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Consciousness as subjective 
experiences 

•  Standard definition of being conscious = having 
subjective experiences (e.g., awake vs. in coma) 
–  which neural systems differentiate being conscious 

from being in coma?  
•  A person can perform overlearned behaviors 

without being conscious 
•  Overlearned performance can deteriorate with 

the involvement of consciousness 
•  What then happens in the brain when one is 

conscious 
–  Binocular rivalry as one example of a task where this 

can be studied 

Binocular rivalry 
•  Presenting two different pictures, e.g., a face and a 

house, to left and right eye results in the conscious 
percept alternating between the two 

•  Experimental subjects then, e.g., press two buttons 
when the percept changes between the face and the 
house 

•  Brain activity recorded during such percepts indicate 
that during the percept of face, fusiform face area 
exhibits activity, during the percept of house, the 
parahippocampal place area exhibits activity 

•  Brain activity matches the contents of consciousness 
–  a coma patient unable to move but with some consciousness 

can imagine a movement upon request and associated brain 
activity is then detected à determination of depth of coma 
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Levels of consciousness 
•  Coma: the patient is entirely non-responsive 
•  Vegetative state: patient goes through sleep-

wake cycle (EEG); no other signs of awareness 
•  Minimally conscious state: some responsiveness 

to stimuli and at times follows simple commands 
•  Consciousness is absent when the cortical 

metabolic activity (esp. frontal and parietal) is 
less than 40% of normal 

•  Loss of connectivity between brain regions is 
another hallmark sign that goes hand in hand 
with consciousness levels; especially cortical-
subcortical top-down connectivity 

Theories of consciousness 
•  Integrated Information Theory conscious 

experience requires integration of information 
across brain regions. Connectivity involved. 

•  Recurrent Processing Theory conscious 
perceptual experience arises via recurrent (top-
down) connectivity-processing in sensory areas 

•  Global Neuronal Workspace consciousness may 
not be equal to all content in working memory 
but needed for its manipulation; importance of 
frontoparietal connectivity lends support to this 

•  Higher-Order Theories requires a higher-order 
re-representation of mental states, involving 
frontal cortex. 
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Altered states of consciousness 
•  Altered states of consciousness can occur in 

patients with memory problems 
–  “I have just woken up”, “I cannot imagine the future, 

I’m like swimming in a body of endless water” 

Consciousness 
altering effects 
of psilocybin 

Electrical stimulation 
•  Electrical stimulation of specific brain areas 

elicits conscious experiences that are in line with 
the known functionality of the area 
–  area MT: motion, FFA: faces, ACs: voices/sounds, 

emotional brain areas such as amygdala and insula: 
emotional sensations, somatosensory cortex: 
sensations of touch 

•  Connectivity with parietal and frontal cortical 
areas needed however for conscious 
experiences: activity in the sensory areas alone 
seems to be necessary but not sufficient 
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“Binding” in working memory? 
•  Working memory is known to depend on fronto-

parietal connectivity 
•  Working memory “chunks” information, for 

example, activating the concept of a cat usually 
activates multi-dimensional representations of 
the cat 

•  This might underlie the “binding” of different 
sensory experiences into a whole unified 
conscious experience 

•  Limited capacity of consciousness: only part of 
WM content as conscious experience at a time 

•  Other concurrent WM content “close to 
threshold” to become a conscious experience 

Meta-consciousness 
•  Self-awareness / thinking about myself thinking 
•  Lesion and gray matter density neuroimaging 

studies have suggested frontal pole (area 10) 
and precuneous as the most central regions for 
meta-consciousness 

•  Committing errors in performance often prompt 
for meta-consciousness, where cingulate cortical 
areas are important 

•  Various self-reflection tasks drive MFPC and 
precuneous; involvement of autobiographical 
memory additionally includes hippocampus 

•  Anterior insula involved in bodily self-experience 
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Evolution of consciousness 

