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Abstract
Humans prioritize stimuli related to themselves rather than to other people. How we control
these priorities is poorly understood, though it is relevant to the nature of self-processing and
a wide range of neurological and neuropsychiatric disorders, from cases of strokes, dementia
to depression and schizophrenia. We update the Self-Attention Network proposed in 2016 by
evaluating how self-prioritization interacts with Peterson and Posner’s three attentional
systems: alerting, orienting and executive control, based on evidence on a variety of
behavioural and neuroscientific studies with healthy participants and patients with brain
lesions. We suggest that all the three attentional networks contribute to self-prioritization.
Understanding the nature of self-prioritization in attentional contexts may provide important
clinical implications for a variety of disorders related to self-processing.
Keywords: self-prioritization; alerting; orienting; executive control.
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Introduction
Human attention is tuned by self-related information. Currently we know relatively little
about which and how the attentional system(s) are tuned by self-related stimuli though the
question is critical for understanding both the long-standing issue of what the nature of selfprocessing is and how human attention operates in social contexts. The aim of this paper is to
elucidate the relations between self-processing and attentional functions. The review will
provide evidence that self-related information act as a global modulator of attentional
processing including orienting, arousal and executive control.

Ubiquitous phenomena: self-prioritization in cognition
There is now considerable evidence indicating that people prioritize information related to
themselves relative to other people. The effects of self-prioritization are pervasive. For
example, memory is better for information that relates to ourselves than others [1,2,3]. Selfrelated information attract attention automatically [4,5,6] and one’s own face is responded to
faster and more accurately than the faces of other people [7,8,9]. Self-prioritization even
affects simple perceptual matching judgments [10,11]. In this task, people form associations
between neutral stimuli (equally familiar) and personal significant labels (e.g. you, friend and
stranger). Matching performances are better for self-associations than for the associations
related to other people.
The most important account of self-prioritization is that the effects are driven by tuning
attention toward self-related information [4]. In 2016, Humphreys and Sui proposed the SelfAttention Network (SAN) to help understand the nature of self-prioritization in attentional
contexts. The review focused on the evidence of the self-name, self-face, and self-perception
effects on attention. The authors argued that self-prioritization emerges through an interaction
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between regions within the self-network (the cortical midline structure, specifically the
ventral medial prefrontal cortex, vmPFC) and regions within the executive control network
[12]. The impact of executive functions on self-related processing, has also been noted in
developmental research, where executive functions are associated with the development of
self-control [13]. Going beyond this, the present article extends the SAN by evaluating and
discussing the relationships between self-processing and the entire attentional system
proposed by Petersen and Posner [14, 15]. This discussion unifies cognitive, neuroimaging
and neuropsychological research findings on the interactions between self-processing and the
attentional systems.

Peterson and Posner’s three attentional system
An influential theory of attention postulates that attention is composed of three distinct neurocognitive networks: alerting, orienting and executive control [14, 15]. The alerting network
controls participant’s arousal and vigilance, and supports sustaining of attention over time. It
is controlled by the norepinephrine (NE) circuit, originating in the brain stem and spreading
across the cerebrum. The alerting network is associated with rapid phasic changes of
vigilance (e.g. in response to a stimulus onset) or tonic state (e.g. as a function of the sleepwake cycle). The orienting network prioritizes sensory input by enhancing processing
resources to specific location, modality or object. It is controlled by the acetylcholine circuit.
The orientating network is divided into two functions. Orientation to a target based on prior
knowledge (e.g. spatial cue) is mediated via a lateral dorsal fronto-parietal network including
the frontal eye field and intra-parietal sulcus (IPS). The second orienting sub-system is
mediated via the ventral fronto-parietal network including the inferior frontal region and
temporal-parietal junction. The latter is driven by the stimulus. It is typically measured by the
ability to switch prioritization, re-orienting to a new target location. Finally, the executive
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control network reflects a top down regulation mechanism that creates the task set, ensures
task goals being maintained, and monitors for conflict and error. It is mediated through at
least two neural circuits: a lateral fronto-parietal and a medial frontal- insula.
How these attentional networks interact with the critical processes that affect our everyday
lives and that are more social in nature is unclear. Research so far focused on the interaction
between the attentional networks and emotions [16,17,18,19]. For example, using the
attentional network test, Fan and colleagues (2002) reported interaction between emotions
and the executive control network [20]. Humphreys and Sui suggested that personal
significance affects behaviour through the interaction with the self-network (especially in the
vmPFC) and the executive control system [12]. Here we extend the SAN by systematically
evaluating the evidence of how social processing, with a focus on self-relevance, interacts
with the entire attentional systems (Figure 1). We argue that self-processing acts as a
modulator of the alertness and orienting systems, while it runs counter to the function of the
executive control when the self-related information is irrelevant to task requirements and
individual goals.

