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Functional asymmetry in the brain’s response to 
left and right auditory space: a DCM study

Martin Dietz1*, Andreas Roepstorff1 & Marta Garrido2

1) Centre for Functionally Integrative Neuroscience, Aarhus University, Denmark
2) Wellcome Trust Centre for Neuroimaging, University College London, United Kingdom

Paradigm
We recorded 64-channel electroencephalography (EEG) from 12 healthy adults (age 
21-35) during an auditory location oddball paradigm. Pure tones of duration 75 ms 
were presented every 500 ms. Frequent tones presented in stereo had 80% prob-
ability of occurrence. Rare tones presented at 20% probability were randomly inter-
leaved among frequent tones.  Interaural time delay (ITD) of 800 μs between left and 
right ear created the perception of an oddball in subjective left (10%) and right audi-
tory space (10%). Spectral, amplitude and duration parameters were kept constant.
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Sensor Statistical Parametric Maps
Group-level SPMs of time-averaged responses to left and right stimuli both show a classical mis-
match negativity (MMN) at 144 ms (left) and at 128 ms (right). Crucially, an asymmetrical dis-
tribution over parietofrontal sensors indicates a spatiotemporal asymmetry at the source level.

Dynamic Causal Modeling
Using DCM for evoked responses (David et al 2006, Kiebel et al 2006) we compared a set 
of plausible hypotheses for the cortical neuronal network that generated observed ERP 
responses to left and right audiospace. These network models were build upon prior con-
nectivity work on MMN generation (Garrido et al 2009). Bayesian Model Comparison and 
Bayesian Model Selection (BMS) of DCMs was performed in terms of the log Group Bayes 
Factor (GBF) using a Variational Bayesian approximation to the model evidence p(y|m) 
known as the negative Free Energy (Friston et al 2006).

Effective connectivity
Random-effects (RFX) t-tests confirmed significant increases in coupling strength between 
cortical regions in the hemisphere contralateral to the perceived side of audiospace.
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SPMresults:./eeg/normal/RFX/rfx_left
Height threshold T = 4.296806  {p<0.001 (unc.)}
Extent threshold k = 1000 voxels
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table shows 3 local maxima more than 8.0mm apart
Height threshold: T = 4.30, p = 0.001 (0.901)
Extent threshold: k = 1000 voxels, p = 0.037 (0.082)
Expected voxels per cluster, <k> = 221.514
Expected number of clusters, <c> = 0.09
FWEp: 9.674, FDRp: Inf, FWEc: 2866, FDRc: 2866

Degrees of freedom = [1.0, 9.0]
FWHM = 46.1 64.8 35.2 mm mm ms; 21.7 24.1 8.8 
Volume: 8387403 = 367164 voxels = 75.8 resels
Voxel size: 2.1 2.7 4.0 mm mm ms; (resel = 46

0.003 0.005 2866 0.001 0.160 0.603   7.68  4.17 0.000  17  1 140
0.550 0.893   5.59  3.58 0.000  23 14 104
0.800 0.893   4.73  3.27 0.001 13 25 108
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SPMresults:./eeg/normal/RFX/rfx_right
Height threshold T = 4.296806  {p<0.001 (unc.)}
Extent threshold k = 500 voxels
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Statistics:  p values adjusted for search volume
set level
p c

cluster level
pFWE corrqFDR corrkE puncorr

peak level
pFWE corrqFDR corrT (Z ) puncorr

mm mm ms

table shows 3 local maxima more than 8.0mm apart
Height threshold: T = 4.30, p = 0.001 (0.902)
Extent threshold: k = 500 voxels, p = 0.125 (0.252)
Expected voxels per cluster, <k> = 221.208
Expected number of clusters, <c> = 0.29
FWEp: 9.681, FDRp: Inf, FWEc: 2317, FDRc: 2317

Degrees of freedom = [1.0, 9.0]
FWHM = 46.4 67.1 33.7 mm mm ms; 21.8 25.0 8.4 
Volume: 8387403 = 367164 voxels = 75.9 resels
Voxel size: 2.1 2.7 4.0 mm mm ms; (resel = 45

0.035 2 0.007 0.028 2317 0.003 0.046 0.200   9.85  4.61 0.000  15  3 128
0.098 0.221   8.50  4.35 0.000 21  3 108

0.101 0.205 903 0.046 0.685 0.836   5.14  3.43 0.000 17  26 392

u(t)

Left audiospace Right audiospace

u(t)

Fixed-effects (FFX) Posterior Model Probability of winning models p(m|y1 ... n) = 100%

Bayesian Model Selection 
log Bayes Factor = 127

Bayesian Model Selection 
log Bayes Factor = 623

Conclusion
We hypothesised an asymmetry in the neuronal network generating responses to left and 
right auditory space. Both sensor SPMs and Bayesian Model Comparison of DCMs show 
strong evidence of such an asymmetry in the brain corresponding to the ‘Neglect Model‘.
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Above: Group effect size at 144 ms (left audiospace) and 128 ms (right audiospace)
Below: t-maps, p<0.05 FWE corrected (thresholded p<0.001 uncor. for visualization)
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Hypothesis
Neuroimaging  studies (Krumbholz 2004, Kaiser et al 2000) have shown that perception of 
auditory space is processed asymmetrically beyond A1 with a right-hemisphere dominance 
for both contralateral and ipsilateral auditory hemifield that parallels the asymmetry in visuo-
spatial attention (Corbetta & Shulman 2002). This functional asymmetry is known as the 
‘Neglect Model’  as opposed to the ‘Contralateral Bias Model‘ (Mesulam 1999, Teshiba 2012).
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provide unique information regarding whether intrinsic activity
in one hemisphere more strongly synchronizes activity in the
other hemisphere independent of task-related demands.