•  https://www.youtube.com/watch?
v=Okmkn30D0NU 

Psychol Med 2019 

Conclusions Chapter 13 
•  Empirical work has started to unravel the 

neural basis of consciousness 
•  Fronto-parietal areas and their connectivity 

with sensory regions of the brain seem to 
support conscious sensory experiences 

•  Additionally insula and cingulate cortex, are 
needed for meta consciousness ability 
(thinking about thinking) 

•  Evolution of consciousness: meta-
consciousness most recent in development of 
species  
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Where we were left in CH8 

Sleep improves memory in 
multiple ways 

•  Evidence indicates that sleep after memory 
encoding facilitates both declarative (memories for 
events and facts) and procedural (skills) memory 
consolidation 

•  Memories are more resistant to effects of 
interference after sleep 

•  For declarative memory, less forgetting after sleep 
vs. wakefulness (i.e., there is a real gain) 
–  Marshall et al. TICS 2007 provides a good review of 

these basic findings 
•  Further, “crystallization” of memories takes place: 

irrelevant memory material is forgotten during 
sleep, also new insights can emerge as ”pieces of 
a puzzle” are put together during sleep 
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Electroencephalography (EEG) 
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Number of sleep 
spindles during stage 2 
sleep predict 
declarative memory 
consolidation 

Number of sleep 
spindles during stage 2 
sleep predict 
declarative memory 
consolidation 
 

Number of sleep 
spindles during stage 2 
sleep also correlate 
with intelligence 
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 Number of sleep 

spindles during stage 2 
sleep predict 
declarative memory 
consolidation 
 

Number of sleep 
spindles during stage 2 
sleep also correlate 
with intelligence 

(annectant gyrus 
is in intra-parietal 
sulcus) 
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Slow-wave sleep also 
has been found to be 
important for memory 
consolidation 
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NB stimulation 
at slow-wave freq. 
enhanced # of  
recalled words, 
stimulation at 
higher freq. 
failed to do so 
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REM sleep is 
important for 
procedural memory, 
i.e., consolidation/
learning of skills  

Recent findings  
(adapted from Latchoumane C-F.V. et al. Neuron 2017) 

•  Declarative memory consolidation during non-REM 
sleep seems to be supported by nesting of slow-wave 
activity, sleep spindles, and hippocampal ripples 

•  Stimulation of thalamus during cortical slow waves 
triggered hippocampal ripples and enhanced memory 
in mice 

•  Hippocampal ripples are thought to reflect neural 
memory reactivation, which nest into the spindles, and 
spindles in turn nest into the excitable up-state of slow 
oscillation 

•  It is assumed that this phase-locking redistributes the 
memory representation from predominantly 
hippocampal onto neocortical networks that serve as 
long-term storage sites 
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Sleep: take-home messages 
•  Sleep after learning helps consolidation of what was 

learned; forgetting the irrelevant is also important 
here 

•  During deeper sleep stages synchronization of 
hippocampal ripples, sleep spindles, and slow 
waves make it possible to “replay” memories and 
consolidate them cortically in a more robust fashion 
than during wakefulness 

•  REM sleep seems to be important for procedural 
learning, non-REM sleep for declarative memory 
and learning 

•  Remember to sleep well to optimize your success 
as students and also do not forget this later in life J  

Retrieval-induced forgetting 
•  A bit similarly to memories being shaped as 

they are ”replayed” in sleep, long-term 
memories can be reshaped as they are 
(re)activated 

•  Recalling an event and only part of what 
was associated with the event leads to re-
shaping of the memory of the event 
– materials not recalled in the context of the 

recall become more weakly associated with the 
event after the recall 

–  recall of memories activates and re-writes them 
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Event segmentation 

•  Humans naturally segment continuous 
experience into events. This 
segmentation is driven by event 
boundaries moments in time when 
prediction of the immediate future fails or 
moments in time identified by observers 
as a transition between events 

•  Examples of event-boundaries in movies: 
change in location, action, protagonists, 
or time 

Event segmentation 

•  Real life example: talking on the phone 
with a colleague as one walks to a 
restaurant, then ends the call and starts 
inspecting the menu 

