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Abstract

Attention is central to many functions such as vision, emotion, reward, memory, and consciousness. Attention is a
neural signal that modulates main signals. Main signals are sensory signals in feed forward pathways (e.g., vision
related ventral and dorsal pathways) and signals related to memory, emotion, reward, and so on. The attentional
modulating signal could be in forward (bottom-up) or backward (top-down) direction from attentional sources such as
thalamic reticular nucleus or fronto-parietal network, respectively. This attentional signal is disturbed in schizophrenia.
Attention deficits in schizophrenia are critically reviewed. Schizophrenics appear to have deficit mostly in switching and
selective (salience) attention. Attention modulates main signals via dopamine and glutamate neuromodulators in
schizophrenia. An experimental design, based on switching attention deficit and functional magnetic resonance

imaging, is proposed.
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1. Introduction

Attention is central to many areas of both basic and clinical researches, and is essential to the construction of every

subjective experience (], Attention plays important role in vision, perception, emotion, reward, memory, and action
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selection [, Impaired mechanisms of attention are fundamental aspects of a variety of human illness states. These
include schizophrenia, Alzheimer’s disease, posttraumatic stress disorder (PTSD), dementia with Lewy Bodies, drug-
abuse such as MDMA, cocaine, and marihuana use, Parkinson's disease, frontal lobe damage, attention deficit
hyperactivity disorder, bipolar disorder, depression, autism, and pain (references in Table 1). Our goal is to (a) concisely
review attention, schizophrenia, and attention deficit in schizophrenia, (b) propose an attention based schizophrenia
model, and (c) present a functional magnetic resonance imaging (fMRI) based experimental design to study attention

deficits in schizophrenia.

In Section 2, we concisely (a) define attention, (b) review the five forms of attention tasks and neurotransmitters involved,
and (c) elucidate how attention affects emotion, face recognition, reward system, and working memory. In Section 3, we
review schizophrenia and attention deficits, and models for schizophrenia. A future research project is suggested in

Section 4. Finally, the conclusion synthesizes our main thesis.

2. Attention

2.1. Definition: Physiologically, visual attention can be defined as a neural signal that modulates main signal. Main signals
are (a) sensory signals in feed forward pathways (e.g.: vision related ventral and dorsal pathways, (b) emotion, memory,
and reward related signals. Attention modulates main signal by (a) facilitating or sharpening firings of already activated
cells or (b) by suppressing or inhibiting neighboring deactivated cells [°!. Sensory signals includes signals related to all
sensory systems such as vision, auditory, smell, taste, and somatosensory sensory; it could be unimodal, bimodal, or
multimodal. Attentional neural signal could be re-entrant feedback signal from areas such as pre-frontal cortex [/ and

could be feed forward signal from areas such as thalamic reticular nuclei (4.

Table 1. Attention deficits in patients: The references for attention deficits in various disorders related to

the various forms of attention are listed. ‘?’: Uncertain.
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Disease | Covert Divided Sustained Selective Switching Attention deficit (non-specific)
Schizophrenia  [°] [Blg, [7] [8]re1r10] [1]p2]n8][14][18]

AD [16] [17] [18]

PTSD [19] [19] [20]

DLB [21] [21] [21] [22]

MDMA use (23] [24] [25] 23], [24] [23]9 Chronic [26]
Cocaine use [27][28] [29] [30]
Marihuana use [31][32][33] [34] [35]

PD [36][37][38][39] [40] [41]

FLD [42] [36]9

ADHD [43] [44] [45][46] [47][48]9
Bipolar disorder [49] [26]
Depression [50](51] [51](52] [26]

Autism (5319 [53]9 53]

