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Introduction

Attention is a key psychological construct in the understanding of human cognition,
and the target of enormous efforts to elucidate its physiological mechanisms, as the
wealth of literature—both primary and secondary—attests (for recent compilations
see Itti, Rees, & Tsotsos, 2005; Paletta & Rome, 2008; Posner, 2004). But in addition
to asking what attention actually is, decomposing and analyzing its varieties, or
delimiting its neurobiological mechanisms and effects, in this volume we want to
explore attention somewhat differently. We believe that a full-fledged theory of
attention must consider its workings in the context of motivated, goal-directed, and
environmentally constrained organisms.

That attention is related to goal-directed behavior is not news. What the contribu-
tions to this volume do suggest, however, is the existence of fundamental links
between attention and two key processes that are crucial for adapted conduct: goal-
directed behavior and cognitive control. Importantly, they show that these relations
can be explored at multiple levels, including neurodynamical, neurochemical, evolu-
tionary, and clinical aspects, and that in doing so multiple methodological challenges
arise that are worth considering and pursuing. The reader will find here, therefore, a
selection of contributions that range from basic mechanisms of attention at the neu-
ronal level to developmental aspects of cognitive control and its impairments.
Another trend that will become evident is that, in different ways, the authors stress
the need to understand these issues as they unfold in natural behavior (both healthy
and pathological), thus arguing for a more ecological approach to these questions.

An interesting dichotomy emerges from the reading of the chapters compiled
here. Attention as a complex process seems to stand in the middle of the two some-
what opposing forces mentioned above: motivated, goal-directed behavior and
cognitive control. While the former is necessary for the exploration of the world in
search for reward, the latter is critical to restrain and tune action so that predicted
outcome can be accurately gauged against potential risks. Attention indeed faces
both ways: it is endogenously driven and exogenously called upon, and the balance
of the two extremes appears crucial for survival. In other words, beneath these three
themes—attention, goal-directed behavior, and cognitive control—lies the unifying
thread of a precarious but fundamental equilibrium that is characteristic of animal
life: the tension between self-motivated behavior and world-constrained opportuni-
ties for action. Both extremes are at work in adapted behavior. Importantly, a func-
tional attentional system is critical to ensure that we can navigate an unpredictable
world while keeping in accordance with experience-dependent goals, yet allowing
for behavioral novelty through spontaneous exploration. As several of the authors
show, unbalance in any of these three processes will inevitably lead to departures
from what we usually understand as “normal” or “healthy” behavior. Interestingly,
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xii Introduction

while sometimes this unbalance can be catastrophic, on other occasions it can result
in the expression of alternative cognitive strategies that might even have a positive
evolutionary value.

These considerations push us to propose the underlying thesis of this book: It is
necessary to tackle the study of attention in the ecological context of motivated
beings, while taking into consideration, from the very start, the variety of relations
and intertwinement that exist with goal-directed behavior and cognitive control. We
believe that, far from obscuring the object of study, this strategy holds the potential
of making common mechanisms and complementarities appear—or begin to be
intuited—for the benefit of a more comprehensive view of cognition. Moreover, we
suggest that this can be done with the aid of numerous methodological advances that
have been developed in the last few years, some of which are explicitly reviewed by
our contributors.

Several concrete lines of inquiry seem to open up from here: It is evident that
neurophysiological mechanisms of attention, goal-directed behavior, and cognitive
control are not exhausted by “hot spots” of activity in the brain: dynamic neural
connectivity, both at the functional and at the effective, anatomical level is critical;
neurotransmitter “wet” dynamics are likewise a fundamental biological mechanism
that cannot be disregarded; evolutionary and developmental processes are neces-
sary to understand any supposedly stereotyped (mature) form of cognitive activity;
clinical investigations of pathological conditions offer a unique window into how
different cognitive processes interact and are interdependent or isolatable; finally,
the ecological context cannot be sacrificed for the alleged benefit of analytical clar-
ity because it obscures the way any given process is related to actual—adapted,
flexible—behavior.

