Attention modulates within-category differentiation of natural auditory
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Abstract

Categorical representations of auditory objects arise
in non-primary auditory cortex. However, it is unclear
whether these regions support subcategorical diff-
erentiation (e.g., instrument types), and whether
attention enhances this differentiation. fMRI data (n =
20) were acquired in two experiments: OA, where
participants listened to sound objects (speech,
instruments, animals); and 30A, where they attended
to designated objects in scenes containing one
object per category. SVM decoders were trained on
OA-data to distinguish subcategory objects (e.g., dog
vs. bird). Decoders were tested: (1) on OA-data to
identify regions with stimulus-dependent within-
category differentiation; (2) on 30A scenes to assess
if attention boosts within-category differentiation
(comparing attended vs. distractor object
differentiation). Stimulus-dependent and attention-
related speaker identity differentiation involved
spectrally non-sensitive STG regions, whereas
animal and instrument differentiation was confined to
spectrally sensitive regions. Results suggest speaker
identity differentiation involves higher-level object
representations, while other naturalistic sounds are
differentiated via lower-level acoustic features.
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Introduction

Representations of natural auditory objects have been
suggested to arise in the anteroventral auditory cortex
(AC; (Boemio et al., 2005; Lewis et al., 2011; Petkov et
al., 2009; Rauschecker & Scott, 2009; Theunissen & Elie,
2014). Most studies on the neural representation of
natural auditory objects focus on differentiating
categorical object representations (e.g., speech sounds
vs. instrument sounds) from representations arising from

sensitivity to low-level acoustic features (e.g., (Leaver &
Rauschecker, 2010; Norman-Haignere et al., 2015;
Wikman et al., 2025). However, object perception also
involves differentiation of different individuals within a
category. Such studies have focused on human voices,
showing that several locations along the superior
temporal gyrus (STG) show voice specificity (see (Belin
et al., 2011). Yet, whether similar differentiation exists for
other object types (e.g., instruments) remains unclear.
Further, whether selective attention can operate on such
object representation has not been previously studied.

We identified AC fields with within-category
differentiation for speech, instruments, and animals using
fMRI data (n = 20) from two experiments. In experiment
OA, participants listened to single auditory objects (6
speakers, animals, and instruments). In experiment 30A,
participants attended to a designated object in scenes
with one object from each category. Using OA-data, we
determined spatial patterns that differentiate specific
identities within categories (e.g., dog vs. other animals).
For 30A-data we determined where the attended identity
could be decoded from the other within-category attended
objects more reliably than distractor identities from other
within-category distractor object identities (Figure 1).
Consequently, we determined AC fields where selective
attention boosts within-category differentiation when
listening to scenes with multiple objects.

Methods

For each category, there were 6 different sound objects
(4-7 s, speech: e.g., male, female; instruments: e.g.,
trumpet, guitar; animals: e.g., dog, bird), and for each
object there were 8 different exemplars (144 stimuli in
total). In 30A, participants were to attend to one of the
three sounds in the sound scene, and the experiment
comprised several trials where each object was either the
attended or a distractor in the scene. Thus, the trials were
similar in their stimulus-level features, and only the focus
of attention varied between trials. There were 4 runs in
both OA and 30A.



Preprocessed (fmriprep) and fsaverage-surface
projected data (Fischl, 2012) were used for pairwise SVM-
decoding (searchlight, 8 mm radius) to test: (1) stimulus-
level effects (Figure 1, top) — i.e., whether and where
neural response patterns can distinguish different
auditory objects in OA; and (2) attention-effects (Figure 1,
middle and bottom) —i.e., whether the attended object can
be decoded from scenes with several objects. For both
analyses, we decoded each possible auditory object pair
within a category (e.g. trumpet vs. 12-string guitar, 15
comparisons per category), and took the mean of the
pairwise decoding. For a description of the pipeline see
Figure 1. All decoding was done within-subjects, and
statistical inference calculated with permutation tests
(cluster threshold: z=3.1, all FWER corrected p<.05).
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different exemplars in each run). In 30A the SVM
was trained using all OA-trials and tested on 30A
trials (all runs), separately for trials where the objects
were attended (30A-att) and trials where they were
distractors (30A-dist). Thereafter the difference of
the as-attended and as-distractor decoding
accuracies were calculated (relevant objects: red
boxes; distractor: blue boxes).

Results

Stimulus-level differences within animal and instrument
categories (Figure 2, middle and bottom, yellowish and
white) were present in primary and belt AC. For animal
sounds, stimulus effects spanned the whole AC, while
attention effects (Figure 2, blueish and white) overlapped
in the posterior AC. For instrument sounds, stimulus-
effects were more localized in superior temporal plane,
and attention modulated responses in anterior parts. In
contrast, for separating different speakers from each

other, only higher-level auditory areas, around area A4
(Glasser et al., 2016), showed significant results. Further,
attention effects were mostly non-overlapping along STG,
though close to fields displaying stimulus-effects.

Discussion

We found both stimulus and attention effects for all three
sound categories within AC. The attention effects were
mostly overlapping with the stimulus effects, showing that
attention may use similar neural resources to differentiate
different objects within a category. Notably, the regions
showing speech-sound effects corresponded to regions
that have previously been observed to process speech
object-level information (Norman-Haignere et al., 2015;
Norman-Haignere & McDermott, 2018). Similar regions
have also been suggested to differentiate human voices
from each other (Bonte et al., 2014). Thus, selective
attention may operate on such voice representations.

In contrast, stimulus-dependent and attention-
related subcategorical differentiation for animal and
instrument objects was observed in parts of AC known to
process acoustic features. The instrument cluster was
centered on fields associated with fine spectral and slow
temporal modulation and the animal cluster on fields
associated with fast temporal and coarse-scale spectral
modulation (Norman-Haignere et al.,, 2015). This
highlights that for these categories low-level acoustic
features, or combinations of features, can be used for
within-category differentiation and selective attention can
boost sensitivity to this variation in multi-object scenes.
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