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Individual differences and attentional varieties

With its own functional anatomy, circuitry, and cellular
structure, attention can be viewed as an organ system.
This conceptualization reframes many problems in cognitive science and permits important insights into neurological and psychiatric disorders of both children and
adults. Specifically, construing attention as an organ
system helps to describe the evolutionary and developmental aspects of volitional control, thus paving the
road towards a better appreciation of how such factors
as genetics and culture influence control systems. The
efficiency of the attention networks differs across people. However, these individual differences may elucidate variation in intelligence as well as the ability to
regulate affect.
Key words: Individual differences - Attentional networks Effortful control - Self-regulation.

T

he study of attention is a fundamental theme in the
history of psychology. At the turn of the 20th century William James said that “Everyone knows what
attention is. It is the taking possession of the mind in
clear and vivid form of one out of what seem several simultaneous objects or trains of thought”. But he
also acknowledged that varieties of attention exist
and that attention was not monolithic.1 Later research
identified typologies of attentional networks.2-4 The
network approach owes a lot to the early work of
Donald Hebb, who outlined in his cell-assembly theory the ensemble of brain areas that might be involved
in processing cognitive and emotional tasks.5 More
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recent efforts have brought a great upsurge in research
of attention, particularly because of new methods that
have become available for imaging of the living brain,
but also from lesion studies, single-cell recordings,
and many other methods.6 Indeed, the study of attention has become a large enterprise with hundreds of
papers being published in the area annually.7 While
it is increasingly challenging to keep abreast with the
rapid discoveries in the field, one of the emerging
themes traces attention as an organ system with its
own anatomy, circuitry, developmental history, and
deficits.8 This theme holds promise for the training
and rehabilitation of attention in both healthy and
pathological populations.9
At the end of the 20th century 2 methods have been
particularly valuable to studying attention as an organ
system: imaging of the living brain (i.e., looking at the
anatomical areas involved in attention), and the human
genome project (e.g., delivering candidate genes for the
study of attentional networks). Brain imaging studies
have unraveled mechanisms of attention and many
other cognitive tasks for the last 15 years. For simplicity, the major results of these efforts can be summarized in 3 general statements: 1) cognitive and emotional tasks are computed by networks of neural areas,
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active.15 Also, if they are asked to ward off more pleasant thoughts (e.g., erotic movies) this area of the brain
is similarly active.16
One can distinguish between the dorsal ACC, which
is involved in cognitive tasks (e.g., the Stroop effect 17
and other conflict tasks), and the more ventral part of
the ACC, which is involved in emotional tasks. This
was tested by setting up a Stroop-type task that (in its
normal way) activated the dorsal area but when words
were changed to emotional words, like “cancer”, then
the same task activated this more ventral area.14 So,
although much remains to be unraveled about the
exact calculations of the ACC, it is reasonable to consider it as an important node in the monitoring and resolution of conflict that is involved in emotional and
cognitive regulation.
While many tasks that activate the ACC require language (e.g., variants of the Stroop), using an adaptation
of the Erickson flanker task we have developed a short
behavioral test—the attention network test (ANT)—
that is language-free and can be performed by nonhuman primates, healthy as well as pathological populations, and young children.18 Using the ANT provides a way to measure the separate attentional networks that many other studies have described, within
one relatively short task. Comparison of our paradigm
with 2 other common conflict control tasks showed
that all 3 tests activated an area of the ACC and the prefrontal cortex.19 The activated regions were slightly
different; however, with a common conjunction area.
These findings suggest the existence of a brain network which is involved in this aspect of self-regulation.
Individuality is important both in its own right and
for studying the role genetic variation may exact on the
effects of these networks. Using the ANT one can get
a measure of a subject’s ability to resolve conflict, or
cognitive regulation. Reaction time results from the
ANT suggest relative independence between the congruency condition and the alerting and orienting conditions. The alerting network has a strong thalamic activation; the orienting network relies on both superior
and inferior areas of the parietal lobe; and the conflict
or executive network involves the ACC and lateral
prefrontal cortex.4, 20
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often widely scattered over the brain, but by no means
the whole brain. Each node of the network seems to
compute a different aspect of the task and together the
networks orchestrate the task; 2) some networks are
involved in the control of other networks. These are
attentional networks, which are involved in the selection and control of networks responsible for processing sensory information and information from memory;
and 3) these networks change as a function of development, learning, insult, and pathology.
Anatomy

