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Answers to learning diary Qs
• Operating in real world and virtual world(s) 

would involve differential cognitive sets that are 
activated and then guide perception and goal 
directed behaviors in each with minimum 
(though always some) spill-over

• Greater chances of noticing one’s own mistakes 
in writing after a pause might be due to “efferent 
copy(ies)” being sent to perceptual areas that 
influence perception. In other words, what we 
see is guided by expectations which is greatly 
helpful in reducing perceptual-cognitive load, but 
can result in mistakes. Later, as the top-down 
model has waned, there are better chances to 
spot one’s own mistakes
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Answers to learning diary Qs
• There are several ways/attempts to boost brain 

plasticity; one natural one is sleeping for 20 min 
naps after vigorous learning; another natural one 
is to give the brain new stimuli (e.g., learn a new 
language, move to a different culture) that would 
drive brain plasticity; different types of drugs 
(e.g., SSRIs) might enhance plasticity (but could 
also lead to more rapid forgetting, since plasticity 
would be ongoing); also brain electrical 
stimulation (transcranial direct current 
stimulation) is speculated to boost plasticity

• Child-like plasticity in adults would allow faster 
adaptation if there is need, also could be 
deleterious, since not all plasticity is good

Answers to learning diary Qs
• Following loss of vision, there is very quick initial 

plasticity (visual cortex starts to respond to 
inputs from other senses more robustly), in the 
scale of ~minutes, probably due to connections 
from the other senses that do not normally 
dominate/drive in the presence of visual input 
via the eyes

• Learning of new skills after having become blind 
is a much slower process that requires training, 
either “spontaneous” training (acting in an 
environment) or programmed rehabilitation 
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Answers to learning diary Qs
Different psychoactive drugs boost plasticity via different 
mechanisms. For SSRIs, stimulation of neurogenesis and 
formation of new synapses; also older antidepressants and 
some illicit drugs (cocaine) work similarly; For nicotine, 
stimulation of ACh activity; for Ketamine, disinhibition and 
growth of new synapses via blockade of GABA interneurons

Answers to learning diary Qs
• Surgical restoration of sight to a person blinded 

early in life; recovery of sight is slow and might 
not get to the level of normal sighted since the 
brain is most plastic in early childhood. Success 
of surgery of course depends on the cause.

as reported by the Guardian in 2018
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Answers to learning diary Qs
• When your own speech is recorded and presented 

to ear phones with about two second delay, it 
becomes almost impossible to read a text without 
starting to repeat the parts that you were hearing. 
Speech production gets hard when you hear 
yourself saying different words at the same time 
probably due to efference copies sent from the 
speech motor system to ACs that are in the form of 
sparse excitation-inhibition patterns. In this artificially 
generated situation you get mismatching patterns 
via the efference copy (what you say now) and via
hearing (what you said a moment ago), and this 
confuses speech production.

Answers to learning diary Qs
• In adults attention is needed (to a large extent) for 

learning, in contrast newborns learn via stimulus 
statistics. This means that aspects of stimulation 
that tend to correlate (such as global motion when 
you move) drive learning via “neurons that fire 
together wire together”, i.e., Hebbian, principle. This 
is learning prior to development of selective 
attention.

• The benefit that there are no extensive complex 
“initial” capabilities of the human brain is that the 
human brain is much more adaptable to a range of 
different kinds of environments. Also our higher 
intelligence is probably due to the lack of hard-wiring
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Answers to learning diary Qs
• Why is neurogenesis more frequent in some parts of 

the brain? It is true that adult neurogenesis is 
(roughly speaking) continuation of neurogenesis of 
earlier developmental stages, but mostly limited to 
some brain regions, esp. hippocampus. It is thought 
that this supports adaptability to environmental 
changes, while relative stability in prefrontal areas 
supports longer-term goal directed behaviors

• Why is processing singing and speech more 
focused on different hemisphere’s of the brain? The 
cause for this is not known, however, it seems left 
auditory areas contain regimes of STRFs that more 
suited for processing of speech and right ACs ones 
more suited for processing of music/singing

Answers to learning diary Qs

• Is there an explanation given by neuroscientists 

about possible connections between the idea of 

talent and the way one’s brain is wired? One 

hypothesis is that people tend to do what they are 

gifted in, via mechanisms of (e.g., social) 

reinforcement, and thus become even more 

talented.

