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What is the self good for? Why do 
we need a self at all for our mental 
life? While these are philosophical 
questions, they have recently been 
raised in neuroscience. Now one might 
say that when it comes to robots and 
artificial intelligence all that is irrelevant. 
But it is not so. Does a robot need a 
self to show consciousness? Do self-
driving cars need to be equipped with 
a self to ride the car without a human 
driver? To answer these questions, 
we need to reconsider the question 
of the self in the context of artificial 
intelligence and robots. To begin, let 
us briefly go back into the history of 
philosophy and neuroscience.  

Some philosophers and 
neuroscientists (e.g., Thomas 
Metzinger and Galen Strawson) argue 
that the self does not exist. In their 
view, to assume a self is nothing 
but an illusion. They argue that we 
can have mental states—including 
consciousness—without the self, 
which is simply not needed for mental 
states to be possible. This view goes 
back to the empirical philosophers of 
the eighteenth century (e.g., David 
Hume) and has found many proponents 

recently in both philosophy and 
neuroscience. 

Others, in contrast, argue that 
we do need a self. Without self, 
there would be no consciousness, 
indeed no mental features at all. This 
view goes back to Descartes and 
Kant in Western philosophy and is 
prevalent in particular among certain 
neuroscientists and philosophers (e.g., 
David Rosenthal and Hakan Lau) who 
claim we need the self to carry out 
important cognitive functions, without 
which consciousness is impossible.  

Thus we see both sides arguing the 
pros and cons of the existence of the self, 
and its necessity or otherwise for mental 
features including consciousness. But 
this debate misses the point. Rather 
than arguing the existence versus the 
non-existence of the self, one might 
more profitably consider what the self 
is good for—and to do that, the brain 
is a paradigmatic example. The main 
focus of this present paper, therefore, 
will be to look at what the brain and 
neuroscience can tell us about the 
role of the self in consciousness. 

The Self and the Brain 

Central to human life is our self and 
its continuity over time. Self-continuity 
(Ersner-Hershfield, Wimmer, & 
Knutson, 2009) is the temporal core of 
our personal identity (Northoff, 2016). 
While much attention has recently 
been devoted to the self at a particular 
moment in time—the synchronic self 
and its neural correlates, for example—
less is known about self-continuity, or 
the diachronic self, and its identity.

The ventromedial prefrontal cortex 
(VMPFC) and perigenual anterior 
cingulate cortex (PACC) in the anterior 
midline regions, the posterior cingulate 
cortex (PCC), and other regions both 
inside and outside the cortical midline 
structures (CMS) are the areas of the 
brain most consistently activated 
during self-related processing (see 
Araujo, Kaplan, & Damasio, 2013; Hu 
et al., 2016; Kim & Johnson, 2012, 
2013; Murray, Schaer, & Debbané, 
2012; Northoff & Bermpohl, 2004; 
Northoff et al., 2006; van der Meer, 
Costafreda, Aleman, & David, 2010). 
Although the VMPFC/PACC, the 
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PCC and other midline regions such 
as the dorsomedial prefrontal cortex, 
the supragenual anterior cingulate 
cortex, and medial parietal cortex are 
responsible for different aspects of self-
related processing, they are conjointly 
recruited and activated during the 
different stages and aspects of self-
related processing (Araujo et al., 2013; 
Araujo, Kaplan, Damasio, & Damasio, 
2015; Hu et al., 2016; Lou, Changeux, 
& Rosenstand, 2016; Murray et al., 
2012; Murray, Debbané, Fox, Bzdok, & 
Eickhoff, 2015; Northoff et al., 2006, 
van der Meer et al., 2010).      

Experimental data have also shown 
significant neural overlap between 
the high resting state and self-related 
activity levels in the VMPFC/PACC 
and the PCC. For example, several 
studies found that self-specific stimuli 
did not induce activity change in 
the VMPFC/PACC and PCC during 
task-evoked activity when compared 
to their resting state activity levels 
(d’Argembeau et al., 2005; Davey, 
Pujol, & Harrison, 2016; Schneider 
et al., 2008; Whitfield-Gabrieli et al., 
2011), and this rest-self overlap (Bai 
et al., 2015) was further confirmed by 
a meta-analysis showing the VMPFC/
PACC and PCC as overlapping regions 
during both resting state and self-
related processing (Qin & Northoff, 
2011).  

Recent studies have even gone 
one step further and shown that 
resting state activity and pre-stimulus 
activity levels predict the degree of 
self-consciousness (Huang, Obara, 
Davis, Pokorny, & Northoff, 2016) or 
self-specificity assigned to subsequent 
stimuli (see Bai et al., 2015; Qin et al., 
2016). If these findings concerning 
rest-self prediction can be replicated, 
it may be reasonable to surmise that 
the resting state itself encodes or 
contains some information about self-
specificity in yet unclear ways. The 
assumptions of rest-self overlap may 
then be accompanied by the notion 
of rest-self containment (Northoff, 
2016) which, when reformulated 
in a cognitive way, amounts to self-
representation (Sui & Humphreys, 
2015).  

