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Abstract
Through selective attention, knowledge of abstract con-
cepts can emphasize informative stimulus features. For
example, the size of garments is critical when choosing
what to purchase, whereas weight may be more important
when deciding how to ship them. In two fMRI studies, we
investigated whether neural representations of stimulus
features vary according to these latent attentional effects.
During scanning, participants categorized stimuli accord-
ing to strategies that were learned through trial and er-
ror. Formal categorization models were fit to the behav-
ioral data from each participant, and provided attentional
weight estimates for each binary stimulus dimension. We
found that when greater attention was devoted to a par-
ticular visual dimension (e.g., color), its value (e.g., red)
was more easily decoded from occipitotemporal cortex;
indicating that conceptual knowledge can modulate rep-
resentations of individual perceptual features. To better
understand this effect, we conducted a multivariate con-
nectivity analysis, which allowed us to identify regions
involved in reading out and/or modulating these visual
feature representations. The results suggest that several
frontoparietal regions integrate or modulate occipitotem-
poral stimulus feature representations.
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Introduction
A classic idea in the categorization literature is that decision
makers learn to distribute attention across stimulus features
in a way that optimizes the discriminability of behaviorally-
relevant information. Previous work has shown that the be-
havioral relevance of perceptual attributes can modulate the
discriminability of their representation in occipitotemporal cor-
tex (Reynolds & Chelazzi, 2004), and that categorization train-
ing can have lasting influences on occipitotemporal represen-
tations: increasing the discriminability of relevant stimulus di-
mensions (Folstein, Palmeri, & Gauthier, 2013). This implies
that occipitotemporal representations might closely reflect the
learned concepts and strategies used by decision-makers dur-
ing visual categorization, and might thus covary with atten-
tional parameters derived from formal categorization theory.

To test this hypothesis, we re-analyzed two previously pub-
lished datasets. In the first (Mack, Preston, & Love, 2013),
participants categorized abstract stimuli that varied according

to four binary perceptual dimensions (shape, size, position
and color), according to the classic 5/4 categorization struc-
ture (Medin & Schaffer, 1978). In the second (Mack, Love,
& Preston, 2016), participants categorized pictures of insects
that varied according to three binary perceptual dimensions
(antenna shape, leg thickness, and mandible shape), accord-
ing to the type 1, 2, and 6 categorization structures described
by Shepard, Hovland and Jenkins (1961). An important as-
pect of both experiments was that the category structure de-
fined the relevance of each visual attribute to the categoriza-
tion decision; and the mapping of perceptual attributes to their
role in the category structure was randomized for each partic-
ipant. This allowed us to differentiate effects associated with
perceptual representation from those associated with concep-
tual knowledge. Additionally, in both experiments, participants
learned how to categorize the stimuli through trial and error,
mirroring the way concepts are often learned in the real-world.

Attention in Occipitotemporal Cortex
To investigate whether attention influenced the discriminability
of the stimulus dimensions, we used a cross-validated search-
light analysis to identify regions representing each of the per-
ceptual stimulus dimensions. The resultant occipitemporal
ROI from the 5/4 dataset is illustrated in Figure 1 (bottom
left). We used a similar ROI for the second dataset. In both
datasets, mixed-effects linear regression analyses indicated
that the discriminability of the individual perceptual dimen-
sions positively covaried with attentional parameters derived
from formal categorization theory (Love, Medin, & Gureckis,
2004; Nosofsky, 1986).

Multivariate Pattern Connectivity
As this attentional effect implies that occipitotemporal repre-
sentations interact with higher-order brain regions, we con-
ducted a multivariate connectivity analysis. Using the 5/4
dataset, we projected the occipitotemporal neuroimaging data
into a lower-dimensional subspace spanned by a set of basis
vectors that provided estimates of both the sign (i.e., the ev-
idence towards one particular dimensional attribute over the
other, e.g., red vs. green) and the discriminability of each per-
ceptual dimension (Figure 1). We then used a cross-validated
searchlight analysis to identify regions that might read-out this
occipitotemporal information.

To confirm that our findings reflected the communication
of behaviorally-relevant information, we conducted a permu-



Figure 1: Top Left: Example Stimulus from the 5/4 Experi-
ment. The stimuli varied according to four perceptual dimen-
sions (position, shape, color and size). Bottom Left: The Oc-
cipitotemporal ROI. Right: To characterize OTC representa-
tions of individual stimulus dimensions, we projected the neu-
roimaging data onto a low-dimensional subspace spanned by
four basis vectors. Each vector provided an estimate of the
value (e.g., red vs. green) and the strength of a particular
visual dimension.

tation test, which involved randomly shuffling the values of
each visual dimension, and then projecting the occipitotem-
poral neuroimaging data onto the resulting random subspace.
The results illustrated in Figure 2 reflect a searchlight analysis
in which this procedure was used to obtain a null distribution
for each voxel.

Figure 2: Full-Brain Connectivity Analysis. Yellow: The occip-
itotemporal ROI shown in Figure 1. Blue Colormap: Results
from the permuted searchlight analysis (voxelwise control for
multiple comparisons: p < 0.05).

This analysis indicated that activity in the right frontal eye
fields (FEF), right inferior frontal sulcus (IFS), bilateral intra-
parietal sulcus (IPS), and left pre- and post-central motor
cortices supported the decoding of the occipitotemporal ba-
sis vectors. The FEF, IFS and IPS have been previously
associated with top-down modulation of visual activity. Our
results may thus reflect mutually-informative interactions be-
tween bottom-up and top-down signals. Interestingly, the right
IFS (which is known to play an important role in domain-
general cognitive control), also represented the overall en-
tropy of the category choice, suggesting that it might modu-
late attention to distinct visual attributes through consideration
of abstract decisional uncertainty. The left motor cortex rep-

resented the strength of evidence for specific behavioral re-
sponses (which were made via fingers of the right hand).

Conclusion
A feature common to many categorization models is a selec-
tive attention parameter that governs the influence of particu-
lar visual dimensions on the decision outcome. In the current
work, we found that the discriminability of occipitotemporal
representations covaried with attentional parameters derived
from formal categorization theory. This indicates that occip-
itotemporal representations closely reflect conceptual knowl-
edge. To better understand how visual representations inter-
acted with abstract knowledge, we used a multivariate con-
nectivity analysis, and found that activity in several frontopari-
etal regions was consistent with a role in integrating abstract
meaning from occipitotemporal visual representations, and/or
modulating attention to specific visual dimensions.
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