• If activity in the M1 does not lead to explicit 

behavior, then what does M1 activation actually 

“mean”? Such mirror-neuron activity is confined to 

only some neurons in M1. They might serve the 

purpose of sending efference copies to sensory 

cortices, rather than driving motor unit activity.
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Answers to learning diary Qs
• Would a person who has only even heard voices 

and not seen lip movement (blind) have a 
significantly different understanding of language and 
pronunciation, as well as language-learning? The 
answer is yes, they would lack certain visual cues 
that are more salient than auditory cues for a 
number of speech sounds. For example, such visual 
features dominate over auditory inputs in the 
McGurk illusion. Yet for auditory localization, on 
which normal sighted people rely on vision, blind are 
better when one has to work with auditory-only.

Answers to learning diary Qs
Does the microglial (hyper?)activity in schizophrenia only affect 
the PFC? No, see pic below for loci of gray matter changes If so, 
why? This is not known. Is it concentrated on a specific type of 
neuron? No, but pyramidal cells are specifically interesting When 
does this happen? It seems to start even before disorder onset

Li
n 

et
 a

l.N
eu

ro
sc

iB
ul

l 2
01

9 



1/27/20

7

Where we were left in CH 9

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)
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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

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
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All semantic contrasts

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

Left

Right



1/27/20

10

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

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

Video on semantic concepts in the brain: 
https://www.youtube.com/watch?v=k61nJk
x5aDQ

Interactive interface to browse the semantic 
space in the 
brain:http://gallantlab.org/huth2016/

Anterior temporal lobe and 
semantics

• Anterior temporal lobe: Convergence zone 
for fMRI, TMS, and lesions in semantic 
dementia 
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https://www.youtube.com/watch?v=k61nJkx5aDQ
http://gallantlab.org/huth2016/
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Answers to learning diary Qs
• Inanimate (e.g., tools) and animate (e.g., animals) 

concepts seem to be also semantically separated in the 
brain semantic maps, as it is possible to have domain-
specific difficulties in naming following brain damage (e.g., 
Gazzaniga & Shelton J Cog Neurosci 2018)

• In bilinguals, there seems to be one shared semantic 
representation space, however, concepts are 
shaped/influenced in bilinguals (compared to 
monolinguals) by their other language (and associated 
culture); however fine semantics (and associations) of a 
concept do differ between languages (consider, 
e.g.,“ambitious” and “kunnianhimoinen”, as the latter 
translates “one lusting for recognition” and thus very 
different; or “love” in English or Hebrew vs. German or 
Finnish, as in these latter ones more serious, narrow, 
distinct from liking).

• Earlier it was thought bilingualism is not good for child 
development, now it is believed to be the opposite

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



1/27/20

14

Chapter 10

Constituents of executive functions
• Attentional control

– selective and sustained attention; competing 
response inhibition

• Shifting of cognitive sets
– ability to fluently switch between different 

mind/response sets
• Process memory
• Self-reflection; internal speech; planning; 

setting of goals; flexible alteration of goals 
upon negative feedback

• Motivation, emotions, emotion-regulation
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Traditional IQ tests largely fail to 
capture executive function deficits

• Traditional intelligence quotient (IQ) tests 
that are used as basic tests in 
neuropsychological exams largely fail to 
capture deficits in executive functions

• Due to this, several tests have been 
developed that assess executive functions

• These include word fluency, stroop color 
word interference, Wisconsin card sorting, 
and multiple errands tests

How to assess executive 
functions: Stroop test

Name the color with which each word is written

This test requires ability to inhibit an automated 
response of reading what is written
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Wisconsin Card Sorting Test 
(WCST)

• One of the most often used in clinical 
practice, very sensitive to deficits in 
executive functions

• Lower number of categories attained, 
increased perseveration as clinically 
manifested symptoms

