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Attention is widely believed to be dysfunctional in schizo-
phrenia. The Cognitive Neuroscience Treatment Research
to Improve Cognition in Schizophrenia (CNTRICS) group
previously concluded that the processes involved in the top-
down control of attention are particularly impaired in
schizophrenia and should be the focus of future research.
These processes determine which sources of input should
be attended, linking goal representations in prefrontal cor-
tex with more posterior regions that implement the actual
selection of attended information. A more recent meeting of
the CNTRICS group assessed several paradigms that
might be useful for identifying biomarkers of attentional
control and that could be used for treatment development
and assessment. Two types of paradigms were identified as
being particularly promising. In one approach, neural ac-
tivity is measured (using electroencephalography or func-
tional magnetic resonance imaging) during the period
between an attention-directing cue and a target. In a second
approach, neural activity is measured under low- and high-
distraction conditions. These approaches make it possible
to identify the goal representations that guide attention and
the interactions between these goal representations and the
implementation of selection. Although more basic science
research with healthy volunteers and preclinical research
with schizophrenia patients is needed before these para-
digms will be ready to provide clinically useful biomarkers,
they hold substantial promise for aiding in the development
and assessment of new treatments.
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The Cognitive Neuroscience Treatment Research to Im-
prove Cognition in Schizophrenia (CNTRICS) group con-
vened a series of meetings to assess the specific cognitive
constructs that are dysfunctional in schizophrenia, to create
a consensus about the most promising behavioral tasks for
assessing these constructs, and to discuss the present and
future availability of biomarkers of these constructs. Here,

we present the results of the discussion of biomarkers related
to attention. We will begin by reviewing the construct of at-
tention and the specific type of attentional dysfunction that
appears to be present in schizophrenia. We will then discuss
how the neural correlates of this construct are measured in the
basic cognitive neuroscience literature. We will end by discus-
sing 2 classes of experimental paradigms that hold promise as
means of providing biomarkers of attentional control.

The Construct of Attention in Schizophrenia

As discussed in the report on attention from the first
CNTRICS meeting,' the term “attention” has many
meanings and is used so broadly that almost any impair-
ment in task performance could be attributed to atten-
tional dysfunction. Moreover, it is often difficult to
distinguish between the constructs of attention, working
memory, and executive function. To avoid these prob-
lems, the CNTRICS group agreed to focus on the vari-
ety of attention known as ‘‘selective attention.” The
group further noted that selective attention can be sub-
divided further into “input selection” and “‘rule selec-
tion.” Figure 1 provides an overview of this
conceptualization.

Input selection is the process of restricting processing
to a subset of inputs. For example, the Posner cuing par-
adigm uses spatial cues to direct attention toward one lo-
cation and away from other locations, producing
a competitive advantage for inputs that arise from the
attended location. Input selection also includes tasks in
which attention controls which inputs are stored in mem-
ory or sent to response systems. In contrast, rule selection
is the process of determining which rules should be
applied to a given source of information. In most labo-
ratory tasks, the rules specify the stimulus-response
mapping that should be used. In the Stroop task, for
example, the observer sees a word drawn in a given
ink color and applies either a read-the-word rule or
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Fig. 1. Scheme for subdividing the concept of selective attention.

a name-the-ink-color rule. Rule selection is usually con-
sidered to be an example of an executive process, and the
CNTRICS group therefore decided that the attention
construct should be limited to input selection (with
rule selection being a part of the executive control con-
struct). This is not intended to imply that rule selection
is not a variety of attention; instead, this decision
reflected a desire to minimize overlap between the con-
structs for the sake of efficiency.

Within the construct of input selection, it is important
to distinguish between the “‘control of attention” and
the “implementation of attention,”'* which is largely
equivalent to the distinction between the sources of atten-
tional control signals and the targets of these signals® (see
figure 1). Attentional control processes are mainly local-
ized within prefrontal and parietal regions; they deter-
mine which inputs are relevant for the current task
and send control signals to regions that are involved in
actually processing these inputs (eg, perceiving them,
storing them in memory, etc.). In the context of a spotlight
metaphor, control processes determine where the spot-
light is pointed and implementation processes determine
the strength of the beam. In the context of the biased
competition model,* control processes provide the bias
signal and implementation processes are responsible
for converting this signal into an actual competitive ad-
vantage (eg, by means of lateral inhibition).