An influential model in the field views attentional
networks in terms of 3 different modules: obtaining
and maintaining the alert state; orienting to sensory
information; and an executive network involved in
the resolution of conflict between competing areas
of the brain that might be active at the same time.4
The orienting network relies heavily upon parietal
systems, including the superior parietal lobe and the
temporal parietal junction. It is involved in both orienting to visual stimuli and stimuli in other modalities.
The alerting network relies heavily on thalamic areas
and involves the brain’s norepinepherine (NE) system including the locus ceruleus and cortical areas. The
executive attention network relies heavily on the anterior cingulate as well as lateral areas of the prefrontal
cortex.
Researchers have been able to associate these brain
networks with different modulators.10-13 The study of
the neuropharmacology of attention in alert monkeys
suggests that the orienting network is modulated by
the cholinergic system, the alerting network by the NE
system, and the executive network mainly by dopamine systems.4 These findings distinguish between
the structures involved as the sources of attention
and the sites on which those structures operate.
Although the sources of attentional effects may be
limited to networks, attention can influence any part
of the brain, including the primary sensory areas and
emotional areas of the brain. One review summarized many studies looking at the role of anterior cingulate cortex (ACC) in monitoring and the resolution
of conflict.14 Although there are many disputes about
the exact mental operations involved, it may be useful to think of the ACC as involved in self-regulation.
Thus, when subjects are required to damp down or
ward off arousing negative thoughts, this area is
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Development and individual differences
Using a pediatric version of the ANT, researchers
compared the child ANT at ages 6-10 years with
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Thus, the ability to relate attentional networks to control mechanisms (in cognitive and emotional tasks) to
questionnaire measures gives us an opportunity to
examine the cultural effects in these individual differences. It also provides us an entry into the examination of genetic effects.
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adults.21 The overall reaction time and error rate
decreases. Moreover, each of the attentional networks seems to have its own developmental time
course: latency on the conflict network (i.e., time to
resolve conflict) drops by the age of 7 years, but
thereafter remains constant; the orienting network
seems to be in place even as young as age 4 years
(although in more complex situations where orienting is combined with different domains there may be
a later development) *; and alerting network continues to develop all through adolescence and into
adulthood.21, 22 In general, children experience difficulty in maintaining the ANT task set when there is
no cue that prepares them to get ready. Thus, the ability to maintain task sets in the absence of specific
instructions seems an important aspect of later childhood.23
Studying the development of attentional networks
affords better insights into how these control circuits
manifest in everyday life. For example, a child behavior questionnaire where parents report on the ability
of children to control their own behavior (e.g., to collect their toys or come to dinner when summoned) can
represent a notion of effortful control.23-25 Evidence
suggests that during childhood executive attention is
correlated with effortful control and effortful control
has been shown to correlate with the important ability to delay a reward. Such efforts (i.e., relating a
rather precise but limited attentional measure to questionnaire reports) pave the road to understanding the
neural mechanisms of broad questions concerning
the role of these mechanisms in the everyday life of
a child.
During adolescence effortful control and executive attention are both negatively related to antisocial
behavior.26 Other findings have suggested that the
role of effortful control may be culturally determined.27 For example, by using the a questionnaire
in the United States and the People’s Republic of
China, individuals from the United States used effortful control to govern negative affect (i.e., it is considered inappropriate to display much negative affect
also in adulthood). In children from the People’s
Republic of China, however, effortful control was
related to the control of extroversion, or positive
affect (i.e., in Chinese society, intense pleasure and
profuse positive affect are deemed inappropriate).
*) It may also be the case for many conflict tasks relying on other networks involved in planning and other higher level functions.
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Genetics and individual differences

