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Cognitive Neuroscience 

Iiro P. Jääskeläinen, Ph.D. 
Brain and Mind Laboratory 

Department of Neuroscience and Biomedical Engineering  
Aalto University School of Science 

What is cognitive neuroscience? 
•  A relatively new discipline of science 
•  Addresses the question of how ~1.4 

kilograms of brain tissue make it possible 
for humans to perceive, think, feel, pursue 
goals, and move about 

•  Methodological advances (non-invasive 
brain research methods, including suitable 
data-analysis algorithms) together with 
theoretical framework(s) constitute the key 
to progress in cognitive neuroscience  
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From early attempts to present 

NT HFA 

Why study cognitive neuroscience? 
•  Cognitive neuroscience is an exciting area 

of basic research 
•  Application areas of cognitive neuroscience 

include: 
– Provides more refined theoretical and 

experimental basis for clinical research (e.g., 
demantias, neuropsychiatric disorders) 

– Algorithms for artificial intelligence/robotics etc. 
– Helps develop/refine man-machine interfaces 
– Potential in helping resolve open questions in 

other areas, e.g. social sciences 
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•  Large changes from last year on the teaching 
method: no longer small-group presentations but 
rather flipped class lectures 

•  Please give constructive feedback, it is very 
important for course development J  

•  Course forms a continuum with the course 
“Structure and Function of the Human Brain” and 
subsequent advanced course by Sams 
–  It is assumed anatomical structures, functioning of 

neurons, etc. basic concepts have been introduced 
–  focus of this course is on higher cognitive functions  
–  flipped-class lecturing method to facilitate learning 

Changes from last year 

The learning goals of this course  

•  Learning outcomes: 
•  1) Command of basic terminology and concepts 

regarding the higher cognitive functions (listed in 
chapters 6-13 of the course textbook) so that 
one can seek further information and study 
independently in this area after the course, 2) 
understanding how knowledge of these functions 
has developed as well as strengths and 
limitations of the research methods/approaches 
with which the knowledge has been achieved 
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Course requirements 
•  Reading the textbook “Introduction to Cognitive 

Neuroscience” Chs 6-13 and content of the lectures 
will be the basis for the exam 

•  Advance readings: 
–  Before 7.1. Chapter 2 (just to give some helpful background for you not 

covered on the preceding course) and Chapter 6 
–  Before 14.1. Chapter 7 
–  Before 21.1. Chapters 8 and 9 
–  Before 28.1. Chapters 10 and 11 
–  Before 4.2. Chapters 12 and 13 
–  Before 11.2. Final session, Q&A, no advance readings 

•  Quizzes on 14.1., 21.1., 28.1., and 4.2., on advance 
readings. These determine 25% of the final grade. 

Learning diaries 
•  At least from three sessions needed 
•  About half a page in length 
•  Deadline Friday the same week as the 

respective session 
•  What did I learn today? 
•  What was surprising? 
•  What did I not understand? (in form of Qs; at 

least one question per learning diary) 
–  I try to give feedback in the beginning of the next 

session 
•  Those returning the three learning diaries will get 

their final grade rounded up 
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How to get the book 

The book “Introduction to cognitive neuroscience” is freely downloadable from:  
http://bookboon.com/en/textbooks/healthcare-science/introduction-to-cognitive-neuroscience 

Chapter 6 Attention 
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“Everyone knows what attention is. It is the 
taking possession by the mind, in clear and 
vivid form, of one out of what seem several 
simultaneously possible objects or trains of 
thought. Focalization, concentration of 
consciousness are of its essence. It implies 
withdrawal from some things in order to deal 
effectively with others, and is a condition 
which has a real opposite in the confused, 
dazed, scatterbrain state” (James, 1890) 

https://psychclassics.yorku.ca/James/Principles/ 

Different facets of attention 

•  Definitions of attention include several 
facets 
–  Involuntary attention 
– Selective attention 
– Unselective attention / alertness 
– Divided attention 
– Sustained attention 
– Shifting of attention 
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Involuntary attention 

•  Refers to how stimuli and events outside 
of the “spotlight of attention” are 
processed in the brain and how 
surprising / unexpected events catch 
one’s attention 

•  This closely relates to the so-called 
models of early vs. late selection 

Sarah is … 
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Selective attention 

•  Refers to how one can choose, out of the 
stream of stimuli, the most task-relevant 
ones 

•  One can attend both spatially and to 
various stimulus features 

•  The problem of selective attention is one 
of the most classical and most studied 
ones 
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Focusing attention to certain part of 
one’s visual field without moving eyes 

•  In his pioneering visual studies, Herman von 
Helmholtz noticed that one can selectively 
attend parts of one’s visual field without directed 
gaze 
–  He named this phenomenon ”covert attention” 
–  Covert attention is not limited to vision 
–  Overall, attention is inherently multisensory 

“Unselective” attention 
•  “Alertness” or “detection mode” 
•  State opposite to the selective attention 

where the organism becomes sensitive to 
any sensory stimuli 
– Broadening of the focus of attention 
– Exploration mode 

