KEY006: Temporal Decoding Of Brain Signals:

A Window Into Conscious And Non-
Conscious Operations

Professor Stanislas Dehaene, Collége de
France, Paris, France

Parsing a cognitive task into a sequence of operations is a central
problem in cognitive neuroscience. A major advance is now possible
thanks to the application of pattern classifiers to time-resolved
recordings of brain activity (electro-encephalography [EEG],
magneto-encephalography [MEG], or intracranial recordings). By
probing when a specific mental content becomes decodable in brain
activity, we can characterize the time course of cognitive codes.
Most importantly, how the trained classifiers generalize across time,
and from one experimental condition to another, sheds light on the
temporal organization of information-processing stages.

| will illustrate these ideas using several MEG+EEG experiments in
which temporal decoding is used to track the fate of conscious and
unconscious stimuli in the brain. With Moti Salti, using masking, we
present a brief pulse of sensory evidence about a bar presented at a
peripheral spatial location. Blindsight is extensive, as subjects behave
way above chance in localizing the unseen target. The representation
of the invisible percept can be tracked through a series of stages,
but the same percept, when visible, leads to an additional series of
activations which involve amplified activity in parietal and prefrontal
cortices. In a second experiment, Lucie Charles and | investigate,
more specifically, how self-monitoring processes of error detection
are modulated by perceptual awareness of a masked target digit.
Although subjects perform above chance in both number comparison
and metacognitive confidence judgments, the error-related
negativity (ERN) is present only on conscious trials, and multivariate
decoding reveals the presence of intention and error codes unique
to conscious trials. On this basis, we propose the existence of two
distinct brain mechanisms for metacognitive judgments: a conscious
all-or-none process of single-trial evaluation, indexed by the ERN,
and a non-conscious statistical assessment of confidence.

KEY007: Schizophrenia As A Cognitive Disorder:

Insights From Cognitive Neuroscience

Emeritus Professor Pat Michie, University of
Newcastle, Australia

Despite diagnostic emphasis on positive and negative symptoms,
cognitive deficits and decline in functioning are core to
schizophrenia. | will focus on an ERP measure of deviance detection
in audition, mismatch negativity (MMN), in combination with other
neuroimaging methodologies, pharmacological studies and animal
models, to demonstrate what insights have been revealed about
schizophrenia. Following our initial reports that MMN amplitude to
simple duration deviants is reduced in schizophrenia, many research
groups subsequently documented that reduced MMN is substantial
in schizophrenia, and arguably one of the most robust neurobiological
findings in the literature. In addition, while data on the relationship
of MMN to cognitive deficits is still scant, there is strong evidence
that MMN is related to general, social and occupational functioning,
a relationship that our research suggests is mediated by grey matter
loss in anterior regions. One reason why MMN has attracted so much
attention is evidence of its dependence on the glutamate NMDAR
system, providing a link to PCP-models of schizophrenia: NMDAR
antagonists such as PCP not only induce psychotic and cognitive
changes in healthy people that parallel schizophrenia symptoms,
they also reduce MMN in humans and animals. Other evidence from
our group (not universally replicated) that reduced MMN precedes
the onset of the illness, is present in those identified as at risk of
developing psychosis and in first degree relatives of patients, indicate
that MMN meets criteria for an endophenotype for schizophrenia
and is therefore a good candidate marker in animal models of the
disorder. Our most recent research utilising two animal models,
maternal immune activation, a risk factor for schizophrenia, and
NMDAR antagonist challenge, demonstrates that MMN is affected in
both models, although not quite in the manner expected. The MMN
story has therefore recently become somewhat more complicated -
but nonetheless informative.
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S13: Segregation And Integration Of Cortical

Laminar Information Streams And Their Role
In Attention

Markus Barth, The University of Queensland, Australia
Saskia Haegens, Columbia University, USA

René Scheeringa, Donders Institute for
Brain, Cognition and Behaviour, Netherlands

Andre M. Bastos, Ernst Striingmann Institute
(ESI) for Neuroscience, Germany

One of the most fascinating anatomical properties of the cortex,
established since the time of Ramon y Cajal, is its laminar structure.
This prominent anatomical feature suggests distinct functional roles
for the different laminae in cognitive processes such as attention. The
precise computational function of these cortical layers, however, is
a largely open question. Recent theories of cortical function, such
as predictive coding, posit that there is a functional segregation of
dynamics and computations which occur in the superficial and deep
cortical layers. These models predict a strong functional segregation
in the connectivity, dynamics, and physiological properties of cells
situated in distinct cortical laminae. In this symposium we will present
the latest developments on laminar resolution fMRI in humans
(Markus Barth) and recent work on animal (Saskia Haegens) and
human physiology (René Scheeringa). This work supports the notion
of functional segregation between superficial and deep layers. These
results constrain and inform computational models of how canonical
microcircuits interact, and the characteristic frequencies which
support neuronal communication (André Bastos). Together, these
studies shed new light on the function of laminar cortical circuits,
and how they may support complex and dynamic cognitive functions.

$13 001: The Possibility To Image Functional Changes In
Cortical Laminae Using fMRI

Recent developments in high field MRI and receiver coil technology
have opened up the possibility of laminar fMRI in humans which holds
great promise to detect activation at the level of functionally relevant
cortical substructures. It could offer greater insight into human brain
function by elucidating both the interaction between brain regions
on the basis of laminar activation patterns associated with input and
output, and in the interactions between laminae in a specific region.
Experimental results and physiological models show that it is possible
to investigate laminar profiles and laminar activation using a very high
isotropic spatial resolution at high field strength.

As the Facility Fellow at the Centre for Advanced Imaging, the
University of Queensland, Associate Professor Markus Barth leads
the 7 Tesla research program. Having obtained his PhD in Technical
Physics from the Technical University of Vienna, and having worked
in the field of MRI at the Medical University of Vienna (Austria) and
the Donders Institute for Brain Cognition and Behaviour (Radboud
University, Nijmegen, The Netherlands) for the last 15 years, A/Prof.
Barth has become an expert in advanced MR imaging methods.
His main contributions have been made in the field of (cognitive)
neuroscience and functional MRI, as well as clinical applications
at high and ultra high field. Recent groundbreaking achievements
include the development of accurate detection of layer specific
functional activation in the human brain and ultra-fast MRI.
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$13 002: Structure/Function/Model Analyses Of The
Neocortical Laminar Activity Profile In Awake-Behaving
Primates

We study laminar profiles of physiological activity in the neocortex
of awake primates using linear array multielectrodes that sample
the cortical laminar expanse at 100-200 micron spatial intervals. This
method allows simultaneous recordings of field potentials (FPs) along
with concomitant neuronal spiking activity across cortical layers. FPs
arise from the first-order synaptic response, transmembrane current
flow, which occurs whether or not there is sufficient spatiotemporal
summationto cause neuronstofire. Indexing this subthreshold activity
is essential to the understanding of ensemble excitability fluctuations
and related cortical oscillatory dynamics. To precisely localize and
currents related to the excitatory and inhibitory processes generating
FPs, one-dimensional current source density (CSD) analysis is applied
to the FP profile. Assisted by modeling/computational analyses, and
anatomical reconstruction of input/output circuitry, this delineates
the timing and laminar sequence of feedforward (bottom-up)
and feedback (top-down) influences that impinge on the ongoing
dynamic activity of local neuronal ensembles. Positioning multiple
multielectrodes in interconnected structures allows examination
of laminar patterns of interactions; this capacity is augmented by
selective microstimulation. Microcannulae incorporated into the
multielectrodes allow precise delivery of neurotransmitter agonists/
antagonists and of anatomical tract tracing compounds. This talk will
address: 1) the neural generators of key EEG components particularly
alpha, delta and gamma, 2) the demonstrable physiological correlates
of activating anatomical feedforward and feedback pathways, and
3) the underappreciated impact of non-specific, so-called matrix
thalamic inputs on neuronal synchrony and on processing of driving
inputs from the periphery.