• https://www.youtube.com/watch?v=xFVq0
xbjXv4

Additionally: left inferior parietal cortex 
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Multiple errands test (MET)
• Traditional neuropsychological tests measuring 

executive functions such as WCST, Stroop, and 
word fluency, often fail to predict grave 
difficulties that patients will exhibit in their daily 
lives

• The multiple errands test (MET) was developed 
to help detect such problems

• Going to a shopping center with the patient, 
giving a list of tasks (e.g., mail a letter, buy milk) 
and rules (e.g., buy the milk only after mailing 
the letter), and a time limit

Multiple errands test (MET)
• Tasks omitted (for example, forgetting to mail a 

letter)
• Partial task failures (for example, buying stamps, 

and writing address on the letter, but forgetting 
to mail the letter; or put excess stamps on the 
letter before mailing)

• Number of rules broken (for example, to keep 
spending under a certain amount, to buy milk as 
the last item so that it does not get warm)

• Errors across these three categories contribute 
to the total score
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Multiple errands test
• Virtual reality based multiple errands tests 

potentially allow for much more accurate 
analysis of actions, decisions, and failures 
during the test than real-life MET

• Possibility to combine with neuroimaging
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Basal ganglia: direct and indirect 
pathways, the role of substantia nigra

Basal ganglia: direct and indirect 
pathways, the role of substantia nigra

• https://www.youtube.com/watch?v=c-mhDChCD4Y
• https://www.youtube.com/watch?v=RzcXkvxXKEQ
• In Parkinson’s disease, destruction of nigro-striatal 

DA neurons leads to difficulties in initiating
movements 

• Beyond movement control, Parkinson patients suffer 
from “sticky cognition”, i.e., difficulties in shifting of 
cognitive sets; thus not only initiation of movements, 
but initiation of thoughts is disturbed

• Basal ganglia play a very significant role in shifting 
of attention, and shifting from one goal to another
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• Mouse goal-directed licking behavior requires 
premotor cortex; activity in these areas harness 
wide-spread single-neuron activity across other 
brain regions to drive and coordinate the goal-
directed licking behavior

• Two-photon whole-cortex optical calcium imaging, 
combined with focal optogenetic inhibition 

Example connectivity model in 
humans: emotion regulation

Dixon et al. Psych Bull 2017
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Conclusions Chapter 10
• Executive functions is an umbrella term referring 

to higher cognitive functions and the underlying 
neural operations that enable/facilitate goal 
directed behavior

• Traditional IQ tests largely fail to capture deficits 
in executive functions; e.g. Stroop and WCST 
specifically assess them

• Multiple-errands test based on VR or real-life 
with measurement of eye-movements, body 
postures provides possibilities in the future

• During goal-directed behavior, it seems 
prefrontal cortex synchronizes several other 
brain regions

Chapter 11
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Locationist view on emotions

Fear
Anger
Disgust
Sadness

Certain structures is consistently and specifically involved in 
elicitation of certain emotions

Psychological constructionist 
view on emotions (Lindqvist et al. Beh Brain Sci 2012) 

• Emotions are psychological events that emerge 
out of more basic psychological operations that 
are not specific to emotion

• Mental categories e.g. anger, sadness, fear, or 
emotion, perception, or cognition are not 
respected by the brain, but each can involve 
similar brain basic operations

• Psychological function of individual brain regions 
is determined, in part, by the network of brain 
regions it is firing with
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Psychological constructionist 

view on emotions (Lindqvist et al. Beh Brain Sci 2012) 

• Emotions emerge when people make meaning 

out of sensory input from the body and from the 

world using knowledge of prior experiences.