•  Fight or flight –response in an animal that 
is scared by something, for example, smell 
of a predator but unsure from which 
direction the threat looming  
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Divided attention 

•  Division of attention between two or more 
perceptual targets / tasks 

•  For example, speaking on the phone while 
driving one’s car 

•  There is no genuine division of attention, 
instead the focus of attention needs to be 
shifted back and forth between the targets  
very quickly 
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Sustained attention 

•  Vigilance / ability to concentrate 
•  How one is able to sustain attention to a 

specific target over minutes, even hours 
•  Depends on the level of difficulty, and how 

monotonous the task is 
•  Sometimes lectures given at universities 

are taxing sustained attention of students 
– That is why we have a break during this 

lecture J 
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Shifting/switching of attention 

•  Refers to how the focus of attention is 
disengaged from a given target and 
engaged to a new one 

•  In the literature, there is a difference 
between involuntary (capturing of attention 
by the unattended) and voluntary 
(planned) shifting of attention 

•  Quick voluntary shifting of attention makes 
divided attention possible 

Attention is not limited to external 
stimuli / events 

•  Attention to external stimuli & perceptual 
objects is only one aspect of attention, as 
internal mental processes & memory 
material are often also targets of attention 
– For example, memorization, mental planning 

of future activities, mentally calculating  
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Research on attention 

•  Behavioral measures in healthy volunteers 
•  Deficits of attention following brain lesions 

and in various disorders 
•  Neuroimaging the neural basis of attention 

in healthy subjects 
•  Invasive measures and various behavioral 

tasks in animal models 

The most central research 
questions 

•  At which stage of processing attended stimulus 
features are selected/prioritized 

•  What are the neural mechanisms that make 
attentional selection possible? 

•  Involuntary attention / focused attention 
•  How is the selection process affected by 

composition of the stimulus stream (interactions 
between bottom-up and top-down) 

•  Temporal dynamics of attentional mechanisms 



05/01/20 

15 

Behavioral methods: dichotic 
listening task as an example 

•  In dichotic listening studies of selective attention, 
subjects are instructed to attend specific stimuli 
and ignore other, competing stimuli, as irrelevant 

Behavioral methods: 
measurement of eye movements 
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Factors guiding visual search 
Bottom-up, stimulus-driven guidance in which the visual 
properties of some aspects of the scene attract more 
attention than others.  
  
Top-down, user-driven guidance in which attention is 
directed to objects with known features of desired targets  
 
Scene guidance in which attributes of the scene guide 
attention to areas likely to contain targets.  
 
Guidance based on the perceived value of some items or 
features  
 
Guidance based on the history of prior search  
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Bottom-up guidance by stimulus 
salience  
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Wolfe & Horowitz Nat Hum Beh 2017 

Bottom-up guidance by stimulus 
salience  

“Salience of a target increases with difference 
from the distractors (target–distractor 
heterogeneity) and with the homogeneity of the 
distractors (distractor–distractor homogeneity) 
along basic feature dimensions… however… 
bottom-up saliency model will not do well if 
the observer has a clear top-down goal ”  

Top-down feature guidance  

•  Attributes that can be used in guiding 
visual search: 
– Colour  
– Motion  
– Orientation  
– Size 
– Shape  

Find M that is yellow and red 
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Guidance by shape 

Guidance by shape 
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Guidance by shape 

Guidance by scene properties  
Most real-world 
searches take place in 
structured scenes, 
where structure 
provides a source of 
guidance 
 
Syntactic guidance: 
physical constraints, 
e.g., humans do not fly 
 
Semantic guidance: 
humans rather on the 
bench than on the roof 
 Where would you look in this pic for a) humans b) birds? 
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Modulation of search by prior history  

Brief exposure (50-75 
ms) to a scene 
already facilitates 
subsequent search 
 
Familiarity with a 
scene powerfully 
guides visual search 
(e.g., we know where 
the microwave is 
located in our friend’s 
kitchen) 
 
 

Where would you look in this pic for a) humans b) birds? 

”where” and quick analysis 

Bar M ym. PNAS 2006 
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Modulation of search by the 
value of items  

Rewarding for cue (e.g., certain color) in visual 
search tasks robustly augments the use of that 
cue in guiding visual search  
 
These effects can last up to months 
 

Disturbances of attention in 
neurological patients 

https://www.youtube.com/watch?v=d4FhZs-m7hA 

This video shows how the disorder 
manifests itself in a clinical setting, 
and lays out several examples of the 
type of tests that can be used to 
assess the deficit  

•  Unilateral neglect 
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Disturbances of attention in 
neurological patients 

•  Apperceptive agnosia 
–  Inability to copy, identify or 

even match visual stimuli 
– Forms and shapes not 

recognized, but intact 
visual acuity 

– Damage to occipital and 
posterior-parietal/temporal 
areas of the brain 

– Carbon monoxide 
poisoning B
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Disturbances of attention in 
neurological patients 