Saskia Haegens did her PhD research in Ole Jensen’s lab at the
Donders Institute in Nijmegen, where she studied the functional role
of oscillations in the somatosensory system, using both MEG and
intracranial methods. Part of this research was done in collaboration
with Ranulfo Romo in Mexico City. A main focus of her research is
the role of the alpha rhythm in selective attention. Currently she
works as a postdoctoral researcher with Charles Schroeder at
Columbia University in New York, where she further explores the
neurophysiological mechanisms of attention, now on the level of
cortical layers using laminar recordings.
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S13: Segregation And Integration Of Cortical

Laminar Information Streams And Their Role
In Attention cont’d

$13 003: The Relation Between Oscillatory EEG Activity
And The Laminar Specific BOLD Signal

Recent developments in high-resolution fMRI have made it possible
to measure BOLD signals with laminar resolution in humans. The
relevance of this technique for neuroscience would be enhanced if
the relationship between laminar BOLD signals and electrophysiology
could be elucidated. Laminar electrophysiological recordings in
animals have indicated that in the early visual cortex gamma band
oscillatory activity is predominantly measured in superficial layers,
while alpha and beta band activity show a strong presence in deeper
layers.

In a previous experiment we demonstrated in a visual attention task
that alpha/beta band power decreases and gamma band increases
measured with simultaneously recorded EEG independently
contribute to the BOLD response in early visual cortex. In the work
we present here we show data from a very similar visual attention
experiment in which we simultaneously measure EEG and laminar
specific BOLD signals. We investigate whether power changes in the
different EEG frequency bands show different correlation profiles
over the cortical layers with the BOLD signal. In line with laminar
electrophysiological recordings in animals, the results suggest the
gamma band oscillations tend to show the most consistent relation
with superficial layers, while for the alpha band a preference for
specified layers is less apparent. With this experiment we take
a first step towards establishing a neurophysiological basis for
the application of laminar fMRI in human cognitive and systems
neuroscience.

René Scheeringa obtained his masters’ degree in experimental
psychology at the University of Groningen in 2004. He obtained
his PhD in 2011 from the Radboud University Nijmegen where
he worked at the Donders Institute. Here he studied the relation
between oscillatory EEG activity and the human BOLD signal by using
simultaneously recorded EEG & fMRI. He worked as a post-doc at
Neurospin, Gif-sur-Yvette, France to study how alpha-phase affects
the stimulus evoked BOLD response. Currently he is back at the
Donders Institute to study sensory processing using a combination
of techniques, including simultaneously recorded EEG and high-
resolution laminar-resolved fMRI.

S$13 004: Visual Areas Exert Bottom-Up And Top-Down
Influences Through Distinct Frequency Channels

Visual cortical areas are thought to form a hierarchy and to subserve
cognitive functions by interacting in both bottom-up and top-down
directions. However, the neurophysiological mechanisms through
which top-down and bottom-up influences are exerted remain
largely elusive. To address this, we recorded local field potentials
from eight visual areas of two monkeys and quantified inter-areal
directed influences between these areas. Using Granger causality
analysis, we found that bottom-up influences are carried by theta-
band (~4 Hz) and gamma-band (~60-80 Hz) synchronization and top-
down influences by beta-band (~14-18 Hz) synchronization. These
results motivated a dynamic causal model which was equipped with
superficial and deep pyramidal cell populations — the cell populations
giving rise to bottom-up and top-down connections, respectively. The
model enabled us to reconstruct the transfer functions of specific
subpopulations within cortical sources, and correctly discriminated
top-down from bottom-up connections. Furthermore, an examination
of the transfer functions associated with superficial and deep
pyramidal cells confirmed that bottom-up connections employed
gamma frequencies, while top-down connections were mediated by
alpha/beta frequencies. This work demonstrates that in the visual
cortex, functional and anatomical inter-areal asymmetries are highly
correlated — this in turn made it possible to build a visual cortical
hierarchy from the functional asymmetries alone. The possibility to
infer hierarchical relationships through functional data alone may
make it possible to derive a cortical hierarchy in the human brain.
Furthermore, it will enable us to test whether concepts like hierarchy,
counter-streams, and segregation of processing are general motifs
that apply to all cortical systems.

Andre Moraes Bastos recently completed his PhD at the University
of California, Davis. His PhD work took him on a tour of multiple
scientific institutes, leading to a collaboration between himself
and researchers at UC Davis, the Donders Institute for Cognitive
Neuroimaging in Nijmegen, the Netherlands, the Wellcome Trust
Centre for Neuroimaging in London, and the Ernst Striingmann
Institute (ESI) for Neuroscience in Cooperation with Max Planck
Society in Frankfurt, Germany. His primary research interest is to
understand how top-down and bottom-up counter-streams are
signaled and integrated to enable dynamic cognitive behaviors.
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S14: Consciousness, Integrated Information And

The Free Energy Principle

Jakob Hohwy, Monash University, Australia
Guilio Tononi, University of Wisconsin, USA
Anil Seth, University of Sussex, UK
Naotsugu Tsuchiya, Monash University, Australia

One approach to the science of consciousness is to develop a theory
designed to explain core features of conscious experience, and look
for neuroscientific evidence in favour of this theory. One of the most
promising and prominent theories of consciousness in this vein is
integrated information theory. Another approach to the science
of consciousness is to take an overall theory of brain function and
explore its potential to explain core features of conscious experience.
One of the most promising and prominent theories of overall brain
function centers on the Bayesian brain or free energy principle. This
interdisciplinary symposium asks whether these two approaches
can and should be combined. This question is important because a
confirmatory answer would anchor information integration in overall
brain function, and would throw light on the relation between free
energy and the mind. The focus will be on the following questions: (1)
Is it possible to interpret aspects of integrated information in terms
of the free energy principle? (2) Is it possible to interpret aspects of
the free energy principle as explanations of conscious experience?
(3) Is there a meaningful overlap between the answers to questions
(1) and (2)?

$14 001: Can The Free Energy Principle Be Used To
Generate A Theory Of Consciousness

This talk presents the free energy principle (FEP) and develops
aspects of it that can be used to address core aspects of conscious
experience. In particular, the talk focuses on how the inferential
and hierarchical aspects of FEP may pertain to perceptual binding,
how the agency-related notion of active inference central to FEP
can explain unity of consciousness, and how the notion of precision
optimization in FEP can speak to the relation between consciousness
and attention. On this background, | then set out how FEP in various
ways share aspects with the information integration theory but also
how FEP presents a theoretical and explanatory advance over the
integration information theory (lIT) of consciousness.

Jakob Hohwy is associate professor in philosophy at Monash
University. He has set up the Philosophy & Cognition lab in the
philosophy department at Monash and conducts interdisciplinary
research in philosophy, psychology, and neuroscience. He is on a
research fellowship from the Australian Research Council, focusing
on contemporary theories about brain function according to which
the brain fundamentally is a sophisticated hypothesis tester. His book
on the topic, The Predictive Mind, is due out with Oxford University
Press in November 2013.
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$14 002: Integrated Information Theory and the Sources
of Meaning

Integrated information theory (lIT) is an attempt to mathematically
characterize consciousness both in quantity and in quality. IIT starts
from the fundamental phenomenological properties of consciousness
(axioms), and asks which conditions must be satisfied by physical
mechanisms, such as neurons and their connections, to account for
those properties (postulates).

IIT offers a way to analyze systems of mechanisms to determine if
they are properly structured to give rise to consciousness, how
much of it, and of which kind. The fundamental postulates of IIT,
such as integration and differentiation, can provide a parsimonious
explanation for many neuroanatomical, neurophysiological,
and neuropsychological findings. IIT also leads to experimental
predictions, for instance that the loss and recovery of consciousness
should be associated with the breakdown and recovery of information
integration. Furthermore, IIT claims that meaning is synonymous
with consciousness, is always internal, and only relates indirectly to
the external environment. Finally, according to IIT, the relationship of
inner phenomenology to the outside world is not one of processing
the information contained in an input, or of optimally predicting
inputs by explaining away error. Instead, it is one of “matching”
internal with external relations, where external stimuli act as mere
triggers that select particular internal states and the associated
integrated conceptual structures that constitute experience.

Guilio Tononi is a neuroscientist and psychiatrist who holds the David
P. White Chair in Sleep Medicine, as well as a Distinguished Chair
in Consciousness Science, at the University of Wisconsin. Tononi is
a leader in the field of consciousness studies, and has co-authored
a book on the subject with Gerald Edelman. He developed the
Integrated Information Theory (lIT) of consciousness. The theory is
being tested with neuroimaging, TMS, and computer models.

$14 003: Integrated Information And Free Energy — Peas
In A Pod?