A few recent studies examined some of the genetic effects on these attentional networks. An obvious
candidate was the DRD4 gene, because it had been
shown to be related to some of the behaviors that
occur in ADHD.28, 29 Genotyping 200 people and looking at different alleles (i.e., polymorphisms) in the
DRD4 genes, researchers found that those alleles were
significantly related to performance on the conflict
network but not the reaction time itself or to other networks.30-33 In fact, both the DRD4 and MAOA genes
have alleles that exact different levels of efficiency in
resolving conflict. Examining the brain scans of smaller subgroups of this initial sample performing the
ANT in the scanner, the data showed significant differences between people with the 2 alleles in the ACC
(i.e., the central node in the conflict and self-regulatory network).34 Thus, these results allow us to relate
the behavioral differences to the actual underlying
networks.
Other findings suggest that another gene is related to this network, the COMT gene.35 Also, alleles
of cholinergic genes may be related to the orienting
network (i.e., to the ability to carry out visual search
tasks).36-38 Work on the role of genes in these attentional networks and other cognitive networks underlying human performance is still in its infancy. These
effects tend to be relatively small and probably no
single gene is going to turn out to be the most
important gene determining individual differences.
Instead, there are probably going to be a number of
genes or possibly also a number of interactions.
However, this work can open up an opportunity to
examine not only individual differences but how
genes actually build the physical basis of the neural networks that we study. For example, the DRD4
gene, which is important for the conflict or executive network, has been knocked out in mice showing that the mice with the knocked out gene perform
less exploration of their environment.39 More precise
tests of attention are planned for these animals and
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congruent trials. At least in adults, N2 waves seem to
mirror the conflict resolution operations performed
in the ACC. Examination of this area of the scalp
both pre and post-training was revealing: the posttraining waveform in the experimental group, shows
that the response to incongruent was more negative
than the response to congruent trials – a very clear
N2. Howe-ver, this waveform was present neither in
the pretest, nor in the control group (i.e., either pre
or post-training). In fact, the 4 year-olds’ post-training waveforms were similar to the adult data – with
activation restricted to the midline frontal or left lobe.
Thus, the behavioral and EEG results suggest that
even a brief five-day training can provide a certain
change to make the attentional networks of 4-yearolds more adult-like.42
Another noteworthy finding is the pre and posttraining difference in intelligent quotient (IQ), suggesting the generalization of these effects: the experimental group improved significantly on the matrix
part of a child version of the Ravens test. These
improvements appear to be in the underlying neural
networks involved in conflict resolution and may generalize to a different task. Similar results have been
found in training of attention deficit hyperactivity disorder (ADHD) children where 8 year-old children
undergoing working memory training produced a significant increase in IQ score.43-45 Thus, increasing evidence suggests that attentional networks are amenable
to training.42 These findings hold promise for education and other applications.46
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it seems possible as we develop animal models of
some of these networks that we will be able to tell
more focally how genes carry out the task of building the networks that are common among individuals as well as what alleles might account for individual differences.40
Individual differences and neural networks have
often been kept separate. Nonetheless, the opportunity to bring them together holds promise for psychology because it permits the study of human behavior while concurrently coupling individual differences
with the general properties of attention.40 As important as the genetic basis of individual difference is,
however, most individual differences probably are
not a result of differences in genetic alleles. As I have
alluded to previously, differences found between cultures may well dependent upon socialization or learning processes in those cultures and less upon genetic differences.
Attentional training
and individual differences

Attentional networks are trainable. Because attentional networks probably develop between ages 2
and 7 years, researchers used attentional training
with 4 year-old children (i.e., midway in the developmental process but also because 4 year-olds are a
lot easier to work with than younger children). Based
on training methods developed for macaque monkeys in Stroop-like experiments,41 researchers have
adapted these tasks for children.21 However, unlike
monkeys who can work for many thousands of trials, parents do not typically like to bring their children in for many days of training. Instead the
researchers opted for a brief five-day training
course.42 Realizing that this minimal level of training
would be unlikely to have a large effect on the child’s
behavior, the investigators hoped for some small
effect that would make it sensible to expose children to more detailed attentional training. Accordingly, EEG measurements were collected on the first
and the last day while the children performed on
the ANT, in addition to intelligence tests and temperament questionnaires.23
The EEG results were the most striking: the frontal
midline showed a negative-going wave called the
N2 – a waveform putatively coming primarily from
the ACC, and is more negative in incongruent than in
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Conclusions

Attention should be contextualized as an organ system: operating through specific networks that carry out
different functions. These networks develop in early
life (e.g., at least the orienting and conflict networks
are developed very early; the conflict network, at
least using the ANT, is developed only up to age 7).
In addition, specific genes influence these attentional network differences. These findings not only form
a way of studying individual differences, but pave
the road to understanding how genes shape the common networks that underlie cognition and emotion.
Recent findings suggest that training influences these
networks: following a relatively brief training course,
conflict resolution improves (i.e., the underlying networks look more adult-like in the trained subjects
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than in the nontrained subjects). Future research
should extend these findings to demonstrate how this
kind of attentional training may influence and enhance
performance in other domains and applications.
Finally, pathologies can also illuminate our understanding of attentional networks. Because attention can
be affected by a wide range of pathologies, the efficiency of attentional networks is probably of limited
diagnostic value. However, attentional networks may
help in the design of useful rehabilitative interventions.
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