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Theories and conceptual clarifications

Attention
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Attention is limited and selective

attention 

the process by which certain information is 

selected for further processing and other 

information is discarded

selective attention 

the process of directing our awareness 

to relevant stimuli while ignoring 

irrelevant stimuli in the environment

the cocktail party effect

the ability to selectively attend to a particular 

sound (e.g., voice) when it is masked by surrounding

 noise (e.g., other voices, such as during a party)

https://practicalpie.com/cocktail-party-effect-examples/ 

https://pure.mpg.de/rest/items/item_2309493_5/component/
file_2309492/content 
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https://link.springer.com/article/10.3758/BF03207548 

https://royalsocietypublishing.org/doi/abs/10.1098/rspb.1998.0486 
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Cocktail Party Effect King Penguins

https://www.youtube.com/watch?v=mN--nV61gDo https://www.youtube.com/watch?v=CJC2nWNSWsc 
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Theories of selective attention

https://www.simplypsychology.org/attention-models.html 

Early theories proposed a so-called “bottleneck model” of selective attention.

 

“When imagining a standard bottle placed horizontally, a large amount of fluid is allowed inside, but, 

as the opening becomes narrower, smaller amounts of fluid are allowed to pass through the neck, 

depending on the rate of flow. “ 

Bater & Jordan, (2019) 
https://link.springer.com/referenceworkentry/10.1007/978-3-319-28099-8_1904-1 
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Bottleneck models => focus on flow and filtering of information

Broadbent’s Filter Model (Broadbent, 1958)

Deutsch & Deutsch‘s Late Selection Theory (Deutsch & Deutsch, 1963)

Treisman’s Attenuation Model (Treisman, 1964)

Load theories => address perceptual and cognitive load

Lavie’s Perceptual Load Theory (Lavie and Tsal, 1994) 

Tsal & Benoni’s Dilution Theory (Tsal and Benoni, 2010)

Hybrid Theory (Murphy et al. 2016; Scalf et al. 2013)

perceptual load 

physical properties of a stimulus

cognitive load    

the internal resources or executive 

functioning abilities required to 

perform a task
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Bottleneck Models

Filter Model (Broadbent, 1958)

=> physical characteristics of input stimuli enter the sensory buffer (the large part of the bottleneck), but only few stimuli

 enter the selective filter, where they will be further processed and committed to memory. BUT people pay attention when their 

name is mentioned in a noisy environment (cocktail party) => stimuli are analysed before they are filtered out (McLeod, 2018). 

Late Selection Theory (Deutsch & Deutsch, 1963)

=> switched the order of the perceptual processes and the selective filter => all stimuli are analysed for meaning, BUT not 

all stimuli are allowed to pass the filter. It is both the physical characteristics and the relevance of the stimuli’s meaning that

explains why some stimuli are selected while others are discarded.

Attenuation Theory (Treisman, 1964)

=> the stimuli are not filtered, but are attenuated or enter into the sensory register at a lower intensity and are therefore 

given meaning early on. 
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Load Theories

Perceptual Load Theory (Lavie and Tsal 1994)

=> disregarded the idea of a filter, focusing instead on the processing demands of the task at hand => the amount of perceptual and cognitive 

load regulates how effectively stimuli are selectively attended to (i.e., when perceptual load is high, irrelevant distractors are less likely to 

be processed). BUT perceptual load (i.e., the difficulty of a task arising from stimulus complexity and/or presentation brevity) was difficult to 

reliably define and hence experimentally test. 

Dilution Theory (Tsal & Benoni, 2010)

=> support for the perceptual load theory within the literature is due to the dilution of the irrelevant stimuli’s interference (i.e., the reduction 

in distractor processing in a high perceptual load task is caused by the dilution of distractor interference rather than by the unavailability 

of perceptual resources).