This talk will summarize key aspects of the free energy principle
(FEP) and integrated information theory (lIT) relevant to conscious
experience and its neural underpinnings. This will highlight the
common theme of “reduction of uncertainty” as a potentially
unifying process. New experimental results will be outlined
which speak to both approaches and their integration, in which (i)
expectations are manipulated to determine the extent to which
predictions or prediction errors influence in access to consciousness
in psychophysical paradigms and (ii) approximations to integrated
information are applied to data from different conscious states.

The talk will finish with a constructive critique of both the IIT and
the FEP, highlighting shortcomings as well as identifying promising
pathways for their future development in cognitive neuroscience and
consciousness science.
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S14: Consciousness, Integrated Information And

$15: Task Set Representation And Updating: Aging,

The Free Energy Principle cont’d

Anil Seth is Professor of Cognitive and Computational Neuroscience
at the University of Sussex, and Founding Co-Director of the Sackler
Centre for Consciousness Science. Research in his group integrates
consciousness science with computational and cognitive neuroscience,
with a particular emphasis on the role of predictions on perception
and on empirical approaches to measuring integrated information.
He is Editor-in-Chief of Frontiers in Consciousness Research and was
overall conference chair for the 16th Meeting of the Association for
the Scientific Study of Consciousness (Brighton, 2012).

$14 004: Integrated Information And Free Energy —
Obstacles To Their Combination.

| will point out several difficulties in expecting a fruitful marriage of
the two prominent theories. First, while the free energy principle
may be able to explain how brains work, it seems to explain
equally well both conscious and non-conscious processes in the
brain. The integrated information theory, on the other hand, is
directly developed to address this issue. Second, while the amount
of integrated information is, on average, expected to increase as
organisms evolve and adapt to the environment, this tie is rather
loose. In fact, recent computer simulation studies imply that evolution
can result in emergence of organisms whose conscious experience
would be rather limited, if any (like insects on the current earth). The
adaptability to the environment as well as the course of evolution
may be better explained in the free energy principle. At the end of
the talk, | will consider one potential venue for a successful marriage.
The free energy principle may be able to explain why and how the
brain adapts to the environment and may explain the way neurons
are connected in adulthood, separately for each different sensory
system (e.g., vision vs. audition). Then, in the future, integrated
information might possibly be able to explain why different senses
are experienced in their particular ways, based on these differential
connection patterns across different modalities.

Naotsugu Tsuchiya is Associate Professor in the School of
Psychology and Psychiatry, Monash University. His group, housed
at Monash Biomedical Imaging, focuses on questions in the science
of consciousness, specifically concerning the relation between
consciousness and attention, the nature of visual conscious
experience, and applications of integrated information theory. He
discovered the widely studied phenomenon of continuous flash
suppression, and holds an ARC Future Fellowship.

Training And Reward Motivation

Frini Karayanidis, University of Newcastle, Australia

Jutta Kray, Saarland University, Germany
Hannah Schmitt, Saarland University, Germany
Jo Etzel, Washington University, USA

Cognitive decline is generally accepted as a normal part of aging.
Despite extensive research, the underlying mechanisms have yet
to be determined. Yet this is an essential step in designing effective
intervention programs to reduce the incidence or slow the progress
of age-related cognitive decline. This symposium examines key
mechanisms involved in cognitive performance changes in normal
aging. Axel Mecklinger shows that poor recollection is central to age-
related decline in associative memory and presents ERP evidence for
recruitment of compensatory perceptual processes in poor performers.
Shulan Hsieh shows that the age-related decline in interference
control can be mitigated by recruitment of compensatory processes
under high task load. Mick Rugg presents evidence that age-related
decline in episodic memory performance is predicted the efficacy with
which information is initially encoded. Finally, Richard Ridderinkhof
discusses recent research showing that older adults rely more heavily
on S-R habit learning at the expense of flexible, goal-directed action.

$15 001: Progression Of Age-Related Decline In
Task-Switching Performance And White Matter
Microstructural Integrity: A Longitudinal Study

In cross-sectional studies, old adults show both less efficient
performance on task-switching paradigms and reduced
microstructural organisation of white matter pathways, as compared
to younger adults. In the present study, we examine whether the rate
of decline in task-switching performance over a 24-month interval
is associated with rate of reduction in white matter microstructural
organisation. Cognitively intact older adults (53-82 years) completed
a comprehensive neuropsychological assessment, as well as a
cued-trials task-switching paradigm with event-related potentials
recorded to examine both preparatory (cue-target interval 1000ms)
and target-driven control processes. MRI scanning included T1
structural, T2 weighted FLAIR and diffusion-weighted imaging
sequences. Microstructural white matter changes were calculated
using DTl analyses. Testing was repeated at 24-months with identical
parameters. We show changes in both task-switching performance
and measures of whole brain white matter microstructural integrity
as well as grey matter volume over time. Decline in task-switching
performance, especially under conditions that encourage preparation
and have low interference, was associated with greater white matter
microstructure decline. We examine whether the relationship
between performance and white matter microstructural integrity
decline is specific to frontoparietal and fronto-basal ganglia pathways
associated with cognitive control.

Frini Karayanidis is an Associate Professor in Psychology at the
University of Newcastle. She completed her PhD at University of New
South Wales and undertook post-doctoral fellowships at Macquarie
University and University of Montreal. Her research program has
contributed to the establishment of electrophysiological signatures of
proactive and reactive cognitive control processes in the task switching
paradigm. She currently heads the Age-ility project which focuses on
how variability in cognitive control contributes to the development
and maintenance of adaptive behaviours throughout the lifespan.
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$15 002: Is The Transfer Of Task-Switching Training In
Older Adults Dependent On The Type Of Training? The
Impact Of Working Memory And Inhibitions Demands

Recent aging studies on training in cognitive control found that
older adults benefitted more from training in task switching than
younger ones, that is, they showed larger transfer to untrained
but similar switching tasks (Karbach & Kray, 2009). However, in
this study participants practiced task switching (a) with bivalent
stimuli, requiring the inhibition of irrelevant task attributes, and (b)
without task cues, helping them keeping track of the task sequence.
The aim of the present study is to specify the training conditions
under which transfer occurs. To this end we created conditions in
which working-memory and inhibition demands were reduced.
Performance improvements were compared between four training
groups that differed in practicing task switching with univalent or
bivalent stimuli (variation of inhibition control) and with and without
task cues (variation of memory demands) and an active control group
(practicing single tasks) in a pretest-training-posttest design. Results
indicated that all training groups showed improvements in task
switching with increasing practice, independently of age and training
condition. We also found larger improvements in task switching to
a new untrained task in older than in younger adults. Interestingly,
for younger adults improvements were independent of the training
condition, while for older adults improvements were larger for
conditions with bivalent stimuli, requiring inhibition of irrelevant task
attributes in the context of switching. Hence, it seems that memory
and switching demands alone are not critical components for the
occurrence of transfer in the elderly. We will also report findings on
far transfer and maintenance effects.

Jutta Kray is currently a Full Professor for Developmental Psychology
at Saarland University in Saarbriicken. She received her PhD from
Free University Berlin in 1998 and then worked as a Research Scientist
and later as Associate Professor at the Department of Psychology at
Saarland University in Saarbriicken. In 2000 she received the Margret-
and-Paul Baltes Prize for outstanding dissertations in Developmental
Psychology. Her research interests are the Cognitive Development
Across the Lifespan, Behavioral and Neuronal Changes in Cognitive
Control, and Cognitive Interventions.

$15 003: How Effective Are Monetary Incentives For
Context Updating In Younger And Older Adults?

The goals of our studies were to examine age differences in separate
components of context processing by means of an ERP approach
and to investigate whether context processing can be promoted
by motivational cues in younger and older adults. A modified
AX Continuous-Performance-Task was conducted, suitable for
determining neuronal correlates of context processing in Study
1, and including monetary incentive cues in Study 2. In this task,
context updating on context-dependent trials was mandatory to
correctly respond on a subsequent probe, while correct responses
to probes on context-independent trials were independent of the
context. Results of our studies indicated age differences in context
updating at the behavioral level, that is, higher error rates and longer
latencies on context-dependent than -independent trials in older
than in younger adults. At the neuronal level, we found a larger P3b
on context-dependent than —independent trials in younger adults,
whereas older adults continuously updated context information,
reflected in comparable P3b amplitudes on both trial types.

