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Q & A based on learning diaries 
Note: due to student feedback some 
Qs to be answered within the lecture, 

and now providing answers here rather 
than the Qs 

•  The left hippocampus is usually more involved in 
consolidating verbal and language materials where 
as the right is more involved in spatial memory 
consolidation. This is less so in left-handed subjects. 

•  The role of hippocampal long-term potentiation in 
memory formation is to help “replay the memories 
onto cortex” and also retain (to a lesser extent) 
memories (some retrograde memory loss does 
occur in HC damage) 
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Q & A based on learning diaries 
•  The strength of memories is governed by how many 

times and in different contexts (richness of 
associations) the memory is “stored”. Emotional 
memories get stored since emotional reactions 
“force” one to replay the emotional event multiple 
times over. We can consciously strengthen synaptic 
connections-memory by repeating something we 
want to remember from multiple different angles 
(e.g., remembering another person’s name: visualize 
it, say it out loud, “replay it auditorily” in your mind, 
and repeat couple of minutes after). 

•  Some patients have milder anterograde amnesia, so 
they can learn new. Depends on lesion foci. 

Q & A based on learning diaries 
•  Scent can be a powerful memory trigger since 

olfactory bulb has direct connectivity with amygdala 
•  Childhood amnesia, inability to remember much 

before age 4-5, is due to radical changes in contexts 
(mindset via which we remember, physical size of 
things etc.; also: how do you infer how old you were 
at the time of a particular memory?) so it is different 
from retrograde amnesia that results from 
destruction of neurons and synaptic connections.  

•  NB also the concept ”false memories” as advocated 
by E. Loftus 
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Q & A based on learning diaries 
•  Random rewards in operant conditioning result in 

slower extinction of learned behaviors since lack of 
reward is less robust predictor of lack of reward for 
the next response 

•  Meta-memory makes it possible to ”know that I do 
not know (something)”, or ”I should know that one”. 
Meta-memory can of course fail, e.g., person 
insisting that he has never been to Spain, then later 
recollecting a trip there. 

Q & A based on learning diaries 
•  In WM models, episodic buffer processes episodic 

memories i.e. life-events that occurred to oneself  
•  Ebbinghaus: the more lists you have to learn the 

higher is the rate of forgetting due to interference; but 
if the topics of lists change (from grocery lists to 
hardware lists) there is release from proactive 
interference. 

•  Cerebellum along the motor system is most relevant 
for non-declarative memory 

•  Our ability to learn new concepts is, given time, very 
robust: if one wants to learn something, just persist 
and you’ll get there (e.g. the human volunteers who 
got as good as the chimp in doing visual memory task) 
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Q & A based on learning diaries 
•  Humans processing information more top-down than 

monkeys mean that us humans basically always 
follow a clear goal whereas monkeys are more 
“driven” by their momentary perception (but 
remember this might be for experimental monkeys 
who mostly do bottom-up tasks) 

•  When you have something on the tip of your tongue 
but just can’t remember it, there is likely 
subthreshold activation that just is not strong 
enough, or that one fails to activate the right 
associations leading to it  

•  The relationship between memory and attention: 
active memories guide our attention 

Q & A based on learning diaries 
•  It is quite common to use conditioning in treating 

human misbehaviour e.g. punishing a child (”you will 
not get your weekly share of candy since you 
behaved badly”); for addictions, using opioid 
antagonists to prevent occurrence of reward 
following a behavior (e.g., drinking alcohol without 
opioidergic component) 

•  Since memories are strored across cortex, some 
retrograde amnesia is likely following removal of 
brain tissue during brain surgery. Surgeon has to 
weigh the pros and cons with the patient / close 
ones before going ahead with surgery 



20/01/20 

5 

Q & A based on learning diaries 
•  Role of NMDA receptors in synaptic strenghtening 

was explained in the preceding course, a very good 
video that explains this can be found here: https://
www.youtube.com/watch?v=-mHgPfXHzJE 

•  Some people have far better memories at specific 
aspects than others. This could be explained by 
differences in personality (which goals and thus 
details are important), differences in analytical and 
holistic thinking styles, etc. 