2.2. Visual attention tasks can be grouped into five forms[°*]: First, in foveal short-sustained, long-sustained, and
vigilance attention tasks, subjects attend the target foveally for short time-period (1-30 sec) inshort-sustained attention,
prolonged period of time (seconds to minutes) in long-sustained attention, and very long time-period (minutes to hours) in
vigilance attention. Second, in covert attention task, subjects attend to peripheral stimulus without moving eyes while
fixating foveally. Third, in divided attention task, subjects divide their attention between two (or more) different stimuli.
Fourth, in selective (or focused) attention task subjects attend the target and ignore distracters. Selective attention
enhances activation in the cortical regions related to the attended stimulus and diminishes activation elsewhere. Since
latent inhibition (LI) is defined as the normal ability to ignore nonrelevant (distracter) stimuli '], LI may be helpful in
explaining selective attention &, Fifth, in switching attention task, subjects switch attention to another task by disengaging
attention from the first task and engaging to the second one. Switching tasks can be classified into 5 types [°°!: (a) location
switching: switching of attention between two spatial locations; (b) attribute switching: switching of attention from one
feature of an object to another (e.g., from shape to color); (c) rule switching: switching of attention from one rule to reverse
rule; (d) object switching: switching of attention between two stimuli or relevant objects; and (e) task switching: switching

of attention between two responses or two operations that are applied to stimuli.

2.3. Neurotransmitters dopamine and glutamate, which are linked with attention and working memory, are disrupted by
schizophrenia (561 Excessive dopamine in some brain areas and reduced dopamine in other brain regions are reported in

schizophrenia [°7],
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2.4. Effect of attention on emotion, face recognition, and reward system: Since attention modulates BOLD signal in the
fusiform gyrus (GF) [°8], which interacts with amygdala, attention may have effects on emotional and reward related facial
stimuli. Selective attention is required to process the emotional content of faces [°°/ and can play an important role in
dissociating facial emotion from facial identity (face recognition). Fronto-parietal attention network is involved in emotion
perception and motivated attention [69]. Affectively arousing stimuli automatically draw attention, and emotion increases
the facilitation effect of spatial attention and vice-versa [6']; these are consistent with emotion-attention interaction
hypothesis. The presence of affectively arousing stimuli enhances the switching of attention to a given hemifield [62].

Attention signals from frontal cortex may potentiate the face recognition signal in GF; and attention signals from medial

prefrontal cortex (53] may potentiate emotion discrimination signal in amygdale.

2.5. Attention and working memory (WM) are closely related cognitive processes. However, cognitive tasks measure
performance. When performance is involved, then task characteristics also become important, which may influence the
relationships between cognitive processes (such as attention and memory). The close relationship between WM and

[64]

selective attention suggests that they may share common neural mechanisms '°*. Schizophrenics have selective

attention deficit; therefore, their WM should also be degraded.

3. Attention Deficits

3.1. Schizophrenia: It is a chronic debilitating psychiatric disorder, which occurs in about 1% world population (lifetime

[44], Positive symptoms of schizophrenial**! include (i) delusions, (ii) hallucinations, (iii)

prevalence is 0.5%-1%)
disorganized speech (e.g., frequent derailment or incoherence), (iv) grossly disorganized or catatonic behavior, and (v)
positive formal thought disorder. Negative symptoms of schizophrenia are (i) affective flattening, (ii) alogia, (iii) avolition -

apathy, (iv) anhedonia — asociality, and (v) disturbances in cognition (e.g., attentional impairment).

3.2. Attention deficits in schizophrenia: Schizophrenics couldsplit their allocation of attention [¢°! and showed a peculiar
mixture of over- and under-attention [°6]. Chronic schizophrenics showed difficulty in maintaining a level of attentionl®7].