12th International Conference on Cognitive Neuroscience

Age-related differences in P3b amplitude and topography persisted,
even if performance matched younger and older adults were
compared, suggesting differences in context updating to be
fundamental to cognitive aging. We also found age differences in
the incentive manipulation: While younger adults showed faster
responding after motivational cues, older adults showed longer
latencies. Moreover, only younger adults showed a reduced P3b
and a larger Contingent-Negative-Variation (CNV) after loss cues on
context-dependent trials, indicating a compensational adaption of
context processing during task preparation that was not applied by
the elderly.

Hannah Schmitt graduated in Psychology from Saarland University in
2011. After her research stay at the University of Hull, Great Britain
in 2011, she started her PhD within the “International Research
Training Group” at Saarland University. Her research focus is on age-
related differences in electro-physiological correlates of cognitive
control and on motivational and emotional influences on cognitive
control. She is also interested in cultural differences in approach and
avoidance motivation.

$15 004: Reward motivation enhances coding of task-set
information in frontoparietal cortex

A major function assumed to be mediated by the frontoparietal
cognitive control network is the representation of task sets (or goals).
The neural coding of task setinformation hastypically beeninvestigated
by studies employing multi-tasking or task-switching paradigms. Prior
studies have demonstrated that reward motivation may enhance
task-switching performance, but the neural mechanisms of this effect
are still unclear. Here we utilize multivariate pattern analysis (MVPA)
methods in conjunction with fMRI to examine whether reward
motivation modulates how task-sets are coded. Twenty participants
took part in a two-session fMRI cued-task switching experiment, with
the first session performed under baseline (no-reward) conditions,
while in the second high-reward motivation trials (monetary bonuses
for fast/accurate performance) were randomly intermixed with no-
reward trials. Whole-brain searchlight analysis performed on the
first session identified voxel clusters that reliably classified the to-
be-performed task from cue-related activation. A cross-session
validation analysis confirmed a set of regions within prefrontal and
parietal components of the brain cognitive control networks that
showed highly robust classification performance. A comparison of
classifier performance on high-reward vs. no-reward trials revealed
significantly more accurate task classification under high-reward
conditions. Further, the enhanced behavioral performance under
these conditions was found to be statistically mediated by the
improvement in task-classification. Together, the results suggest
that reward motivation might enhance task-switching performance
by enabling more robust encoding and representation of task-set
information within frontoparietal cortex. More broadly, they highlight
the utility of reward motivation manipulations for understanding the
nature of task representation in the human brain.

Jo Etzel completed a PhD in Bioinformatics and Computational Biology
at lowa State University (USA) with Julie Dickerson and Ralph Adolphs,
then a postdoc under Christian Keysers at the Social Brain Lab,
University Medical Center Groningen (The Netherlands). Since 2010
Jo has worked as a Research Analyst in the Psychology Department
at Washington University in St. Louis (USA), primarily with the groups
of Todd Braver, Jeff Zacks, and Deanna Barch. My research interests
are focused on methodology, particularly multivariate analyses of
fMRI data, but also nonparametric statistics and psychophysiological
measures. Jo blogs about fMRI analysis at mvpa.blogspot.com.
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S$16: Brain Processes Associated With Cognitive

Control

Diane M. Beck, University of lllinois at Urbana-Champaign, USA
Paul M. Corballis, University of Auckland, NZ

Gabriele Gratton, University of Illinois at
Urbana-Champaign, USA
Pauline Baniqued, University of lllinois at Urbana-Champaign, USA

This symposium will overview research on brain processes associated
with cognitive control. The four talks will review different paradigms
and methodologies related to cognitive control, and in particular the
interactions between top-down control (supported in part by the
dorsal attention network, DAN, and the cingulo-opercular network,
CON) and the feed-forward analysis of incoming information. Dr.
Diane Beck (University of lllinois) will consider how top-down and
bottom up processes interact in forming our percepts, using fMRI,
optical imaging, EEG, and trans-cranial magnetic stimulation. Dr.
Paul Corballis (University of Auckland) will concentrate on on-line
re-direction of attention studies using ERPs. Drs. Gabriele Gratton
and Monica Fabiani (University of lllinois) will examine preparatory
mechanisms controlling the input of information, making us of
optical imaging and ERPS. Finally, Dr. William Gehring (University of
Michigan) will discuss error processing during development of young
children (relationship to executive function and motivation) and in
pediatric anxiety disorders and autism, using ERPs and genetic data.

$16 001: The Role of Feedback in Visual Processing

We use two masking paradigms that are thought to depend on
feedback: metacontrast masking and object substitution masking
(OSM). Both are examples of masking in which a mask reduces the
visibility of an earlier target. Metacontrast masking occurs even
when the target and mask are the only stimuli present, whereas OSM
requires the presence of multiple potential targets. This difference
suggests that the feedback mechanisms necessary to detect a target
in OSM may overlap with those involved in attentional selection,
whereas metacontrast masking is less dependent on attention. In line
with this idea, we show that priming for a masked stimulus, which is
thought to depend on attention, is obtained only during metacontrast
masking and not during OSM or during metacontrast with multiple
potential targets. These data support the idea that OSM interferes
with attention-related feedback mechanisms, whereas metacontrast
is less dependent on these particular feedback mechanisms.
In a second experiment, we ask whether transcranial magnetic
stimulation (TMS) can interfere with feedback and thus stimulus
visibility. TMS over occipital lobe elicits phosphenes and shows a
similar suppression of visibility as metacontrast masking. TMS over
parietal cortex, however, shows no such reduction in visibility despite
the fact that it produces similar phosphene experiences and has been
shown to evoke activity in ventral visual areas. Together these data
suggest that although parietal feedback and attention may impact
visual awareness, they are not the only factors at play.

Diane Beck is an Associate Professor in the Department of Psychology
and Neuroscience Program, and a full-time faculty member at the
Beckman Institute for Advanced Science and Technology at the
University of lllinois, Urbana-Champaign. Her main area of interest
is visual cognition, attention and perception and she is particularly
interested in the interactions between visual cortex and frontoparietal
mechanisms.

She and her laboratory use a variety of approaches and methods,
including functional magnetic resonance imaging behavioral
methods, eye-movement recordings, optical imaging and transcranial
magnetic stimulation. Dr. Beck received her Ph.D. in Psychology from
the University of California, Berkeley.

$16 002: Lateralisation of the Event-Related Brain
Potential Reveals Neural Correlates of Attention,
Distractor Suppression, and Visual Short-Term Memory

Successful interaction with the visual environment requires the
abilities to select relevant information in a rapid and flexible manner,
to ignore or suppress stimuli that are irrelevant or distracting, and to
retain relevant information over time in order to make appropriate
responses. For the past several years my laboratory and collaborators
have been investigating the mechanisms of visual information
processing using a modified visual-search paradigm called “localised
attentional interference” (LAI). By combining LAl and related
paradigms with event-related brain potentials (ERPs) we have been
able to isolate neural correlates of a variety of attentional processes,
including the spatial biasing of attention, the discrimination of task-
relevant targets, suppression of distractors, and the representation
of visual information in short-term memory. Much of this program
of research has focused on a series of lateralised ERP components
— including the late directing-attention positivity (LDAP), N2pc, Ptc,
contralateral delay activity (CDA) and sustained posterior contralateral
negativity (SPCN) — as correlates of attentional selection, distractor
suppression, and working-memory representation. Here, | will review
the major findings from this research program, with particular focus
on the interactions between top-down and bottom-up mechanisms
in the representation and processing of visual information.

Paul Corballis is a native of Auckland, New Zealand, and attended
the University of Auckland before moving to New York to undertake
doctoral studies at Columbia University. He spent six years at the
Center for Cognitive Neuroscience at Dartmouth College before taking
a faculty position in the School of Psychology at the Georgia Institute
of Technology in Atlanta. After 10 years in Georgia he returned to
Auckland in 2011. He holds the rank of associate professor in the
School of Psychology and is a principal investigator in the Auckland
University Centre for Brain Research.

