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Q & A based on learning diaries 
•  How far can levels of DA rise when a group of cells 

are selectively attending a certain stimulus? Is it 
possible to enhance these levels by, for example, 
injection/ingestion of DA? 

•  Would it be possible to “expand” the finite amount of 
attending neurons? 

•  Can one ever reach a state where no involuntary 
attention can interrupt your sustained attention? 

•  Is the shifting/switching of attention accurate and 
right term, if we change the attention between two 
targets only one time and divided attention right term 
if we keep changing the attention more than once 
between the targets? 
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Q & A based on learning diaries 
•  If the patient with visual object agnosia has inability 

to name or demonstrate use of objects is this limited 
to certain objects or all objects? 

•  What is the average performance difference e.g. in 
reaction times between foveal and covert attention if 
there is a difference? 

•  Does bilateral neglect exist?  
•  Is a neglect for all types of senses possible? 
•  How does the connection between auditory middle 

geniculate body and amygdala influence the 
recognition of a particular sound? What kind of 
mechanism lies behind it?  

Q & A based on learning diaries 
•  I wonder how attention and consciousness are 

related? 
•  Does our subconsciousness also attend and does it 

attend to the same target or a different one – or 
both? 

•  I couldn’t quite grasp was the part about 
quantification of auditory cortex neurons receptive 
fields as well as the visual system 

•  How attention is sustained, what areas are involved, 
and how does general alertness play into this? 

•  Is one half of visual memories lost for neglect 
patients and are people with prosopagnosia unable 
to recall faces? Overall, how has the internal side of 
attention been studied? 
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Q & A based on learning diaries 
•  Can the neglect also be right-sided? 
•  How are the receptive fields modulated and what 

kind of physiological or chemical effects happen 
then? How are they retuned? 

•  Why does one react to their name being said in a 
conversation? 

•  I was wondering what is the reason some people 
are more prone to notice their surroundings, 
changes in it and details: e.g. how some people 
notice cleanliness of a room, or just generally know 
better what is in the room, and know details better, 
without any useful reason for it?  

•  The different disturbances of attention in 
neurological patients. How many people in Finland? 

Q & A based on learning diaries 
•  If the patients do not recognize forms and shapes, 

but the visual acuity remains intact, do they realize 
that some item in real life, for example a ball, is 
round? For them, does the picture they draw look 
the same as the original one, or are they only unable 
to copy it, while realizing their inability? 

•  What kind of tests and research has been done with 
individuals deciphering complex works of art? Is 
there certain differences between an individual 
experiencing two dimensional art (photography, 
painting) versus spatial art (installations, 
sculptures)? 
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Q & A based on learning diaries 
•  There was also Q about possibility to move the 

timing of the lecture due to overlaps: this 
unfortunately is not possible, the timing is designed 
for those whom this is compulsory course i.e. 
students with LST Neuro master’s major 

•  If we tell them “Oh Jacob is arriving”, are they 
(prosopagnosia patients) able to make the 
connection in their head, without seeing the person, 
between the given name and the face they 
memorized before? 

Q & A based on learning diaries 
•  How exactly is attention affected by our sleep/ 

energy levels? (Is it controlled by some hormone 
secretion or are the sensory signals weaker due to 
low energy levels or something else?) 

•  It was mentioned that the disturbances in attention 
are caused by head injuries. However, is there any 
genetic component to any of these and can they by 
passed on to future generations? 

•  What clinical methods are used to determine 
attention disorders? 

•  What is the reason for Corticofugal Connections 
being 10 fold as abundant as Ascending 
Connections? Is there a benefit to this difference in 
abundance? 
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Chapter 7 

What is memory for? 
•  The main reason we have 

memory is to predict what 
will happen next and thus 
enable smooth adaptive 
goal-directed behaviors 

•  Predictions at multiple 
levels: from qualities of 
surfaces one is walking on, 
how an object feels that 
one takes in one’s hand, 
intentions and actions of 
others etc. 
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https://www.youtube.com/watch?v=H6LEcM0E0io 

Classical and operant 
conditioning in marketing 

•  Celebrity or otherwise positive feeling/
image associated with a product  
– Classical conditioning 

•  Giving free samples, and coupons to buy a 
few more samples with discount, of a 
product to shape consumer behavior 
– Operant conditioning (buying and using 

product leads to good feeling) 
•  Annual spending globally in marketing is 

estimated at over 500 billion USD 
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Addictions 
•  Addictions can be developed to a wealth 

of different things that are rewarding 
– drug abuse, gambling, computer games 

•  The principles of conditioning are 
employed when for example setting up 
optimally addictive gambling machines 
–  reward sizes, schedule of rewards 
– e.g. extinction of behavior occurs very slowly 

if reward is given only occasionally 
•  Importance of ethics  

 Yet another 
use of 

conditioning: 
animal 

models to 
probe key 

basic 
research 
questions 
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https://www.youtube.com/watch?v=cPiDHXtM0VA 
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Working memory 

Modern view on working memory 
•  Traditional WM models are based on the idea of 

memory stores; how information is entered into 
them, how information leaves them, what their 
capacity, and how information is subject to 
interference or decay 

•  These models were originally inspired by 
computer analogies of human cognitive 
functions, as in computers the CPU and RAM 
are separate pieces of hardware 

•  Recent evidence is pointing rather to a process 
memory; the ”CPU” and ”RAM” processes are 
carried out by the same neurons 
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Hasson et al. TICS 2015 

Process memory 
•  In real life, prior information continuously influences 

the processing of the present information  
•  For example in language comprehension each 

syllable is interpreted in the context of a word, each 
word in the context of a sentence, and each 
sentence in a situational context 
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Process memory 
•  From “how is information stored and then retrieved 

for later processing?” to “how does prior information 
continuously shape processing in the present 
moment?”  

•  From “systems of memory” to “memory of systems” 
•  These ideas are not entirely new, for example, 

various neuroscience-inspired neural network AI 
models, as well as connectionistic theories, contain 
the same basic logic 

Temporal receptive windows 
“The window of time in which prior information from an 
ongoing stimulus can affect the processing of newly 
arriving information” 

A n t i d i s e s t a b l i s m e n t a r i a n i s m 
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At the level of phonetic coding in 
brain stem structures very short 

adaptation time constants 

To extract meanings of words, 
accumulation of information over longer 

time is needed; hierarchically higher 
structures e.g. middle temporal gyrus 

~2 sec 
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Kauppi et al. Front. Neuroinformatics 2010 

ISC frequency-band analysis 
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Prefrontal ISC esp. at low frequencies 
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Hasson et al. TICS 2010 

Prefrontal ISC esp. at low frequencies 

Sensory memory: adaptation of feature-
specific neurons in sensory cortices 

100Hz 10000Hz 

t 

Topographic map of sound freq. response 
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Lateral inhibition ”tuning” 
neuronal populations 

Wang et al. Nature 2005 

Lateral inhibition, timescales 

A. initial excitation 
     at stimulus onset 

B. lateral inhibition  
    after initial excitation 

inhibition                            excitation adaptation time constants 
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C. recovery from lateral inhibition as a function 
     of adaptation time constant length 
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Maps vs. distributed representations 



12/01/20 

16 

Long term memory 

•  In process memory framework: active 
(working memory) vs. inactive (long-term 
memory) memory 

•  Hippocampus in memory consolidation 
•  Role of sleep in memory consolidation 
•  Retrieval induced forgetting 
•  Event-segmentation 

Hippocampus 
and memory 
consolidation 

https://www.youtube.com/watch?
v=Vwigmktix2Y 
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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 
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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 
•  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” 