In the following paragraphs we provide a brief synopsis of the different contribu-
tions to this volume. We hope the reader will enjoy the diversity of approaches
presented here; we invite him or her to look for the many (not so) hidden connec-
tions that have the potential of priming novel perspectives and empirical approaches
to these rather fundamental issues of human cognition.

Attentional Networks: Basic Mechanisms
and Methodological Issues

Conrado Bosman and Thilo Womelsdorf (Chap. 1) open this book with an in-depth
analysis of how two basic mechanisms of attentional modulation of sensory
response can proceed: selective gain of sensory spiking and selective synchroniza-
tion within local neuronal groups. Bosman and Womelsdorf, however, transcend the
traditional opposition that has been established between these two candidate mecha-
nisms. They show how both can act in concert and in complement to bring about
what they consider the ultimate consequence of attentional modulation: the selec-
tive gain control that underlies enhanced sensory representations. In this context,
Bosman and Womelsdorf discuss three main themes: the importance of oscillatory
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activity and how phase relations between active neuronal groups are crucial for
selection through rhythmic behavior; the relation between bottom-up and top-down
mechanisms and how these might proceed through different frequency bands (espe-
cially in the gamma and beta range); and, finally, the importance of inhibitory net-
works for the establishment of gamma-band oscillatory activity and their role in
bringing about effective gain modulation.

Jean-Philippe Lachaux and Tomds Ossandon (Chap. 2) present a review of one
of the most rapidly growing domains of inquiry into the brain mechanisms underly-
ing cognition in general and attention in particular: intracortical recordings in
humans. They highlight the relevance it has had to demonstrate actual cortical
oscillatory activity in the gamma band and precise synchronization among distant
populations in the human brain. This chapter converges and agrees with several
conclusions that Bosman and Womelsdorf put forth, such as the importance of the
gamma band in selective attention. However, the approach here is different, with
stress on the functional role synchronization might have in selective attention, as
well as the methodological challenges that imply dealing with this question in
human beings at the mesoscopic level. Lachaux and Ossandén present several
examples in visual perception, attention to reading and to memory that show com-
plex intracortical responses in the gamma band. Interestingly, they discuss the
functional importance of the dynamic balance between synchronization and desyn-
chronization in this frequency band. Finally they present the dynamical spectral
imaging approach developed by their group, whereby ongoing spectral decomposi-
tions of actual brain signals can be obtained during attentional, or other, cognitive
tasks.

Steven Luck (Chap. 3) proposes a highly original perspective in his chapter on
the spatiotemporal dynamics of visual-spatial attention. He discusses the impor-
tance of understanding how attentional mechanisms are at play during actual fixa-
tion, a much neglected aspect in the study of attention at work in natural conditions
(see also Chap. 4 by Maldonado et al.). Luck describes in detail the relation and
dynamic interplay between covert attention and eye movements. In contrast to the
traditional approach of studying covert attention by isolating it from the act of fixat-
ing, Luck argues that such shifts to peripheral regions of visual space and eye
movements are intertwined at least on two functionally relevant levels: covert shifts
of attention facilitate the ulterior foveation of regions that are likely to be relevant
sources of information; consequently, covert attention is then critical to adjust
dynamically around the foveated target so that distracting objects get effectively
filtered out. The author highlights in his review the necessity to consider visual
attention in a more ecological setting, yet shows how this is possible without losing
the analytical detail that traditional approaches have provided.

Pedro Maldonado et al. (Chap. 4) tackle a complex issue in their contribution:
the problem of natural vision. They challenge the classical receptive field notion by
showing the importance of contextual, dynamical modulation in goal-directed
behavior that dominates when animals find themselves in natural complex settings.
Through a detailed analysis of the structure of natural images and the related neu-
ronal responses, they argue that traditional receptive field explanations cannot






