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Most people say they can easily conjure mental sensations,

such as mentally picturing their mother's face or having a

vivid representation of a fictional world when reading a good

book. Yet a considerable proportion of the population, by

some estimates around 4 %, report that they cannot (Dance

et al., 2022). This lack of inner perceptual sensation has been

coined aphantasia (Zeman et al., 2010, 2015) e a “blind mind”.

Mental imagery is often invoked in well-being exercises, ath-

letic training, and in treatments for psychiatric disorders

(Schwartz et al., 2022). It could also be a driving factor in

intrusive thoughts and post-traumatic stress disorder (Brewin

et al., 2010). Aberrant mental imagery could be linked with

psychosis (Glazer et al., 2013). A better understanding of

neural and cognitive processes that govern mental imagery

would therefore help resolve ongoing controversies (Pylyshyn,

2002; Slotnick et al., 2005), and could advance our knowledge

and maintenance of mental health. Recent years, since the

report of a patient who lost mental imagery abruptly in

adulthood (Zeman et al., 2010), have seen an explosion of

scientific studies researching aphantasia, even though the

phenomenon has been known since at least the 19th century

(Galton, 1880). As a quick look through the references in this

Viewpoint article confirms, in its role as a pioneering outlet in
niversity of Auckland, Ne
.ac.nz.

d by Elsevier Ltd. This
cognitive neuroscience Cortex has also published its fair share

of studies on this topic.

One issue limiting investigations of imagery and aphan-

tasia has been its inherent subjectivity. We do not even know

if different people experience imagery in the same way. We

generally can only deduce the contents of a person's con-

sciousness indirectly, based on their verbal reports or behav-

ioural responses, but never directly experience as they do. A

person with normal vision can never see the world through

the eyes of people with red-green colour vision deficiency;

however, we can use objective tasks to estimate perceptual

threshold performance, allowing us to determine colour

contrasts such individuals cannot distinguish. This allows an

inference about what they perceive. In contrast, quantifying

mental imagery is farmore difficult, as ourmeans of probing it

are limited. One attempt at testing imagery experimentally is

the Perky effect: observers sometimes fail to distinguish the

experience of their mind's eye from very subtle stimuli pre-

sented to them (Perky, 1910). Recently, a massive online

experiment replicated this effect and suggested mental im-

ages indeed overlap with real perception (Dijkstra & Fleming,

2023). However, while interesting, to my mind such experi-

ments disregard just how subjective mental imagery really is.
w Zealand.
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Fig. 1 e Subjective experience of mental imagery. A. Individual differences in visual imagery are typically quantified using

vividness scales, e.g., the VVIQ2. As participants picture the face of a famous editor-in-chief in their mind's eye, they rate

the clarity and vividness of this mental image on a one-dimensional spectrum. This ranges from seeing “as clear as normal

vision” to having no visual mental representation at all. Aphantasic individuals would tend to choose the latter, reporting

they merely “know” they are thinking of the person, possibly via semantic descriptors of facial features and his other

characteristics. BeC. However, in addition to vividness and clarity, mental imagery could also vary in mode. Projectors (B)

perceive their mental image as somehow superimposed onto their visual experience, possibly directly interfering with their

perception. In contrast, associators (C) do not “see” mental images but can nevertheless have a clear visual representation of

the imagined face. Such individuals may describe their mental image as being somewhere else, “off-screen”, “inside”, or

even “behind their head”.
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Most studies regard imagery as existing along a one-

dimensional vividness spectrum (Fig. 1A) that describes the

detail and “life-likeness” of imagined experiences (Bergmann

et al., 2015; Dawes et al., 2020; Jacobs et al., 2018; Keogh

et al., 2020; Keogh & Pearson, 2018; Marks, 1973). This belies

the vast diversity with which people characterise their mental

experiences anecdotally. Some report being able to place a

visual image into the external scene, literally in front of them.