Selective attention were disturbed in schizophrenics [68],

More recent literature suggests that schizophrenics have impaired cognition, ranging from deficits in basic sensory gating
to impairments in higher order functions such as attention [691'2] memory [7%], vocational and psychosocial functions [/,
However, the pathophysiology of the cognitive deficits has not been fully elucidated. A hypothesis suggests that positive
schizophrenic psychopathology (e.g., delusions and hallucinations) may result from exaggerated salience attribution or
inability to switch attention from some inner psychic processes [/2]. On the other hand, such salience ‘fixation’ may also
underlie some of the negative symptomatology due to decreased salience of social activities and other natural

reinforcers (73!, Schizophrenics attend to their own salient stimuli (which are abnormal}’2) and it is hard to switch their
attention to normal stimuli [2Il'3]. Schizophrenic patients with negative symptoms (including apathy and social withdrawal)
tend to ‘switch attention less’ and ‘perseverate more’ than that with the positive symptoms (including psychosis and mental

disorganization) ['4. In addition, schizophrenics with positive symptoms ‘switch attention more’ and that with negative
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symptoms ‘perseverate more’ than normal subjects [14] Thus, deficits depend on the type of schizophrenia; this suggests
that categorization of schizophrenics is essential during investigation. Furthermore, latent inhibition may be helpful in
explaining selective attention (8l and over-switching [ 'l in schizophrenia. In over-switching, schizophrenics tends to
replace an adaptive response without being given a reason to do so’ '] i.e., switch attention without much reason.
Positive schizophrenics who show high levels of over-switching, also exhibit impaired latent inhibition, whereas negative
schizophrenics and normal controls show normal latent inhibition ['']. These findings suggest that over-switching is a
specific attention deficit in positive schizophrenia. Sustained attention deficit contributes to deficit in communication in
schizophrenics 1. Schizophrenics have deficits in covert attention °], switching attention (between color and form), and
reloading of working memory; however, they appear normal on sustained attention or attention to multi-features ['213],
Schizophrenics have deficit in selective attention to a single facial dimension (either identity or emotion) while ignoring the

second [,

In general, schizophrenics have deficit in various aspects of attention 6211211315161 a5 Jisted in Table 1, which also
compares and contrasts various attention deficits in many mental diseases. It should be noted that schizophrenics do not
have deficit in divided attention [66]. Many disorders have similar attention deficits. For example, patients with PD, ADHD,
and schizophrenia have switching and selective attention deficits, but PD and ADHD patients do not show covert attention
deficit whereas schizophrenics have this deficit according to Table 1. Thus, it is essential that all aspects of attention need
to be robustly investigated for all diseases before we can identify the disease and attention deficit uniquely using

comparison-and-contrast method from Table 1.

Furthermore, attention deficits of schizophrenics must be addressed in terms of their functional disability. For example,
how the degraded attention influences their social life and interpersonal relationship, and how they ‘try and fail to
negotiate socially mandated roles’ 741751 |f they are unable to switch their attention to relevant traffic stimuli during

driving from their task-unrelated salient stimuli, they may have fatal accident.

3.4. Attentional deficits related to emotion, face recognition, reward, and working memory in schizophrenics:
Schizophrenics show abnormal neural responses to emotionally salient stimuli in the amygdala, ventral striatum, and
visual cortex [73Il76], Schizophrenics have deficits in (a) emotion recognition tasks such as differentiation of sad versus
happy faces |7l and (b) facial emotion matching, facial identity matching (face recognition), and their interaction in a
delayed matching task [. Subjects were unable to pay selective attention to emotion without interference from identity
because facial identity tasks are faster than emotion tasks; emotion and identity are positively correlated; thus, emotion
and identity perceptions interact and may reciprocally interfere [°178]. Thus, an active dissociation process is needed to
selectively attend and respond to one kind of facial information. In schizophrenic patients, problems in emotion correlated
with problems in attention, verbal and spatial memory, and language abilities ['*!. Schizophrenics have deficit in facial
affect recognition and facial recognition tasks; this impaired facial processing can be explained (i) by non-specific attention
deficit and selective attention deficit as performance on attention and facial tasks are significantly associated [79/[% and/or
(i) by impaired structural description of facial identity and emotion [81] These explanations are supported by the eye

movement recordings that showed fewer, shorter and abnormal fixations leading an abnormal pattern of face
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exploration [82] This suggests that schizophrenics do not attend to salient features of face resulting in an impaired facial
structural description. Schizophrenics show functional deficits in (a) resolving interpersonal problems, (b) social
perception, and (c) social functioning; these may be related to deficits in facial affect recognition [P179183184] |n task-
switching attention [°°! | the decision to attend one task (or stimulus) may involve the integration of cognitive and affective
information and reward related dopamine systems (%], which may be abnormal in schizophrenics[”2!. In schizophrenics,
attention and visual recall deficits in facial perceptual tasks may reveal unitary mechanism deficit; whereas in normal

subjects, mechanisms for attention and visual recall may be distinct (.