$16 003: Investigating Brain Networks In Task Preparation

Humans are extremely flexible in interpreting and responding to
external events. This adaptation process can be investigated by using
cues that inform the subject about which component of a complex
upcoming stimulus they have to respond to. Electrophysiological and
neuroimaging data show that this adaptive process involves activities
which develop over time after the presentation of the cue. In my talk
I will present data obtained with event-related brain potentials (ERPs)
and the event-related optical signal (EROS) that provide a spatial-
temporal description of these adaptive processes. The data come
from a series of studies in which stimulus and response dimensions
that have to be attended to are varied. They indicate that a particular
brain network, the dorsal attention all network, DAN, is involved in all
these conditions, starting at a latency of approximately 250-300 ms
with activation in the left MFG, which then spread to regions around
the intraparietal sulcus (IPS) at a latency of 400-500 ms. These same
regions are involved in controlling posterior alpha rhythm, which is
presumable involved in gating visual information input.
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Task-specific areas are also activated at longer latencies. Analyses of
lagged cross-correlation between areas reveal that these activations
are functionally linked. The activation pattern is conserved in older
adults although it is influenced by changes in structural connectivity.
The EROS data provide a strong link between the neuroimaging and
ERP data. The data indicate that DAN plays a central role in controlling
the allocation of attention in a variety of tasks and conditions.

Gabriele Gratton, M.D. (1980, Universita’ di Roma La Sapienza), Ph.D.
(Psychology, 1991, University of Illinois at Urbana-Champaign).
Professor of Psychology, Neuroscience, and Bioengineering,
University of lllinois at Urbana-Champaign). Selected Honors and
Awards: President-Elect (2008-2009); President (2009-2010) and
Past-President (2010-2011) of the Society for Psychophysiological
Research (SPR); Fellow of the Association for Psychological Science
(APS); Foundations of Augmented Cognition Award (DARPA, 2005),
Provost Outstanding Junior Faculty Research Award (University
of Missouri, 2000), Distinguished Scientific Award for Early Career
Contribution to Psychophysiology (SPR, 1997).

$16 004: A Functional and Structural Network View of
Task-Switching Dynamics in Ageing

Control demanding situations such as switching between tasks or
strategies rely on communication among regions of the frontoparietal
network, areas which undergo significant age-related decline. We
integrate data from brain anatomy, event-related potentials (ERPs),
and event-related optical signals (EROS) to better characterize the
preparatory dynamics of attentional control. We analyze interactions
between frontoparietal control regions and task-specific regions
using lagged cross-correlations that not only show synchronous
activity between brain regions, but importantly, how these functional
interactions evolve over time. We find that connectivity between
frontal control and sensorimotor regions is critical to controlling
attention; results show distinct frontal-dependent networks
based on task demands, with activity in frontal cortex predicting
downregulation in task-irrelevant sensorimotor areas, followed
by upregulation in task-relevant regions. New findings in older
adults underscore the synergistic effect of white matter structure
and functional network interactions: the degree to which older
participants overcame the cost of switching and activated task-
relevant processes was predicted by corpus callosum volume, the
main connection between the frontal cortices. Our results suggest
that structural disconnection and thus weaker interactive control
dynamics lead to sub-optimal preparation strategies, but also that
interventions that target the health of frontoparietal regions such as
the corpus callosum may attenuate age-related cognitive decline.

Pauline Baniqued received her M.A. in Psychology (Cognitive
Neuroscience) from the University of Illinois at Urbana-Champaign
in 2012, and her B.A. in Cognitive Science from the University of
Pennsylvania in 2008. She is currently a Ph.D. candidate at the
University of Illlinois at Urbana-Champaign. Her research interests
are in understanding the neurocognitive mechanisms of executive
control, and how these control processes change with age, training
and intervention. She uses converging methods of structural and
functional magnetic resonance imaging (MRI), event-related brain
potentials (ERPs), and optical imaging (EROS) to study the dynamics
of these processes.
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$17: Sensorimotor Foundations Of Understanding

And Interacting With Others

Paola Sessa, University of Padova, Italy

Pascal Molenberghs, The University of Queensland, Australia
Emily Cross, Bangor University, UK

Ross Cunnington, The University of Queensland, Australia

As humans, we have a remarkable ability to make sense of other
people’s behaviour by observing their actions. A rich literature within
cognitive and social neurosciences provides evidence for a so-called
mirror system, comprising brain regions that respond similarly when
performing or observing actions. It has been argued that the mirror
system critically supports our ability to interact with others in a social
world. This symposium presents the state of the art of sensorimotor
foundations of social perception from neuroscientific perspectives,
with a focus on basic mechanisms that link action perception
(Molenberghs), and how social information modulates this link (Cross,
Cunnington & Sessa). Sessa presents EEG work on how empathy
for pain encompasses dissociable sensorimotor/affective and
mentalizing components and on how these empathic components
exhibit both contextual and interindividual variance. Molenberghs
discusses metaanalytical work calling into question the involvement
of a putative mirror system region, BA44, in action execution and
perception tasks. Cross shows how information concerning whether
an observed agent is animate impacts perception and interaction
with that agent, and finally Cunnington explores how an observer’s
race or group membership influences how they perceive another
agent’s pain.

S$17 001: Dissociable routes to empathy for pain and
variance in empathic processes

Empathy is a basilar form of communication between individuals,
acting as a powerful social binding agent. This capacity is deep-
rooted in the human brain allowing an individual to rapidly share
both affective and sensorimotor facets of other people’s internal
states (experience sharing) and to explicitly consider/understand
their states (mentalizing). Although extant evidence strongly suggests
that these empathic components are anatomically dissociable, it
is still unclear whether they are also functionally and temporally
dissociable and selectively sensitive to certain social cues. In a set of
EEG experiments we examined these issues in the context of empathy
for others’ pain. In the first study both sensorimotor and contextual
cues of others’ pain were orthogonally manipulated. Results showed
that experience sharing and mentalizing are two functionally and
temporally dissociable mechanisms. Building on this evidence, in
separate experiments we explored how other’s race and perceived
trustworthiness modulate these empathic components. Results
further supported a functional, neural, and temporal distinction
between two sequential processing stages underlying empathy,
namely, a race-biased stage of experience sharing followed by a
race-unbiased stage of cognitive evaluation of pain (mentalizing); on
the other hand, perceived trustworthiness shaped both empathic
components, such that individuals looking trustworthy induced in the
observers magnified neural empathic responses at both processing
stages.
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S17: Sensorimotor Foundations Of Understanding

And Interacting With Others cont’d

Paola Sessa obtained her PhD in 2005 at the University of Padova
and much of her initial research was on basic attentional and visual
working memory processes. Since 2008, she is a lecturer at the
University of Padova. She co-directs the Electroencephalography
Laboratory and is a member of the Cognitive Neuroscience Center
(CNC) of the same University. Her research mostly focuses on
using EEG/ERP to study how social cues conveyed by human faces,
such as emotional expressions, group membership and perceived
trustworthiness shape both low-level processes (resolution of faces’
representations in visual working memory) and empathy towards
others’ emotional states.

$17 002: Is The Human Mirror System Located Within
Broca’s Area? A Selective Meta-Analysis Of fMRI Studies
Of Action Observation And Execution

Mirror neurons are active when an animal executes an action
or observes a similar action. Mirror neurons were first found in
macaques, in area F5 and later in area PF. It is now widely believed
that mirror neurons also exist within the human homologues of
these areas, namely Broca’s area (Brodmann areas 44 and 45) and
the rostral part of the inferior parietal lobule, respectively. The
suggested occurrence of mirror neurons in Broca’s area is central to
the hypothesis that the mirror system might have played a key role
in the evolution of language in humans. Here | sought to determine,
based on published fMRI studies of the human mirror system,
whether Broca’s area is reliably activated during action observation
and execution. | employed activation likelihood estimation (ALE) on
data from all published fMRI studies that included both an action
observation condition and an action execution condition. Within
frontal cortex, areas showing mirror-like activation were located
within the ventral and dorsal premotor region rather than Broca’s
area. | also found that within parietal cortex, regions showing mirror
activity extended beyond the rostral inferior parietal lobule into the
superior parietal lobule. To the extent that existing fMRI investigations
of action observation and execution reflect activity in mirror neurons,
these findings call into question the notion that Broca’s area is a key
node within the human mirroring network. The findings also have
important implications for the manner in which regions of interest
are chosen in human imaging studies of mirror activity.

Pascal Molenberghs obtained his PhD in 2009 from the University
of Leuven where he investigated attentional processes in healthy
volunteers and stroke patients using fMRI and lesion mapping. After
his PhD he moved to the University of Queensland as a Postdoctoral
researcher, studying the links between action perception and
execution using fMRI and meta-analyses. Since 2011, he is a Research
Fellow in the School of Psychology and his research focus at the
moment is on action perception, spatial neglect and social cognition.
He uses fMRI, activation likelihood estimation (ALE) meta-analyses
and neuropsychological testing in stroke patients to investigate these
topics.