Others state they can conjure such images, but only with

closed eyes. In contrast, some people regard mental imagery

as unrelated to their eyes. Theymight see only blackness with

closed eyes but e unlike aphantasics e they nevertheless

experience detailed mental visual representations. You might

recognise your own experience in one of these descriptions

but find the others bewildering; it can be difficult to under-

stand the inner world of others. Critically, failing to appreciate

the multifaceted nature of mental imagery impedes scientific

study. In my view, any conclusions researchers draw from

current studies about mental imagery, whether from
behavioural or neuroimaging experiments, or studies on pa-

tients with brain lesions, are therefore premature.

Interestingly, these diverse descriptions parallel what has

already been suggested about synaesthesia (Dixon et al., 2004).

Some synaesthetes are “projectors” for whom achromatic let-

ters trigger a sensation of colour. In contrast, “associators” only

internally link colours in their mind without any actual

sensation (Amsel et al., 2017; Dance, Ward, & Simner, 2021).

These differences correlate with differences in brain structure

(Rouw & Scholte, 2007). Unlike synaesthesia, mental imagery

is at least under some voluntary control, but similar types

could exist for mental imagery; in fact, these types of syn-

aesthesia are linked with self-reported imagery strength

(Barnett & Newell, 2008; Dance, Jaquiery, et al., 2021). If this

hypothesis is correct, imagery projectors experience mental

images directly within their visual field (Fig. 1B), while asso-

ciators instead process mental images separately from their

visual input, “in a buffer,” “somewhere off-screen,” or even

“behind” the observer (Fig. 1C). Thus far, I have only anecdotal
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evidence that this distinction exists, as we currently lack

formalised instruments to classify these imagery types. Yet

my conversations with numerous people indicate that being

an associator could be very common. It should be noted that

while this description bears some superficial similarity with

the idea that people can be unconscious of their mental im-

agery (Nanay, 2021), an associator would report being fully

aware of their mental image e they merely do not experience

it within their visual field, unlike dreams, the Tetris effect

(Stickgold et al., 2000), or hypnagogic visual experiences. One

preliminary study quantified the perceived location of mental

imagery in the space around the participant, and found that

while most people locate their images in front of them, many

indeed feel the images are inside their head (Sulfaro et al.,

2023). However, most of the described experiences still have

a distinct flavour of projection, rather than association, and

thus probably still do not capture the full range of experiences.

Standard methods for rating the strength of imagery, like

the Vividness of Visual Imagery Questionnaire (VVIQ), are at

best vague and ambiguous (Marks, 1973). What does it mean

that a mental image is “clear and as vivid as normal vision”,

the highest score in the VVIQ2 (https://davidfmarks.net/

vividness-of-visual-imagery-questionnaire-2)? Conversely,

what is meant by the lowest score that you “only ‘know’ you

are thinking of the object”? You could easily answer with

either score, depending on how you interpret these questions.

In my view, this dependence on criterion makes these in-

struments next to useless.

It seems tome that scientific studies of mental imagery are

strongly geared towards projectors. People are often asked to

visualise stimuli in the world before them. In one study, we

asked participants to imagine a shape within placeholders

displayed on the screen (Jacobs et al., 2018). Unlike my co-

authors, I feel this design is completely unsuitable for testing

the contents of my mental imagery. How could I possibly

imagine something within in the external world, when my

images seem inherently internal? You may by now have

realised that I believe I am an associator. Tasks designed for

projectors are likely to be inappropriate for people like me. In

one commonly used paradigm, participants imagine oriented

gratings and researchers test how these images affect the

perception of physically presented stimuli (Dijkstra et al.,

2022; Dijkstra & Fleming, 2023; Pearson, 2014; Pearson et al.,

2008). This is based on the premise that people experience

their mental images as somehow superimposed onto, or

blendedwith, what their eyes see. If this is not howmany of us

experience their mental images, then there should not be

such interference. By the same token, associators should not

be susceptible to the Perky effect, simply because we do not

“see” imagined stimuli at all.

Studies like these are usually motivated by the idea that

mental images share a neural substratewith perceived images

in visual cortex (Bergmann et al., 2015; Huang et al., 2023;

Naselaris et al., 2015; Slotnick et al., 2005; Thirion et al., 2006).

