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Abstract
Past research showing a bias towards the larger non-symbolic number by adults and children in
line bisection tasks (de Hevia & Spelke, 2009) has been challenged by Gebuis and Gevers,
suggesting that area subtended by the stimulus and not number is responsible for the biases. I
review evidence supporting the idea that although sensitivity to number might be relatively
affected by visual cues, number is a major, salient property of our environment. The influence of
non-numerical cues might be seen as the concurrent processing of dimensions that entail
information of magnitude, without implying that number is constructed out of those dimensions.
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In a series of three experiments, Gebuis and Gevers first replicate initial findings made by de
Hevia and Spelke (2009) of a systematic bias towards the larger number in a line bisection
task with non-symbolic numerical flankers (arrays of dots), while in the final experiment
they manipulate the area subtended by the flankers, and report a bias towards the smaller
number (which occupies a larger subtended area). With their work, Gebuis and Gevers open
a discussion on the effect of visual cues on number processing, and on which are the
dimensions of magnitude that are considered relevant when the ‘larger’ of two stimuli is
spontaneously determined.

In previous reports adults showed a bias towards the larger number when bisecting a line
flanked by Arabic digits (de Hevia, Girelli, & Vallar, 2006; Fischer, 2001), while non-
symbolic number was used in de Hevia and Spelke to investigate spatial biases related to
number in children and adults. In this study, a bias towards the larger number was
systematically observed after controlling each of these variables in separate experiments:
total area, total contour length, and gap between the line and the flankers. When identical
black circles enclosed the dots arrays, providing a strong cue for equal subtended areas in
both flankers, bisection was again biased towards the larger number. Moreover, the spatial
biases shown by adult participants were equal irrespective of the notation used (Arabic and
arrays of dots), in line with the view of an abstract numerical representation common to
numbers in any notation or modality (Barth, Kanwisher, & Spelke, 2003; Piazza, Pinel, Le
Bihan, & Dehaene, 2007).
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In their study, Gebuis and Gevers report the same results for Experiments 1 and 2 after
controlling for total area and total contour length, respectively, while in Experiment 3 a bias
towards the smaller number is found. In their three experiments, the bias is found towards
the array of dots that occupies a larger subtended area. When spatial biases related to
number were previously reported with Arabic numbers as flanking stimuli (de Hevia et al.,
2006; Fischer, 2001), the ‘problem’ of controlling for continuous variables that usually co-
vary with number was absent. However, the study by Gebuis and Gevers suggests that when
non-symbolic number is used, participants are not only sensitive to these non-numerical
cues, but can even base their magnitude judgments on them. To better characterize
numerical processing, research is needed on the conditions that favor numerical vs. non-
numerical magnitude information. Eventually, this will provide valuable information on how
one type of magnitude information can enhance processing of number.

The line bisection task can indeed offer a practical tool to evaluate the spontaneous
weighing that is given to information of quantity in a visuo-spatial task: when using
numbers, a bias towards the larger one is expected. But not all types of quantity information
behave equally in this task. For instance, the ‘Baldwin Illusion’ (Baldwin, 1896), a well-
known optical illusion, exemplifies the role played by differences in area (or size). In this
illusion a line flanked by two squares of unequal size is bisected towards the flanker of
smaller size. That is, spatial biases related to physical magnitude and to numerical
magnitude emerge in opposite directions. Moreover, the spatial biases related to both
physical and numerical magnitude emerge with both symbolic as well as non-symbolic
stimuli: when physical size is represented symbolically, by flanking each side of the line
with (equally-sized) images of an elephant and a bird, a bias towards the smaller animal is
found, just as the Baldwin illusion would work (Girelli, Perrone, Pisacane, & Macchi
Cassia, 2009). Thus, with the line bisection task, the mapping of number on space appears to
operate in a different way from the mapping of size on space.

Gebuis and Gevers argue that since non-symbolic stimuli are constructed from different
visual cues, numerosity has to be extracted by combining the different cues present in the
display. However, if non-numerical visual cues contribute to the extraction of numerosity,
why would these cues be more important than numerosity itself? One possibility is that
when most of visual cues present in a numerical display ‘counteract’ the numerical
information, participants might find magnitude information other than number more
informative as a path towards selecting ‘bigger magnitude’. This might be especially true in
a speeded visuo-spatial task where number is irrelevant to the task at hand. This hypothesis
would be in line with the idea that, depending on the context, we can process both number
independently, and in conjunction with all the information of magnitude available from non-
numerical continuous cues. Although we take for granted that number is automatically
processed in a visual array of dots, as shown by different studies (e.g., Cantlon, Brannon,
Carter, & Pelphrey, 2006; Piazza, Izard, Pinel, Le Bihan, & Dehaene, 2004; Piazza, Pinel,
Le Bihan, & Dehaene, 2007), it is still possible that in the line bisection task with non-
symbolic number the numerical information was not extracted, and thus its influence on the
spatial biases was absent.