•  Elements within an event are bound 
together more cohesively than elements 
across events in long-term memory 
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Hippocampus and event 
segmentation 

Ben-Yakov, Henson J Neurosci 2018  

Activity in other structures depends 
on event-boundary type  
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Conclusions CH8 
•  Memory is primarily for predictions 
•  Conditioning is central in human lives, e.g., key in 

marketing, and in addictions 
•  Working memory à process memory, temporal 

receptive windows, adaptation time constants 
•  Hippocampus helps consolidate memories, 

however, procedural memory does not depend on it 
•  Sleep is important for learning: crystallization of 

memories (potential for new insights!) and forgetting 
irrelevant 

•  Episodic memory is organized based on events; at 
event-boundary quick “recap” followed by “storage” 

Answers to learning diary Qs 
•  Study with faces of black people: Why should the 

attenuation of the activity of the amygdala and 
increase of frontal cortical activity be evidence, that a 
person is prejudiced? Is it also possible, that the 
person just has more time to processes the 
information and that is why there is more frontal 
activity and less amygdala activity? Amygdala 
responses that correlate with measures of prejudice 
seems to be fairly automatic “warning signal” for the 
person to be wary. In USA, these are often white-black 
face contrasts due to high tensions between the 
groups in the society in ways difficult to understand 
from Finnish perspective. Prefrontal mechanisms can 
however suppress the automatic response so that it 
does not dictate behavior. One can also unlearn such 
an automatic response. 
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Answers to learning diary Qs 
•  Is self-awareness distorted in psychiatric 

patients that suffer from depression, social 
anxiety, eating disorders etc.? Yes, in the sense 
that body-self-image is distorted in eating 
disorders, self-confidence is very much lower in 
depression and social anxiety.  

Answers to learning diary Qs 
•  In the book it is described how the prefrontal medial 

cortex is specifically involved in learning in a “more 
complex” way about rewards. In an earlier part of the 
chapter it is also mentioned that humans are able to 
delay gratification: 1) Are these to abilities linked? 2) 
What mechanisms enable humans to delay 
gratification, i.e., follow longer-term goals? In an 
interesting study (Casey et al. PNAS 2011), subjects 
tested 4 decades earlier as preschoolers were tested 
in go/nogo response inhibition task during 
neuroimaging. Prefrontal cortex differentiated between 
nogo and go trials to a greater extent in high delayers; 
ventral striatum showed exaggerated recruitment in 
low delayers. Thus, resistance to temptation as 
measured originally by the delay-of-gratification task is 
a relatively stable individual difference 
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Answers to learning diary Qs 
•  Why is it out of all species that dolphins have 

self-awareness as well? Have there been 
evolutionary similarities to those other species 
that are also self-aware? Yes, dolphins 
demonstrate similar levels of intelligence as (at 
least) great apes, and are also a very social 
species (more on next page) 
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Answers to learning diary Qs 
•  Non-verbal signs are often shared across more 

parts of the world than similar languages. Could 
it be that these signs are learned while growing 
up among other people using them, but that they 
are so “basic” that they evolved in many cultures 
in the same way or may not even have evolved 
much (compare to spoken language) since 
people have started to live in more and more 
different groups? This is a good question: 
semantic differences even opposites do exist 
(e.g., nodding for yes vs. no; differences in facial 
expressions of basic emotions); certainly 
gesturing is universal as a means to 
communicate focus of attention.  

Answers to learning diary Qs 
•  Psychology approaches the other "dimension of 

consciousness" - unconsciousness, very well. 
Freudian psychoanalysis clarifies it by theorising and 
hypothesis various levels and instincts behind 
unconsciousness (superego, ego, id, thanatos, 
libido). Based on the coursebook, I noticed that 
there isn't much material on that subject from 
cognitive neuroscience (NS) perspective. Is it due to 
the fact that NS is relative new and lack of 
technology or has there been some kind of 
"scientific bias/taboo" to study this subject? This is a 
very good point. In his works Freud often wrote that 
he speculates, his followers however developed a 
dogma that alienated many scientists. Freud’s 
contribution is beyond any question. 
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Answers to learning diary Qs 
•  Can you see concrete differences in activation of 