• Emotions are “situated conceptualizations” 

because the emerging meaning is tailored to the 

immediate environment and prepares the person 

to respond to sensory input in a way that is 

tailored to the situation

• Just as in perception, quick initial guesses that 

shape further assessment of the situation, but 

can be overturned if clear mismatch

Psychological constructionist 
view on emotions (Lindqvist et al. Beh Brain Sci 2012) 

• What then are the most “primitive” operations 
that make up emotions and cognition is currently 
not known, however, there are some hypotheses
– “Core affect” = signs of arousal from the body
– “Conceptualization” via which core affect is 

automatically interpreted and attributed to some event 
(exciting sports event), memory (“I forgot all about it, 
oh no”), or object (“that person is so lovely”)

• Signals from the body (core affect), information 
from outside the body (sensory information), and 
representations of prior experiences
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Psychological constructionist 
view on emotions (Lindqvist et al. Beh Brain Sci 2012) 

• Categorization in the form of situated 
conceptualization is realized in a set of brain 
regions that reconstitutes prior experiences for 
use in the present – default mode network

• In this model, emotion words serve as “anchors” 
that help categorize the core affect with 
contextual appraisal to discrete emotions e.g. 
anger or fear, and then further help shape the 
experience by guiding perception, goals, and 
activation of relevant memory materials

Constructionist view on emotions

Core affect
Conceptualization
Language
Executive

Lindqvist et al. Beh Brain Sci 2012
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Brain regions showing activity to 
any discrete emotions

Lindqvist et al. Beh Brain Sci 2012

Amygdala – fear or salience?
• Findings linking amygala to fear include its role 

in fear conditioning, in difficulties perceiving 
fearful voices and/or faces after amygdala 
lesions, and abnormal amygdala activity seen in 
anxiety disorders

• Amygdala is associated with orienting to 
motivationally relevant stimuli, uncertain/unusual 
stimuli, socially relevant stimuli, and aversive 
stimuli

• Threatening contexts void of salient visual 
stimuli are not associated with amygdala activity

• Electrical stimulation produces a range of 
experiences in humans
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Amygdala – fear or salience?
Here across 
studies 
amygdala 
activity during 
experienced and 
perceived 
emotions. Less 
specificity than 
traditionally 
thought supports 
the salience 
hypothesis

Lindqvist et al. Beh Brain Sci 2012

Anterior insula – disgust or
awareness of bodily sensations?
• Patients with insula damage perceive disgusting 

stimuli as less so, have difficulties recognizing 
facial expressions of disgust, also stimulation of 
insula elicits bodily feelings of disgust/nausea

• Anterior insula is however associated also with 
other types of awareness of bodily sensations, 
increased activity is observed during e.g., 
awareness of body movements, orgasm, and 
electrical stimulation of insula induce feelings of 
movement, tingling sensations, feelings of 
warmth, in addition to feelings of disgust
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Here across 
studies insula 
activity during 
experienced and 
perceived 
emotions. Less 
specificity than 
traditionally 
thought supports 
the awareness of 
body sensations 
hypothesis

Anterior insula – disgust or 
awareness of bodily sensations?

Lindqvist et al. Beh Brain Sci 2012
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Does this mean there are 
signature patterns of basic 

emotions in the brain?

Or are these more average 
patterns generated by 

instances of emotional 
experiences, as in 

constructionist views?
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Social or group emotions
• Social/group emotions are phenomena that link 

emotions with social cognition and social 
neuroscience

• Our self-concept is very much social
• Group memberships constitute additional inputs to 

the conceptualization of emotions
• Important values and goals of the group(s) motivate 

and cause emotions in individuals; group narratives 
and norms shape conceptualization of events/info

• Love of an ingroup, political hatred as examples
• Social identification largely determines the strength 

of the influence of a given group

Emotion regulation
• A great deal of emotional reactions are very fast; 

assessment of whether a stimulus is threatening
• Humans have the capability of regulating their 

emotions, for example, if a conditioned fear 
response would be counterproductive in a given 
context, it can be dampened via prefrontal 
cortical mechanisms

• Emotion regulation can also boost emotions, 
such as when wanting to build up anger prior to 
calling customer service of a company that has 
sold a product one is unhappy with
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Conclusions Chapter 11
• Rather than a specific structure underlying 

a given emotion, it seems emotional 
experiences are (automatically) 
constructed via interplay of neural events 

• The core processes involved might include 
core affect, detection of salience, 
assessment how the event-stimulus 
relates to bodily sensations, prior 
memories relevant to the stimulus/events, 
as well as effects of emotion-regulation