The severity of the negative symptoms (inattentiveness, affective flattening, and avolition—apathy) co-varied with deficits
in facial processing [°l. This implies that expression of emotions and perception are closely linked. If the delusions are
more severe, patients can recognize others’ emotions better (). In general, schizophrenics have greater deficit in emotion
perception than in other kinds of facial information (e.g. identity, gender or age) [°!. The dissociation processes are
affected by such symptoms because of the association between negative symptoms and the difficulty in dissociating
identity and emotion (. The patients impaired in recognizing others’ expressions are not able to interact with other people
in social activities [°l. In schizophrenic patients, since problems in emotion correlated with problems in attentior'# and
attention-signal modulates emotion signal, attention deficit could be the underlying mechanism in emotion deficit and in

some functional disabilities. This hypothesis needs further testing.

3.5. Neural correlates: Schizophrenics show abnormal functional MRI response to photic stimulation in visual ared®l.
Schizophrenics have deficit in early-stage processing of faces [87]. The activity of the ‘face’ fusiform gyrus involved in the
processing of facial information is more important for emotional faces [®8l. The inability to process facial emotion can
cause deficits in identity tasks that use expressive faces (%], and expressive faces increase the feeling of familiarity®%!.
Therefore, the interference of identity in emotion processing is bi-directional; i.e. emotions may interfere in identity
processing [°'! and vice-versa. The fusiform gyrus (GF) is involved in face and object recognition; its activity is modulated

[92]: and it is abnormal (8-11% smaller gray matter volumes) in schizophrenial®3![241251961971[98] Ghronic

by attention [
schizophrenics show gray matter volume reductions in temporal gyrus, which is related to hallucinations [°°! and reduced
right posterior fusiform gyrus volume, which is related to social disturbances (such as reduced sensitivity to human faces
and low extraversion) ['991. Schizophrenics show abnormal processing of facial information, which may be related to

[107] and a significant increase in the volume of

reduced activity in the left fusiform gyrus (for facial working memory task)
bilateral amygdala ['92]. GF interacts with the emotion system (such as amygdala) for the evaluation of ‘value’-category
and with the attentional system for the evaluation of salience [°8/°2], Schizophrenics with blunted affect (reduction in the
intensity of emotional expression and response) show significantly reduced activation in fusiform gyrus (BA 20 and 21)
compared to those with normal affect ['93]. Schizophrenics show deficit in right lateral fusiform gyrus activity during the
facial information (identity or affect) tasks |94, Schizophrenics have emotion processing deficits (decreased BOLD
activation) in the left amygdala and bilateral hippocampus on the emotional valence discrimination task [105],
Schizophrenics showed exaggerated amygdala activation in emotional intensity judgment task (‘which face was more
emotional’); this suggests that the gating of emotional input is impaired (1061 The neural correlates of facial emotion