Hybrid Theory (Murphy et al. 2016; Scalf et al. 2013)

=> reinforces the original view that low perceptual load is associated with a stronger impact of task-irrelevant information. This might 

reflect different processing strategies in conditions with high and low perceptual load: while low perceptual load might allow for 

bottom-up-driven target selection, high perceptual load might call for top-down regulation. The latter leads to stronger filtering, 

which reduces the impact of task-irrelevant distractors. 10



The first thing that we may roughly conclude 

from these theories is that attentional processes 

are subject to both bottom-up and top-down 

properties. Namely, some physical stimulus 

properties may make a stimulus more salient, 

however personally relevant aspects of a 

stimulus (e.g., one’s own name) may override 

the attentional capture potential of an 

otherwise more salient stimulus.

salience

the property of a stimulus 

to stand out (or pop out)

https://www.jneurosci.org/content/40/28/5455 
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bottom-up (exogenous) attention

- passive, transient, automatic, stimulus-driven process;

- driven by stimulus properties (e.g., colour, orientation);

- can capture attention despite observer’s intentions;

- is deployed when salient novel stimuli are presented;

- is often difficult to ignore; 

- works via signal enhancement of relevant signals;

- can trigger attentional reorienting in 100-120 ms.

top-down (endogenous) attention

- voluntary, sustained, goal-driven process;

- information that aligns with an observer’s behavioural 

goals are internally selected for further processing;

- more effortful;

- operates via enhancement of relevant signals and 

reduction of irrelevant signals;

- can trigger attentional reorienting in 300 ms.
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Depending on the task demands, attention can be deployed according to either endogenous or exogenous mechanisms.

Despite certain stimuli being salient, our task goal may cause us to completely miss them, as in the case of inattentional

blindness (Simons & Chabris, 1999, https://psycnet.apa.org/record/1999-15804-001), and the related phenomenon 

of change blindness (Rensink et al., 1997; Simons & Levin, 1998, https://psycnet.apa.org/record/1999-00559-007). 

https://www.youtube.com/watch?v=vJG698U2Mvo https://www.youtube.com/watch?v=FWSxSQsspiQ 
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Did you notice the gorilla?

 Start presenting to display the poll results on this slide.
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Feature Integration Theory (Treisman, 1988; Treisman & Gelade, 1980)

Ward, (2020), p. 217

Feature Integration Theory

individual features (e.g., shape, colour)

are processed early, and in parallel, but 

attention is required to bind these and 

identify a target object
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Information outside of the spotlight is 

presumed not to receive processing that 

requires attention.

Ward, (2020), page 205

covert orienting

moving attention without 

moving the eyes or head

overt orienting

moving the eyes or head 

along with the focus 

of attention 

In FIT, stimuli are disassembled into their component 
features and represented in multiple ‘feature maps,’ 
which all feed into a ‘master map of locations.’ Visual 
attention must be directed to a position in the 
master map to extract all the features corresponding 
to this position and bind them together in a single 
object representation. In the original theory proposed 
by Anne Treisman and G. Gelade, location information 
was exclusively confined to the master map. 
Later variants and extensions of the theory differ in 
the way they allow positional information to be encoded 
within the feature maps themselves, making them 
more plausible physiologically.

Schmidt, (2009) 
https://www.sciencedirect.com/science/article/abs/pii/B9780123738738000591 16



Neural substrates of attention

Attention
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https://www.nature.com/articles/nrn755 
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Images adapted from 
Xia et al. (2015), https://pubmed.ncbi.nlm.nih.gov/26053355/

Frontal Eye Fields (FEF)

Intraparietal Sulcus

Dorsal Attention Network (DAN)

- bilateral frontal eye fields (FEF) 

- bilateral intraparietal sulcus

right Temporoparietal Junction (rTPJ)

right Middle 
Frontal Gyrus 
(rMFG)

right Inferior 
Frontal Gyrus 
(rIFG)

Ventral Attention Network

- right temporoparietal junction (rTPJ)

- right ventral frontal cortex (rVFC), comprising the right

middle frontal gyrus (rMFG) and the right inferior frontal

gyrus (rIFG)

The frontal-parietal attention network
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Purves et al. (2018), p. 675

the DAN (blue in the figure on the left) 

is modulated by top-down attentional processes

(e.g., when we look for a stimulus which is task relevant).