Chapter 8 
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The functional organization of the brain 
reflects the way that the brain has adapted 
to the environment and tasks of the 
individual that typically stay fairly constant 
in one’s daily life 

“You become what you do” – the greatest 
shaper of brain is goal-directed behavior 

What is brain plasticity? 
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(in animal models) 
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Receptive fields in primary AC 
Short-term plasticity 

•  Auditory stimulus 
presentation paired with 
nucleus basalis of Meynert 
stimulation resulted in 
shifting of best frequencies 
in auditory cortex neurons 

•  These results are one 
example of possible 
learning mechanism 
mediated by nucleus 
basalis of Meynert 
cholinergic neurons 

•  Sensory learning 
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ACh and sensory 
learning Longer-term plasticity 
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Sur et al. Science 1998 

Retinal cells were induced to project into MGN in 
newborn ferrets by reduction of targets of retinal axons 
in one hemisphere and creation of alternative terminal 
space for these fibers in the auditory thalamus 

Sur et al. Science 1998 

Many cells in the medial 
geniculate nucleus are 
then visually driven 
 
Some visual cells in 
auditory cortex 
resemble complex 
cells in primary visual 
cortex 
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Specific 
enhancement in 
“how far is the 
sound source” 
discrimination 
in early- and 
late-onset 
blindness 

Visual cortex activation in (late onset) 
blindness during language tasks 
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Technology innovation: sensory 
substitution and plasticity 

https://www.youtube.com/watch?
v=hqE9WYAdb90 

Adding senses in healthy 
subjects? 

•  Given the plasticity of the 
brain, if we add senses via 
technological means, the 
brain does have the 
capability to adapt and start 
using the information 
provided by the artificial 
senses also in healthy 
individuals 

•  For example, infrared vision, 
augmented reality, etc. 
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Plasticity and rehabilitation 
•  Good chances for rehabilitation beyond 

“spontaneous recovery” that takes place during 
the first weeks and months after brain injury 

•  In clinical practice, majority of rehabilitation takes 
place in the form of tasks that the patient 
practices to slowly regain function  
–  including specific types of computer game play to 

rehabilitate attentional functions 
•  Technological aids to support/help living in the 

face of lost functions 
•  Not all plasticity is good, e.g., chronic pain, post-

traumatic stress disorder 

Drug-based boosting of plasticity 
•  Several drugs have been used to boost plasticity 
•  SSRIs administered to enhance plasticity; 

however, in rats some adverse effects on 
recovery of spatial navigation 

•  Amphetamine and nicotine also have been used 
to boost plasticity: previous nicotine usage may 
deter this 

•  Inosine and NoGo-A antibody have been used in 
animal studies to stimulate axonal growth after 
brain injury, some benefits to function recovery 

•  Epidermal growth factor plus erythropoietin to 
boost stem cell genesis and differentiation 
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EPO = erythropoietin  

Stimulation of stem cell generation 
and specialization into neurons 
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(HLA = Human leukocyte antigen) 

Possible sources of stem cells that are differentiated into new dopamine (DA) cells 

Stimulation-aided rehabilitation 
•  Implanted electrodes, transcranial magnetic 

stimulation, transcranial current stimulation 
•  For example aiding the person to move a 

paralyzed limb; deactivating part of the brain to 
allow for recovery of function in damaged area 

•  Evidence from clinical trials is at present quite 
mixed, which is not to say there would not be 
potential for success 

•  Mix of different methods: behavioral, drug 
based, stem cell based, and stimulation based 
most likely offer the keys to rehab in the future 
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Cogtay et al. PNAS 2004 

Developmental plasticity and pruning 

Sowell et al. Nat Neurosci 2003 

Loss in cortical gray matter density over time correlates with post-mortem 
findings of synaptic pruning 
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White matter volume increase up to ~40 years suggests 
that inter-areal connectivity increases into late adulthood  
 
Gray matter volume decreases from birth until ~60 years, 
partially reflects pruning.  
 
Cerebrospinal fluid volume increases with age, indicating 
overall loss of brain tissue 

Complement proteins via classical 
pathway, microglia, and pruning 

Abnormal pruning in autism and schizophrenia 
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CH 8: conclusions 
•  Even the adult brain is very plastic 
•  “You become what you do” – the greatest shaper 

of brain is goal-directed behavior 
•  Plasticity can also be harmful 
•  Several candidate drugs can stimulate plasticity 
•  Stem cells to rebuild the brain after damage due to 

trauma, stroke, or disorder 
•  Stem cell based surgical replacement of damaged 

DA cells to treat Parkinson’s disease is currently at 
the stage of multiple clinical trials across the world 

•  Pruning plays a major role in developmental 
plasticity: abnormal pruning in e.g. schizophrenia 
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Chapter 9 

Speech motor theory 
•  The way that individual speech sounds are 

produced varies depending on the position in a 
word 
–  for example p in “port” vs. “sport” 

•  This phenomenon has inspired the speech 
motor theory already in 1960s wherein 
knowledge of articulation guides speech 
perception 

•  Subsequently, acoustics-based speech 
decoding frameworks began to dominate 

•  More recently, neuroimaging has provided 
support for the speech motor theory of speech 
perception; it seems at least partial answer 
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Speech production 

