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“Visual mental imagery is a set of representations 

that gives rise to the experience of viewing a 

stimulus in the absence of appropriate sensory 

input” (Kosslyn, 2005).

Is a picture that an observer “sees” in their head. 

We can manipulate them and use them to solve 

problems.

Vividness of imagery differs between people with 

some not having any imagery at all.

What is mental imagery?



Modern interest came from experiments 

showing that, e.g., memory for pictures and 

‘concrete’ words is better than abstract 

words (Pavio & Csapo, 1969).

“temptation”vs“elephant”



The “Great Debate”

Occurred between 1973-2003. The “Kosslyn-Pylyshyn

debate”. The “mental imagery debate”.

Stephen Kosslyn

(1948-)

Zenon Pylyshyn

(1937-2022)



How does the brain represent information?



The “Great Debate”

When you generate a mental 

image, are you looking at it?

Is the visual system involved? If so, to what 

degree? Are images represented in a different 

way than all other information? When you 

imagine a scene, do you really have an image 

of the scene, or is this feeling an illusion?



Mental scanning

The crux of the issue was how we should 

interpret results from mental scanning 

experiments……...



Kosslyn, Ball, & Reiser (1978)

Ps first memorized this map.   

Asked to imagine the map and 

were given the name of an object 

to focus on (e.g., “Beach”). 

Pressed a button when they found it.

They then heard the name of 

another object (e.g., “well”) and 

told to scan their image for that 

object.



Kosslyn, Ball, & Reiser (1978)



“parts of the surface image 

correspond to parts of the 

represented thing, and the 

interpoint spatial relations 

among the thing’s parts are 

preserved in the image”. 

Kosslyn’s view

“Images are capable of preserving relative 

metric distances between portions of objects” 

Images have spatial structure.



The pictorial theory

An image is retrieved from Long term memory 

and sits there in an objective manner. The 

observer then uses their visual system to “look 

at” the image. They can read-off information.

Images, “once formed, can be 

operated upon in various ways” 

Images have intrinsic optical and 

geometric properties, i.e., have 

spatial structure.



The pictorial theory
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The pictorial theory



The pictorial theory



Why do we find it so difficult to accept 

that when we “examine our mental 

image” we are not in fact examining 

an inner state?

Pylyshyn’s view

[Kosslyn’s view] is a strong 

conclusion about cognitive 

architecture. It says, in effect, 

that the symbolic code idea that 

forms the foundation of 

computational theories does not 

apply to mental images. 

Are there really 

pictures in the 

brain?



It looks like images have spatial 

structure. They do not. It looks 

like we scan images but this is 

an illusion.

We know what it is like to, for 

instance, look at a map or look 

at the front of our house. 

We simulate that experience when generating 

an image. Results are not due to any intrinsic 

property of the image.

The descriptive theory



Imagery demo: Imagine moving quickly from 

location X to Y around a couple of obstacles….

Think about your mental image when you 

were doing that task. 

Was the image constraining you? i.e., was 

there something inherent in your image doing 

this? Or were you simulating that constraint?

Looking or simulating?



[Kosslyn’s results] “are due to 

the fact that the task of “imaging” 

invites people to simulate what 

they believe would happen if 

they were looking at the actual 

situation being visualized”.

“when subjects are asked to “imagine x,” they 

use their knowledge of what “seeing x” would be 

like and they simulate as many of these effects 

as they can”.

The descriptive theory
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The descriptive theory













Visual perception doesn’t work 
like that.

This happens……

























































Pylyshyn’s variant of map scanning 

Pylyshyn (1981) noted that the Kosslyn et al. 

(1978) study emphasised scanning, i.e., a 

movement of attention across the image.

From the Kosslyn et al. method….



Pylyshyn (2002) described an experiment in 

which no emphasis was placed on scanning.

Participants asked to imagine a 

light turned on at the cued object 

(e.g., “Ship”) then a light turned on 

at different object (e.g., ”Church”).

Results: No distance effect. 

Concluded that the Kosslyn results are not due 

to the intrinsic nature of images.

Pylyshyn’s variant of map scanning 



“Ten”

An issue of cause and effect



“Ten”

An issue of cause and effect



An issue of cause and effect

This is epiphenomenal

“Ten”



“Epiphenomenal”

Just like this Penny Farthing in Brightlingsea.



An issue of cause and effect



The “null hypothesis”

Images do not sit there objectively. If they did, 

they would adhere better to the laws of nature. 

They would not be so malleable. 

“You can imagine things being 

pretty much any size, color, or 

shape that you choose…..You can 

imagine all sorts of physically 

impossible things”. 

“It is you alone who controls your image”.



Images are a special form of 

representation. They are 

different to how the brain 

represents all other information.

The internal representation itself

is ‘pictorial’ or ‘depictive’. 

The issue of representation

The representation has distance and space.

The Pictorial theory



London is larger than Birmingham



Daniel Dennett

When singing happy 

birthday to a relative 

over a landline. 

Information travels 

down the wire. But, 

that information does 

not form the words 

“Happy Birthday” as 

seen from above.