In many attention paradigms, impaired performance
could arise from dysfunction of either the control or the
implementation of attention. However, it is possible to
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distinguish between control and implementation by using
tasks that are challenging to one but not the other. For ex-
ample, a typical Posner cuing paradigm is trivial for control
processes because a salient cue indicates which location
should be attended, and no other stimuli compete with
this cue for attentional control. Consequently, the ability
to exhibit faster or more accurate processing of stimuli at
the cued location relative to the uncued location(s) largely
reflects the implementation of attention—the ability to in-
crease the processing gain at the cued location and decrease
it at the uncued location(s). Many experiments have used
this paradigm with schizophrenia patients and control sub-
jects, and patients and controls are typically found to ex-
hibit the same ability to exhibit faster and more accurate
performance for targets at the cued location relative targets
at uncued locations (reviewed in®). One exception to this
occurs when a salient cue at one location indicates that
attention should be directed elsewhere. Under these condi-
tions, the attentional control system is challenged by the
need to attend to one location even though a salient stim-
ulus is present at a different location, and patients exhibit
a reduced ability to attend to the appropriate location in this
situation.® Similar results are observed for eye movement
performance in schizophrenia, which is impaired in antisac-
cade tasks (which require orienting away from the target)
but not in prosaccade tasks (which require orienting toward
the target).” Thus, the existing evidence indicates that the
implementation of attention is relatively intact in schizo-
phrenia, whereas the top-down control of attention is
impaired.’
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Elements of Top-Down Attentional Control

The top-down control of attention requires 2 elements.
First, a task or goal representation must be activated
that specifies what kinds of information are relevant
and should receive attention. Second, the goal represen-
tation must be linked to systems for implementation.
In a simple laboratory task such as the Posner cuing par-
adigm, goal representation might be as simple as represent-
ing the to-be-attended location that was indicated by the
cue. In the natural environment, the task representation
may be more complex, involving several features that de-
fine task-relevant objects. For example, if an individual is
making a peanut butter sandwich, the goal at a given mo-
ment might be to locate the peanut butter jar, which in turn
would involve activating the color, size, and shape of the
jar so that objects with the appropriate features would at-
tract attention.® Once a goal representation is activated,
the second element of attentional control is to create links
between this representation and the processing systems in
which the implementation of attention will occur. Without
these links, the representation of the relevant features will
not actually lead to the transmission of bias signals into the
regions in which attentional selection is implemented.

Neural Measures of Goal Representation

Goal representations are special cases of working mem-
ory representations. However, whereas working memory
representations may involve posterior sensory and mem-
ory areas as well as prefrontal and parietal control
areas,” ' the goal representations that guide attention
appear to be active primarily within prefrontal and pari-
etal areas.'> ¥ Most of these areas are active both when

attention is cued to a specific location or to nonspatial
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features such as color, but some regions are differentially
active for spatial and nonspatial attention (see
figure 2).'*!5 In particular, regions that are closely linked
with gaze control may be especially involved in the con-
trol of spatial attention.

As illustrated in figure 2, activation of goal represen-
tations is typically isolated in functional magnetic reso-
nance imaging (fMRI) experiments by means of
variants of the Posner paradigm in which a cue stimulus
indicates which location or feature value should be
attended on that trial. By using event-related designs
with a relatively long interval between cue and target,
it is possible to separate the goal representation (sus-
tained activity following the cue but prior to the target)
from the processes related to the implementation of at-
tention (activity following target presentation).

Analogous effects can be observed in event-related po-
tential (ERP) experiments, which take advantage of the
contralateral organization of the brain. Specifically,
when a cue directs attention to one hemifield, a sustained
voltage can be measured over the contralateral hemi-
sphere between the time of the cue and the time of the
target.'® However, it is not yet clear whether these effects
reflect the goal representation itself or the resulting
implementation of attention within perceptual processing
areas, which leads to sustained changes in the BOLD sig-
nal'? and neural firing rates'” within visual cortex. In ad-
dition, prefrontal electroencephalography (EEG)
oscillations in the theta band have been linked with
the across-region coordination of mental representa-
tions,'® which presumably underlies top-down atten-
tional control.