amygdala if they perceive their personal space 
differently? For example, in Finland it is a stereotype 
that we like a lot of personal space and in some 
other culture the closeness of other people is not 
seen as such a problem, so can you see differences 
in these people’s brain? This would be difficult to 
study in fMRI scanner, perhaps with virtual reality 
(which is not easy to implement in fMRI since the 
subjects cannot move their head), but I’d anticipate 
that you would see amygdala responding about 
someone being “too close” earlier for individuals 
from larger-distance -cultures compared to “more 
tactile” cultures. 
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Answers to learning diary Qs 
•  Is it known why some people are capable of 

returning from a coma even years into it, yet others 
are never capable of doing so? While different 
markers have been developed that predict recovery 
from coma, this is not exact science. Whether one 
recovers consciousness, and to what extent, 
depends on foci and type of damage. 

Answers to learning diary Qs 
•  Has the concept of consciousness been 

implemented in machines and if so, how? If not, 
could it be possible or are we still too far in knowing 
what actually causes consciousness? Not in 
machines, however, biological machines that have 
sensory interfaces might be some day conscious, as 
it has become possible to grow mini brains from 
pluripotent stem cells. 
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Answers to learning diary Qs 
•  Are the brains of people with autism structurally 

different from neurotypical individuals’? Increased 
whole brain volume, particularly under 6 years of 
age. Increased volume in the frontal and temporal 
lobes, increased cortical thickness in the frontal 
lobe, increased surface area and cortical gyrification, 
and increased cerebrospinal fluid volume. Reduced 
cerebellum volume and reduced corpus callosum 
volume, compared to typically developing controls. 
Findings were inconsistent regarding the 
developmental trajectory of brain volume and 
cortical thinning with age in ASD, as well as potential 
volume differences in the white matter, 
hippocampus, amygdala, thalamus and basal 
ganglia (Pagnozzi et al. Int. J Dev. Neurosci 2018) 

Answers to learning diary Qs 
Is there a discipline that applies the neurological knowledge about 
what makes stimuli salient enough for subjects to become 
consciously aware of them to design?  
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Answers to learning diary Qs 
•  I was wondering, whether mirror neurons are 

connected to how we mirror other people’s facial 
emotions on our own face, e.g. when talking with a 
friend or when watching a movie? Mirror neurons do 
get activated when watching expressions of others 
which is probably connected with the urge to mimic. 
On the other hand, this might also be via emotion 
contagion, where however mirror neurons are likely 
to also play a role.  

Answers to learning diary Qs 
•  Is corporal & localised embodiment a prerequisite for 

consciousness? There are theories stating that 
consciousness is always embodied. In some 
disorders, distortions in body representation that can 
be considered “altered states of consciousness”. 

•  Is there a minimum amount of senses required for 
consciousness or is there a threshold of several 
different required? Auditory is the first one typically 
to recover, a comatose patient about to recover first 
begins to hear others around him/her. 
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Answers to learning diary Qs 
•  Is perceptual binding used in some way by the brain 

during sleep? Connectivity during sleep seems to be 
very different than during wakefulness: more 
hippocampal-thalamo-cortical in nature and more 
fragmented in terms of corticocortical connectivity. 
Given that new associations are formed during 
sleep, binding does take place. 

Answers to learning diary Qs 
•  There was a mention at the conclusion of social 

cognition about autistic spectrum people watching 
films differently than neurotypical controls – could 
that be elaborated on a bit? It is rather typical that 
individuals with autism do not pay as much attention 
to social cues in movies, but rather to non-social 
cues/stimuli and in a more idiosyncratic manner. 

•  Are disturbances in emotions personality disorders 
or do autists have problems in emotions also? While 
persons with autism certainly do feel emotions, they 
suffer from difficulties in expressing and reading 
others’ emotions 
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Thank you all J and please 
remember course feedback 