Under this hypothesis, mental representations evoke over-

lapping, albeit much weaker, patterns of activation as an

actual stimulus. Interestingly though, a recent preprint argued

that visual cortex activations of remembered objects are

similar in strong and weak imagers, including aphantasics

(Weber et al., 2023). This could indicate that these neural
representations are only an epiphenomenon, not causally

related to imagery at all. Experiencing imagery requires

additional neural processing beyond the visual cortex

(Bartolomeo, 2002). Aphantasics seem perfectly capable of

thinking of visual objects e they merely report not having any

internal visual experiences. Imagery could simply be how

other brain regions read out theworkingmemory signals from

visual cortex, possibly related to the excitability of cortical

neurons (Keogh et al., 2020) or the strength of connections

between frontoparietal and early sensory brain regions (Keogh

et al., 2021; Liu et al., 2023). Then again, previous research

suggested that both imagery and visual working memory

correlate with the size of primary visual cortex (Bergmann

et al., 2014, 2015). This suggests that the detail of visual

working memories depends on how much neural tissue is

available to store them, but this is inversely related to the

vividness of how they experience mental images of these

memories. But crucially, any such hypotheses must hinge on

whether we are all in fact talking about the same phenomenal

experience.

What if instead these various candidate mechanisms

relate to the distinction between projectors and associators?

Most people might store mental representations using visual

neurons, but only in a subset (projectors) this produces an

overlap between conscious perception and imagined sensa-

tion. In others (associators), imagery might recruit the same

neural circuitry but without any conscious qualia. The two

groups might also differ in terms of the long-range cortical

networks involved when maintaining mental images. Impor-

tantly, both these groups would differ from what I call “true”

aphantasics, people who do not store mental objects using

visual neurons at all. They instead code objects using se-

mantic labels, such as thinking “a red apple” without actually

picturing any fruit in their mind's eye. There is growing in-

terest in mental sensations in non-visual modalities ewe can

imagine auditory experiences (Hubbard, 2010), and imagina-

tion is presumably multisensory (Nanay, 2018). Indeed, while

the strength of imagery in different senses tends to correlate,

there can be dissociations: visually aphantasic individuals can

report having vivid mental auditory sensation, and vice versa

(Hinwar & Lambert, 2021). Therefore, each of us might have

our own idiosyncratic mix of imagery strengths for different

sensory modalities. In this scenario, semantic labels are just

oneway to codememoriese but for a total aphantasic (that is,

with no mental imagery of any sensory domain) it is the only

way.

Failing to account for such heterogeneity must hinder ef-

forts to understand the neural basis of imagined sensations.

Do our current measures, based on questionnaires and

vividness ratings, misclassify many imagery associators as

aphantasic? If so, many studies must dramatically over-

estimate the prevalence of aphantasia. Conversely, ques-

tionnaires might fail to detect these differences, because

people vary considerably in how they interpret the questions.

I wonder how many people have let themselves be classified

as aphantasics simply because they feel they do not “hallu-

cinate” like projectors seem to do. Crucially, neglecting the

detailed qualia of people's imagery could explain the ambiv-

alence of many previous findings in this field. Aphantasics are

only slightly impaired onmany cognitive tasks that are widely
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thought to rely on imagery (Dance et al., 2023; Jacobs et al.,

2018; Monzel et al., 2023; Pounder et al., 2022; Zeman et al.,

2010). Aphantasics might use different strategies to solve

such tasks; however, it also seems likely that associators use

their imagery differently from projectors. Of course, all this

variability could be explained by a one-dimensional spectrum

after all. Associators could be weak imagers, whose mental

images are only slightly more intense than those of aphan-

tasics, while projectors, who report “seeing” their images, are

hyperphantasic. However, this still suggests that the way we

currently measure imagery intensity gives a false impression

of its true distribution.

Therefore, we must change how we study imagery. Let us

move beyond loaded questions about vague concepts like

“vividness”. We should instead devise tasks that probe the

detail and intensity of mental representations more directly.

Let us characterise how people experience their mental im-

ages. Do they seem like conscious external projections,

separate pictures inside their mind, or possibly other forms

we have not even discovered yet? And we must better un-

derstand the relationship, if any exists, between mental im-

agery and working memory. Even if this turns out to be a red

herring, if I am wrong and there is no such thing as projectors

and associators, we will have improved our methodology in

the process and found better ways to quantify this highly

subjective experience.
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