical size

comparison task. The results are

divided by congruency

(congruent, neutral and

incongruent). Note that neutral

is not present in the non-

symbolic number comparison

task because it is not possible to

create a neutral condition while

taking into account the effects

of the visual stimulus properties
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adults of both the numerical and the physical size congruity

tasks revealed a SCE. More importantly, under each task

the SCE pattern was similarly independent of the notation.

Thus the non-symbolic tasks measure automatic quantity

processing in the same manner as their symbolic counter

parts.

Results of the child study

The two-way ANOVA revealed a significant congruency

effect [F(2, 28) = 16.18, P \ 0.001] as well as an inter-

action effect between notation and congruency [F(2,

28) = 19.23, P \ 0.001] (see Fig. 3a). To further our

understanding regarding the source of the two-way inter-

action, we conducted simple effects analyses for symbolic

and non-symbolic notation separately (Keppel 1991).

Symbolic notation

The simple main effect for congruency did not reveal a

significant effect for reaction time [F(2, 28) = 0.018,

P = 0.98] (see Fig. 3a) or error rate [F(2, 28) = 2.68,

P = 0.12] (see Fig. 3b).

Non-symbolic notation

The simple main effect for congruency was significant for

reaction time [F(2, 28) = 26.4, P \ 0.001] (see Fig. 3a)

but not for error rate [F(2, 28) = 2.79, P = 0.12] (see

Fig. 3b). When both congruency conditions were compared

to the neutral condition it appeared that the facilitation

(40 ms) effect [F(1, 14) = 5.27, P \ 0.05] and the inter-

ference (93 ms) effect [F(1, 14) = 31.07, P \ 0.001] were

significant. To exclude the possibility of large inter-indi-

vidual differences, we also looked at the individual

response patterns and found that only one subject did not

reveal an interference effect and three subjects did not

reveal a facilitation effect.

The interference effect compared between adults

and children

In addition, we compared the performance of both children

and adults on the symbolic and non-symbolic size com-

parison task on the basis of the SCE. In order to deal with

the overall slower responses of the children, we standard-

ized the data by subtracting the median reaction times of

the congruent from the incongruent trials (i.e., the SCE),

and divided the difference by the neutral condition for each

participant (Cohen Kadosh et.al 2007a). This standardized

SCE factor was entered into a two-way ANOVA with

notation (symbolic, non-symbolic) and group (adults,

children). The two-way interaction of notation and group

was significant [F(1, 56) = 23.13, P \ 0.001] (see Fig. 4).

Symbolic notation

The simple effects analysis for symbolic notation showed a

larger standardized SCE effect for the adults (10) than the

children (1) [F(1, 56) = 10.57, P = 0.001].

Non-symbolic notation

The simple effects analysis for non-symbolic notation

showed a larger standardized interference effect for the

children (15) than for the adults (5) [F(1, 56) = 12.60,

P \ 0.001].
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Fig. 3 The performance of the

children on the symbolic and

non-symbolic size congruity

tasks. a Mean reaction time on

the symbolic and non-symbolic

numerical comparison task,

b error rates on the symbolic

and non-symbolic numerical

comparison task. The results are

divided by congruency

(congruent, neutral and

incongruent). Note that the scale

is different than the one used for

the adult studies
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In conclusion, the adults revealed a larger SCE than the

children in the symbolic notation task, which is in accor-

dance with the previous finding that no significant SCE was

present for children in this task. In the non-symbolic

notation task a larger SCE was obtained for children than

for adults.

Discussion

Previous studies have revealed that automatic access to

numbers is present in third graders but not in children (at

the beginning) of the first grade. In this study, we intended

to get further insight in the ability of 5-year-old children to

map numbers automatically on the mental number line.

First, we asked adults to perform a symbolic and non-

symbolic size congruity task by making a numerical and

physical size judgment. Second, the children judged

physical size in the symbolic and non-symbolic size con-

gruity tasks. In the adult study, the presence of a SCE for

non-symbolic stimuli in the physical and numerical judg-

ment task would indicate that the non-symbolic task is a

suitable measure to study automatic processing of number

and physical size. The results of the child study would

subsequently give further insight in the development of

symbolic and non-symbolic number processing.

For the adults, a SCE effect was present for both the

symbolic and non-symbolic numerical judgment task. This

finding indicates that the participants were able to decide

which array contained a larger number of dots, even in the

incongruent condition where the visual properties (i.e.,

continuous variables) were misleading. This result also

suggests that the participants had automatic access to

physical size which is consistent with the finding of

Hurewitz et al. (2006). The SCE effect was also present in

the relatively easier physical size judgment tasks. Faster

responses were obtained when numerosity was congruent

with physical size and slower responses were obtained

when numerosity was incongruent with physical size. The

presence of a SCE in the non-symbolic size comparison

task indicates that the participants processed numerosity

automatically even though they were instructed to attend

the more prominent physical size. Thus, number and

physical size interfered with each other in a similar manner

irrespective of the notation they were presented in.

Therefore, the non-symbolic physical size and numerical

judgment tasks are a suitable way to investigate numerosity

processing in children.