$17 003: The Impact Of Social Information On How We
Perceive And Interact With Other Agents

Humans automatically imitate other people’s actions during social
interactions, building rapport and social closeness in the process.
While the behavioural consequences and neural correlates of
imitation have been studied extensively, little is known about the
neural mechanisms that control imitative tendencies. For example,
the degree to which an agent is perceived as human-like influences
automatic imitation, but it is not known how animacy perception
influences brain circuits that control imitation. In the current fMRI
study, we examined how perception and belief of animacy influence
the control of automatic imitation. Using an imitation-inhibition
paradigm, which involves suppressing the tendency to imitate an
observed action, we manipulated both bottom-up (visual input) and
top-down (belief) cues to animacy. Results show divergent patterns
of behavioural and neural responses. Behavioural analyses show that
automatic imitation is equivalent when one or both cues to animacy
are present, but reduces when both are absent. By contrast, right
temporoparietal junction (rTPJ) showed sensitivity to the presence of
both animacy cues. We demonstrate that rTPJ is biologically tuned to
control imitative tendencies when the observed agent both looks like
and is believed to be human. This suggest that rTPJ may be involved
in a specialised capacity to control automatic imitation of human
agents, rather than a universal process of conflict management,
which would be more consistent with generalist theories of imitative
control. Evidence for specialised neural circuitry that “controls”
imitation offers new insight into developmental disorders that
involve atypical processing of social information, such as autism
spectrum disorders.

Emily Cross is a senior lecturer and co-director of the Social Brain
in Action Laboratory, based jointly in Wales and the Netherlands.
Since completing her PhD in 2008 at Dartmouth College, her primary
research questions address how experience shapes perception and the
neural foundations of action expertise. To investigate these questions,
and she uses neuroimaging, neurostimulation and behavioural
training approaches, often with complex action paradigms involving
dance, gymnastics or contortion. Her work is currently funded by the
Dutch Science Foundation, the Economic and Social Research Council,
the Ministry of Defense, and the European Commission.
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$17 004: Racial Bias In Neural Empathy To Observed Pain

Brain regions representing the first-hand experience of pain also
respond to seeing another person in pain. Previous studies have
shown that race modulates this empathic response in the brain, such
that activation is much greater when we observe pain in people of
our own race than people of a different race. Across several studies,
we have examined whether this racial bias in neural empathy is fixed
or whether it can be changed through experience with other races or
by other learnt group associations. We have used fMRI to examine
neural empathic responses in Chinese students living in Australia and
in Australian Caucasian students when observing painful versus non-
painful touch to either Chinese or Caucasian actors. We have also
used a minimal group paradigm, randomly allocating participants
to one of two mixed-race teams, to examine whether meaningless
group association can influence racial biases in neural empathy to
pain. Overall, we consistently find activation the anterior cingulate
and anterior insula cortex when observing painful versus non-painful
touch that is significantly greater when observing pain in same-
race than other-race actors. Crucially, however, this racial bias in
neural empathy is strongly correlated with the level of daily contact
participants report with the other race, with greater empathic
responses in the anterior cingulate in those participants who report
more daily contact with people of the other race. We therefore
suggest that the racial bias in neural empathy to observed pain of
others is malleable and is reduced by contact with other races.

Ross Cunningtonis a Principal Research Fellow at the Queensland Brain
Institute and Director of the UQ Centre for Perception and Cognitive
Neuroscience, University of Queensland, Brisbane. His research
focuses on understanding the neural processes crucial for planning
and representing actions prior to initiation, and for perceiving and
understanding the actions of others, using brain imaging methods of
fMRI, EEG, and MEG. He has published over 80 journal articles and
regularly presents keynote lectures and public talks on the readiness
for action and free-will, the human mirror system, and empathy.
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$18: Mechanisms Of Cognitive Decline In Normal

Aging

Axel Mecklinger, Saarland University, Germany
Shulan Hsieh, National Cheng Kung University,
Taiwan
Michael D. Rugg, University of Texas at Dallas, USA
K. Richard Ridderinkhof, University of Amsterdam, Netherlands

Cognitive decline is generally accepted as a normal part of aging.
Despite extensive research, the underlying mechanisms have yet
to be determined. Yet this is an essential step in designing effective
intervention programs to reduce the incidence or slow the progress
of age-related cognitive decline. This symposium examines key
mechanisms involved in cognitive performance changes in normal
aging. Axel Mecklinger shows that poor recollection is central to age-
related decline in associative memory and presents ERP evidence
for recruitment of compensatory perceptual processes in poor
performers. Shulan Hsieh shows that the age-related decline in
interference control can be mitigated by recruitment of compensatory
processes under high task load. Michael Rugg presents evidence
that age-related decline in episodic memory performance is largely
a consequence of the efficacy with which information is initially
encoded. Finally, Richard Ridderinkhof discusses recent research
showing that older adults rely more heavily on S-R habit learning at
the expense of flexible, goal-directed action.

$18 001: Differential Effects Of Aging On Recollection And
Familiarity: An ERP Study

It has been argued that poor recollection is a key aspect of the
associative memory deficit in old adults whereas preserved familiarity
can still support memory for individual items. In the present event-
related potential (ERP) study, we explored the effects of aging
on recollection and familiarity in a recognition memory task with
speeded and non-speeded response requirements. We assumed
that a speeded response condition should reduce the availability of
recollection so that memory performance should be less affected by
aging in this condition as compared to the non-speeded condition.
Consistent with this prediction memory performance was better for
young than for older adults in the non-speeded condition whereas
memory in the speeded version was relatively unaffected by aging.
In showing an attenuated ERP correlate of recollection in older
adults in the non-speeded condition and highly similar ERP measures
of familiarity across age groups and response conditions, the ERP
data confirm and extend the behavioral findings. Furthermore
and consistent with the view that older adults rely more on literal
perceptual information when giving recognition judgments there
was a sustained bilateral negativity at posterior recording sites in the
older adults’ ERPs in the speeded response condition. This negativity
was larger for low than high performing participants in line with
the possibility that it reflects processes engaged to compensate for
declined memory performance in old age.
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$18: Mechanisms Of Cognitive Decline In Normal

Aging cont’d

Axel Mecklinger is currently a Full Professor for Neuropsychology at
Saarland University in Saarbriicken and Speaker of the International
Research Training Group “Adaptive minds”. Prior to this he worked
as a Senior Research Scientist at the Max-Planck-Institute for Human
Cognitive and Brain Sciences in Leipzig. In 1999 he received the
Distinguished Scientific Award for Early Career Contributions to
Psychophysiology from the Society for Psychophysiological Research.
His research interests are the Cognitive Neuroscience of Learning,
Memory and Cognitive Control.

$18 002: The Boundary Condition For Compensatory
Responses By The Elderly In A Flanker-Task Paradigm

The goals of this study were to determine whether there is an age-
related flanker effect, whether elderly adults produce compensatory
responses to overcome their deficiencies, and the extent to which
any compensatory responses vary depending on the degree of task
demands. To achieve these goals, we manipulated three different
degrees of task demands in cognitive control in a flanker-task
paradigm. Throughout the three experiments, we observed an
increased flanker effect on behavioral measures exhibited by elderly
adults compared with young adults, but only when task demand was
low. Conversely, when task demand was increased, then there was
no longer an increased flanker effect for elderly adults, but instead
several compensatory responses could be evident on some event-
related potential components. The current results thus suggest
that elderly adults could be as capable as young adults in inhibiting
flanker influence by means of compensatory responses, but when
task demand was high.

Prof. Hsieh is affiliated as a distinguished professor with National
Cheng Kung University in Tainan, Taiwan. Prof. Hsieh has been doing
research to understand the relationship between brain and behavior,
in particular about the brain substrates of the higher cognitive
control functions (e.g., task switching, multi-tasking behavior, error-
monitoring, and inhibition) by means of the electrophysiological
approach. In more recent years, Prof. Hsieh has also devoted
to researching emotion, cognitive aging, and developing some
intervention programs to prevent cognitive aging.

$18 003: The Effects Of Age On Episodic Memory - What
Stays Up And What Goes Down?

As a group, healthy people in their 60s and 70s are outperformed by
people in their 20s on tests that depend on episodic memory. In this
presentation, the results of ERP and fMRI studies, including a study
employing a large sample of people in middle age, will be described.
Together, the studies permit evaluation of the association between
memory performance and neural correlates of episodic encoding,
retrieval, and the monitoring and evaluation of retrieved information.