Position of lips 
and tongue are 
especially 
important in the 
formation of 
speech sounds 

Speech production 

Above, 2nd formant which reflects tongue constriction along front-
back is traced with solid line. Here it can be seen how different 
this is for “x” in Russian-language “axa”, “axi”, and ”ixa”  
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Pulvermüller et al. PNAS 2006 

Confirmatory evidence from 
other studies 

•  TMS studies have shown that stimulation 
(transiently disturbing) the lip area in primary 
motor cortex reduces ability to detect a speech 
sound that depends on lips, and vice versa for 
tongue area 

•  Not just the primary motor cortex: also other 
speech motor areas such as the inferior frontal 
gyrus (”classical Broca’s area”) seem to be 
involved in speech perception 

•  Lipreading effects could be mediated by speech 
motor system via efferent copies 
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Confirmatory evidence from 
other studies 

•  Both hearing and lipreading speech sounds 
activates speech motor areas with very short latency 
( < 90 ms) 

•  Lipreading induces suppressant effects on AC 
resembling those of covert articulation 

•  ”Top-down template” to help process speech in 
noise? 

•  Overall, converging evidence suggests that speech 
motor system is used in speech perception 
especially when speech is perceived in noise, and 
when speech categorization is required  
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Semantic concepts in the brain 

•  Semantic memory, representations or 
concepts refer to our knowledge of 
objects, actions, other persons, oneself, 
culture etc.  

•  Semantic concepts are acquired through 
medias (e.g., reading, watching TV), 
studies (e.g., school education) and real-
life experiences (including learning via 
social interactions with others) 

Two publications 

•  Binder JR et al. Where is the semantic 
system? A critical review and meta-
analysis of 120 functional neuroimaging 
studies. Cerebral Cortex 19: 2767–2796, 
2009 

•  Huth AG et al. Natural speech reveals the 
semantic maps that tile human cerebral 
cortex. Nature 532: 453–458, 2016 
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Binder: meta-analysis of literature 
•  Initial search: 2832 publications, screening of 

abstracts narrowed to 431 articles /w criteria: 
–  fMRI or PET; spoken or written word stimuli; use of 

semantic contrasts (below); sensory and 
phonological controls employed; control task of 
equal difficulty included; whole-brain scans; 
availability of peak activity coordinates 

•  Types of contrasts:  
– words vs. pseudowords (e.g., “citizen vs. cetezin”) 
– semantic vs. non-semantic (e.g. rhyme) decision 

task 
– meaningful vs. non-meaningful stimuli 

All semantic contrasts 

1135 activation foci across the literature 
 68% in left, 32% in right hemisphere 
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Left 

Right 

Areas emerging in semantic 
contrasts 

•  Angular gyrus 
•  Supramarginal gyrus 
•  Middle temporal gyrus 
•  Posterior inferior temporal gyrus 
•  Ventromedial temporal lobe 
•  Dorsomedial prefrontal cortex 
•  Inferior frontal gyrus 
•  Ventromedial prefrontal cortex 
•  Posterior cingulate gyrus and precuneus 
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Specific semantic contrasts 

•  “Artifact” semantics: localization of semantic 
concepts related to e.g. tools 

•  “Action” semantics: localization of semantic 
concepts of actions e.g. “reaching” 

Semantic concepts tiling the 
brain (Huth et al Nature 2016) 

Video on semantic concepts in the brain: 
https://www.youtube.com/watch?
v=k61nJkx5aDQ 

Interactive interface to browse the semantic 
space in the brain:
http://gallantlab.org/huth2016/ 
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Anterior temporal lobe and 
semantics 

•  Anterior temporal lobe: Convergence zone 
for fMRI, TMS, and lesions in semantic 
dementia  
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Narrative comprehension 

Default-mode network structures exhibited 
shared narrative-interpretations related activity 
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Precuneous: tracking the plot 
•  Across studies conducted with narrated 

stimulus materials (movies, audiobooks), 
the precuneous seems to emerge as a 
structure that supports keeping track of the 
plot in stories 

•  This does not mean that other brain 
regions do not play a role, but rather that 
precuneous is most consistently 
associated with narrative-level 
comprehension 

CH 9: Conclusions 
•  Speech motor system participates in speech 

perception especially under noisy conditions 
•  Semantic representations are more widespread and 

more bilateral than traditionally thought 
•  A given semantic concept is represented close to 

related concepts, in multiple locations when there are 
multiple meanings (top as high place, piece of clothing) 

•  Anterior temporal lobe seems to be an area that has a 
special role in perhaps coordinating access to the 
distributed semantic representations? 

•  Narrative-level semantic understanding seems to 
depend on default-mode network and especially on 
precuneous 

 