For the children, no SCE was present in the symbolic

size congruity task which is in accordance with previous

studies (Berch et al. 1999; Girelli et al. 2000; Rubinsten

et al. 2002). At the age of five, children are familiar with

the number symbols but do not have automatic access to

their meaning. However, in the non-symbolic task the

children revealed a SCE, indicating that the children had

direct access to non-symbolic numerosities although it was

not part of the task requirement. These results also show

that the children had knowledge about both, physical size

and numerical value. Faster responses in the congruent and

slower responses in the incongruent condition, when

compared to the neutral condition, could only arise if the

children have knowledge about the two magnitudes and the

fact that they can be in agreement or in conflict with each

other. Therefore, the absence of a SCE in the symbolic task

appears to be unrelated to a lack of mathematical or cog-

nitive abilities necessary for the task, but instead related to

the relative infamiliarity with the number symbols. In line

with this result, Butterworth et al. (2001) suggested that

repeated exposure to the number symbols will lead to

automatic processing of numbers which in turn is consid-

ered necessary to become skilled in mathematics.

Children also revealed a larger interference effect than

adults on the non-symbolic size comparison task. This

finding is in agreement with the contemporary findings that

children have immature inhibitory mechanisms, meaning

that they are less capable of suppressing the irrelevant

features of the stimulus (in the current case, numerosity)
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(Leon-Carrion et al. 2004; Schroeter et al. 2004). The fact

that children are less capable of suppressing the irrelevant

feature should be taken into account in the paradigms used

in the infants studies. Younger children will be more prone

to attend to the prominent continuous variables instead of

number in comparison to adults and are therefore less

likely to be aware of a possible change in numerosity. The

more prominent the continuous variables are, the less likely

it is that the child is going to perceive a change in num-

erosity especially when they are not instructed to attend to

numerosity changes.

In contrast to Hurewitz et al. (2006), we found a SCE in

the non-symbolic physical size judgment condition for both

adults and children. Hurewitz et al. (2006) explained the

absence of a congruency effect with the relative speed of

processing account (Schwarz and Ischebeck 2003), which

states that area is processed faster and therefore not sus-

ceptible to the influence of the slower numerical processes.

Hurewitz et al. (2006) concluded that the faster processing

of physical size compared to numerosity might be the

origin of the conflicting results in infant studies. But from

the results they presented (cf. Figs. 3, 4) it can be con-

cluded that the participants were faster to judge numerosity

(mean reaction times run from approximately 450–700)

compared to area (mean reaction times run from approxi-

mately 700–800) which contradicts their reasoning. An

alternative explanation for the lack of a SCE effect in the

Hurewitz et al. (2006) study could be related to the fact that

they used numerosities both above and below the subitizing

range (3–9). For the small distance conditions, this results

in number pairs that are difficult to discriminate (e.g., 6–7,

8–9 and 7–8; note this is 30% of the trials). Interestingly,

the large error rate that was present in the small distance,

incongruent condition, of their number judgment task was

30% as well. Therefore, it appears plausible that in their

study the participants were unable to judge numerosity on

specific trials which therefore did not lead to interference

when physical size has to be judged.

The symbolic and non-symbolic Stroop task presented

in this study is also a good paradigm to study the debate

about the mechanisms underlying dyscalculia. Automatic

access to symbolic numbers has been proposed to be

affected in dyscalculics. Dyscalculic participants perform-

ing a physical size comparison of Arabic numbers revealed

no facilitation effects (Rubinsten and Henik 2005). More-

over, this lack of a facilitation effect is also obtained in

normal subjects when the right intraparietal sulcus (IPS),

the area expected to subserve number processing, was

stimulated using transcranial magnetic stimulation (TMS)

(Cohen Kadosh et al. 2007b). Interestingly, when the

relative speed of processing of numbers and physical size

are accounted for in the task, facilitation effects were

obtained (Rousselle and Noel 2007). See for an alternative

explanation Mussolin and Noel (2007). These results

together suggest a prominent role for automatic mapping of

numbers on the mental number line in number processing.

The idea of impaired automatization processes is in line

with Wilson and colleagues who proposed two possible

deficits that could be the cause of dyscalculia: (1) a deficit

in number sense or non-symbolic representation of number

or (2) a disconnection between symbolic and non-symbolic

representations (Rubinsten and Henik 2005; Wilson et al.

2006a, b; Wilson et al. 2006b). Cohen Kadosh and col-

leagues suggested that dyscalculia is not only limited to a

problem in the numerical domain but instead is a deficit in

general magnitude representation, meaning that also non-

numerical processes can be affected (Cohen Kadosh et al.

2007b; Cohen Kadosh and Walsh 2007). In contrast,

problems in a cognitive domain have also been proposed as

the source of dyscalculia (Geary 1993). The two Stroop

tasks presented in this study allow direct comparison

between automatic symbolic and non-symbolic processes

of numbers on one hand, and non-numerical magnitude

processing on the other hand, while excluding the possi-

bility that different outcomes on both tasks are related to

distinct task requirements (e.g., mathematical or cognitive

processes). In this manner, these tasks might become a

valuable tool in dyscalculia research, even before children

acquire a more formal education of numbers.

To conclude, we presented a non-symbolic size con-

gruity task that gave more insight into symbolic and non-

symbolic quantity processing in adults and children.

Already at the age of five, children who perform well on

mathematics automatically process numerosities even while

they are instructed to attend to physical size. Their inability

to process Arabic numerals automatically is unrelated to the

mathematical abilities required for the task but instead

seems to be related to an immature link between the number

symbol and the magnitude it represents.
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