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1 Introduction

An ongoing debate in numerical cognition concerns
whether symbolic and nonsymbolic numbers rely on a
shared representational system. The Approximate Num-
ber System (ANS) account suggests a common, ratio-
dependent magnitude system underlying both formats,
giving rise to the well-established distance and size ef-
fects (1). However, accumulating evidence challenges a
purely ANS-based explanation (2). In contrast, the hy-
brid ANS-Discrete Semantic System (DSS) model pro-
poses that nonsymbolic numbers are processed by the
ANS, whereas symbolic numbers rely on a distinct rep-
resentational system, with effects reflecting associative
structure and frequency rather than magnitude (3). Al-
though the competing accounts predict similar behav-
ioral signatures of the size and distance effects, they
differ in their assumptions about whether these effects
arise from overlapping or distinct representations across
symbolic and nonsymbolic numbers. fMRI may there-
fore provide insight relevant to this debate by examining
whether the neural data are more consistent with over-
lapping or notation-specific representations.

The goal of this pilot fMRI study is to investigate
whether the size and distance effects can be distin-
guished at the neural level, specifically whether their
neural signatures differ across notations. As a pilot
study, its primary aim is to inform the design of a larger
future investigation.

2 Methods

Two participants performed a numerical comparison task
involving symbolic (digits 1-9) and nonsymbolic (dot
arrays beyond the subitizing range; 5-45) stimuli. Nu-
merical distance and size were systematically manipu-
lated. Stimuli were presented in an event-related de-
sign, with visual properties controlled to minimize non-
numerical cues. Because distance (and potentially size)
effects are often observable at the individual level, we
adopted a high-repetition within-subject design to maxi-
mize sensitivity to condition-specific neural responses.
This approach increases the number of trials per con-
dition and minimizes variability arising from between-
subject differences. Analyses will be conducted in each
participant’s native anatomical space, avoiding poten-

tial distortions associated with normalization to a com-
mon template. Imaging data were acquired on a 3T
Siemens Magnetom Prisma scanner (SUBIC), including
T1-weighted anatomical and T2*-weighted BOLD EPI
sequences. Data will be analyzed using GLM, comple-
mented by whole-brain and seed-based functional con-
nectivity analyses. Seed-based connectivity analysis will
focus on the number form area (NFA), a region shown to
respond preferentially to symbolic number representa-
tions (Nemmi et al., 2018).

3 Expected Results

In line with the hybrid ANS-DSS model, we expect par-
tially dissociable neural mechanisms, with nonsymbolic
processing engaging a common magnitude-related net-
work and symbolic processing exhibiting distinct activa-
tion and connectivity patterns, including stronger NFA
connectivity.In contrast, the ANS account predicts over-
lapping activation patterns and functional connectivity
across symbolic and nonsymbolic conditions, consistent
with a shared magnitude system; if the present expec-
tations are not supported, such a pattern would instead
support the ANS account.

4 Discussion

This pilot study explores the feasibility of investigating
the neural correlates of the size and distance effects us-
ing fMRI. In the longer term, such work may contribute
to understanding the neural basis of numerical cognition
and its relevance to mathematical learning and dyscal-
culia. Given the exploratory design and small sample
size, any findings should be considered preliminary and
hypothesis-generating.
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