Self and Petersen and Posner’s attentional networks
Self and alerting
Naturally self-relevant information tends to increase one’s alertness. For example, hearing
one’s own name compared to the names of other people leads to increase autonomic
responses (galvanic skin response), when participants are awake or during rapid-eyemovement (REM) stage of sleep [21]. Recently Kaida and Abe (2018) showed that self-name
enhanced performance maintenance indexed by the psychomotor vigilance test (PVT). In the
PVT test, repetitive simple task is performed over a relative long duration typically leading to
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boredom and decrease in performance [22]. Additional evidence comes from
neurophysiological studies where the amplitude of P3 ERP (Event Related Potential)
component is increased for self-name stimuli compared to other names in awake adults
[23,24] and in individuals who are in vegetative state [25]. It has been suggested that
physiologically the P3 is coupled with the responses of the autonomic nervous system,
reflecting the activation of the locus coeruleus-norepinephrine system [26].
The evidence indicates that self-related stimuli, especially one’s own name modulates
alertness. It is noteworthy that these studies confound familiarity with the self-manipulation
as participants are more familiar with their own name in relation to the names of other
people. Future research needs to assess the effects of self-processing on alertness by
controlling for stimulus familiarity.

Self and orienting
Orienting of attention is supported by two sub-systems: one is guided by top-down prior
knowledge, and the other by new bottom up information. In other words orienting is guided
by endogenous and exogenous cues, respectively.
There is a body of evidence indicating that self-related information is an effective
endogenous cue that facilitates responses to targets, compared to information related to other
people. Liu and colleagues (2016) used face images (self vs. other faces) as a central cue
prior to the presence of a peripheral target (a letter ‘T’ surrounded by distractors ‘+’). The
orientation of face images cued the location of the targets [27]. The authors found that the
self-face cue (relative to other face) enhanced cue validity and facilitated responses to targets.
The effect was associated with enhanced N1 amplitude in the parietal regions to the self-face
cue. N1 amplitude in cueing tasks is suggested to reflect orienting of attention to target
6