The current study utilized functional magnetic resonance
imaging (fMRI) to examine whether activation within primary
(parcellated from high resolution T1 images) and secondary AC
was more consistent with the contralateral or neglect model
during 2 separate attentional states (Mayer et al. 2007).
Specifically, short cue--target intervals were chosen to evoke
more rapid/adaptive attentional deployment (Dosenbach et al.
2007) within the AC, a state that is less likely to be influenced by
higher order cortical networks. In addition, longer cue--target
intervals result in IOR, representing a more controlled attentional
state that is more likely regulated by higher order cortical sites.
Separate analyses were also conducted to investigate effects of
stimulus laterality (hemifield of presentation) versus hemispheric
asymmetries (voxelwise comparisons) on evoked and intrinsic
neural activity.

Experimental Procedures

Participants

Thirty-two right-handed adult volunteers (18 females, 26.5 ±
5.7 years old; 13.6 ± 2.5 years of education; mean Edinburgh

Handedness Inventory = 95.4 ± 7.8, [Oldfield 1971]) participated
in the current experiment. Subjects with a previous history of
neurological disease, psychiatric disturbance, substance abuse,
prescribed psychoactive medications, attention deficit hyperac-
tivity disorder, or learning disorder were excluded from the
study. All subjects had normal hearing according to self-report.
One female subject was excluded from further analysis due to
anomalies in data acquisition and another was excluded as an
outlier based on excessive motion (greater than 3 standard
deviations [SDs]). One other female and 2 male subjects were
identified as poor performers on the auditory orienting task (less
than 70% accuracy rate) and were also excluded from further
analysis. This left a total of 27 subjects to be included in the final
analyses for the current study. Written informed consent was
obtained from all subjects according to institutional guidelines at
the University of New Mexico.

Tasks

All participants completed an exogenous auditory orienting
task and a resting-state scan while undergoing fMRI on a 3.0-T
Siemens Trio scanner. During bottom-up or exogenous
auditory orienting, cues predict target location at chance
levels (50%), evoking automatic shifts of attention that are
characterized by a biphasic response time (RT) pattern (Posner
and Cohen 1984). At shorter SOA, RT is faster for validly
compared with invalidly cued trials (i.e., facilitation), while at
longer SOA, RT is faster for invalidly cued trials (i.e., IOR).

Participants rested supine in the scanner with their head
secured by a forehead strap, with additional foam padding to
limit head motion within the head coil. Presentation software
(Neurobehavioral Systems) was used for stimulus presentation,
synchronization of stimulus events with the MRI scanner, and
recording of RT. Visual stimuli included a white fixation cross
(visual angle = 1.02�) on a black background that was rear
projected onto an opaque white Plexiglas projection screen
using a Sharp XG-C50X LCD projector. Subjects were instructed
to keep their eyes fixated on the cross throughout the task.

Auditory stimuli were presented via an Avotec Silent Scan
3100 Series system. A 100 ms monaural (right vs. left) tone pip
(2000 Hz) served as a spatial cue that correctly (e.g., both cue
and target occurred in right headphone) predicted the location
of a second 100 ms monaural target tone pip (1000 Hz) on 50%
of the experimental trials (i.e., on valid trials). Valid trials (Fig.
1C) involve the covert shifting of attentional resources
following the cue and the detection of targets following a delay
(both stimuli presented to a single hemifield). On the
remainder of the trials (i.e., invalid trials), the cue incorrectly
predicted target location. Therefore, whereas the cue and
target occurred in the same hemifield for validly cued trials,
both hemifields were stimulated during invalid trials (e.g., cue
occurred in right headphone/hemifield followed by target in
left headphone/hemifield). The laterality for the stimulus
presentation in each trial was operationally defined based on
the location of the target, consistent with conventions
established in previous cueing studies (Mangun et al. 1994;
Corbetta et al. 2000; Shulman et al. 2010). In addition to
attentional shifting and target detection, invalid trials (Fig. 1C)
also involve the reorienting of attentional resources following
the appearance of a target in the uncued hemifield.

Participants were informed that the cues did not contain any
useful information about the location of the target prior to the

Figure 1. This figure presents predictions and cartoon illustrations of the
contralateral (Panel A) and neglect (Panel B) models of response to lateralized
auditory stimuli. In the contralateral model, both left and right hemispheres display
a bias (arrows) toward stimuli in the contralateral hemifield. Bar graphs indicate
hypothesized greater activation (PSC, percent signal change) to contralateral stimuli
(LS, left stimulus; RS, right stimulus) within each AC (L AC, left auditory cortex; R AC,
right auditory cortex). In the neglect model, the L AC shows a bias toward stimuli in
the right hemifield (gray area), while the R AC responds more equally to stimuli in
both hemifields (white area). Panel C presents the trial structure for sample valid (Val-
R) and invalid right (Inv-R) trials. For valid trials, cue (C) and target (T) occur in same
headphone/hemifield; for invalid trials, targets occur in opposite headphones/hemifields.
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Contralateral Bias Model‘ versus  ‘Neglect Model‘