For example, the DAN is more active during trials where

the target is present than absent, and its activity

decreases once the target has been localized (even if 

visual stimuli are still present).

the VAN (yellow in the figure on the left)

is modulated by unexpected (i.e., “oddball”) stimuli which

are not task relevant, but may bear other type of

relevance (e.g., the fire alarm).
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Attention deficit hyperactivity disorder 
(ADHD)

Attention

21



DSM-5 Criteria for ADHD (https://www.cdc.gov/ncbddd/adhd/diagnosis.html)

People with ADHD show a persistent pattern of inattention and/or hyperactivity–impulsivity that interferes with 

functioning or development

A. Inattention: Six or more symptoms of inattention for children up to age 16 years, or five or more for adolescents age 17 years 

and older and adults; symptoms of inattention have been present for at least 6 months, and they are inappropriate for 

developmental level:

1. Often fails to give close attention to details or makes careless mistakes in schoolwork, at work, or with other activities.

2. Often has trouble holding attention on tasks or play activities.

3. Often does not seem to listen when spoken to directly.

4. Often does not follow through on instructions and fails to finish schoolwork, chores, or duties in the workplace (e.g., loses focus, side-tracked).

5. Often has trouble organizing tasks and activities.

6. Often avoids, dislikes, or is reluctant to do tasks that require mental effort over a long period of time (such as schoolwork or homework).

7. Often loses things necessary for tasks and activities (e.g. school materials, pencils, books, tools, wallets, keys, paperwork, eyeglasses, mobile telephones).

8. Is often easily distracted. 

9. Is often forgetful in daily activities.
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B. Hyperactivity and Impulsivity: Six or more symptoms of hyperactivity-impulsivity for children up to age 16 years, 

or five or more for adolescents aged 17 years and older and adults; symptoms of hyperactivity-impulsivity have 

been present for at least 6 months to an extent that is disruptive and inappropriate for the person’s developmental level

1. Often fidgets with or taps hands or feet, or squirms in seat.

2. Often leaves seat in situations when remaining seated is expected.

3. Often runs about or climbs in situations where it is not appropriate (adolescents or adults may be limited to feeling restless).

4. Often unable to play or take part in leisure activities quietly.

5. Is often “on the go” acting as if “driven by a motor”.

6. Often talks excessively.

7. Often blurts out an answer before a question has been completed.

8. Often has trouble waiting their turn.

9. Often interrupts or intrudes on others (e.g., butts into conversations or games).

https://www.youtube.com/watch?v=F1WqpeRSY-E 
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Neuroimaging findings

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9853532/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7966818/ 
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https://pubmed.ncbi.nlm.nih.gov/31500674/ 

https://pubmed.ncbi.nlm.nih.gov/32468880/ 
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The spatial/Posner cueing paradigm

Spatial Orientation
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Attention operates spatially

The spatial/Posner cueing paradigm (Posner, 1980; Posner & Cohen, 1984)

Ward, (2020), p. 206

SOA / stimulus onset asynchrony

time elapsed between the onset

of the cue and the onset of the 

target

spatial cue

a stimulus appearing at a 

designated location for the 

purpose of directing the spotlight

of attention

IOR / inhibition of return

slower target detection 

(i.e., longer reaction times/RTs) at 

validly cued locations when 

SOA > 300 ms
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Michael Posner described a classic study to illustrate that attention operates on a spatial basis (Posner, 1980; 