Furthermore, from what the Baldwin illusion teaches us (i.e., a bias towards the smaller area,
which is opposite to the account of Gebuis and Gevers), area subtended by the flankers
alone might not be the variable guiding behavior in Gebuis and Gevers’ experiments. At
least not the only one. As the authors suggest, one could rely on the most prominent cue in a
display, or on the cue that differs most between two displays. In their experiments, the
flankers’ difference in area subtended is less salient than the difference in number, and even
than the difference in dot size. Assuming that number was extracted efficiently in
Experiment 3, for instance, larger dot size together with larger subtended area (of the 2-dot
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array) might have signaled ‘bigger’ to participants, thus overriding the numerical
information as a confident source for making this judgment. In fact, when encountering
small numbers, as in the case of the 2-dot array, subjects track and encode the features of
those individuals, such as shape and area, in parallel (see, for instance, Hyde & Spelke,
2009). Similarly, in Experiments 1 and 2, number might indeed have had an effect on the
spatial biases. In sum, different sources of magnitude information (e.g., different numbers
together with different dot sizes, overall areas, and subtended areas) might explain the
spatial biases by different accounts.

How is the numerical and non-numerical information of magnitude present in a visual
display processed? On the one hand, as noted by Gebuis and Gevers, in some conditions
numerical judgments are influenced by visual cues (e.g., Sophian & Chu, 2008). On the
other hand, recent evidence suggests that estimated numerosity is an independent primary
visual property, not reducible to others. Burr and Ross (2008) have shown that perceived
numerosity is susceptible to adaptation like other primary visual properties of the scene,
suggesting that the visual system outputs, among other properties, number (for a debate on
whether these effects reflect adaptation to number or to density, see Durgin, 2008). Yet,
empirical evidence has shown that congruency in the available information of magnitude,
numerical and non-numerical, indeed enhances numerical processing. Infants, children, and
adults have been shown to beneficiate from the congruency between different sources of
magnitude (as exemplified, for instance, in the Stroop paradigm with children and adults,
e.g., Girelli, Lucangelli, & Butterworth, 2000; for infants, see Suanda, Tompson, &
Brannon, 2008), suggesting that the presence of redundant information of magnitude adds
up to form a stronger representation.

To support non-verbal numerical representation, we can make use of two distinct cognitive
systems that operate over discrete elements; one for the exact representation of small sets
and another for approximate representations of large number (see Feigenson, Dehaene, &
Spelke, 2004). The two systems relate to non-numerical continuous variables: they are
tracked for small sets (e.g., Feigenson & Carey, 2003) and related to large number through a
mapping process (de Hevia & Spelke, 2010; Lourenco & Longo, 2010). However, the idea
that non-continuous quantitative variables such as area are more primitive dimensions than
number and therefore guide behavior, especially in infants and children, is challenged by
available evidence. Infants, and even rhesus monkeys, prioritize number when they can use
either of two dimensions (like number and area, or number and shape) to effectively perform
the task (Cantlon & Brannon, 2007; Cordes & Brannon, 2009). Importantly, these results are
obtained under conditions of ‘spontaneous’ behavior. Moreover, numerosity might be easier
to process than area. Six-month-old infants detect a numerosity change when previously
habituated to displays where area varies widely (Xu & Spelke, 2000), and they succeed with
an area change when it is represented by a single figure (Brannon, Lutz, & Cordes, 2006).
They fail, however, at detecting a change in area when number varies widely in habituation
(Brannon, Abbott, & Lutz, 2004). This suggests that when number is available in a display it
is spontaneously extracted and can actually interfere with the processing of a seemingly
more basic visual property, such as area.

The fact that visual cues are taken into account during number processing does not entail
that extraction of number relies upon other information of magnitude, nor does it entail that
our ability to process number results from the weighing of those cues. Effects of non-
numerical cues on number processing inform us that numerical magnitude is not an isolated
representation. Instead, number connects to other representations of magnitude. In fact, one
pressing question is whether the neural system that supports approximate numerical
representation is shared with other continuous dimensions of magnitude (see Cantlon, Platt,
& Brannon, 2009). If we assume that number is a basic feature of the environment, and the
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existence of a specialized system tuned to it that is engaged when discrete elements are
encountered, then the effects of (visual) non-numerical cues can be seen as the influence
from other dimensions that also entail information of magnitude. The fact that reliance upon
visual cues decreases with age (Halberda & Feigenson, 2008) might signal that adults are
more efficient than young children in inhibiting other information of magnitude that is
automatically extracted in a numerical display (Soltesz, Szucs, & Szucs, 2010). Finally, the
acuity of the representations of numerical magnitude might not depend on the weighing
process given to the non-numerical cues that co-vary with number, as suggested by Gebuis
and Gevers, but on the practice acquired with symbolic numbers and/or maturational aspects
(see Piazza, in press).
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