location [28]. Similarly, an avatar associated with the self can act as an affective cue to
facilitate performance to targets in comparison to an avatar associated with a different person
[29,30]. This suggests that self-relevant priori knowledge enhances orienting of attention.
Self-related stimulus is also a powerful exogenous cue, inherently capturing attention. The
cocktail party effect is the most commonly used example. In a classic study, Moray (1959)
reported that participants were able to recall more words in their unattended ear when they
followed the presentation of participants’ own name in comparison to the names of other
people [4]. The result indicates that self-related stimuli orient attention to their location and
subsequently facilitate the processing of stimuli in the same location. It is also shown that
relative to other names self-name is detected faster in a search task [31] and captures
attention when presented briefly in the location of following target [32]. Similar effects have
been reported in face studies [7,33]. Using ERP, researchers reported that the amplitude of
the anterior N2 component over the central frontal regions was larger for self faces (relative
to the faces of friends), no matter whether the stimuli were task-relevant or not [34]. The
anterior N2 is associated with orienting of attention, though it has also been suggested to
contribute to executive control [35,36].
In addition, even when self-related stimuli are newly learned, they capture attention. Sui and
colleagues (2015) had participants associate neutral geometric shapes with different people
(self-triangle, friend-square, stranger-circle) [37,38]. Participants then were presented with
compound shapes (e.g., global-square made of local-triangles) and asked to complete a
global-local task [39,40], identifying the shapes at a given level (global vs. local). The data
showed faster responses when the self-associated shape was the target compared to when it
was presented as the distracter. The effect holds at both the global and local levels, and the
response in the IPS mirrored the behavioural pattern. The researchers argued that the
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geometrical shape tagged to the self becomes salient, exhibiting similar effects on behaviour
as a perceptual salient stimulus [40].
In line with the above effects, a recent neuropsychological study reported that self-related
information helps reduce spatial attention deficits in extinction patients [41]. Extinction is a
neuropsychological deficit in which patients can identify a single stimulus presented in the
contralesional field but fail to notice it when a second item appears at the same time in the
ipsilesional field. In this study, extinction patients first completed the shape-personal label
matching task and then had to report the shapes presented on the screen. When two shapes
were placed in competition, extinction patients more often reported their own shape than the
shape associated with other people. The effect was larger when the self-related shape fell on
the contra-lesional than ipisilesional side [41]. These results indicate that self-related stimuli
increase attentional resources to the controlesional hemifield, which is typically ignored by
extinction patients.
The neural responses involved in the shape-label matching task was examined using
functional magnetic resonance imaging (fMRI) [42]. The researchers reported that the selfprocessing (in relation to other processing) was associated with enhanced activity in the
ventral prefrontal cortex (vmPFC) and left posterior superior temporal sulcus (pSTS). In
particular, the strength of the projections from the vmPFC onto the left pSTS correlated with
the magnitude of self-prioritization in the shape-label matching task [42]. They argued that
personal significance affects performance, by coupling activation in regions associated with
internal self-representations in the vmPFC to brain regions associated with bottom-up based
ventral orienting processes (the pSTS).
Taken together, the evidence shows that self-related stimuli act as ‘powerful’ orienting cues
(endogenous or exogenous), modulating neural responses via the ventral orienting system to
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affect behavior. This is consistent with the idea that stimuli become salient based on not only
their perceptual features but also social attributes of stimuli [15].
Self and executive control
We have evaluated the evidence that self-relevance modulates alerting and orienting of
attention. Below we discuss the interaction between self-processing and executive control
within the frontal cortex. The evidence suggests that the midline frontal structures drive selfprioritization, while the lateral frontal regions counter this pre-potent tendency to ensure task
goals met.
It is worth noting that the ventral midline frontal structures (mFC) supporting self processes
are hypothesised to be dissociated from the midline structures that are directly involved in
executive control. A recent meta-analysis suggests partial functional dissociations along
posterior-anterior axes of the medial frontal cortex; with the middle parts associated with
cognitive control processes (‘cold’ cognition) and more anterior parts associated with ‘warm’
cognition, including social, affect and reward [43]. Though the meta-analysis also stressed
high degree of overlaps in functions between the midline frontal structures, it highlights that
the anatomical proximity potentially enables interactions among different processes [44]. For
example, self-processing is typically associated with the ventral-posterior parts of the mFC,
which dissociate from reward processing [45,46]. This is supported by the shape-label
matching study described above [42], in which the vmPFC responses stronger to self-related
stimuli than the stimuli associated with others; in contrast, the dorsal lateral prefrontal cortex
(DLPFC) was associated with other-related processing. The strength of the DLPFC response
in other- vs. self-trials inversely correlated with the size of self-prioritization observed in
behavior [42].
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The inverse role of the frontal midline and dorsal lateral structures in self-prioritization is also
shown in two neuropsychological studies. A voxel-based morphometry study reported that
lesions to the dorsal frontal areas were associated with hyper self-prioritization effect in face
perception [47]. The size of self-prioritization was almost 2-3 folds larger in patients than in
age matched healthy participants and patients with lesions not affecting this region.
Furthermore, the exaggerated self-prioritization in these patients was associated with reduced
performance in executive control tasks. This observation was replicated by another
neuropsychological case study, where the shape-personal label matching task was used [48].
A patient with brain lesion affecting the lateral frontal and parietal regions showed
abnormally increased self-prioritization observed in both perception and memory tasks tasks.
In contrast, a patient with brain lesion affecting the frontal midline structures showed reverse
pattern of hypo self-prioritization effects [48].
What is intriguing in the above findings is that none of the experimental conditions presents a
direct competition between self and other related stimuli, in other words, experimental trials
only contain targets without distracters. These results indicate that the role of the DLPFC is to
counter self-prioritization even in the absence of direct competition from self-related stimuli.
The findings indicate that the ventral frontal structures and dorsal lateral regions play an
opposite role in self-prioritized responses.

Discussion and conclusions
There has been considerable debate over how self-related information gains and
operationalises attentional priority. One interpretation is that self-related information gains
priority through motivational/affective neural circuits associated with reward and emotions
[46,49]. There is some evidence suggesting that self-related information at least partly guides
10

behaviour via unique mechanisms differing from reward and emotion systems [50,51,52].
This is, however, beyond the scope of the current review to compare the differential effects of
self from other ‘warm’ (motivational and affective) stimuli on the attention systems in detail.
Another account is that self-reference (referring a stimulus to the self) activates internal selfrepresentations which modulate the links between sensory input to different levels of
processing from perception, attention to memory [53], and somehow self-reference acts as a
gold thread to facilitate processing of information (like ‘a centre of the gravity’) [54].
Following this line of research, the present article particularly focuses on the effects of selfprioritization in attentional contexts. We update the SAN model by systematically evaluating
and discussing the relationships between self-processing and the three attentional networks
proposed by Petersen and Posner: alerting, orienting, and executive control. The evidence
suggests that self-reference modulates all the components of the attentional system: selfrelated stimuli increase alertness, act as efficient endogenous and exogenous cues; the
interaction between self-processing and executive control depends on task demands which
either contribute to self-prioritization or supress the self-prioritization when self-related
stimuli are task-irrelevant.
We conclude that in order to survive in complex environments people need to prioritize
processing so that stimuli most relevant to our behavioral goals are selected for action, selfprocessing acts a global modulator of the attentional systems, by interacting with all the three
networks. We hope the present review will be useful as a theoretical framework for future
studies on self and attention, with direct implications for different neurological and
neuropsychiatric disorders related to self-processing.
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Figure 1 Self-Attention Interaction Framework
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