It is much more challenging to identify the top-down
control signals than it is to identify the goal representa-
tion because attentional control is defined as the
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Fig. 2. Typical cuing paradigm used to assess neural activity related to top-down attentional control.'* In this version, the cue could either
indicate a spatial location (L for left or R for right) or a color (Y for yellow or B for blue) that is likely to contain a subsequent target stimulus.
Sustained activation during the period between the cue and target is observed primarily in prefrontal and parietal areas, presumably
reflecting some kind of goal representation or attentional template, and this activity overlaps considerably for attention to spatial and

nonspatial features. Data courtesy of Giesbrecht et al'>.
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interaction between the goal representation and the areas
involved in the implementation of attention. As an anal-
ogy, motor cortex can be activated on the basis of re-
sponse expectations and even motor imagery without
leading to actual hand movements; some additional pro-
cess is needed before these signals will actually take con-
trol of lower-level motor neurons. Similarly, activation of
attentional control areas cannot alone produce increased
gain for specific inputs; this activation must be linked
with the more posterior areas in which attentional selec-
tion is actually implemented to produce a change in gain.
This linkage between systems is not as easily measured as
the activation of the individual systems.

Neural Measures of Anterior-Posterior Linkage in the
Control of Attention

The best evidence of anterior-to-posterior attentional
control linkage has been observed in macaque monkeys
by Moore and his colleagues, who have studied the links
between goal-related activity in the frontal eye fields
(FEF) and the implementation of selection in area V4
of visual cortex.'” ! Maintaining spatial representations
causes increased firing rates in FEF neurons that code the
region of space being maintained in memory, even in
tasks that do not involve saccades.!® Moreover, microsti-
mulation of the FEF causes a change in the sensory re-
sponsiveness of V4 neurons that code the same location
as the stimulated FEF neurons,>' leading in turn to
changes in behavioral performance.?® This paradigm di-
rectly reveals the link between the goal representation in
FEF and the implementation of selection in V4.

This level of precision is difficult to achieve in noninva-
sive measures of human brain activity, but recent studies
have developed methods to assess links between prefrontal
or parietal activity and either perception-related neural ac-
tivity or behavioral measures. Some of these studies have
also varied thelevel of competition between top-down con-
trol and bottom-up salience, providing a tight link with the
behavioral measures of impaired attentional control in
schizophrenia that were described earlier.

One approach to assessing attentional control has been
to use functional connectivity, coherency, and Granger
causality methodswithfMRI1data, asking whether activity
within a control area at one moment in time predicts activ-
ity within an implementation area at that moment or
shortly afterward. Studies using these approaches have
shown that prefrontal and parietal activity at one moment
significantly predicts concurrent and/or future activity in
visual cortex.?? 2* Moreover, one study found that the an-
terior-to-posterior connectivity was stronger when mea-
sured during an antisaccade task than during
a prosaccade task,?® presumably because top-down con-
trolsystems play a stronger role when individuals are asked
to orient away from rather than toward a salient stimulus.

EEG measures have also been used to assess anterior-
posterior linkage in the context of attentional control.
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Specifically, posterior alpha oscillations vary according
to the location being attended and whether attention is
directed to the auditory or visual modality,?>*® which
appears to reflect the implementation of attention within
posterior brain regions. A recent study found that the
magnitude of the alpha activity following an attentional
cue was correlated with the magnitude of prefrontal theta
activity in typically developing children, but this correla-
tion with prefrontal theta was absent in children with at-
tention deficit hyperactivity disorder (ADHD).? This
correlation between anterior theta and posterior alpha
likely reflects a linkage between prefrontal goal represen-
tations and the implementation of selection within pos-
terior cortex, and the reduction of this correlation in
children with ADHD provides further evidence for the
validity of this measure. Interestingly, there was no dif-
ference in behaviorally measured attention effects be-
tween the typically developing children and the
children with ADHD. This presumably reflects the fact
that this task does not provide much of a challenge to
attentional control: As long as the mechanisms of imple-
mentation are intact, even a weak control signal will be
sufficient to drive effective selection in tasks that do not
stress control. Control signals may be measured effec-
tively in paradigms such as this that do not put stress
on control as long as a behavioral measure of control
is not also required.