(Paraphrased from 
Dennett, 2002).



The homunculus requirement

In cognitive science the 

notion of a homunculus 

is used to illustrate how 

the brain does not 

operate.

e.g., visual perception.



“we must not think that it is by 
means of this resemblance that 
the picture causes our sensory 
perception of these objects – as if 
there were yet other eyes within 
our brain with which we could 
perceive it”.

What is in our head when we perceive an 

object “bears some resemblance to the 

objects from which it proceeds”. 

Rene Descartes (1596-1650)



Pictures in the brain?

Would often state that he didn’t mean there 

are literally pictures in the brain.



“Ten”

Reasoning is based on your knowledge
not imagery
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Reasoning is based on your knowledge
not imagery



Reasoning is based on your knowledge
not imagery

Pylyshyn: If you don’t have the 

knowledge you don’t have the 

(correct) image.     

Through the 1970s…..



Analogue vs Descriptions

vs



Mental rotation



Mental rotation

RT task to indicate whether a test object (right) 

matched a sample object (left).



Mental rotation

Results showed a strong linear relationship 

between the degree of angular separation 

between the two objects and RT.

Short RT

Long RT



Mental rotation

A non-pictorial representation explanation (i.e., 

Pylyshyn) predicts that RTs should be relatively 

short at 180° rotation…..

This is because a 

symbolic representation 

of rotated images should 

be easier to process at 

180°; the coding is just 

reversed. 



Equivalence of imagery   
and perception



Podgorny & Shepard (1978)
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Podgorny & Shepard (1978)



Podgorny & Shepard (1978)

Found the effects with real and imagined letters. 



“a more parsimonious account 

is that in imagining the figure in 

this task, subjects merely 

attended to the rows and 

columns in which the imagined 

figure would have appeared…. 

Focusing attention in this way

is all that is needed in order to 

generate the observed pattern 

of reaction times”. 

Pylyshyn (2002)



The Muller-Lyer illusion



The Muller-Lyer illusion



Bernbaum & Chung (1981)



The Oblique effect

The threshold for seeing a vertical peripheral 

grating is lower than for a diagonal grating.

Kosslyn et al. found the same effect for mental

images of gratings. Not easily explained by the 

Pylyshyn simulation account.



If imagery and perception 

are equivalent, one should 

expect smooth pursuit for an 

imagined movement. 

Smooth pursuit eye movements

People can track objects in 

the absence of visual input 

(Barnes, 2008, review).

This does not occur for imagined motion.



Reconstructing mental images



“the implication is always that whatever is 

retrieved must be perceptually interpreted (or 

reperceived) before it becomes meaningful”.

“In other words, the appearance 

of a memory image precedes its 

interpretation by the usual 

perceptual processes”.

Can we reinterpret images?

For Kosslyn, the image retrieved from LTM is 

fully formed.



A fundamental problem…. 

The problem: When asking a participant to 

form a mental image, they always know 

what the object/image is.

Recall: Kosslyn argues that information can 

be gleaned from an image. It is “looked at” 

using perceptual mechanisms.



A fundamental problem…. 

The problem: When asking a participant to 

form a mental image, they always know 

what the object/image is.

Recall: Kosslyn argues that information can 

be gleaned from an image. It is “looked at” 

using perceptual mechanisms.

Slezak (1995) devised a way of circumventing 

this issue……







C



C
Slezak (1995) controlled for complexity of images 

by getting participants to draw their image and 

rotate it.





Evidence from neuroscience

1) Brain damage



Visual neglect

The failure to attend to one side of visual space 



Visual neglect

Is not purely a vision phenomenon.



Bisiach and Luzzatti (1978) asked neglect 

patients to imagine a familiar place from a 

particular perspective and describe what they 

see.

The patients ignored one side of their mental 

images; the same side as the visual/attentional 

deficit.

Visual neglect



Farah, Soso, & Dasheiff (1992) described a 36-

year-old female who suffered with right occipital 

epilepsy.

Visual hemianopia

Had a portion of this brain area removed. This 

resulted in left hemianopia; partial loss of vision 

in the left field. 

Her ability to form mental images was also 

affected. This loss mirrored her visual loss.



Evidence from neuroscience

2) Brain imaging



The primary visual cortex

AKA: V1 or 

Area 17.



Is retinotopically mapped



Found that a large imagined 

object activated anterior 

areas of V1. Small imagined 

objects did not.



Aphantasia



Aphantasia









Imagery and visual perspective taking

Samson et al. (2010).

RT to determine the number of red discs is shorter when 

the agent can see the same number as the participant.



Method: Participants decided 

whether a letter was a flipped 

mirror image or not. It could 

occur at various rotations 

and there also happened to 

be an agent in the display.



Results: RT was influenced by 

the letter’s orientation relative 

to the participant (cf. Shepard 

& Metzler, 1971). Importantly, 

RT was also influenced by the 

agent’s perspective.



(see also Cole et al. 2016; Cole et al. 2017. Cole & 

Millett, 2019; Cole et al. 2020).



Reading…



Reading…



Reading…



Reading…



Reading…



Reading…