involve amygdala [°II89] which is an important area in (a) the cognitive dysfunction['%7], (b) affect recognition deficit 19!,
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and (c) deficit in dissociating facial emotion and identity in schizophrenia. The reality distortion symptoms in schizophrenia
may involve defects in parietal, frontal and hippocampal structures [1°8]. Schizophrenics do not show right hemisphere
advantages on the facial task whereas normal controls do ['99]. Frontal and prefrontal cortex and their interaction with the
fusiform gyrus may also be involved in face recognition [0 The frontal cortex modulates the activities of temporal area
that are involved in facial analysis [°.. In schizophrenics, the frontal cortex is hypoactive and the coordination of activity
between the frontal and temporal cortices is abnormal [' "], which may lead to inability to dissociate facial emotion and
identity [°l. Schizophrenics showed hypoactivity in bilateral frontal and right temporal area on CPT (Continuous
Performance Test) task [' 2], Perception and attention deficit (PAD) model for recurrent complex visual hallucinations
(RCVH) in schizophrenia, delirium, dementing ilinesses, eye disease, and on the borders of sleep suggests that RCVH
may involve abnormal activations in a ‘lateral frontal cortex-ventral visual stream system’ with cholinergic dysfunction I3,
In the dorsolateral prefrontal cortex (DLPFC) of schizophrenics, GABA synthesis is reduced, which leads to reduction in
the gamma-frequency synchronized neuronal activity; this in turn leads to a diminished capacity for working memory
function [' 4], Furthermore, the function of hippocampus may include contextual aspect of emotional processing in
addition to usual processing of memory; it may be relevant for face identity as context and emotion discrimination as a
function of amygdala [ '°Il' 6] Memory deficit is related to attention deficit, and working memory is a core deficit in
schizophrenia; this implies lower capacity for object and face memory [''7]. The disruption of memory-emotion-attention
related left hippocampal-limbic—prefrontal neural net is critical in the loss of drive and initiative, perseveration, and

irrelevant associations observed in schizophrenia.l'18ll11°]

3.6. Models of schizophrenia and test hypotheses: Biochemical models suggest two models of schizophrenia, one based
on excessive inhibitory neuromodulator dopamine (dopaminergic hyperactivity in the brain) and other based on lack of
excitatory neurotransmitter glutamate, are reported [211201121] "which reveal the interplay of the two signaling systems
(dopamine and glutamate). Administration of dopamine agonist amphetamine or glutamate antagonist ketamine produces
transient psychotic state, but the latter produces more “complete” schizophrenia ['2%]. The dopamine input in the indirect
pathways is inhibitory and that in the direct pathways appears to be excitatory ['22]. Imbalance of dopamine and glutamate
leads to deficits in attention and working memory (1120111211 ' Serotonin, GABA, and norepinephrine may also be play role
in schizophrenia. As attention degrades, memory also degrades. Schizophrenics have attention and memory deficits.
Attention deficits in schizophrenia could be explained by (a) the dopaminergic dysregulation that disrupts the balance of
specific attentional functions of facilitation and inhibition and (b) the failure of glutamatergic-mediated recurrent inhibition
of discrete but widely distributed neural circuits [2I'21]. Thus, attention modulates main signals via dopamine and
glutamate neuromodulators, which could be the underlying mechanisms of both (dopamine and glutamate) models of

schizophrenia. This hypothesis needs further testing.

From above review a following specific hypothesis can be generated:The attention system (salience), visual system (face
recognition), emotion and reward system (facial emotion), and their interactions are abnormal in schizophrenics. The
cognitive processes involved in the dissociation of emotion and face recognition are altered in schizophrenia.
Furthermore, a hypothesis can be formulated as follow: in schizophrenics, the selective attention deficit leads to deficit in

(i) face discrimination (different faces with same or different emotion vs. same faces with same emotion), (ii) emotion
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discrimination (different emotions with same or different faces vs. same emotions with same faces), (iii) facial identity
(matching faces of same or different emotions), (iv) emotion identity (matching emotion of same or different faces), (v)
emotion identification (identify emotion with same or different faces), (vi) face recognition (recognize face with same or
different emotions), and (vii) disassociation of emotion (discrimination, identity, or identification) from face (discrimination,

identity, or recognition).