Linking Neural Measures With the Degree of Attentional
Control

Other studies have examined the neural correlates of con-
trol signals by assessing how neural activity varies with the
need for, or the success of, attentional control. For exam-
ple, one study used the ““additional singleton paradigm”
along with fMRI to examine how brain activity differed
between trials on which top-down control was successful
or unsuccessful.?” Asillustrated in figure 3A, this paradigm
requires participants to search for a form-defined target
and report the orientation of a line embedded within the
target. A salient but irrelevant color singleton is sometimes
present in the display to provide competition for control.?®
This salient singleton typically attracts attention, increas-
ing the time needed for the participant to find the target.
However, by maintaining a strong representation of the
shape of the target, participants may avoid being distracted
by the irrelevant singleton.?® Trial-by-trial variations in re-
action time (RT) can be used to determine how well an in-
dividual is able to avoid being distracted by the salient but
irrelevant singleton and the pretrial BOLD signal in the left
middle frontal gyrus (MFQG) significantly predicts the de-
gree of distraction (figure 3B).?” The left MFG is one of the
areas that is commonly found to be active following an at-
tention-directing cue (see, eg, figure 2), and in this study,
greater activity in the left MFG was correlated with less
distraction, consistent with the idea that it is possible to
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Salient Distractor Absent

Salient Distractor Present

Fig. 3. Example of the Theeuwes additional singleton paradigm
(A).?® Subjects search for the item with the unique shape and press
one of 2 buttons to indicate whether the line inside this shape is
horizontal or vertical. A task-irrelevant color singleton is present on
some trials; this singleton captures attention, especially when top-
down control is poor, slowing responses to the target. Activity in the
left middle frontal gyrus is correlated with the degree of attention
capture (B).?” Data courtesy of Leber.?’

overcome distraction in this paradigm by means of a strong
top-down attentional control signal. This may be exactly
the kind of top-down control of attention that is impaired
in schizophrenia.

Another approach is to compare brain activity in
blocks of trials in which strong top-down control is
needed to perform the task with blocks of trials in which
performance is less dependent on control. For example,
one study®® used arterial spin labeling to measure
regional cerebral blood flow in 2 versions of the
McGaughy and Sarter’’ sustained attention task
(SAT),* which involves detection of a visual target
that occurs at an unpredictable point in time (see figure
4). In the basic SAT, no distractors are present; in the
distraction version of the SAT (dSAT), the background
continuously flashes to disrupt attention. The right MFG
was more active in the dSAT than in the SAT. The rel-
atively specific involvement of right MFG in the distrac-
tor version is particularly remarkable in light of a recent
meta-analysis identifying this region as being disrupted in
schizophrenia.*?

Importantly, right MFG activation during dSAT per-
formance was greater than the sum of activation during
SAT performance and the flashing background presented
separately. That is, this region was specifically sensitive to
performance under challenge and was not merely driven
by the increased visual stimulation provided by the flash-
ing background. Furthermore, the degree of right MFG
activation was significantly correlated with performance
in the dSAT version and with the difference in perfor-
mance between the dSAT and SAT versions.

In contrast to the additional singleton paradigm, where
greater left MFG activation was correlated with less dis-
tractibility, for the dSAT, greater right MFG activity
was correlated with more vulnerability to the distractor.
There are several differences between the irrelevant-
singleton task and the dSAT that might contribute to
the different patterns of correlations. One key difference

Attention Biomarkers
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Fig. 4. Top: Sustained Attention Task (SAT). Subjects attempt to
detect a short signal that appears (signal trials) or does not appear
(nonsignal trials) with equal probability after a variable interval of 1,
2, or 3 seconds. Upon hearing a response cue, participants make
a button-press response to indicate whether a signal had been
perceived. Correct responses elicit a feedback tone signaling
amonetary reward. In the distractor version of the SAT (dSAT), the
screen flashes between silver and black at 10 Hz. Bottom: Arterial
spin labeling results*® (activation in the dSAT condition after
controlling for SAT activation and a passive perceptual control
condition), which included activation in right dorsolateral
prefrontal cortex as well as bilateral motor, cingulate, and insular
regions. The color scale indicates z scores. Reprinted from
NeuroImage with permission from Elsevier’.

is that the additional singleton task was optimized to mea-
sure the trial-by-trial deployment of attentional control,
whereas the dSAT study was optimized to measure the
tonic engagement of attentional control. This raises the
possibility that right prefrontal cortex may be particularly
involved in tonic task or goal representations, whereas left
prefrontal cortex may be particularly involved in linking
that representation to the current stimulus event and to
posterior representations of the stimulus and appropriate
response rules. The development of “mixed” or “‘state-
item” fMRI designs that allow the separation of tonic
and phasic activity®* represents an opportunity to test
this hypothesis in future research.

It should also be noted that the relatively intense flick-
ering used in the dSAT makes it inappropriate for use
with individuals who are susceptible to photic seizures.

