The neural representation of symbolic numbers
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Introduction
Recent fMRI adaptation (fMRIa) studies have provided evidence for hemispheric differences in the cortical representation of symbolic numerical magnitude.
Specifically, ratio-dependent adaptation signal recovery has been found in the left IPS of adults1,2 and children3. Thus indicating a functional specialization of
symbolic number representation in the human brain4.
The reproducibility of adaptation effect across different methodological approaches, laboratories and languages needs, however, still to be demonstrated.
In addition, it is currently not known whether the functional specialization of the left IPS generalizes across different modalities (e.g., spoken number words, Arabicdigits). In two fMRIa adaptation studies we further explored these questions by collecting brain imaging of healthy adults in Austria and in Canada.
Hypotheses:
Consistent with previous data, we expected to find robust ratio-dependent adaptation signal recovery in the IPS independent of the performed methods, laboratories
and languages. We also hypothesized that if the left IPS hosts an amodal representation of symbolic numerical magnitude, a significant overlap in adaptation signal
recovery and a high similarity in voxel-based activation pattern (Representational Similarity5) can be expected.
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23 right—handed, English-speaking adults (15 female, age = 25.1 years, range = 21–37 years).
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FMRIa was used to control for confounding task
and to investigate the automaticity of
semantic processing. Participants performed 4 functional runs with visually presented numerals.
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Whole-brain analysis: puncorrected < 0.005 (pcorrected < 0.05)

Participants brain response was habituated using the Hindu-Arabic numeral ‘6’.
Hindu-Arabic numerals ‘3, 4, 5, 8, 9 and 12’ were randomly interspersed to
measure the ratio-depended signal recovery. Participants pressed a button
whenever a Smurf appeared on the screen.
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Data acquisition:
Whole-body 3T Siemens TimTrio; TR = 2000ms; 3mm iso-voxel
Whole-brain analysis: puncorrected < 0.005 (pcorrected < 0.05)

Analyses & Results:

Study 2:

Numerical Ratio-dependent Signal Recovery
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34 right—handed, German-speaking adults (19 female, age = 22.8 years, range = 18–29 years).
Experimental Procedure:
A similar fMRIa protocol was used as in Study 1. Participants performed 2 functional runs with
visually and aurally presented numbers.
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Participants brain response was habituated with the numeral ‘6’ or the number word
‘sechs’ (Eng. six). Hindu-Arabic numerals ‘3, 4, 5, 8, 9 and 12’ were used in the visual; number
words ‘drei, vier, fünf, acht, neun and zwölf’ (Eng. three, four, five, eight, nine twelve) were used
in the auditory condition to measure ratio-dependent signal recovery. Participants pressed a
button when they saw a numeral printed in red or heard a
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switch in voices (e.g., male to female).
Whole-body 3T Siemens TimTrio; TR = 2000ms; 3mm iso-voxlel
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Discussion
Both fMRIa experiments demonstrated significant adaptation signal-recovery effects in regions of the parietal cortex. The ratio-dependent signal-recovery suggests
that numerical ratio is a significant and robust predictor of brain activity in the absence of overt task demands.
The successful replication of this effect further demonstrates that adaptation can be obtained with different analyses, across multiple laboratories and with
participants who speak different languages. This speaks for the generalizability of the data.
Results of the 2nd study converge with previous studies to suggest a hemispheric lateralization2,3,4—the left IPS appears to be particularly important for symbolic
number representations (numerals and spoken number words ). The present study is the first to demonstrate that the brain activity of the left IPS is automatically
modulated when number words are aurally presented.
While these results are indicative of an amodal representation of symbolic numerical quantities, results of the performed RSA indicated significant differences in the
voxel-wise activation pattern between modalities (i.e., modality dependent representation within the left IPS).
This suggests that although the left IPS might be commonly engaged across number formats, the underlying representational pattern may be still format specific.
These data highlight the necessity to investigate brain activation data at multiple representational levels in order to make conclusion about the nature of number
representations.
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