4. Future directions

Psychophysical studies such as ours on visual mechanisms ['231[1241[1251[126][127][128] gng many others [1291113011131] were
performed with high degree of attention. However, we need to collect data with a low level of attention or without attention
to the test stimulus to separate attentional areas. For attention deficits in schizophrenics, we recommend investigating
‘common’ and ‘specific’ activated areas for at the least 2 aspects of attention using fMRI combined with psychophysical
studies: switching attention and selective attention. The rationale is that schizophrenics have deficits mostly in these
aspects [1IEI5I°] However, other aspects of attention (covert, sustained, and divided attention) deficits in schizophrenics

should also be investigated.

Switching attention deficit: Patients with schizophrenia were significantly impaired on visual attention tasks that required
switching of attention (between color and form) ['2Il'3]_ Schizophrenics also have deficit in motion processing!'®?]. These
separate reports of switching attention and motion deficits justify the investigation of both deficits in the same group of
schizophrenics for the search of better marker. Therefore, we propose the following experimental design directly related to
schizophrenia where subjects switch attention between color and motion attributes. In the reference task (R), target
stimulus is not presented. Subjects are required to alternatively press the positive and negative buttons whenever a
stimulus appeared as soon as possible after the presentation of each stimulus. This will allow for the control of non-
cognitive visual processing and simple motor output by direct subtraction of fMR images. In the switching attention task
(A), target stimulus is displayed and subjects are required to remember the color and motion of the stimulus. This is
followed by 80 serially presented stimuli and subjects are required to respond a positive (stimulus matches with
remembered stimulus) or negative response on a button press device. The reaction time is recorded. Incorrect responses
to target or non-target stimuli are counted as errors. Subjects are required to alternate between responding (a) to stimuli
matching the target for the color (ignoring motion), then (b) to stimuli matching the target for motion (ignoring color).
Subjects are required to switch only when the appropriate match is found. This experiment may also involve working
memory and active stimulus processing and hence we need to isolate them. For this purpose, the second experiment A is
repeated without switching the attention (N), i.e., if a subject started matching color then the subject continues matching
color (ignoring motion) for whole session. The outcome measures are reaction time (RT) and number of errors made in
matching the targets. Functional MR images are obtained while performing the above psychophysical experiment. Using
subtraction method, the results of experiments [A — R] are compared with that of [N — R] to estimate results for switching

attention (mostly) alone.

Furthermore, the above group of experiments can be extended (a) to test the various forms of attention-deficits listed in
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Table 1 for various disorders and (b) to find ‘sources’ of attention related to norephinephrine (locus coeruleus: LC),
dopamine (substantia nigra: SN), and serotonin (raphe nucleus: RN) using fMRI and to apply structural equation
modeling [1331l134][135] to investigate how they modulate the visual processing for normal subjects and patients.
Specifically, the test hypotheses for schizophrenia are given in Section 3.6. We proposed fMRI and psychophysical
methods to separate attentional areas and to investigate the effects of attention on schizophrenia. This is one of many

possible approaches (not discussed here) to address the same problem.

5. Conclusions

Attention is a neural signal, mostly reentrant signall®!, which modulates main signal. Main signals include (a) the feed
forward sensory signals such as vision related signals in ventral and dorsal pathways and (b) signals related to memory,
emotion, and reward systems. This modulating signal could be in forward (bottom-up) direction or mostly in backward
(feedback, top-down) direction. The ‘sources’ of attention could be TRN, SN, LC, RN for bottom-up or frontal cortex (such
as ACC, MFG) for top-down direction. The areas for the ‘sources’ of attention and the areas for the ‘targets’ of attentional
signal (where attention signal modulates the main signal) need to carefully separated to make the attention research
simple and to resolve controversies in both normal subjects and patients. Then basic attention mechanism may emerge in
simpler form. Understanding the influence of attention on visual processing in healthy individuals can provide the
foundation for studying the role of altered attention in various disease states characterized by impaired attention (Table 1).
A simple working hypothesis is “Attention is a neural signal that modulates main signals such as stimulus related feed
forward signal. This modulation is disturbed in mental disorders. For example, schizophrenics may have deficit in

switching and selective (salience) attention.”
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