Paradigm Recommendations

The participants at the CNTRICS meeting reached con-
sensus about recommending some approaches for further
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development. This was based mainly on evidence of
strong construct validity for these approaches. In most
cases, the approaches with excellent construct validity
have not yet been widely used in studies of schizophrenia,
so substantial work will be needed before specific bio-
markers can be validated. Moreover, some of the recom-
mended approaches are fairly general, and substantial
work will be needed to develop specific versions that
have other desirable properties (eg, high reliability,
ease of application to patient populations). Other
approaches may be identified in the future that would
also be valuable, and the goal was not to preclude the de-
velopment of all other approaches. However, some spe-
cific alternative approaches were considered to be
unlikely to bear fruit.

Paradigms Not Recommended for Further Development

We will begin by briefly discussing paradigms that were
nominated but were not viewed as appropriate at this
time. First, the N2pc component is a well-validated
ERP measure of the focusing of visual attention®® that
has been successfully used in schizophrenia patients.*
However, this component reflects the implementation
of attention rather than the control of attention, so it
does not match the specific construct that was identified
in previous CNTRICS meetings. Similarly, the MON-
STER (Manipulation of Orthogonal Neural Systems To-
gether in Electrophysiological Recordings) approach
provides a general means of isolating multiple ERP com-
ponents,®” including N2pc, but it does not provide a spe-
cific measure of attentional control.

The general class of dual-task paradigms was nomi-
nated, with the psychological refractory period (PRP)
paradigm described as a prototypical example. Although
the PRP paradigm has many virtues, it is mainly valu-
able in measuring the speed of individual processing
stages and does not provide a specific measure of atten-
tional control. Many other dual-task paradigms are
available, but they also lack specificity for this construct.

The spatial delayed response paradigm was also nom-
inated. This paradigm isolates spatial working memory
activity, which may be related to the goal maintenance
element of attentional control. However, it is not known
whether the working memory activity isolated by this
task actually contributes to attentional control.

Attentional Cuing Tasks

Attentional cuing paradigms using fMRI and EEG/
ERPs, such as those shown in figures 2 and 4, have
been used in many basic science studies to isolate the
goal representation activity used in the control of atten-
tion. As noted above, neural measures make it possible to
observe impairments in control signals in these tasks,
even though these tasks do not typically lead to substan-
tial behavioral deficits in schizophrenia (because the tasks
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do not require strong control signals). Similar paradigms
have been used in nonhuman primates*® and in rodents.*’
Given the good construct validity of this approach and
the availability of animal models, the consensus of the
CNTRICS participants was to recommend this approach
for further development.

However, attentional cuing paradigms are not ready
for adoption in treatment studies because neuroimaging
versions of these paradigms have not yet been used to
demonstrate dysfunction in schizophrenia. It seems
likely that evidence of dysfunction would be seen in
these tasks because working memory tasks that isolate
similar brain regions have shown abnormal activity in
these regions in patients. The pattern of abnormal work-
ing memory activity in patients is complex, however,
with reports of both increased and decreased frontal
lobe activation. This seeming inconsistency is likely
due to inefficient frontal lobe function in schizophrenia,
which is best described by an inverted-U shaped func-
tion relating frontal lobe activation to working memory
load. As the load increases, neural activity rises to a peak
and then falls off once working memory capacity has
been exceeded.*'"*? Thus, with smaller loads, patients
may appear to have more activation than controls,
but at higher loads, less. Future work aimed at studying
impaired goal representations in the context of atten-
tional cuing tasks will need to keep this complex pattern
in mind.

Attentional cuing paradigms using EEG were also rec-
ommended for further development. As described earlier,
posterior alpha-band EEG oscillations vary according to
whether a cue directs attention to the auditory or visual mo-
dality, and thisalpha modulationiscorrelated with prefron-
tal theta oscillations (which likely reflect goal
representations). This theta-alpha correlation goes beyond
merely indexing the goal representation and is a promising
measure of anterior-posterior linkagein attentional control.
Its utility has already been proven in the context of
ADHD.*® Moreover, EEG-based measures have many
practical advantages as biomarkers in the context of psychi-
atric treatment research,® including being relatively easy
and inexpensive to obtain in large-scale genetic studies or
clinical trials. Consequently, this alpha-theta measure is
worth pursuingto determine whether it reveals cognitive im-
pairmentinschizophreniaand whetherithas good measure-
ment properties.