Variance in memory performance at all ages is independently
predicted by variance in the neural activity associated with each of
these mnemonic operations. Age-related decline in performance is
predicted mainly by differences in the efficacy with which information
is initially encoded into memory.

Dr Rugg is a leading expert in cognitive neuroscience and human. His
current work is aimed at understanding how age-related changes
in the brain’s structure and function affect cognitive abilities, both
in healthy people and those with age-related diseases such as
Alzheimer’s. Dr. Rugg is a fellow of the American Association for
the Advancement of Science and the Association for Psychological
Science. He was awarded the Henri Hecaen Award for contributions
to neuropsychology in 1989 and was elected a Fellow of the Royal
Society of Edinburgh—one of the world’s oldest scientific societies—
in 1996. He is currently editor-in-chief of the international journal
Neuropsychologia. He received his bachelor’s and doctoral degrees
in psychology from the University of Leicester in the United Kingdom
and went on to professorships at the University of St. Andrews in
Scotland and University College London. He joined the University
of California, Irvine in 2003, where he served as the director of the
Center for Neurobiology and Learning and Memory. In 2011, he
joined UT Dallas as the Distinguished Chair in Behavioral and Brain
Sciences and co-director of the Center for Vital Longevity.

$18 004: Effects of Age on the Balance Between Habitual
and Goal-Directed Action

Instrumental learning is supported by dissociable goal-directed and
habitual systems. Although the balance between these systems has
not been investigated in healthy aging, previous research suggests
that aging affects controlled, effortful, conscious processing, while
there is less evidence for impaired skill learning based on stimulus-
response (S-R) mappings. In order to investigate directly the effect of
healthy aging on the dual-system balance, we compared performance
of young and older adults on an instrumental learning task in which
devaluation of action outcomes affects goal-directed but not habitual
action. Older adults display over-reliance on S-R habit learning at the
expense of flexible, goal-directed action. These findings are novel but
consistent with previous research and will be discussed in relation
to changes in frontostriatal circuitry, and in relation to other recent
findings from our lab on aging and association learning.

Richard Ridderinkhof is a Full Professor in Neurocognitive
Development and Aging at this University of Amsterdam. He heads
Amsterdam Center for the study of Adaptive Control in brain and
behavior (Acacia), which focuses on the development of adaptive
control processes. He has published over 150 papers in high impact
peer-reviewed journals, with his 2004 Science publication receiving
over 1300 citations.

12th International Conference on Cognitive Neuroscience

WEDNESDAY




>
<
(a]
(%2)
L
2
(a]
L
=

ABSTRACTS

OP3: guage

Daniela Sammler, Max Planck Institute for Human Cognitive and
Brain Sciences, Germany

Fahimeh Darki, Karolinska Institute, Sweden

Ghislaine Dehaene-Lambertz, INSERM U992, France

Julie Tremblay, Ste-Justine Hospital Research Center, Canada

OP3 001: Ventral and Dorsal Pathways for Prosodic
Intentions

Prosody — on top of its linguistic and emotional roles — serves
an interpersonal function in speech: to convey the speaker’s
communicative intentions. Research on the neural bases of prosodic
intentions requires a fusion of the fields of neurolinguistics and
social neurosciences. The present data outline (i) a right-hemispheric
dual-stream account of prosodic comprehension, in analogy to
prevailing dual-stream models of language comprehension in the
left hemisphere;; and (ii) motor simulation in the dorsal stream
as a conceptual interface between prosodic comprehension
and the decoding of the speaker’s stimulus-linked intentions. In
two separate functional/diffusion magnetic resonance imaging
(MRI) and transcranial magnetic stimulation (TMS) experiments,
participants categorized the prosodic intention (“naming” vs
“asking”;; experimental task) or the word-initial consonant (/bear/
or /pear/;; control task) of single word utterances that varied along
a pitch contour (falling to rising) or phoneme continuum (/b/ to
/p/). The prosody task (vs control) activated (i) right posterior
and anterior superior temporal sulcus (p/aSTS) connected via the
middle longitudinal fasciculus (ventral pathway), and (ii) right pSTS
and laryngeal premotor cortex (PMC) connected via the arcuate
fasciculus (dorsal pathway). (iii) Functional relevance of the dorsal
pathway was demonstrated by reduced performance in the prosody
(but not control) task after TMS-induced inhibition of right PMC.
These data draw a dual-stream picture of prosodic comprehension
built on complementary mechanisms: A ventral WHAT pathway to
map vocal pitch patterns to meaning by evaluating auditory features,
and a dorsal HOW pathway to recognize a speaker’s vocal action by
covertly mapping the perceived pitch contour to laryngeal gestures.
Following motor simulation accounts of social cognition, this latter
mechanism may ground the understanding of the speaker’s (low-
level) intention conveyed by speech prosody.

12th International Conference on Cognitive Neuroscience

OP3 002: DCDC2 Polymorphism Is Associated With
Cortical Thickness In Left Supramarginal And Angular Gyri

Background Three genes, DYX1C1, DCDC2 and KIAA0319 have been
repeatedly associated with dyslexia, neuronal migration and cilia
function. Three polymorphisms within these genes, rs3743204
(DYX1C1), rs793842 (DCDC2) and rs6935076 (KIAA0319) have also
been linked to normal variability of left temporo-parietal white matter
volume connecting the middle temporal cortex to the angular and
supramarginal gyri. Here, we assessed whether these polymorphisms
are also related to the variability of cortical thickness in the parietal
and temporal associated regions during childhood development.
Methods Brain measures and behavioral scores were assessed using
a longitudinal dataset of 76 randomly selected children and young
adults (aged between 6 to 25 years) who were scanned up to 3 times,
each 2 years apart. Cortical regions of interest were defined based
on the fiber tracking of white matter regions previously associated
with the three polymorphisms. Homologous regions in the right
hemisphere were also included. Results Analyses confirmed the
association of all polymorphisms to white matter volume connecting
the inferior parietal and middle temporal lobes. Out of the 3 SNPs,
rs793842 in DCDC2 was also significantly associated with cortical
thickness of the left angular (p = 0.008) and supramarginal gyri (p =
2.68x10-4). The cortex was significantly thicker for T-allele carriers,
who also had lower white matter volume. Rs793842 was the only
polymorphism that showed significant association with reading
comprehension scores (p = 0.014), with lower reading scores
identified amongst T-allele carriers. Conclusion These results show
how normal variability in reading comprehension is related to genes,
white matter volume and cortical thickness in the inferior parietal
lobe. Possibly, the variability of gray and white matter structures
could both be related to the role of DCDC2 in cilia function and
neuronal migration.
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OP3 003: Electrophysiological Evidence Of Statistical
Learning In Preverbal Infants

Statistical learning is a powerful implicit learning mechanism that
infants can use to perform complex computations of co- occurrences
among adjacent or more distant elements. We investigated infants’
ability to extract the underlying structure of a continuous speech
stream using electroencephalography. We also explored the interplay
between experience and maturation, comparing 8-months-old full-
term with preterm infants matched by maturational age or duration
of exposure to speech. First, during a training session, infants were
exposed to a 2 minutes synthesized speech stream comprising nine
AxC words (3 families with 3 words), randomly presented separated
by a subliminal 25ms pause. Then, during the subsequent test
session, infants were presented with either “rule-words”, which did
not appear during training, but followed the AxC training rule, or
“part-words” (xCA), that appeared in the stream, but violated the
rule. Using a frequency tagging approach to analyze the training, we
found a significant phase-locking at the syllables frequency but also
at the word frequencies relative to surrogate data. It suggests that
infants were indeed segmenting the stream in words. Rule learning
was confirmed by the significantly different responses to rule- words
and part-words during the test at 400-700ms and 1200-1600 ms post
word-onset. These results observed in each of the 3 groups suggest
that as soon as 6 months of maturational age and/or 8 months of
exposure to speech, infants can compute long distance dependencies
in speech and generalize them to new tokens.