•  Associative agnosia 
– Can copy, but cannot 

recognize what it is that 
one copied, even 
category of objects 

– Difficulties in putting into 
words what one sees 

– No primary visual-
sensory deficits 

– Typically occipito-
temporal lesions 
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Disturbances of attention in 
neurological patients 

•  Visual object agnosia 
– Inability to name or demonstrate use of 

objects 
– Sometimes if an object is rotated can 

recognize 
– Continuum from apperceptive, associate 

and to specific visual object agnosia 

Disturbances of attention in 
neurological patients 

•  Prosopagnosia 
–  Inability to recognize faces, 

including faces of animals  
– Generally knows eyes, nose, 

mouth, etc.  
– Can perform generic object 

recognition, but not specific 
recognition  

– Bilateral lesions of 
occipitotemporal cortex 

Of own pet: this is a dog, but cannot say whether I know this dog 

This is a face but no idea who 
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Disturbances of attention in 
neurological patients 

•  Color agnosias 
– Achromatopsia: loss of color vision 
– Color anomia and color aphasia: difficulties in 

naming colors 
– Damage to visual areas 

•  Simultanagonisia 
– Failure to synthesize elements of a scene, though 

recognizes components in isolation; difficulty to 
see more than one object at a time 

– Occipitoparietal lesions 
•  Metamorphosia 

– Objects identified but they look odd 

Disturbances of attention in 
neurological patients 

•  Auditory agnosias 

•  Pure word deafness 
–  Specific impairment in recognition of speech 

•  Auditory sound agnosia 
–  Inability to recognize environmental sounds (cat, car etc.) 

•  Phonagnosia 
–  Inability to recognize familiar voices 
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Disturbances of attention in 
neurological patients 

•  Tactile agnosias 

•  Apperceptive tactile agnosia 
–  Primary sensory cortical lesions 

•  Associative tactile agnosia 
–  Deficits in tactile recognition of objects and textures even 

though somatosensory discrimination intact 
–  Can also draw an object after having felt it, but not name it 

Selective attention 
•  Selective attention refers to how one can 

choose, out of the stream of stimuli, the most 
task-relevant ones 

•  One can selectively attend both spatially 
(certain sound source) and to various 
stimulus features (pitch, specific phonetic 
sounds etc.) 

•  The problem of selective attention is one of 
the most classical ones 

•  Recent hot Q: how do sensory cortical 
neurons “tune in” to attended sound features? 
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Cocktail party 

Classic findings in neuroimaging 
studies of selective attention 

•  Responses measured from the brain are 
stronger to attended than non-attended stimuli 

•  These effects are larger in secondary than 
primary sensory cortices, although recent 
research clearly implicates primary sensory 
cortices to be involved in attentional processing 

•  What are the underlying neural mechanisms? 
•  Overall increase in gain vs. increased neuronal 

selectivity to attended stimulus features?  
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Neuronal receptive fields 

Fritz et al. Nature Neuroscience 2003 

Quantification of auditory cortex 
neurons receptive fields 

Passive baseline (unattend condition) vs. 
detection of target tone of a specific frequency 
(selective attention condition) 



05/01/20 

28 

Fritz et al. Nature Neuroscience 2003 

Quantification of auditory cortex 
neurons receptive fields 

Fritz et al. Nature Neuroscience 2003 

Quantification of auditory cortex 
neurons receptive fields 
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Non-human primate area 
MT(area of the visual 
system that processes 
movements) receptive 
fields modulated 
dynamically with shifting 
of attentional focus 

Similar 
observations 
in the visual 

system 

Womelsdorf et al. Nat Neurosci 2006 

Selective attention and ”what” & 
”where” processing 
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Ahveninen, Jääskeläinen et al. PNAS 103: 14608-14613, 2006.  
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Subcortical effects 

•  In studies of the visual system, it has been 
noted that response enhancements in 
LGN are even as large as in secondary 
sensory cortices 

•  In auditory system studies, response 
enhancements have been observed in 
inferior colliculi 

•  Corticofugal connections are up to 10 fold 
as abundant than ascending connections 
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Perspective taking 
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ISC first used by 
Hasson et al. Science 
2004; first report of ISC 
of prefrontal and 
emotional regions by 
Jaaskelainen et al. 
Open Neuroimg J 2008 

Contrast between perspectives 
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Conclusions 
•  Disturbances in attention following brain damage 

reveal information about the nature of attentional 
functions 

•  Internal models guide one’s perception in a task/
goal dependent manner. Top-down inputs affect at 
very early processing stages how stimuli get 
processed in the sensory systems 

•  Neural receptive fields are dynamically modulated 
thus making it possible to filter effectively task-
relevant stimulus features from all the task-irrelevant 
stimuli that constantly bombard one’s senses 

•  Perspective taking during viewing of movies offers 
interesting possibilities to study attention under 
naturalistic conditions 