Posner & Cohen, 1984). The participants were presented with three boxes on the screen in different positions: 

left, central and right (see Figure 9.4 [on the previous slide]). The task of the participant was simply to press a 

button when they detected a target in one of the boxes. On “catch trials” no target appeared. At a brief interval 

before the onset of the target, a cue would also appear in one of the locations such as an increase in luminance 

(a flash). The purpose of the cue was to summon attention to that location. On some trials the cue would be in 

the same box as the target and on others it would not. As such, the cue is completely uninformative with 

regards to the later position of the target. When the cue precedes the target by up to 150 ms, participants are 

significantly faster at detecting the target at that location. The cue captures the attentional spotlight, and this 

facilitates subsequent perceptual processing at that location. At longer delays (above 300 ms) the reverse 

pattern is found: participants are slower at detecting a target in the same location as the cue. This can be 

explained by assuming that the spotlight initially shifts to the cued location, but if the target does not appear, 

attention shifts to another location (called “disengagement”). There is a processing cost in terms of reaction 

time associated with going back to the previously attended location. This is called inhibition of return. 
Ward, (2020), p. 205
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ISI / Interstimulus interval

time elapsed between the offset

of a stimulus/cue and the onset

of the next stimulus/target

valid vs. invalid

when referring to experimental

cues, whether the cue matches

the defining property (or the location) 

of the target on a given trial (valid), 

or not (invalid)

catch trials

in a target detection paradigm,

trials where the target is absent;

responses are nonetheless 

recorded; useful to prevent

participants from trying to 

anticipate e.g., the location

of the target prior to the 

cue onset

time
cue ON cue OFF target ON target OFF

t1 t2 t3 t4

SOA

ISI
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Hemispatial neglect
Spatial Orientation
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https://pubmed.ncbi.nlm.nih.gov/12821519/ 

Ward, (2020), p. 225

Patients who have suffered a stroke in their right 

inferior parietal lobe will neglect (ignore) information 

presented to them (or remembered) from the left visual field. 

This occurs despite otherwise unimpaired vision.
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Ward, (2020), p. 225

Assessing hemispatial neglect

32



https://www.youtube.com/watch?v=FlI7GsBHok8

https://www.youtube.com/watch?v=ymKvS0XsM4w

https://www.youtube.com/watch?v=XQqgbjrUQtI
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Hemispatial neglect is NOT a disorder of low-level visual perception, but one of spatial awareness

Areas activated by consciously 
seen unilateral stimuli in the 
left visual field and by 
extinguished left visual field 
stimuli on bilateral trials. 
These panels show the location 
of the largest and most reliable 
activations, revealed either by 
the comparison of bilateral 
trials (showing extinction) 
minus unilateral right trials 
(left panels), or by the 
comparison of unilateral left 
trials minus unilateral right trials 
(right panels).

https://pubmed.ncbi.nlm.nih.gov/10908192/ 34



Hippocampal place and grid cells
Spatial Orientation
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The route taken by a typical rat in the Morris water maze.

The control rat and ones with cortical lesions can remember 

the location of the submerged platform and go directly 

there, whereas the hippocampal-lesioned rats find the 

platform by trial and error.

https://www.nature.com/articles/297681a0 

Ward, (2020), p. 284 

https://www.youtube.com/watch?v=leHLL4vcbCc 
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https://www.sciencedirect.com/science/article/abs/pii/0014488676900558?via%3Dihub 

The firing rate of three different place cells (the darker the shade, the 

more likely it is to respond). The data are obtained using single-cell 

recordings from the rat hippocampus. 

Ward, (2020), p. 284
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https://pubmed.ncbi.nlm.nih.gov/25521374/ 

https://www.youtube.com/watch?v=jYCR0pQLd_U 
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place cells

hippocampal cells responding 

strongly when the rat is at a 

particular location 

grid cells

cells in the entorhinal cortex 

responding  to multiple locations 

within a repeating, triangular 

grid-like structure

https://www.nature.com/articles/nature03721 
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https://pubmed.ncbi.nlm.nih.gov/25646382/ 
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