The central role of the resting state 
for mediating self-specificity is further 
supported by the assumption of a so-
called self network. Based on a functional 
connectivity analysis of a large resting 
state data set, Ryan Murray and 
colleagues at the Faculty of Psychology 
and Educational Sciences, University 
of Geneva (Murray et al., 2012; Murray 
et al., 2015), demonstrated that the 
anterior midline regions (i.e., PACC 
and VMPFC) and the anterior insula 
formed a self network in the resting 
state (see also Huang et al., 2016; Lou 

et al., 2016). The co-involvement of 
the PACC/VMPFC and insula in self-
specificity is further supported by the 
co-activation of these regions in task-
related studies (Enzi, de Greck, Prösch, 
Tempelmann, & Northoff, 2009; 
Modinos, Ormel, & Aleman, 2009). The 
self network must be distinguished 
from what is described as the other 
network, which includes the PCC and 
the temporoparietal junction in the 
posterior midline regions (Murray et 
al. 2015). 

Self-Continuity and 
Spatiotemporal Memory 

What do the data about the CMS 
tell us about the self and identity? 
The strong neural overlap between 
the self and a resting state suggests a 
central role for spontaneous activity 
in the CMS. This spontaneous activity 
must show certain neuronal features 
and mechanisms that make the CMS 
well-suited to mediating the self and 
its continuity, in other words, self-
continuity.  

What exactly is meant by identity? 
In a philosophical sense, the concept 
of identity (i.e., personal identity) 
is understood in a purely temporal 
sense: throughout time we remain 
one and the same person even though 
our psychological and physiological 
features change (Northoff, 2016; 
Northoff & Wagner, 2017). That 
concept is different from the concept 
of identity in a psychological sense. 
Berman et al. (2017) first and foremost 
point out the temporal nature of 
identity. They define identity by 
stability; our self is stable and enduring 
across time. Moreover, our identity 
remains context-independent, as 
opposed to the momentary changes 
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in our psychology that are context-
dependent, for instance. Identity 
thus allows for a stable mental 
representation of self across time, in 
a diachronic sense, which amounts to 
what I see as self-continuity (Northoff, 
2016). Taken in such way, identity 
remains rather abstract and must be 
distinguished from the more concrete 
momentary cognitive contents.  

What remains unclear is how 
to explain this stability: what 
exactly endures, remains context-
independent, and is rather abstract? All 
information, including psychological 
and physiological information, changes 
over time. As has been extensively 
discussed in philosophy (see Northoff, 
2016; Northoff & Wagner, 2017), 
neither physiological nor psychological 
contents endure or remain stable. Even 
our own brain continuously changes its 
cells and activity pattern; the brain is 
highly plastic, not stable and enduring. 
These ongoing changes make a fixed 
cognitive content conceptualization 
of identity rather unlikely. 

Instead of continuous cognitive 
contents, therefore, one may rather 
suppose continuity in certain 
spatiotemporal patterns of the brain’s 
spontaneous activity. The above-
mentioned CMS regions show strong 
power in very slow fluctuations while 
the sensory regions show strong power 
in fast frequencies. This suggests 
there is a strong degree of temporal 
continuity in the neural activity of 
the CMS. Additionally, a study by 
Duncan et al. (2015) found that the 
same regions also encode early life 
events in their spatiotemporal activity 
patterns. The CMS and their neural 
activity patterns may thus serve as 
memory of a person’s life experience 
and exposure to the environment. 
However, that memory is not encoded 
into neural activity in terms of specific 
cognitive contents but in the slowly 
fluctuating spatiotemporal patterns of 
the brain’s spontaneous activity. One 
can therefore speak of spatiotemporal 
memory as distinct from cognitive 
memory (Northoff, 2017). 

Conclusion 

What does this mean for the role and 
function of the self? The self provides 
stability and continuity—temporal 
stability and temporal continuity. 
That very same temporal continuity 
is encoded in spatiotemporal rather 
than cognitive terms in the brain’s 
spontaneous activity. Moreover, that 
temporal continuity is sensitive to its 
environmental context, which allows 
it to form spatiotemporal memory. 
In short, the self provides temporal 
continuity (i.e., self-continuity) 
together with memory of previous 
environmental contexts and life events 
(i.e., spatiotemporal memory).  

Why is this relevant for robots and 
artificial intelligence? The continuity of 
the self and its spatiotemporal memory 
first and foremost provide the basis 
upon which we can recruit our higher-
order cognitive functions such as the 
ability to predict and manipulate events 
in the environment. Without such 
self-continuity and its spatiotemporal 
memory, our relation to the world 
becomes disrupted and it becomes 
difficult for us to navigate the world, 
as evidenced in psychiatric disorders 
such as schizophrenia, depression, 
and bipolar disorder (Northoff, 2016). 

The take-home message here 
is that any artificial device needs 
both continuity and memory (i.e., 
self-continuity and spatiotemporal 
memory) if it is to successfully 
navigate its environment. As both 
self-continuity and spatiotemporal 
memory most likely also provide the 
basis for consciousness and the self, 
it is reasonable to assume that such a 
device will also show consciousness. 
Whether such consciousness exhibits 
the same degree of spatiotemporal 
scope as human consciousness 
will depend on its basic biophysical 
space–time features and its relation 
to the world. But that does not matter 
at this point. What is important is 
that without such self-continuity 
and spatiotemporal memory, the 
artificial device would not be able to 
successfully navigate the world. This is 
the lesson recent discoveries from the 
neuroscience of self and its alteration 
in psychiatric disorders can teach us.   
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