OP3 004: Functional Near Infrared Spectroscopy (fNIRS)
To Investigate Language Patterns Development Over Ages

Neuroimaging techniques such as fMRI have been the object of many
studies aiming to localise language areas and find a replacement
for the amobarbital procedure. Although good results have been
obtained in adults, fMRI is not always conclusive in children, mainly
because fMRI scanner is a stressful environment for young children
and it is difficult to verify if they perform the task correctly. Functional
near infrared spectroscopy (fNIRS) seems to be a good alternative
to investigate language, especially in paediatric populations. We
recorded fNIRS data during a verbal fluency task performed aloud
by 41 individuals. Participants were divided in 4 groups: 1 — younger
children (3-6 years (n=10)), 2- older children (7-10 years (n=10)),
adolescents (11-16 years (n=12)) and adults (18 years + (n=9)). A
method to detect and correct abrupt variations due to movement
artefact developed by our group has been applied on individual data.
Then, modified Beer Lambert Law was applied to estimate variations
in HbO2 and HbR concentrations. For all groups an increase in HbO2
concentration was seen during the language task in Broca’s area
along with a weaker activation in the homologous area. The effect of
age on hemodynamic response was further assessed using a mixed
design ANOVA with Hemisphere as a within-subject factor and age
groups as the between- subject factor. Results revealed a significant
main effects for factors Group (F(3, 37) = 5.42, p < 0.05) indicating
an increase of amplitude with age and a main effect for hemisphere
(F(1, 37) = 35.63, p < 0.001) indicating a higher HbO2 concentration
in the left hemisphere than in the right hemisphere in all groups.
fNIRS is a good technique to investigate language dominance in
participants from as young as 3 years old. Finally, our results suggest
that our movement artefact rejection and correction tool increases
significantly the NIRS data quality especially in young participants.

OP4: Sensation & Perception

Auréliane Pajani, Laboratory of Cognitive Sciences and
Psycholinguists, France

Simon van Gaal, University of Amsterdam, Netherlands
Thomas Carlson, Macquarie University, Australia

Oliver Baumann, The University of Queensland, Australia

OP4 001: Hallucinated And Correctly Detected Stimuli
Evoke Similar Activity Patterns In Early Visual Cortex

When you are trying to detect a faint stimulus in noisy background,
you can correctly detect it when it is there (‘Hit’) and correctly
report its absence when it is not there (‘Correct Rejection’, CR),
but you can sometimes miss the stimulus when it is there (‘Miss’),
and sometimes report seeing it even though it is not there (‘False
Alarms’, FAs). Previous research has shown that during a challenging
contrast-detection task, Hits and FAs elicited greater activity in
early visual cortex than Misses and CRs (Ress & Heeger, Nature
Neuroscience, 2003). This suggests that the activity in early sensory
cortices correlates more strongly with subjects’ percepts than with
the physically presented stimulus. However, it is unclear whether
this activity is stimulus-specific, or if it reflects a non-specific arousal
response. Here, we investigated the representational content of
neural activity in visual cortex during FAs in a challenging detection
task, using functional magnetic resonance imaging (fMRI). Subjects
had to detect a low- contrast gabor at detection threshold, embedded
in Gaussian white noise. Crucially, the experiment was organised
in blocks: when present, gabors always had the same orientation
within one block (either 45° or 135°), which is the orientation that
we assume subjects see when incorrectly reporting a gabor. Our
results show that FAs are associated with a feature-specific pattern
of activity in early visual cortex similar to that observed during Hits,
which is not observed during CRs. Hallucinated stimuli are hence
represented in early visual cortices through activity patterns that
resemble those evoked by actual stimuli. This supports the view that
false alarms arise at the perceptual level, as a result of erroneous
sensory inference driven by predictions.

OP4 002: Qualitatively Different Neural Mechanisms For
Conscious And Subliminal Multiple Word Integration

Although great progress has been made in characterizing the flow
of information triggered by a single unconscious visual stimulus,
whether and how multiple sources of unconscious information can
be integrated is strongly debated. Influential models suggest that
consciousness is required for multiple-step rule-based algorithms,
for example in doing mental arithmetic or performing grammatical
language operations. Here we tested this hypothesis and explored
whether language circuits can process simple grammatical
constructions unconsciously, and integrate the meaning of several
unseen words. Using behavioral priming and electroencephalography
(EEG), we studied a specific rule-based linguistic operation
traditionally thought to require conscious cognitive control: the
negation of valence.
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ABSTRACTS

Two subliminal/visible words were successively (Exp. 1) or
simultaneously presented (Exp. 2), a modifier (“not“/“very”) and
an adjective (e.g., “good“/“bad”), followed by a visible target noun
(e.g., “peace”/“murder”) that required a response. The combination
of these three words could either be contextually consistent (e.g.,
“very bad - murder”) or inconsistent (e.g., “not bad - murder”).
EEG recordings revealed that grammatical negations could unfold
partly unconsciously, as reflected in similar occipito-parietal N400
effects for conscious and unconscious three-word sequences
forming inconsistent combinations. However, only conscious word
sequences elicited P600 effects, later in time. Overall, these results
suggest that multiple unconscious words can be rapidly integrated
and that an unconscious negation can automatically “flip the sign”
of an unconscious adjective. However, they also highlight that
consciousness modulates the grammatical integration of multiple
words. We speculate that the time-consuming re-analysis of the
preceding word sequence, which relies on active working memory
mechanisms and is reflected in the P600, might require conscious
awareness.

OP4 003: The Emerging Perceptual Representation Of
Faces Decoded From Human Neuromagnetic Recordings

As highly social creatures, face perception is essential to daily human
life. From the moment we turn our gaze to an individual, our brain
begins to form a perceptual representation of the individual’s face
to promote recognition and ultimately guide our social interactions.
In the present study we used a generative model of face perception,
human behaviour, and a magnetoencephalography (MEG) decoding
approach to study when and how the brain constructs a perceptual
representation of a face. We first generated 18 individual face
exemplars using a generative model of face perception that encodes
faces using a range of metric features, e.g. eye width. In a behavioural
experiment, we then measured the human capacity to discriminate
faces for all possible pairwise comparisons between face exemplars.
The behavioural data was then used to estimate a perceptual
geometry of the face stimuli, which is described quantitatively
in a dissimilarity matrix (DSM). Next, in a MEG experiment, we
used a sliding window decoding approach to measure the neural
discriminability between the face stimuli as a function of time (100Hz
temporal resolution). The decoding analysis produced a set of time
varying DSMs, which describe the brain’s emerging representational
geometry of the stimuli. To determine when the brain forms a
perceptual representation of a face, we compared the perceptual
geometry (from behaviour) to the time varying representational
geometry of the stimuli in the brain.
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Our analysis found a significant correspondence between perception
and the brain’s representation 80ms after stimulus onset that
peaked at 100ms. Our results show that the brain rapidly constructs
a perceptual representation of a face;; and the extremely short
latency further suggests this representation is constructed using feed
forward mechanisms. This early (fast) representation might underlie
our capacity to rapidly recognize individuals and their emotional
state, and to guide social interactions.

OP4 004: Effects Of Attention And Perceptual Uncertainty
On Cerebellar Activity During Visual Motion Perception

Recent research suggests that the cerebellum plays an important role
in the processing of visual motion, but the nature of its contribution
is unknown. Some studies point to a role in discriminating motion
signals under conditions of high perceptual uncertainty. Others
suggest that it might facilitate motion perception by aiding attentive
tracking of visual objects. We aimed to determine the degree to
which cerebellar activity during visual motion perception can be
explained by a role in aiding attentive tracking of visual motion, in
contrast to a role in facilitating visual motion discrimination under
levels of high perceptual uncertainty. Using functional magnetic
resonance imaging, we monitored neural activity in the cerebellum
while 18 participants engaged in a task, which required them to
identify and covertly monitor a directional visual motion signal in
noise. The stimuli were random-dot arrays containing a central
stationary fixation spot whose colour alternated periodically. While
holding the visual displays constant, we manipulated attention by
having participants attend covertly to the dot motion or the coloured
spot at fixation. Perceptual uncertainty was manipulated by varying
the percentage of coherently moving dots contained within the
random-dot arrays. Image processing and statistical analyses were
performed using SPMS8, at a significance-threshold of p=0.05 (FWE-
corrected). We found that attention to motion under high perceptual
uncertainty was associated with activity in two left hemispheric
cerebellar clusters. The first was located at the border between
lobules VI and crus I. The second cluster was located at the border
between lobules crus Il and VIIB. Our results support the notion that
the cerebellum facilitates the detection and discrimination of moving
objects under conditions of high perceptual uncertainty, but are
inconsistent with the idea that the cerebellum is crucial for sustained
attentive tracking of salient motion stimuli.
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