Distraction Paradigms

Two distraction paradigms, the additional singleton task
(figure 3) and the dSAT (figure 4), were also recommen-
ded for further development. These tasks are very prom-
ising because they examine attentional control in the
face of competition from potent distractors, which
appears to be the situation that most clearly leads to im-
paired attentional performance in schizophrenia
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patients. Thus, they have excellent construct validity.
However, these tasks have only recently been extended
to include noninvasive measures of neural activity in
healthy individuals, and it is also not yet known whether
patient behavioral performance or neural activity is dis-
rupted in these specific tasks (although impairment
seems likely given the disruption observed in similar
tasks). Thus, both basic science work with healthy indi-
viduals and preclinical research with schizophrenia
patients will be necessary before these tasks can provide
biomarkers for clinical research. Moreover, the specific
neural measure of attention control in the additional
singleton paradigm, shown in figure 3, is likely imprac-
tical in large-scale clinical studies because it requires
large numbers of trials and is based on trial-by-trial cor-
relations between RT and the BOLD signal. Conse-
quently, substantial basic science research is needed
before this general approach can be used to provide
a useful measures of attentional control in patients.

In addition to good construct validity, it should be
noted that the dSAT has the advantage of extensive prior
research in rodents. This research has characterized the
role of the basal forebrain cholinergic system in mediat-
ing frontal-parietal responses to attentional performance
demands and the increase in those demands imposed by
distractors.***> Most of this research has been conducted
using microdialysis techniques that measure perfor-
mance-related tonic increases in levels of cholinergic neu-
rotransmission (on the scale of minutes). More recently,
methods have been developed that allow measurement of
the phasic cholinergic increases that occur during success-
ful detection of a signal (on the scale of seconds).*®*’ Dis-
sociations between the tonic and phasic actions of the
cholinergic system have at least a surface similarity to
the idea of tonic representations that maintain goals
throughout the task and phasic responses that interpret
specific stimulus events in light of those task goals and
connect them to posterior representations of the appro-
priate response rules.*® However, further work is needed
to verify this conceptual link.

Finally, a version of the task has been used to test an
amphetamine-pretreatment rodent model of schizophre-
nia.***° These animals showed spared performance but
increased tonic cholinergic release during the standard
SAT, reflecting abnormally high levels of cognitive con-
trol required to mediate performance even in the absence
of distractors. Additional demands on top-down control
in the dSAT severely disrupted these animals’ perfor-
mance. This effect was mediated via a return of levels
of cholinergic neurotransmission to pretask baselines.

Additional experiments are needed to demonstrate
that dysregulation in cholinergic systems cause the dis-
ruption in attentional performance in this model. Like-
wise, additional behavioral and neuroimaging studies
with patients are needed to determine similarities and
any differences with the results produced by the animal

Attention Biomarkers

model. If there is good correspondence, the dSAT has
strong potential for guiding pharmaceutical treatment re-
search targeting the specific aspects of cholinergic neuro-
transmission that may contribute to attention deficits in
schizophrenia.™

Conclusions

Impairments of attention in schizophrenia have been pos-
tulated since the earliest clinical descriptions of the disease.
However, attention is a broad term with multiple mean-
ings, and the field has only recently begun to isolate the
specific nature of attentional dysfunction in schizophrenia
and to distinguish between the related constructs of atten-
tion, working memory, and executive control. By focusing
on the specific construct of top-down control of attention,
it may be possible to develop biomarkers that can be very
useful in developing and testing new treatments for cogni-
tive dysfunction in schizophrenia. However, this specificity
means that basic and preclinical research has not yet pro-
gressed to the point where biomarkers of attentional con-
trol are fully ready for use in treatment research.
Nonetheless, the CNTRICS participants have identified
4 paradigms that are highly promising. One of these para-
digms (cuing using fMRI) has been used extensively in the
basic cognitive neuroscience literature and is ripe for pre-
clinical research to determine whether patients show reli-
able reductions in cue-elicited goal representations.
Another of these paradigms (cuing using EEG) has al-
ready proven useful in ADHD research. Two additional
paradigms (additional singleton and dSAT) have ex-
tremely good construct validity and are closely related
to paradigms that have revealed behavioral manifestations
of impaired attentional control in schizophrenia patients,
but need more basic science development of neural meas-
ures. Thus, the field is well on the road to developing bio-
markers for attentional control, and additional basic
science research on attentional control may yield even bet-
ter biomarkers in the future.
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